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Random Access 
Memory 1 





inter 
2114A 

1024 X 4 BIT STATIC RAM 

2114AL·1 2114AL·2 2114AL·3 2114AL·4 2114A·4 2114A·5 

l Max. Access Time (ns) 100 120 150 200 200 250 

I Max. Current (mA) 40 40 40 40 70 70 

• HMOS Technology • Completely Static Memory - No Clock 

• Low Power, High Speed 
or Timing Strobe Required 

• Directly TTL Compatible: All Inputs 

• Identical Cycle and Access Times and Outputs 

Single +5V Supply ±10% • Common Data Input and Output Using • Three-State Outputs 

• High Density 18 Pin Package • 2114 Upgrade 

The Intell8 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins. are provided. 

The 2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest 
possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

0 .J]Lvcc As Vee 
A3 

Ao A® ~GND As A, • 0 A, I/0, 

A. 
As ROW MEMORY ARRAY 

A. As CD SELECT 64 ROWS 

A:t As@ 64 COLUMNS 
A3 Ag 110, 

A. 
A, 

Ao 110, @ 
As A. 

A, 110, 
A. 

1103 

A:t 110, A:t 
CS 110. A. 110. 

GND WE As 
WE CS 

PIN NAMES 

An-A. ADDRESS INPUTS Vee POWER (+5V) o . PIN NUMBERS 

-~ WRITE ENABLE GNDGROUND 

CI CHIP SELECT 

I/O, -I/O. DATA INPUT/OUTPUT 

INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
©INTEL CORPORATION, 1977, 1979 DECEMBER, 1979 
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2114A FAMILY 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ...........•.•.... -10°C to 80°C 
Storage Temperature ...•................ -65°C to 150°C 
Voltage on any Pin 

With Respect to Ground ...•.•......•..•. . -3;5\1 to+7V 
Power Dissipation .•............................... 1.0W 
D.C. Output Current •.....•................•...•.... 5mA 

D.C. AND OPERATING CHARACTERISTICS 
TA = O°C to 70°C, Vee = 5V ± 10%, unless otherwise noted. 

2114At.-1/L-2/L-3/L-4 
SYMBOL PARAMETER Min. Typ.lll 

IILII Input Lead Current 
(All Input Pins) 

IlLOI 1/0 Leakage Current 

ICC Pewer Supply Current 25 

V IL Input Lew Voltage -3.0 

VIH Input High Veltage 2.0 

10L Output Lew Current 2.1 9.0 

10H Output High Current -1.0 -2.5 

105121 Output Shert Circuit 
Current 

NOTE: 1. Typical values are for T A = 25' C and Vee = 5.o.V. 
2. Duration not to exceed 30 seconds. 

CAPACITANCE 
TA" 25°C, f = 1.0 MHz 

SYMBOL TEST 

CliO Input/Output Capacitance 

CIN Input Capacitance 

Max. 

10 

10 

40 

0.8 

6.0 

40 

MAX 

5 

5 

NOTE: This parameter is periodically sampled and not ,10.0.% tested. 

A.C. CONDITIONS OF TEST 

·COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the device. 
,This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections. of this specification is not implied. Ex
posure is not implied. Exposure to absolute maximum rating 
conditions for extended' periods may affect device reliability. 

2114A-4/-5 
Min. Typ.lll Max. UNIT CONDITIONS 

10 /lA VIN = 0 to. 5.5V 

10 /lA CS =V'H 
VIIO = GND to. VCC 

50 70: mA Vee = max, 11/0 = 0 mA, 
TA = O°C 

-3.0 0.8 V 

2.0 6.0 
,,' V 

" 

2.1 9.0 mA VOL = O.4V 

-1.0 -2.5 mA VOH = 2.4V 

40 mA 
" 

,,' 

UNIT CONDITIONS 

pF VI/O = OV 

pF VIN =OV 

Input Pulse Levels ................................................... 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times ....................................................... 10 nsec ' 

Input and Output Timing Levels ................................................ 1.5 Volts 

Output Load ............................................... 1 TTL Gate and CL = 100 pF 
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2114A FAMILY 

A.C. CHARACTERISTICS TA = O'C to 70'C, Vee = 5V ± 10%, unless otherwise noted. 

READ CYCLE [1] 

2114AL-1 2114AL-2 2114AL-3 2114A-4/L-4 2114A-S 

SYMBOL PARAMETER Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. UNIT 

tAC Read Cycle Time 100 120 150 200 250 ns 

tA Access Time 100 120 150 200 250 ns 

teo Chip Selection to Output Valid 70 70 70 70 85 ns 

tcx Chip Selection to Output Active 10 10 10 10 10 ns 

toTO Output 3-state from Deselection 30 35 40 50 60 ns 

tOHA 
Output Hold from 
Address Change 15 15 15 15 15 ns 

WRITE CYCLE [2] 

2114AL-1 2114AL-2 2114AL-3 2114A-4/L-4 2114A-S 

SYMBOL PARAMETER Min. Max. Min. Mex. Min. Max. Min. Max. Min. Max. UNIT 

twe Write Cycle Time 100 120 150 200 250 ns 

tw Write Time 75 75 90 120 135 ns 

tWR Write Release Time· 0 0 0 0 0 ns 

torw Output 3-state from Write 30 35 40 50 60 ns 

tow Data to Write Time Overlap 70 70 90 120 135 ns 

tOH Data Hold from Write Time 0 0 0 0 0 ns 

NOTES: 
1. A Read occurs during Ihe overlap of a low Os and a high WE. 
2. A Wrlle occurs during Ihe overlap of a low CS and a low WE. tw is measured from Ihe latter of ~ or ~ gOing low 10 the earlier of CS or~ gOing high. 

WAVEFORMS 
READ CYCLE® 

I------------.oc----------I 
1----------•• ----------1 

ADDRE .. --'1'-----------+--'1'---

NOTES: . 

3. wr is high for a Read Cycle. 
4. If Ihe as low Iransillon occurs simultaneously with the WE low 

transition, the output buffers remain in a high impedance stata. 
5. wr must be high during aU address transilions. 

WRITE CYCLE 

I------------~c----------~ 

ADD"ESS _~------------~----
@ 

~ ~~~~-------~~~~~~~ 

DoUT mHEm:8-----:---+----
' ..... I--~-.DH 

D,. ----<t:==~~ 



inteI· 2~ 14~ FAMILY 

TYPICAL D.C. AND A.C. CHARACTERISTICS 

$ 
0 w 
~ 

i 
0 z 

$ 
c 
w 

~ 
:I! a: 
.~ 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 
4.50 

1.4 

NORMALIZED ACCESS TIME VI. 
SUPPLY VOLTAGE 

4.75 5.00 5.25 

VCC(V) 

NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 

5,50 

1.3 /-' 
1.2 V 

'1.1 .,/ 
",/ 

1.0 
/f/ 

0.9 

0.8 

0.7 
100 

40 

30 

150 .200 250 300 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE . 

~ 
~ 

20 

10 

o 
o 

.~ 

350 

··14 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 

1.2 

1. 1 

1.0 --~ l.----' 
$ '0.9 I 0.8 

0.7 

0.6 

5 
20 40 80 

NORMAUZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 

1. 2 

1. 1 

0 ----~ 1. 
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8 
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.80 
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oV 

--t-
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inter 
2115A, 2125A FAMILY 

HIGH SPEED 1K X 1 BIT STATIC RAM 

2115AL,2125AL 2115A,2125A 2115AL·2,2125AL·2 2115A·2,2125A·2 

I Max. T AA (ns) 45 

I Max. Icc (mA) 75 

• Pin Compatible To 93415A 
(2115A) And 93425A (2125A) 

45 

125 

• Fan-Out Of 10 TTL (2115A Family) 
-- 16mA Output Sink Current 

• Low Operating Power Dissipation 
--Max. 0.39mW/Bit (2115AL, 2125AL) 

70 70 

75 125 

• TTL Inputs And Outputs 

• Single +5V Supply 

• Uncommitted Collector (2115A) 
And Three-State (2125A) Output 

• Standard 16-Pin Dual In-Line 
Package 

The Intel® 2115A and 2125A families are high·speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three·state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through
out - in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non
destructively and has the same polarity as the input data. 

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1 K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already deSigned for 1 K bipolar RAMs, the. 2115A/2125A and the 
2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 

The 2115A and 2125A families are fabricated with Intel's N-channel MOS Silicon Gate Technology. 

PIN CONFIGURATION 

os v,, .. 0,. 
A, WE 

A, .. 
A, .. 
A, A, 

POUT .. 
GNO .. 

PIN NAMES 

CHIP SELECT 

I Ao'O .. ADDRESS INPUTS 

iit WRITE ENABLE 

"'. DATA INPUT 

DouT DATA OUTPUT 

1-5 

WOAD t----DRIVER 

ADDRESS 
DECODER 

.r 1.1 r t 
Ao Al A} A] A4 

000®® 

BLOCK DIAGRAM 

3lX3Z 
ARRAY 

I j 
SENSE AMPS r------

CONTROL 
AND lOGIC r-WRln (SEE TRUTH 

DRIVERS 

1- TABLEI 

1 1 
ADDRESS 
DECODER 

t ttl t -A~ AS A7 A8 Ag CS WE 0 1111 

@@@@@ ~ @ @ 
TRUTH TABLE 

OUTPUT OUTPUT INPUTS 
2115A fAMILY 2125A FAMilY MODe 

CS WE o.N DoUT DoUT 
H X HIGH Z NOT SELECTED 

l HIGH Z WRITE "0" 
l H HIGH Z WRITE "1" 

l H X DoUT DoUT READ 

(') 



2115A, 2125A FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............. -lOoC to +85°C 
Storage Temperature .............. -65°C to +150°C 
All Output or Supply Voltages .......... -0.5V to +7V 
All Input Voltages ................. -0.5V to +5.5V 
D.C. Output Current ..................... 20 mA 

D.C. CHARACTERISTlCSll,21 

Vee = 5V ±5%, T A = O°c to 75°C 

Symbol Test 

VOLl 2115A Family Output Low Voltage 

VOL2 2125A Family Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

IlL Input Low Current 

IIH Input High Current 

IlcEXI 2115A Family Output Leakage Current 

ilOFFI 2125A Family Output Current (High Z) 

105[31 
2125A Family Current Short Circuit 
to Ground 

VOH Family Output High Voltage 

Power Supply Current: 

lee 
leel: 2115AL, 2115AL·2, 2125AL, 

2125AL·2 

leC2: 2115A, 2115A·2, 2125A, 2125A·2 

NOTES: 

Min, 

2.1 

2.4 

'COMMENT: Stresses above those listed under "Absolute Maxi· 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability . 

Typ. Max. Unit Conditions 

0.45 V IOL=16mA 

0.45 V 10L = 7 mA 

V 

0.8 V 

-0.1 -40 IlA Vee = Max., VIN = 0.4V 

0.1 40 IlA Vee = Max., VIN = 4.5V 

0.1 100 fJ.A Vee = Max., VOUT = 4.5V 

0.1 50 fJ.A Vee = Max., VOUT = 0.5V/2.4V 

-100 mA Vee = Max. 

V 10H = -3.2 mA 

60 75 mA All Inputs Grounded; Output 
Open 

100 125 mA 

1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 
warm-up. Typical thermal resistance values of the package at maximum temperature are: 

eJA (@400 fPM air flowl = 45°CIW 
eJA (still air! = 60°CIW 
eJC = 25°C/W 

2. Typical limits are at Vee =0 5V, T A = +25°e, and maximum loading. 

3. Duration of short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 

2115A FAMILY A.C. CHARACTERISTlCS[1.21 vcc = 5V ±5%, T A = O°C to 75°C 

READ CYCLE 

2115Al limits 2115A limits 2115Al·2 limits 
Symbol Test Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

tACS Chip Select Time 5 15 30 5 15 30 5 15 30 

tRCS Ch ip Select ~ecovery Time 10 30 10 30 10 30 

'tAA Address Access Time 30 45 30 45 40 70 

Previous Read Data Val id After 
10 10 10 tOH Change of Address 

WRITE CYCLE 

Symbol Test Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

tws Write Enable Time 10 25 10 30 10 25 

tWR Write Recovery Time 0 25 0 30 0 25 

tw Write Pulse Width 30 20 30 10 30 15 

tWSD Data Set·Up Time Prior to Write 0 -5 5 -5 a -5 

tWHD Data Hold Time After Write 5 0 5 a 5 a 
tWSA Address Set·Up Time 5 a 5 0 5 a 
tWHA Address Hold Time 5 a 5 0 5 a 
tWSCS Chip Select Set·Up Time 5 0 5 0 5 0 

tWHCS Chip Select Hold Time 5 0 5 0 5 a 

A.C. TEST CONDITIONS ALL INPUT PULSES 

2115A·2 limits 
Min. Typ. Max. Units 

5 15 40 ns 

10 40 ns 

40 70 ns 

10 ns 

Min. Typ. Max. Units 

10 40 

a 45 ns 

50 15 ns 

5 -5 ns 

5 a ns 

15 0 ns 

5 0 ns 

5 a ns 

5 a ns 

"1' .. /. f'" __ .----. ...... - - .. 90% 3IP-\ -:- --. --------\1\,;_;;...~10%;;;... __ 

"tND -=- _: : ___ 10ns _.-..; :_ 10ns 

4.SV 

51 on 

READ CYCLE 

M2125A 
DOUT-~----t 

300" r ~1~6LUOING 
SCOPE AND 
JIG) 

AOA9 __ ~)K\. ____________ _ 
l-tAA -

DOUl DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

WRITE CYCLE 

,.....--
~ ________________ JI~ 

AO Ag 

---+--+-+ ... -'w- r-+--+--1f---
WE 

twso r--... 

!-tws...... _tWHA_ 

- twscs --.. -r- tws ~~~I1CS---' 

"oUT ·UNg:~~E~.···'l ~ 

(All ABOVE MEASUREMEriiTS REFERENCED TO 1.SVI 
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2115A,2125A FAMILY 

2125 FAMIL V A.C. CHARACTERISTICS[1.21 

READ CYCLE 

Vee = 5V ±5%, T A = O°C to 75°C 

2125AL Limits 2125A Limits 2125AL·2 Limits 2125A·2 Limits 
Symbol Test 

tAcs Chip Select Time 

tZACS Chip Select to HIGH Z 

tAA Add ress Access Ti me 

tOH 
Previous Read Data Valid After 
Change of Address 

WRITE CYCLE 

Symbol Test 

tzws Write Enable to HIGH Z 

tWR Write Recovery Time 

tw Write Pulse Width 

twsD Data Set-Up Time Prior to Write 

tWHD Data Hold Time After Write 

tWSA Address Set·Up Time 

tWHA Address Hold Time 

twses Chip Select Set·Up Time 

tWHes Chip Select Hold Time 

A.C. TEST CONDITIONS 

READ CYCLE 

4.5V 

M2115A 
"oUT---.---4 

600n 

lOOn 

30pF 
(INCLUDING 
SCOPE AND 
JIG) 

Min; Typ. 

5 15 

10 

30 

10 

Min. Typ. 

10 

0 

30 20 

0 -5 

5 0 

5 0 

5 0 

5 0 

5 0 

AO A, ___ .I)K ... _____________ _ 
i-tAA---

Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

30 5 15 30 5 15 30 5 15 40 

30 10 30 10 30 10 40 

45 30 45 40 70 40 70 

10 10 10 

Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

25 10 30 10 25 10 40 

25 0 30 0 25 0 45 

30 10 30 10 50 15 

5 -5 0 -5 5 -5 

5 0 5 0 5 0 

5 0 5 0 15 0 

5 0 5 0 5 0 

5 0 5 0 5 0 

5 0 5 0 5 0 

ALL INPUT PULSES 

~ ~----------~ 
3.5Vp-p ;" : - \ - 90% ± -. ,_. . . .'. .. 10% 

GND -=- _ .• , ,. _ 10n$ 

~ ~ ........ ~ ~ ~ :.'.' .1 .. : 
GND --=- -~ }-- 10ns ~ :_-1Ons 

WRITE CYCLE 

cs 

'! 

Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

DATA VALID ---+--+-!--.I- 'w-----' ,-+---4--,....--
WE 

PROPAGATION DELAY FROM CHIP SELECT 

_lWSA ....... 

~-- - IWSCS 

DOUT 

jAU ABOVE MEASUREMENTS REFERENCED,TO 1.5V) 
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2115A, 2125A FAMILY 

2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 

5V 

750~l 

2125A 5pF 

LOAD 1 

W"ITEENA.~ ~ 

DOUT "0" LEVel tzws r--~~H-; 
DATADUTPUT --';;";=;';;"'--"'F=} O.5V 

~UT __ '~"~"L~E~VE~L~_~ 

DATA OUTPUT 
} O.5V 

,-__ .!I~! 

2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

cs 
CHIP SELECT 

~UT 

---'1 

DATA OUTPUT __ ~·'O;..".:;LE;.;V.:;EL:"'-_-"F= 

DoUT 
DATA OUTPUT 

"'" LEVEL 

(ALL tzxxx PARAMETERS ARE MEASURED AT A DELTA 

OF O.SV FROM THE LOGIC LEVel AND USING LOAD 1.1 

2115A/2125A FAMILY CAPACITANCE* Vee= SV, f = 1 MHz, TA = 2SoC 

211SA Family 2125A Family 

SYMBOL TEST LIMITS LIMITS 

TYP. MAX. TYP. MAX. 

CI Input Capacitance 3 S 3 S 

Co Output Capacitance S 8 S 8 

"This parameter is periodically sampled and is not 100% tested. 

TYPICAL CHARACTERISTICS 

ICC VS. TEMPERATURE 

"0 

I-- .,I,SA, J"6A-l r--!'26A. ., ...... -
1'-1'--

'00 

eo 

eo 

70 

I-- Z11IAL. 211&AL·2 -~ eo 

.. 
o 

o 70 20 30 ~ .. eo 70 eo 

TEMPERATURE (DCI 

"0 

'00 

eo 

1 eo 

~ 70 

eo 

.. 
o 

ICCVS. Vee 

~ 
/:2115A. 2115A-2 

2126A. 2125A-2 

,.., 
A116AL.2115AL.2 

2125AL. Z125AL·2 

TA-'Zfi"C 

o 

VCCIVI 

Printed in U.S.A.lE28611179/PS 
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UNITS TEST CONDITIONS 

pF All Inputs = OV, Output Open 

pF cs = SV, All Other Inputs = OV, 
Output Open 

ACCESS TIME VS. TEMPERATURE 

70 

eo 

.. 
! 40 

~ 30 

20 

'0 

o 

.1'5AL'~' 2"!A'2 ,.... i-'" - t- 2125AL-2,2125A-2 

~ ........ 
I--'" 

- r- ---~-t-- 2115AL, 21'SA 

21j5AL' r26A I -

Vee -sv 

o 70 20 30 U .. eo 70 eo 



inter 
2115H, 2125H FAMILY 

HIGH SPEED 1K X 1 BIT STATIC RAM 

2125H·1 2115H·2,2125H·2 2115H·3,2125H·3 2115H·4,2125H·4 

I Max. T AA (n5) 20 25 30 35 

I Max. Icc (mA) 150 125 100 125 

• HMOS n Technology • TTL Inputs and Outputs 

• Pin Compatible to 93415A (2115H) and • Single +5V Supply 
93425A (2125H) • Uncommitted Collector (2115H) and 

• 16mA Output Sink Current Three-State (2125H) Output 

• Low Operating Power Dissipation • Standard 16-Pin Dual In-Line Package 
Max. 0.53 mW/Bit (2115H-3, 2125H-3) 

The Intel® 2115H and 2125H families are high speed, 1024 words by 1·bit random access memories fabricated with 
HMOSII, Intel's advanced N-channel MOS silicon gate technology. Both open collector (2115H) and three-state output 
(2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry throughout - in both the array and the 
decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-destructively and has the 
same polarity as the input data. 

HMOS IT's advanced technology allows the production of the industry's fastest, low power, 1 K static RAMs - offering 
access times as low as 20ns. 

HMOS II allows the production of the 2115H/2125H families, fully compatible with the 1K Bipolar RAMs yet offering 
substantial reductions in power dissipation. The power dissipations of 525mWmaximum and 656mW maximum 
compared to 814mW maximum offer reductions of 19% and 36% respectively. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS)' 
lead allows easy selection of an individual package when outputs are OR-tied. 

PIN CONFIGURATION LOGIC SYMBOL 

Cs DIN WE 

cs Vco 's ,. 
Ao 

Ao DON A, 

A, WE A, 

A, 
A, ., 

A, 

A, AS A, 

" A, 
A, 10 

A, " 
DOUT A, As 12 

GND ., A, 13 

Vee PIN 16 

GNO = PIN B 
.DOUT 

PIN NAMES 
CHIP5ELECT 

Ao TOA ADDRESS INPUTS 

WE WRITE ENABLE 

"'. DATA INPUT 

0,,", DATA OUTPUT 

1-10 

BLOCK DIAGRAM 

WORD ]2)( 3( 

DRIVER 

A[)[)R,<;S 
OfCODf H 

INPUTS 

CS WE D!N 

H X X 

t l l 

l l H 

l H X 

ADDRESS 
meODER 

A" AI> AI A~ A" 

(9)~~@~!)@ 

CONTROL 
LOGIC 

ISEE TRUTH 
TABLEI 

CS WE DIN 

~4 '~SI 

TRUTH TABLE 
OUTPUT OUTPUT 

MODE 2115H FAMIL Y 212SH FAMll Y 

0,,", 0,,", 
HIGH Z HIGH Z NOT SElEctE 
HIGH Z HIGH Z WRITE "0" \ 

HIGH Z HIGH Z WRITE ",", 

0,,", 0,,", READ 



2115H/2125H FAMILY 

ABSOLUTE MAXIMUM RATINGS· 
Temperature Under Bias ••••..••.•.•• _1O°C to +B5°C 

Storage Temperature ••..••.•••.••• -:-65°C to +l50°C 

All Output or Supply Voltages .•..•.••.. -0.5V to +7V 

All Input Voltages ...•. ',' •...•.••.. -1.5V to + 7V 
D.C. Output Current ..•••.•••••.•.•.•••.• 20 mA 

D.C. CHARACTERISTICS [1.2J 

Vee = 5V ±5%, T A = O°c to 75°C 

Symbol T ... Min. 

VOl. 2115H125H Family Output Low Voltage 

V,H Input High Voltage 2.1 

V,L Input Low Voltage 

I,L Input Low Current 

I'H Input High Current 

1,IcEXI 2115H Family Output Leakage Current 

. IloF.1 2125H Famliy Output Current (High Z) 

los 
2125H Family Current Short Circuit 
to Ground 

VOH Family Output High Voltage 2.4 

Power Supply Current: 

Icc,: 2125H-l 

Icc 
2115H-212125H-2 

1=: 2115H-412125H-4 

Ices: 2115H-312125H-3 

NOTES: 

'COMMENT: Stresses above those listed under "'Absolute Maxi· 
mum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
at any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device 
reliability • 

Typ. Mu. "UnH CondHlona 

0.45 V 101. = 16mA 

V 

0.8 V 

-0.1 -40 IlA Vee = Max., V,N = 0.4V 

0.1 40 IlA V"" = Max., V,N = 4.5V 

0.1 100 IlA Vee = Max., VOUT = 4.5V 

0.1 50 IlA Vee = Max., VOUT = O,5V/2.4V 

125 200 mA Vee = Max. 

V IOH = -5.2 mA 

80 150 mA 

125 - mA All Inputs Grounded, Output 
80 

Open 

80 100 mA 

,. The operating ambient temperature ranges are guaranteed with transverse air Ilow exceeding 400 linear leet per minute. 
2. Typical limits are at Vee = 5V. T. = +25'C, and maximum loading, 
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2115H/2125H FAMILY 

2115H FAMILY A.C. CHARACTERISTICS 
READ CYCLE 

2115H-2 Limits 
Symbol Test Min. Max. 

tACS Chip Select Time 15 

tReS [1J Chip Select Recovery Time 20 

tM Address Access Time 25 

tOH [1J 
Previous Read Data Valid After 

0 
Change of Address 

WRITE CYCLE 

Symbol Test Min. Max. 

tws [1J Write Enable Time 15 

tWR Write Recovery Time 0 15 

tw Write Pulse Width 20 

tWSD Data Set-Up Time Prior to Wri.te 0 

tWHD Data Hold Time After Write 0 

tWSA Address Set-Up Time . 5 

tWHA Address Hold Time 0 

twscs Chip Select Set-Up Time 5 

tWHCS Chip Select Hold Time 0 

[1 J These specifications are guaranteed by design and not production tested. 

A.C. TEST CONDITIONS 
Vee 

2115H 
"oUT-~.----4 

60DS! 

30m! 

lOp' 
(INCLUDING 
SCOPE AND 
JIG) 

Vee 

2115H 
"oUT-~r---~ 

...L. 
LOAD FOR tRCS' tws ":" 

300~! 

5pF 

2115H-3 Limits 
Min. Max. 

20 

20 

30 

0 

Min. Max. 

20 

0 20 

20 

0 

0 

5 

0 

5 

5 

All INPUT PULSES 

READ CYCLE WRITE CYCLE 

AOA9 ____ ~~ ______________ _ 

!-tAA _ -Jf--

Do. -jf-

DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT I-=t= I-t:j 
- twscs -r- tws 

wi 

"oUT 
...... DATA I UNDEFINED 

(All ABOVE MEASUREMENTS REFERENCED TO 1,SVI 
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2115H·4 Limits 
Min. Max. Units 

20 ns 

20 ns 

35 ns 

0 ns 

Min. Max. Units 

20 ns 

0 20 ns 

25 ns 

0 ns 

0 ns 

5 ns 

0 ns 

5 nS 
5 ns 

c--
-jf-

'{-

'-

_ 'WHO 

_IWHA_ 

~~~HCS~ 

~ 



2115H/2125H FAMILY 

2125H FAMILY A.C. CHARACTERiStiCS 
READ CYCLE 

Vee = 5V ±5%, TA = o°c to 75°C 

2125H·1 limit. 2125H· 2 limit. 2125H·3 Limits 2125H·4 Limit. 
Symbol Test Min. Max. Min. Max. Min. Max. Min. Max. Units 

tACS Ch ip Select Tinie 15 15 20 20 ns 

t ZRCS [1J Chip Select to HIGH Z 20 20 20 20 ns 

tAA Address Access Time 20 25 30 35 ns -
Previous Read Data Valid After 

0 0 0 0 tOH [1J ns 
Change of Address 

WRITE CYCLE 

Symbol Test Min. Max. Min. Max. Min. Max. Min. Max. Units 

tzws [1J Write Enable to HIGH Z 15 15 20 20 ns 

tWR Write Recovery Time 0 15 0 15 0 20 0 20 ns -
tw Write Pulse Width 15 20 20 25 ns 

-. -
tWSD Data Set·Up Time Prior to Write 0 0 0 0 ns 

tWHD Data Hold Time After Write 0 0 0 0 ns .-
tWSA Address Set·Up Time 5 5 5 5 ns .-
tWHA [1J Address Hold Time 0 0 0 0 ns 

... -
twses Chip Select Set·Up Time 5 5 5 5 ns 

tWHeS Chip Select Hold Time 0 0 5 5 ns 
.. 

[1J These specifications are guaranteed by deSign and not production tested. 

A.C. TEST CONDITIONS 
ALL INPUT PULSES 

Vee ---r---- -------------- ----90% 
3.0V p-p I I 

5l0E 
_+..:_;;;_~ _ : ____________ ~ _ ~-.;;-...:';;;o%~--

( I I I 

2125H 
Dour ---..-------4 

300n 

READ CYCLE 

JOpF 
(INCLUDING 
SCOPE AND 
JIG) 

AO.A. ___ j~I.. _____________ _ 

1---------- tAA 

Dour DATA VALID 

PROPAGATION DELAY FROM CHIP SELECT 

t I I I 

GND "=' --...: :_ 5ns -: l- 5ns 

WRITE CYCLE 

cs 

-J(-

WE 

_tWHO 

____ IWHA _ 

_ IWSCS_ 

(ALL ABOVE MEASUREMENTS REFERENCED TO 1 !)Vl 
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2115H/2125H FAMILY 

2125H FAMILY WRITE ENABLE TO HIGH Z DELAY 

2125H FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

cs 
CHIP SELECT 

DouT 

---"1 
DATA OUTPUT --';"';;';';';;';""'-.J[ 

"'" LEVEL 
DouT --"';";;;;';';;';;"'-....,.,J-...,..,-} O.5V 

DATA OUTPUT ~ __ !!~~ 

lALL tzxxx PARAMETER$.ARE MEASURED AT A DELTA 
Of O.5V FROM THE LOGIC LEVEL AND USING LOAD 1.1 

2115H/2125H FAMILY CAPACITANCE* Vcc=SV, f= 1 MHz, TA = 2SoC 

211SH Family 212SH Family 

SYMBOL TEST LIMITS LIMITS UNITS 

TYP. MAX. TYP. MAX. 

C1 Input Capacitance 3 S 3 S pF 

Co Output Capacitance S 8 S 8 pF 

-This parameter is periodically sampled and is not 100% tested. 

1-14 

TEST CONDITIONS 

All Inputs = OV, Output Open 

cs = SV, All Other Inputs = OV, 
OutputOjlen 



inter 
2118 FAMILY 

16,384 x 1 BIT DYNAMIC RAM 
. . '.: . 

Maximum Access Thne(ns) 

Read, Write Cycle (ns) 

Read-Modlfy-Wrlte Cycle (ns) 

• Single +5V Supply, ±10% Tolerance 

• HMOS Technology 

• Low Power: 150 mW Max. Operating 
11 mW Max. Standby 

• Low Voo Current Transients 

• All Inputs, Including Clocks, 
TTL Compatible .. 

2118·10 2118·12 2118-15 
100 
235 
285 

120 150 
270 320 
320 410 

• CAS Controlled Output Is 
Three-State, TTL Compatible 

• RAS Only Refresh 
• 128 Refresh Cycles Required 

Every 2ms 

• Page Mode and Hidden 
Refresh Capability 

• Allows Negative Overshoot 
VIL min = -2V 

The Intel@ 2118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from asingle+5V power supply. The 
2118 is fabricated using HMOS - a production proven process for high performance, high reliability, and high storage 
density. 

The 2118 uses a single fr'ansistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry standard 
16-pin DIP. The two 7-bit address words are latched into the 2118by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use ofthe address multiplexing 
technique while maintaining high performance. 

The 2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, data 
is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning CAS to 
a high state. The 2118 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing Ms
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through 
As during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is 
addressed. 

PIN 
CONFIGURATION LOGIC SYMBOL 

AO 
A, 
A, D,. 
A, 

A. 

A5 
DOUT 

II,; 
RAS 
CAS 

WE 

Ao-As ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 

D,. DATA IN 

Dour DATA OUT 

WE WAITE ENABLE 

RAS ROW ADDRESS STROBE 

VDD POWER !+5V) 

Vss GROUND 

BLOCK DIAGRAM 

64 x 128 CELL 
MEMORV ARRAY 

_Voo 
_Vss 

DoUT 



2118 FAMILY 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ... -10° C to +80° C 
Storage Temperature . . . . . . . . . . . .. -65°C to +150°C 
Voltage on Any Pin Relative to Vss ............ 7.5V 
Data Out Current ............................ 50mA 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.0W 

D.C. AND OPERATING CHARACTERISTICS(1) 

·COMMENT: 

Stresses above those listed under "Absolute Maximum 
Rating" may cause permanent damage to the device. This 

is a stress rating only and functional operation of the de
vice at these or at any other condition above those indi

cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

TA = O°C to 70°C, Voo = 5V ±10%, VSS = OV, unless otherwise noted. 

Limits 
Symbol Parameter Min. Typ.I'1 Max. Unit Test Conditions Notes 

Ilul Input Load Current (any input) 0.1 10 p.A VIN=VSS to Voo 

Illol Output Leakage Current for Chip Deselected: CAS at VIH, 
High Impedance State 0.1 10 p.A VOUT = 0 to 5.5V 

1001 Voo Supply Current, Standby 1.2 2 mA CAS and RAS at VIH 

1002 Voo Supply Current, Operating 23 27 mA 2118-10, IRC = IRCMIN 3 

21 25 mA 2118-12, tRC = IRCMIN 3 

19 23 mA 2118-15, IRC = IRCMIN 3 

1003 Voo Supply Current; RAS-Only 16 18 mA 2118-10, tRC = IRCMIN 3 
Cycle 14 16 mA 2118-12, IRC = IRCMIN 3 

12 14 mA 2118-15, tRe= tRCMIN 3 

1005 Voo Supply Current. Standby, 2 4 mA CAS at VIL. RAS at VIH 3 
Outpul Enabled 

Vil Input Low Voltage (all inputs) -2.0 0.8 V 

VIH Input High Voltage (all inputs) 2.4 7.0' V 

Val Output Low Voltage 0.4 V IOl = 4.2mA 

VOH Output High Voltage 2.4 V IOH = -5mA 

NOTES: 
1. All voltages referenced to V 55· 

2. Typical values are for TA = 25°C and nominal supply voltages. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 MAX is measured with the output open. 

CAPACITANCE III 
TA = 25°C, Voo = 5V ±10%, VSS = OV, unless otherwise noted. 

Symbol Parameter Typ. Max. 

Cil Address, Data In 3 5 

CI2 RAS, CAS, WE, Data Out 4 7 

NOTES: 
I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

C = 1..11 with ..IV equal 10 3 volts and powe(supplies al nominal levels . 
..IV 
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Unit 

pF 

pF 



2118 FAMILY 

A.C. CHARACTERISTICS[l,2,3) 
T A = 0° C to 70° C, Voo = 5V ±10%, V SS = OV, unless otherwise noted. 

READ, WRITE, READ-MODIfY-WRITE AND REfRESH CYCLES 

Symbol Parameter 

tAAC Access Time From RAS 

tCAC Access Time From CAS 

tAEF Time Between Refresh 

tAP RAS Precharge Time 

tCPN CAS Precharge Timelnon-pagecyclesJ 

ICRP CAS 10 RAS Precharge Ti me 

tACO RAS to CAS Delay Time 

tASH RAS Hold Time 

tCSH CAS Hold Time 

tASR Row Address Sel·Up Time 

tAAH Row Address Hold Time 

tASC Column Address Set·Up Time 

tCAH Column Address Hold Time 

tAA Column Address Hold Time, to RAS 

tT Transition Time (Rise and FaUi 

tOFF Output euffer Turn Off Delay 

READ AND REFRESH CYCLES 
tAC Random Read Cycle Time 

tAAS RAS Pulse Width 

tCAS CAS Pulse Width 

tACS Read' Command Set-Up Time 

tACH Read Command Hold Time 

WRITE CYCLE 

tAC Random Write Cycle Time 

tAAS RAS Pulse Width 

tCAS CAS Pulse Width 

twcs Write Command Set·Up Time 

tWCH Write Command Hold Time 

tWCA Write Command Hold Time, to RAS 

twp Write Command Pulse Width 

tAWL Write Command to RAS Lead Time 

tCWL Write Command to CAS Lead Time 

tos Data-In Set-Up Time 

tOH Data-In Hold Time 

tOHR Data-In Hold Time, to RAS 

READ-MODIFY-WRITE CYCLE 

tAwe Read-Modify-Write Cycle Ti me 

tAAW RMW Cycle RAS Pulse Width 

tCAw RMW Cycle CAS Pulse Width 

tRWD RAS to WE Delay 

tcwo CAS to WE Delay 

NOTES: 

1. All voltages referenced to Vss 
2. Eight cycles are required after power-up or prolonged periods 

(greater than 2msl of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

3. A.C. Characteristics assume tr-= 5ns 
4. Assume that tRCD -s: tRCD (max). If tRCO is greater than tRCD 

(max.) then tRAe will increase by the amount that tRCD exceeds 
tRCD (max). 

5. Load'" 2 TTL loads and l00pF. 
6. Assumes tRCO ~ tACO (max. I 

2118·10 2118·12 2118·15 

Min. Max. Min. Ma •. Min. MI •. Unit 

100 120 150 ns 

55 65 80 ns 

2 2 2 ms 

110 120 135 ns 

50 55 70 ns 

0 a 0 ns 

25 45 25 55 25 70 ns 

70 85 105 ns 

100 120 165 ns 

0 0 a ns 

15 15 15 ns 

0 0 0 ns 

15 15 20 ns 

60 70 gO ns 

3 50 3 50 3 50 ns 

0 45 0 50 0 60 ns 

235 270 320 ns 

115 10000 140 10000 175 10000 ns 

55 10000 65 10000 95 10000 ns 

a a 0 ns 

0 0 0 ns 

235 270 320 ns 

115 10000 140 10000 175 10000 ns 

55 10000 65 10000 95 10000 ns 

a a a ns 

25 30 45 ns 

70 85 115 ns 

25 30 50 ns 

60 65 110 ns 

45 50 100 ns 

a 0 0 ns 

25 30 45 ns 

70 85 115 ns 

285 320 410 ns 

185 10000 190 10000 265 10000 ns 

105 10000 120 10000 185 10000 ns 

100 120 150 ns 

55 65 80 ns 

7. tRCD (max.) is specified as a reference point only; if tRCD is less 
than tACO (max.) access time is tRAe, If tACO is greater than tACo 
(max.) access time is tACO + tCAC. 

B. tr is measured between VIH (Min.) and Vil (max.!. 
9. twcs. tcwo and tRWO are specified as reference points only. If 

twcs ;:.0: twcs Imin.) the cycle is an early write cycle and the data 
out pm will remain high Impedance throughout the entire 
cycle. If tcwo;:.o: ICWD (min.) and tRwD ~ tRwD (min.), the cycle IS 
a read~modjfywwritecycleand the data out will contain the data 
read from the selected address. If neither of the above 
conditions IS satisfied, the condition Of the data out IS 
Indeterminate 
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Note. 

4,5 

4,5,6 
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8 

9 
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WAVEFORMS 
READ CY CLE 

'1H 
ADDRESSES 

V,L 

VOH 

VOL 

WRITE CY 

CiJ 

®'eRP--1 

f 
tASRr 

?M 

CLE 

CD 

®leRP-1 

J 
tASR--t"--

l0 
t-

":':'tRAH-! 
ROW )( 

A~D"RESS 

HIGH 
IMPEDANCE 

, . 
® 
r-

I-tRA~~. 

lAC 
tRAS 

, " .;:: : 

tCSH 

tRCO tRSH 

CD r-.\ \ \ l® 
teAS 

t~R 

r tAse 'l-'eAH~ 

){ COLUMN K ADDRESS 

I .... t RCS 

d¥ 2 " 

teAe 
tRAe 

'Re 
tRAS 

'CSH 

tRCD tRSH 

(5) 1\\\ 
- teAS 

I'~ 
'AR 

tASC-\- l-ieAH~ 
V,H 

ADDRESSES 
VIL 

){CD ® 
ROW; l( 

ADDRESS ). . COLUMN K ADDRESS 

t RWL --- 'ewL 

~ 
-twes-'-Oo _tWCH -

1/ Iwp 

tWCR 

I-®'os - "+----tDH®~ ; 

) CD K '0 , 
D,N 

" 

tOHA 

~IR~ 
fi 

. -
tep3 

I--j ,ReH0 

\ 
___ to,,_ 

® VAL.ID ~ ® t?ATAOUl: 

I_IR~ 

~ 
','I-teP:=j 

\if" 

. 

"aur ~~:--------------~I~M~~~~~:~N~C~E-------------------------------------------------------------------
NOTES: 1,2. V1H MIN AND V1L MAX ARE REFERENCE lEVELS FOR'MEASURING TIMING OF INPUT SIGNALS. 

3..4. VOH MIN AND VOL MAX ARE REFERENCE lEVELS FOR MEASURING f.lMING OF-Dour-
5. tOFF IS MEASURED TO lOUT" IILO I. 

~: !~~HA~DRt~rE~~~~:6~~E:HC:~RT~~I~~ O~~:'O~H~~~~~E'~A~;~~~~~:~~R OCCURS ~IRST. 
8. tcRP REOUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- . 

ONLY CYCLE (I.e., FOR SYSTEMS WHERE C~S HAS NQ.r BEE!,! DECODED W,I'rH RAS). 

H8 



WAVEFORMS 
READ-MODIFY-WRITE CYCLE 

2118 FAMILY 

IRwe r-,,,--I 'RRW 

(, , '~ 

(8)tCRP _/ ~tRCD ..---
'---.t (') 1\\\\ (') 

'cRW 

Y 
I-----;- tAR ',w,- _I HtAAH 

tASR-t--- IAS~t- 1- '''A ---tCWL---

V" 
AOORE8..'>ES V1l ){Cl! AD~~~SS X X ~g~~~~ K 

(') IRWO 

tACSt--! 'cWO r-~'=l 
([/7 

8)<0'1 
1--'00 

XG)D~lt'6N K 
I-:---'c"~ 0 -

" HIGH 

"" @ 1 
VALID , IMPEDANCE tV DATADUT 

RAS-ONL Y REFRESH CYCLE 

I-ICPN-j 

IOFF 

® 

i--------------'''---------------j 

1---------""----------111--,,,---1 
RAs V1H - "1' IT "K, ___ _ 

V 1L \.'J 11".;;;®'---------------------..;~'r' '\ 

ADDRESSES V
1H x: CD AD~~~SS J( 
V"-..L:.~0,;.'-==::...-"p..----------------------------

DOUl 
~ ~~ 

vO,-----------------~,M~P~'D~A~NC~'~-----------------

HIDDEN REFRESH CYCLE 
(For Hidden Refresh Operation order 2118-1086445,2118-1286446 or 2118-15 86447) 

V" 
ADDRESSES 

V" 

V" WE 

v" 

NOTES: 1,2. V 1H MIN AND V 1L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. V OH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT ' 

5. tOFF IS MEASURED TO lOUT'" IILO (. 
6. tos AND tOH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tCAP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS

ONLY CYCLE (i.e., FOR SYSTEMS WHERE C""ASHAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE I7,B,11] 

TA = ooe to 70oe, VDD = 5V ±10%, VSS = OV, unless otherwise noted, 

(For Page Mode Operation order 2118·10 86329, 2118·12 86330 or 2118·15 86331) 

2118·10 2118-12 
S6329 S6330 

Symbol Parameter Min. Max. Min. Max. 

tpc Page Mode Read or Write Cycle 125 145 

tpCM Page Mode Read Modify Write Cycle 175 200 
tcp CAS Precharge Time, Page Cycle 60 70 

tRPM RAS Pulse Width, Page Mode 115 10000 140 10000 

tCAS CAS Pulse Width 55 10000 65 10000 

1004 Voo Supply Current Page Mode, 
Minimum tpc, Minimum tCAS 20 17 

WAVEFORMS 
PAGE MODE READ CYCLE 

2118-15 
S6331 

Min. Max. Unit Note. 

190 ns 

280 ns 

85 ns 

175 10000 ns 

95 10000 ns 

15 mA 

_ V 1HC 
RAS 

~------.----------------------_1APM------~------------------------b-
l:::::::::~j:::::::::~------------------~~--~!.::::::~--tR-~-------- lAP 

_ V 1HC 
CAS 

V" 

WE V'HC 
V" ___ t-_J 

VOH 

Dour VOL -----------.,...-----..;;;;~ 

NOTES: 1,2. VIH MIN AND V ,l MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF DoUT -

5. tOFF IS MEASURED TO lOUT IlLO 1. 
6. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
7. All VOLTAGES REFERENCED TO Vss. 
8. AC CHARACTERISTIC ASSUME tT '" 5ns. 
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 

UNDER AL TERNATE CONDITIONS. 
10. teRP REOUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS

ONLY CYCLE (Le., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIA 
RESPECTIVE PAGE MODE DEVICE (Le., 2118-10 S6329 WILL OPERATE AS A 2118·10). 
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PAGE MODE 
WRITE CYCLE 

_ V 1HC 

RAS V'L 

ADDRESSES V 1H 

2118 FAMILY 

~---------------------------------tRPM--------------------~--~----~~ 

VIL __ ~~~~~~~~~~ ______ ~ __ -'~~~~~ ____ ~ __ ~~~~~~~~~~~ ____ -i+-__________ _ 

WE V 1HC 

VIL ______ ~----+P--~--~----------_+~------~----------~r---~~------_+------+_-----------

PAGE MODE READ-MODIFY-WRITE CYCLE 

ADDRESSES VIH 
VOL 

NOtES; 1.2. V1H MIN AND V1l MAX ARE ~EFEREN.CE LE¥ELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. V OH MIN AN!:?'VPL '~AX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DooT-

5. toFF IS MEASURED TO lOUT "- IILO I· • 
6. tDS AND 1DK ARE REFERENCEO TO CAS OR WE'. WHICHEVER OCCURS LAST. 
7. tACH IS REFERENCED TO THE TAAIU",G EDG,E OF CAS OR RAS, WHICHEVER OCCuRS fiRST. 
S. leAP REOUIREMENT IS ONLY APPLICABLE FOR mICAS CYCLES PRECEEDED BY A en.. 

ONLY CYCLE li.e •• FOR SYSTEMS WHERE C'P:!'HAS NOT BEEN DeCODED WITH FiA!). 
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TYPICAL SUPPLY CURRENT WAVEFORMS 
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Typical power supply waveforms vs. time are shown for 
the RAS/CAS timings of Read/Write, Read/Write (Long 
RAS/CAS), and RAS-only refresh cycles. 100 current 
transients at the RAS and CAS edges require adequate 
decoupling of these supplies. 

The effects of cycle time, V 00 supply voltage and ambient 

TIME ens) 
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temperature on the 100 current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for 1001, 1002, and 1003 is related by a 
common point at Voo = 5.0V and T A = 25°C for two given 
tRAS pulse widths. The typical 100 current for a given 
condition of cycle time, V 00 and T A can be determined by 
combining the effetts of the appropriate family of curves. 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 

50 

GRAPH 10 
TYPICAL RAS ONLY 
REFRESH CURRENT 

1003 VS. AMBIENT TEMPERATURE 

I 
VOD '" S.OV 

<" 
§. 

GRAPH 11 
TYPICAL OUTPUT SOURCE CURRENT 

10H VS. OUTPUT VOLTAGE VOH 

100 

T.1250 c I 
100 

GRAPH 12 
TYPICAL OUTPUT SINK CURRENT 

10L VS. OUTPUT VOLTAGE VOL 

I 
I- 80 Z I--- VOO '" 5.0V I- 40 TA=25°C._ 

Voo= 5.0V !z 80 
w 
a: iii 
a: 
::l 

w 
a: 
a: 
::l 

a: 
a: 
::l 
() 30 () 

w 60 () 60 
> 
o! 
Q. 

::l 

() 
a: 
::l 
0 

'" II z 
iii 

'" 20 '" 40 ~ ~ 40 

~ / 
I 

..§ 
10 

tRAS '" 116n5 
tRC = 235n5 

f---\-'---J--tRAS = 500ns -
tRC = 750ns 

I-
::l 
Q. 
I-
::l 
0 "'" 

o 
I 

I 
J: 

.2 

20 40 60 80 

20 

~ 
---

~ 20 
.2 V 

1 

T.-AMBIENT TEMPERATURE (OC) VOH-OUTPUT VOLTAGE (VOLTS) VOL-OUTPUT VOLTAGE (VOLTS) 

DEVICE DESCRIPTION 
The Intel@ 2118 is produced with HMOS, a high 
performance MOS technology which incorporates on 
chip substrate bias generation. This process, combined 
with new circuit design concepts, allows the 2118 to 
operate from a single +SV power supply, eliminating the 
+12V and -SV requirements. Pins 1 and 9 are not 
connected, which allows P.C.B. layout for future higher 
density memory generations. 

The 2118 is functionally compatible with the industry 
standard 16-pin 16K dynamic RAMs, except forthe power 
supply requirements. Replacing the +12V supply with a 
+5V supply and eliminating the -SV bias altogether, 
allows simple upgrade both in power and performance. 
To achieve total speed performance upgrade, however, 
the timing ciruitry must be modified to accommodate the 
higher performance. 

READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 

Device access time, tACC, is the longer of the two 
calculated intervals: 

OR 2. tACC = tRCO + tCAC 

Access time from RAS, tRAC, and access time from CAS, 
tCAC, are device parameters. Row to column address 
strobe delay time, tRCO, are system dependent timing 

parameters. For example, substituting the device para
meters of the 2118-3 yields: 

3. tACC = tRAC = 100nsec for 25nsec:S:: tRCO"::;: 45nsec 

OR 

4. tACC = tRCO + tCAC = tRCO + SSnsec for tRCO > 4Snsec 

Note that if 25nsec $; tRCO $; 4Snsec device access time is 
determined by equation 3 and is equal to tRAC. If tRCO > 
4Snsec access time is determined by equation 4. This 
20nsec interval (shown in the tRCO inequality in equation 
3) in whi,;;h, the falling edge of CAS can occur without 
affecting access time is provided to allow for system 
timing skew in the generation of CAS. 

REFRESH CYCLES 

Each of the 128 rows of the 2118 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 

1. Read Cycle 
2. Write Cycle (Early Write, Delayed Write or Read-

Modify-Write) 
3. RAS-only Cycle 

refreshes the selected row as defined by the low order 
(RAs) addresses. Any Write cycle, of course, may change 
the state of the selected <;;ell. Using a Read, Write, or Read
Modify-Write cycle for refresh is not recommended for 
systems which utilize "wire-OR" outputs since output bus 
contention will occur. 

A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A RAS
only refresh cycle maintains the Dour in the high 

1-24 



2118 FAMILY 

impedance state with a typical power reduction of 30% 
over a Read or Write cycle. 

RAS/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tCAS respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum prechargetime, tRP, has been 
met. 

DATA OUTPUT OPERATION 

The 2118 Data Output (DOUT), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at VIH) the output is in the high impedance state. The 
following table summarizes the DOUT state for various 
types of cycles. 

Intel 2118 Data Output Operation 
for Various Types of Cycles 

Type of Cycle 

Read Cycle 

Early Write Cycle 
RAS-Only Refresh Cycle 
CAS-Only Cycle 
Read/Modify/Write Cycle 

Delayed Write Cycle 

HIDDEN REFRESH 

DOUT State 

Data From Addressed 
Memory Cell 

HI-Z 
HI-Z 
HI-Z 
Data From Addressed 

Memory Cell 
Indeterminate 

An optional feature of the 2118 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This feature is referred to as Hidden Refresh. Hid
den Refresh is performed by holding CAS at VIL and 
taking RAS high and after a specified precharge period 
(tRP)' executing a "RAS-On Iy" refresh cycle, but with CAS 
held low (see Figure 1.) 

MEMORY r, "REFRESH < 

RAS -{'-------'cm;,.-_\ .. CVj=1 

CAS 

HIGH Z ( "'-
DOUT -.....;.=~-<'" _____ D_A_TA ______ .Ir-

Figure 1. Hidden Refresh Cycle. 
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This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

After the application of the Voo supply, or after extended 
periods of bias (greater than 2ms) without clocks, the 
device must perform a minimum of eight (8) initialization 
cycles (any combination of cycles containing a RAS clock 
such as RAS-only refresh) prior to normal operation. 

The Voo current (100) requirement of the 2118 during 
power on is, however, dependent upon the input levels of 
RAS andtAS. If the input levels of these clocks are at VIH 

or Voo, whichever is lower, the 100 requirement per device 
is 1001 (100 standby). If the input levels for these clocks 
are lower than V 1H or Voo the 100 requirement will be 
greater than 1001, as shoWn in Figure 2. 

:< 
E 

I' 
a 

.E 

VDD (VOLTS) 

Figure 2. Typical 100 VS Voo during power up. 

For large systems, this current requirement for 100 could 
be substantially more than that for which the system has 
been designed. A system which has been designed, 
assuming the majority of devices to be operating in the 
refresh/standby mode, may produce sufficient 100 
loading such that the power supply may current limit. To 
assure that the system will not experience such loading 
during power on, a pullup resistor for each clock input to 
Voo to maintain the non-selected current level (1001) for 
the power supply is recommended. 
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2128 

2048 x 8-BIT STATIC RAM 

Max. Access Time (ns) • ' 

Max. Active Current (mA) 

Max. Standby Current (mA) 

• Fully Static Operation; No Clocks, 
Refresh or. Latches . 

• EPROM Compatible Pinout 

• Industry Standard 24-Pin Package 

2128-15 2128-20 

150 200 

120 120 

30 30 

• Two Line Control, CE Controls Power
Down, OEControls Output Buffer$ -
Eliminates Bus Contention 

• 150 ns Maximum Access Time 

• Auto Power-Down 

The Intel@ 2K x 8 is a 16,384·bit static RAM organized as 2048 words by 8 bits. It employs fully static cir· 
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power-
down feature cuts power consumption when the device is disabled. . 

The 24-pin industry standard pinout allows easy upgrades to 4K x 8 static RAMs and compatibility to the 
2732 4K x 8 and 2764 8K x 8 EPROMs in 28-pin sites. The two line control simplifies decoding and 
eliminates any possibility of bus contention. 

PIN NAMES 
TRUTH TABLE Ao:"A11 ADDRESS INPUTS 

CE CHIP ENABLE 

CE WE OE MODE OUTPUT POWER OE OUTPUT ENABLE 

H X X NOT SELECTED HIGHZ STANOBY WE WRITE ENABLE 

L H H SELECTED HIGHZ ACTIVE Do-D, DATA INPUT/OUTPUT 

L H L READ ACTIVE ACTIVE Vee POWER (+5V) 

L L X WRITE HIGHZ ACTIVE .GND GROUND 

LOGIC 
SYMBOL 

COMPATIBLE PINOUTS 

2K)( 8 SRAM EPROM SRAM 

8K x8 8K xl 41(.)(8 2KlC8 
SRAM EPROM 

2Kx8 4Kx8 8Kw.B .Kxa 
All V •• Ne NC Vee Vee Vee 
A, Do Au Au NC WE WE JilHI 
A_ 

D, 
A, 

A, A, A, A, 

As A, Ao Ao 
Vee NC NC NC 

AI Ao Ao Ao 

'" D_ 
A. A. A. A. A, Ao Ao Ao 

As D, A. A. '" '" WE An An An 

'" A, D. 

A. D, 
AI 

Do Al0· 

D, 

A, A, A, A, 

A_ A_ A_ A_ 

A, A, A, A, 

Ao Ao Ao Ao 
Do D. Do Do 

D, D, II, D, 

CE' CE Of liE 
A,. A,. A,. A,. 

eE /!! CE /!! 
.D, 0., 0., 0., 

Do Do Do Do 
Do D, D. D, 

D_ D_ D_ o. D. D. D. D. 

GND GND GND GND !1>- Do D. Do 

Intel Corporation assumes' no responsibility for the use of any circuitry other'than Circuitry embodied In an Intel product. No other circuit patent licenses are implied. 
© INTEL CORPORATION, 1980 January 1981 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ - 10·e to + SO·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin With 

Respect to Ground .... , ............ ~ 3.5V to + 7V 
Power Dissipation ............................ 1.0W 
D.C. Output Current ......................... 10 mA 

D.C. AND OPERATING CHARACTERISTICS 
TA = o·c to lO·C, Vcc = 5V % 10%, unless otherwise noted. 

'NOTICE: Stresses above those listed under "Absolute Maxi· 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
In the operational sections of this specllication is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Symbol Parameter 
2128-15/20 

Unit Test Conditions 
Min. TypPI Max. 

ILl Input Load Current (All Input Pins) 10 p.A VIN = 0 to 5.5V 

IILol Leakage Current 10 p.A CE=VIH, Vo=GNDtoVcc 

Icc Power Supply Current (Active) 120 mA Vee = Max., II/O=O,.A, 
T A = O·C, c::E" = VIL 

ISB Power Supply Current (Standby) 30 mA Vcc = Max., 11/0 = 0 mA, 
TA=O·C, eE=VIH 

VIL Input Low Voltage -3.0 O.S V 

VIH Input High Voltage 2.0 6.0 V 

10L Output Low Current 4.0 mA VOL=O.4V 

10H Output High Current 2.0 mA VOH=2.4V 

A.C. CONDITIONS OF TEST +5V 

Input Pulse Levels ...................... o.sv to 2.0V 9600 
Input Rise and Fall Times ...................... 5 ns 
Input Timing Levels ........................... 1.5V DOUT ---..... --t +5V 

Output Timing Levels .................. 0.4V to 2.4V 
Output Load .............. 2 TTL Gate and CL = 100 pF 

(See Loads A & B) 

CAPACITANCE 
TA=25·C, f= 1.0 MHz 

Symbol Parameter Max. 

COUT Output CapaCitance 5 

CIN Input CapaCitance 5 

NOTE: 
This parameter is periodically sampled and not 100% lesled. 
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51011 

Load A. 

Unit 

pF 

pF 

100 pF 
(INCLUDING 
SCOPE AND 
JIG) 

DOUT---~-~ 

5101/ 

Load 8. 

960Il 

5pF 

(FOR HIGH IMPEDANCE 
MEASUREMENTS ONLy) 

Test Conditions 

V=OV 

VIN=OV 
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A.C. CHARACTERISTICS 
TA=0·Cto70·C, Vcc=5V ±10% 

READ CYCLE 

Symbol Parameter 

tRC Read Cycte Time 

tAcc Address Access Time 

tCE Chip Select Access Time 

tOE Output Enable Time 

2128 FAMILY 

tOH Output Hold Time from Address Change, CE, OE 

tCLZ . Output in Low Z from CE 
tCHZ Output in High Z from CE 

tOLZ Output in Low Z from OE 

10112 Output in H+gh :z fromOE 

TIMING WAVEFORMS 

READ CYCLE 

~ ADDRESS 

lAce • 

Dour 

NOTE: READ CYCLE 
1. ~fs high for Read Cycle. 

tRe 
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2128-15 2128-20 
Unit 

Min. Max. Min. Max. 

150 - 200 - ns 

- 150 - 200 ns 

- 150 - 200 ns 

- 50 - 65 ns 

0 - 0 - ns 

0 - 0 - ns-

- 50 - 65 ns 

0 - 0 - ns 

- 50 - 65 ns 
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A.C. CHARACTERISTICS (Continued) 
TA = o·c to 70·C, Vee = 5V ± 10% 

WRITE CYCLE 

Symbol Parameter 
2128-15 

Min. Max. 

twe Write Cycle Time 150 -
tew Chip Selection to End of Write 150 -
tAS Address Setup Time 0 -
twp Write Pulse Width 75 -

,tAW Address Valid to End of Write 150 -
tWR Write Recovery Time 0 -
tos Data Setup Time '.' 50 -
tOH Data Hold Time 0 -
tWLZ[3] Output in Low Z from WE High 0 -

tWHZ Output in High Z from WE Low - 50 

WRITE CYCLE 

ADDRESS 

HIGH IMPEOANCE 
Dour 

D,N -------'---------Ip,...,U" 
NOTES: WRITE CYCLE 
1. Write may be terminated by either CE or WE. 
2. Output in High Z will occur from WE low or OE high or CE high, whichever is tirst. 
3. If OE is high, tWl2 is invalid - DouT remains in the high impedance state. 
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2128-20 
Unit 

Min. Max. 

200 - ns 

200 - ns 

0 - ns 

100 - ns 

200 - ns .' 

O. - ns 

65 - ns 

0 - ns 

0 - ns 

- 65 ns 



2141 
4096 X 1 BIT STATIC RAM 

2141-2 2141-3 2141-4 2141-5 2141L-3 2141L-4 2141L-5 

Max. Access Time (ns) 120 150 200 250 150 2QO 250 

Max. Active Current (mA) 70 70 55 55 40 40 40 

Max. Standby Current (mA) 20 20 12 12 5 5 5 

• HMOS Technology • Automatic Power-Down 
• Industry Standard 2147 Pinout • Directly TTL Compatible - All Inputs 

• Completely Static Memory - No Clock 
or Timing Strobe Required 

• Equal Access and Cycle Times 

• Single +5V Supply 

and Output 

• Separate Data Input and Output 

• Three-State Output 
• High Density 18-Pln Package 

The Intel@! 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use fEiatures 
associated with non-clocked static memories anctthe reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 

es controls the power-down feature. In less than a cycle time after es goes high - deselecting the 2141 - the part 
automatically reduces its power requirements and remains in this low power standby mode as long as es remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de
selected. 

The 2141 is placed in an 18-pin package configured with the industry standard pinout, the same as the 2147. It isdirectly TTL 
compatible in all respects: {nputs, output, and a single +5V supply. The data is read out nondestructivelyand has the same 
polarity as the input data. A data input and a separate three-state output are used. 

PIN CONFIGURATION LOG IC SYMBO L 

A. Vee 

A, 17 A. 

Az A, 

A, As 

A4 Ag 

A5 AlO 

Dour All 

WE 11 D,N 

GNO Cs 

PIN NAMES 

AO-A" AOORESS INPUTS Vee 
WE WRITE ENABLE GND 
CS CHIP SELECT 
D,N OATA INPUT 

Dour OATAOUTPUT 

TRUTH TABLE 

A. 
A, 
A2 
A, 
A4 
A5 
A6 Dour 
A, 
A. 
Ag A,. 
A" 
DIN WE CS 

POWER 1+5~1 
GROUND 

@ 
O,N--"'------I 

es 

WE 
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ABSOLUTE MAXIMUM RATINGS* 

TemperatureUnderBias ..... _ ......... -1O°CtoS5°C 
Storage Temperature _ ... _ .......... -65°Cto+150°C 
Voltage on Any Pin With 

Respeetto Ground ....... _ ............ -1.5V to +7V 
Power Dissipation __ . _____ .. _ .. _ ..... _ . _ .. _ . • .. 1 .2W 
D.C. Output Current .......................... 20mA 

D.C. AND OPERATING CHARACTERISTICS 
TA = O°C to lO°C, Vee = +5V ±10% unless otherwise noted. 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

2141-2/-3 2141-4/-5 2141 L-3/L-4/L-5 
Symbol Parameter Min. Typ.l11 Max. Min. Typ.111 Max. Min. Typ.l11 Max. Unit Conditions 

Ilul Input Load Current 0.01 10 0.01 10 0.01 10 Jl.A Vee=Max., VIN= 
(All Input Pins) GND to Vee 

IILOI Output Leakage 0.1 10 0.1 10 0.1 10 Jl.A CS=VIH, Vee=Max., 
Current VouT=GND to 4.SV 

lee Operating Current 45 70 40 55 30 40 mA Vee=Max., CS=VIL, 
Outputs Open 

158 Standby Current 20 12 5 mA Vec=Min. to Max" 
CS=VIH -

IpO[2[ Peak Power-On 40 30 18 mA Vee=GND to Vee Min. 
Current CS=Lower of Vee or 

VIH Min. 

VIL Input Low Voltage -1.0 0.8 -1.0 0.8 -1.0 0.8 V 

VIH Input High Voltage 2.0 6.0 2.0- 6.0 2.0 6.0 V 

VOL Output Low Voltage 0.4 0.4 0.4 V IOL =8.0mA 

VOH Output High Voltage 2.4 2.4 2.4 V IOH = -4.0mA 

105[31 Output Short Circuit -120 120 -120 120 -120 120 mA Vour=GND to Vee 
Current 

Notes: 1. Typical limits are at Vee = 5V, TA = +25' C, and specified loading. 
2. lec exceeds 158 maximum during power-on, as shown in Graph 7. A pull-up resistor to Vee on the CS input is required to 

keep the device deselected; otherwise, power-on current approaches lee active. 
3. Duration not to exceed one minute. 

A.C. TEST CONDITIONS 

Input Pulse Levels 
Input Rise and Fall Times 
Input and Output Timing Reference 

Levels 
Output Load 

CAPACITANCE [41 

TA = 25°C, f = 1.0MHz 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

Max. 

5 

6 

GND to 3.5 Volts 
10 nsec 

1.5 Volts 
1 TTL Load plus 100pF 

Unit Conditions 

pF VIN = OV 

pF VOUT = OV 

Note 4. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 
TA = O·C'to 70·C, Vee = +5V±10%, unless otherwise noted, 

READ CYCLE . , ~ .' 

2141·2 2141·3/L·3 2141 .... /i.·4 2141-5/L·5 
: 8'lIIbol , Parameter Min. Max. Min. Max. Min. Max. Min. Max. Unit 

IRc Read Cycle Time 120 150 200 250 0, ns 

IAA Address Access Time 120 150 200 250 ns 

IAcs1(11 Chip Select Access Time 120 150 200 250 ns 

IACS2(21 Chip Select Access Time 130 160 200 250 ns 

toH Output Hold from Address Chanlle, 10 10 10 10 ns 

1Lz131 Chip Selection to Output in Low Z, 30 30 30 30 'ns 

tHz I31 Chip Deselection to Output In Hi,gh Z 0 60 0 60 0 60 0 60 ns 

tpu Chip Selection to Power Up Time 0 0 0 0 ns 

tPD Chip Deselect,ion to Power Down Time 60 60 60 60 ns 

WAVEFORMS 

READ CYCLE NO.1 [4.5) 

~~~------------------~-----tRc"---------------------------'l 

ADDRESS---J_~~J--t~~~~=~-=-~t=-A-A~=~i-I~~~-=-~~-':~~~~~~~~~~_*_: ======= 
DATA OUT PREVIOUSDAT::ALlD i:x X * DATA VALID 

READ CYCLE NO.2 [4,6) 

tRC 
os ~ 

, , 

'ACS 

tLZ 
~t"z--.o 

HIGH IMPEDANCE ,X X ~~ KIGH 
DATA VALID 

IMPEDANCE 
DATA our 

f---tpu 
,0 i---- tPD 

:':'~. '.u - - - --j ........ sci%----..------------~, ", " 
CURRENT 158-----3 ~ 

Notes: 
1, Chip deselected for greater than 5Sns prior toseiection, 
2. Chip deselected for a finite time that is less than 55ns prior 10 selection. (If the deselect time is Ons, the chip is by definition 

selected and access o,ccurs according to Read Cycle No. U ' 
3. At any given temperature and voltage conditlon, tHZ max is less than t~z tnin':bOth for'a: given device and from device to device. 
4. WE is high for Read Cycles. " ' ," " , 
5. Device is continuously selected, CS = VIL. 
6. Addresses valid prior to or 'coincident with CS transition low, 
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A.C. CHARACTERISTICS TA = o·c to 70·C, Vee = +5V±10%, unless otherwise noted. 

WRITE CYCLE 

2141-2 2141-3/L-3 2141-4/L-4 2141-S/L-S 
Symbol Paramatar Min. Max. Min. Max. Min. Max. Min. Max. 

twe Write Cycle Time 120 150 200 250 

tew Chip Selection to End of Write 110 135 180 230 

lAw Address Valid to End of Write 110 135 180 230 

tAS Address Setup Time 0 0 0 0 

twp Write Pulse Width 60 60 60 75 

twR Write Recovery Time 10 15 20 20 

tow Data Valid to End of Write 50 60 60 75 

tOH Data Hold Time 5 5 5 5 

twz Write Enabled to Output in High Z 10 70 10 80 10 80 10 80 

tow Output Active from End of Write 5 5 5 5 

WAVEFORMS 
WRITE CYCLE #1 (WE CONTROLLED) 

'we 

-'-\ 
ADDRESS --

'ew 

C!I' I~ " II IIII 
'AW 

'AS 'w. ~'wo-

I 

'--~ 
L tow toH-

.1 
DATA IN :l DATA IN VALID 

I--'wz -tow 

DATA our--------0-A-T-A-UN-0-E-.,-NE-0-----3 .... _..;H.;;.IG;;.;H;.;I;;;;MP_E;;.;OA.;;.N;;;CE;;.1_--(:::::::::: 

WRITE CYCLE #2 (CS CONTROLLED) 

'we 

-ADDRESS 

- 'AS few 

- ., 
'AW 

'---'wP~ 
I---'wo-

\\\\\\\\\\ IIIIIIII 

I 
tow toH-

DATA IN :l DATA IN VALID 

-'wz _________________ =-1 HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED :::) .. _____________ _ 

Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C., CHARACTERISTICS' 

GRAPH 1 
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DEVICE DESCRIPTION 
The 2141 is produced with HMOS, a new high
performance MOS technology which incorporates on
chip substrate bias generation to achieve high- per
formance. This process, combined with new design ideas, 
gives the 2141 its unique features. Both low power and 
ease-of-use have been obtained in a single part. The low
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in data rates up to 8.3 MHz for the 2141-2. This is 
considerably higher performance than for clocked static 
designs. 

Whenever the 2141 is deselected, it automatically reduces 
its power requiremer:lts to afraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry.This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto
tically approaches the standby power level, as shown in 
Figure 2. . 

i--~~ r-

es- - I- --e-!!.!i. "'-. lr ---/ 
V,L -t-~ 

ICC- -- I--" iCC 

f..--- 1---- "'\ 

ISB J ~ 

FIGURE 1. icc WAVEFORM. 

ICC 

0: 
w 
;t 
0 .. 
w 

" ;; 
w 
Q 

w 

" <t 
0: 
W 
> 
<t 
:! 
w .. 
'" ,. 
'" 

ISB 

4K8K 16K 32K 64K 

MEMORY SIZE IN WORDS 

FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 
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There is nof~nctional constraint on the amount oftime the 
2141 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection_ A 
feature of the 2141 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 60ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACS1 and tACS2. 

11:=~ __ ---l11+8n$ 
~ T - ~'0n' 
f- t j • 

o 60 80 
DESELECT TIME Ins) 

FIGURE 3. tACS VS. DESELECT TIME. 

The power switching characteristic of the 2141 requires 
more careful decoupling than would be required of a 
constant power device_ It is recommended that a 0.1/LF 
ceramic capacitor be used on every other device, with a 
22/LF to 47/LF bulk electrolytic decoupler every 32 devices. 
The actual values to be used will depend on board layout, 
trace widths and duty cycle. Power supply gridding is 
recommended for PC board layout. A very satisfactory 
grid can be developed on a two-layer board with vertical 
traces on one side and horizontal traces on the other, as 
shown in Figure 4. 

Vce 

FIGURE 4. PC LAYOUT. 
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2142 
1024 X 4 BIT STATIC RAM 

2142·2 2142·3 2142. 2142L3 2142L 

I Max. Acces. Time (ns) 200 300 450 300 450 

I Max. Power Dissipation (mw) 525 525 525 370 370 

• High Density 20 Pin Packag, • No Clock or Timing Strobe Required 

• Ace ... Time Selections From 200~450ns • Completely Static Memory 

• Identical Cycle and Accesa Times 
• Low Operating Power Dissipation 

.1mW/81t Typical 

• Slng'e +5V Supply 

• Directly TTL Compatible: All Inputs 
and Outputs 

• Common Data Input and Output Using 
Thre.State Outputs 

The Intele 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon': 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout - in both the array and the decoding - and 
therefore requires no clock" or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data Is read out non destructively and has the same polarity as the input data. Common input/output pins are 
provided. 

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and Simple interfacing 
are import!lnt design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 

The 2142 Is placed In !l2().pin package. Two Chip Selects (CS1 and CS2) are provided for easy and flexible selection of 
Individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 

The 2142 is fabricated with Intel's N-channel Sillcon-Gate technology - a technology providing excellent protection 
against contamination ~rmilting the use of low cost plastic packaging. 

PIN CONFIGURATION LOGIC SYMBOL 

As Vee .. 
As A7 " J{01 .. As " .. As .. 

I/O~ 

es, 00 .. .. IIQ1 As 

" 1/°2 As 
I/O~ 

" 1103 " 
os, yo. 

GNo WE 

PINNAME$ 

Ao-Ae AODRUS INPUTS 00' OVTPUT QI$ABLE 

WRITE ENABLE Vee POWEA (+5VI 
1.C$2 CIiIPSELECT GND GROUN(.? 

1101-1104 DATA INPI"IT/OUTPVT 

.. .. 
" 
As 

'1 

" 
1/01 

11O;;! 

I/OJ 

BLOCK DIAGRAM 

® 
® 

0 
0) 

@ 

@ 

ROW 
SELECT 

INPUT 
DATA 

CONTROL 
~----~~~1>--~ 
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2142, FAMILY 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -10°Cto SOoC 
Storage Temperature .............. -65°C to +150°C 
Voltage on Ar,y Pin 

With Respect til Grpund ........... -0.5V to +.lV 
Power Dissipation, ., ... '" ..... ; ..... ".:',. '. 1.0W 
D.C. Output Curren,t' ............•........ 10mA 

D.C. AND OPERATING CHARACTERISTIC.S 
TA .. O°C to .lO°C, Vcc = 5V ± 5%, unless otherwise noted: 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of the specifi
cation is not implied. Exposure to absolute maximum 
rating conditions fo; extended periods may affect device 
reliability. 

2142-2, 2142-3, 2142 '2142L3,2142L 
SYMBOL PAR~METER Min. Typ.l1) 

IllIl I nput Load Current 
(All Input Pins) 

IILol I/O Leakage Current 

ICC1 "Power Supply Current .. 80, 

ICC2 Power Suppiy Current 

, 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

10L qutput Low Current 2.1 6.0 

10H Output High Current -{O -1.4 

108[2] Output Short Circuit 
Current 

NOTE: 1. Typieal valuesare for TA = 25"e and Va; = 5.0V. 
2. Duration not to exceed 30 seconds. 

CAPACITANCE 
TA = 25°C, f = 1.0 MHz 

SYMBOL TEST 

CliO [nput/Output Capacitance 

CIN, Input Capacitance 

Max. 

,1.0 

10 

95 

100 

0.8 

6.0 

60 

MAX 

5 

'5 

NOTE: This parameter is pariodieallysemp/edand not 100% tested. 

A.C. CONDITIONS OF TEST 

Min. Typ.l1) MIX. UNIT 

to IlA 

10 IJ.A 

65 mA 

70 mA 

-0.5 0.8 V 

2.0 6.0 V 

2.1 6.0 mA 

-1.0 -'1.4 mA 

60 mA 

UNIT' CONDITIONS 

pF VI/O =OV 

pF VIN = OV 

Input Pulse LeVels •.•...•..•. " ••..•...• : ':.; . ; ..••.. " • ;/ 0.8 Volt to 2.4 Volt 

Input Rise and Fall Times .•.••.•...••• : .••.••.•..•....••...•.....• 10 OSIe 

Input and Output Timing Levels ........ ; ••••. '" ....................... 1.5 Volts 

Output Load, .................................. 1 TTL Gate and CL .. 100 pF 
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CONDITIONS 

VIN. = 0 to 5.25V 

~= 2.4V, 
VI/O = 0.4V to Vee 

V,IN" 5.25V,11/0 =0 mA, 
TA = 25°C 

VIN = 5.25V, 1110 = OmA, 
' TA'= O°C 

VOL" 0.4V 

VOH = 2.4V 

VOUT " Vee to GND 



2142 FAMILY 

A.C. CHARACTERISTICS TA" O°C to 70°C. VCC .. 5V ± 5%. uniess otherwise noted;·· 
~., 

READ CYCLE [11 

. SYMBOL PARAMETER. 

tAC Read Cycle Time 

tA Access Time 

too Output Enable to Output Valid 

toox Output Enable to Output Active 

teo Chip Selection to Output Valid 

tcx Chip Selection to Output Active 

tOTO Output 30state from Disable 

tOHA Output Hold from Address Change 

WRITE CYCLE [2] 

SYMBOL PARAMETER 

twc Write Cycle Time 

tw Write Time 

twA Write Release Time 

toTO Output 30state from Disable 

tow Data toWrite Time Overlap 

tOH Data Hold From Write Time 

NOTES: 
1. A Aead occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the o_lap of a low Cs and a low WE. 

WAVEFORMS 
READ CYCLE@> 

t. tRe 

ADORESS 

~~--~---------r~----

DoUT---4C~ 

NOTES: 
3. Wi il high for a Read Cve ... 
4. WI mUlt be high during all addr •• transitiOns. 

2142·2 2142·3. 2142L3 2142. 2142L 
Min. Max. Min. Max. Min. Max. UNIT 

200 300 450 ns 

200 300 450 ns 

70 ,: 100 120 ns 

20 20 20 ns 

70 100 120 ns 

20. 20. 20 .n, . 

60 80 100 ns 

50 50 50 ns 

2142·2 2142-3. 2142L3 2142. 2142L 
Min. Max. Min. Max. Min. - Max. UNIT 

200 300 450 ns 

120 150 200 . ns 

0 0 0 ns 

60 80 100 ns 

120 150 200 ns .-

0 0 0 ns 

WRITE CYCLE 

"'" 
ADDRESS 

twR--f-. 

00 :LL .\ \\ \ \ \ 
~toTD" 

\\\ \\\\ ,\\ '777777Tl 

/11 'I I I 'II l\\ \ \\ \ \ \ 
tw-,---

k\\\ ,\\ 

tow-oj.toH. -OoN----------ct=-==lEx~XX~)() 
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TYPICAL D.C. AND A.C.CHARACTERISTICS 

NORMALIZED,ACCESS TIME VS. 
SUPPLY VOLTAGE 
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2141A 
HIGH SPEED 4096 x 1 BIT STATIC RAM 

2141A·3 

Max. Access Time (n5) .. 55 

Max. Active Current (mA) 50 

Max. Standby Current (mA) 20 

• Pinout and Functionally Compatible 
with the Industry Standard 2147H 
and the 6147 

• Low Power Operation - 215 mW 
Maximum 

• Lower Input/Output Leakage Current 

• O.8-2.0V Output Timing Reference 
Level 

2141AL·3 2141A 2141AL 

55 10 10 

35 50 35 

12 20 10 

• Automatic Power Down Mode 
• High Density 18·Pin Plastic/Cerdip 

Package 

• Advanced HMOS·II Technology 
• Directly TTL Compatible-All Inputs 

and Outputs 
• Improved Output Current Drive 
• Three·State Output for Bus Interface 

The Intel 2147A is a 4096 words by 1 bit static RAM designed for low power dissipation of 275 mW max· 
imum. The 2147A is fully compatible with the industry standard 2147H and is fabricated on Advanced 
HMOS·II, an evolution of HMOS·II technOlogy - a production proven process for highreliability, high per· 
formance, and high storage density. 
The 2147A is fully static which results in reduced overhead costs by elimination of refresh clocking cir· 
cuitry and by simplification of timing requirements. When deselected, the 2147A automatically changes 
into a low power standby mode and maintains this state until the chip select signal, CS, is low. 
Accordingly, the 2147A is suitable for use in applications such as instrumentation, telecommunications, 
caches, writeable control store, fast buffer memories and large memory systems in which a majority of 
units are deselected. 

The 2147A is placed in an 18 pin plastic or cerdip package and is directly TIL compatible in all respects: in· 
puts, output, and a single + 5V supply. The data is read out non destructively and has the same polarity as 
the input data. A data input and a separate three state output are used. 

PIN CONFIGURATION LOGIC SYMBOL 

A, 

DOUT 

WE 

Vee 

A. 

A. 

A. 

A,. 

PIN NAMES 

Ao-A" ADDRESS INPUTS Vee 

WE 
CS 
D'N 
DouT 

WRITE ENABLE GND 
CHIP SELECT 
DATA INPUT 
DATA OUTPUT 

TRUTH TABLE 
MODE 

NOT SelECTED 
WRITE 
READ 

Ao 
A, 
A2 
A3 
A. 
As 
A. DOUT 
A, 
A. 
A. A,. 
A" 
DIN WE CS 

POWER (+5V) 
GROUND 

A, 

@ D,. 

BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

@ 
-Vee 

~GND 

Intel Corporation assumes no responsibility for the use of any circuitry other than Circuitry embodied in an Intel product. No other circuit patent licenses are implied. 
© Intel Corporation, 1981 August, 1981 
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2147A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .....•....... -10·C to 8S·C 
Storage Temperature ............. - 6S·C to + 1S0·C 
Voltage on Any Pin 

With Respect to Ground ............ - 3.SV to + 7V 
Power Dissipation ........................... 1.2W 
D.C. Output Current ......................... 20 mA 

·COMMENT: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those Indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. AND OPERATING CHARACTERISTICSl11 
(T A= o·c to 70·C, Vee= + SV ± 10%, unless otherwise noted.) -. 

Symbol Pa .. meler 2147A-3 2147AL·3 2147A 2147AL Unit T.st Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ.12I Max. Min. Typ.12I Max. 

Ilul Input Load Current 1 1 1 1 "A Vce=Max .• 
(All Input Pins) VIN = GND to Vee 

Illol Output Leakage 10 10 10 10 pA ~=VIH. Vec=Max .• 
Current VOUT= GND to 4.5V 

Icc Operating Current 50 35 50 35 rnA ~e=Max., 
=Vll. . 

Outputs Open 

ISB Standby Current 20 12 20 10 rnA ~e = Min. to Max .• 
S=VIH 

IPOI3) Peak Power·On 18 18 18 18 rnA ~e = GND to Vee Min., 
Current C = Lower 01 Vee orVIH Min. 

Vil Input Low Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 -3.0 0.8 V 

VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 2.0 6.0 V 

VOL Output Low Voltage 0.4 0.4 0.4 0.4 V 10l= 12 rnA 

VOH Output High Voltage 2.4 2.4 2.4 2.4 V IOH= -8 rnA 

11081 14) Output Short 275 275 275 275 rnA VOUT= GND to Vee 
Circuit Current 

NOTES: 
1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 

thermal resistance values of the package at maximum temperatures are 
8JA (@ 400 fpM air flow) = 40· ·CIW 
8JA (still air) = 70· ClW 
8Je =25° ClW 

2. Typical limits are at Vec= 5V, TA= + 25°C, and specified loading. 
3. A pull·up resistor to Vee on the CS input is required to keep the device deselected; otherwise, power-on current approaches 

Icc active. 
4. Duration not to exceed 1 sec. 

A.C. TEST CON DITIONS 
Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Reference Levels 
Output Timing Reference Levels 
Output Load 

GNDt03.0V 
S ns 
1.SV 

0.8-2.0V 
See Figure 1 

CAPACITANCE [51 (TA=2SoC, f= 1.0 MHz) 

Symbol Parameter Max. Unit Conditions 

CIN Input Capacitance S pF VIN=OV 

COUT Output Capacitance 6 pF VOUT=OV 

NOTE: 
5. This parameter Is sampled and not 100% tested. 
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5.0V 

DOUT ---..... --~ 

150!! 

3001l 

30 pF 
(INCLUDING 
SCOPE AND 
JIG) 

Figure 1. Output Load 

5.0V 

Dour ---..... --. 

150!.! 5 pF 

Figure 2. Output Load for ~ItZ. Ill. twz. tow 



2t47~ 

A.C. CHARACTERISTICS (TA = o·c to 70·C, VCC = + 5V :tlO%,unless,.otherwise noted.) 

Read Cycle 

2147A·3, 2147AL·3 2147A, 2147AL 
Sym~ol Parllmeter Min. Max. Min. Max. 

tRc I1J ReadCyc;Ie Time 55 70 

tAA Address Access Time 55 70 

tACS1 [8J Chip Select Access Time 55 70 

. tACS2(9J Chip Select Access Time 65 80 

tOH Output Hold from Address Change 5 5 
tLZ (2,3,7] Chip Selection to Output in Low Z 10 10 

tHZ[2,3,7j Chip Deselection to Output in High Z 0 30 0 40 

tpu Chip Selection to Power Up Time 0 0 

tpo Chip Deselection to Power Down Time 20 30 

WAVEFORMS 

Read Cycle No. 1[4,51 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ADDRUS~' '. ~~~~_~e~~~~~ 
~'-__ ----------'AA------------~I 
].0...----- 'OH -------I 

DATA OUT PREVIOUS DATA VALID 

.Read Cycle No. 2[4,6] 

DATA OUT 

Vee 
SUPPLY 
CURRENT 

NOTES: 

~ 

'LZ 

HIGH IMPEDANCE 

DATA VALID 

'Re 

tACS f.- 'H2--o 

VX X ~ OATA VALID 
HIGH 

IMPEDANCE 

1. All Read Cycle timings are referencEld from the last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHZ max. is less than tLl min. both for a given device and from device to device. 
3. Transition is measured ::I: 500 mV from steady state voltage with spec'ified loading in Figure 2. . 
4. WE is high for Read Cycles. 
5. Device is continuously selected, Cs = V1L• 

6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
8. Chip deselected for greater than 55 ns prior to selection. 
9. Chip deselected for a finite time that is less than 55 ns prior to selection. (If the deselect time is 0 ns, the chip is by definition 

selected and access occurs according to Read Cycle No. 1. Applies to 2147A, 2147AL, 2147A·3, and 2147AL·3. 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 

Symbol Parameter 
twe[2] Write Cycle Time 

tew Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width. 

tWR Write Recovery Time 

tow Data Valid to End of Write 

tOH Data Hold Time 

twZ[3] Write Enabled to Output in High Z 

tovJ3] Output Active from End of Write 

WAVEFORMS 

Write Cycle No. 1 
(WE CONTROLLED~41 

ADDRESS 

2147A 

2147 A·3, 2147 AL·3 2147A,2147AL 
Min. Max. Min. Max. Unit 

55 70 ns 

45 55 ns 

45 55 ns 

0 0 ns 

35 40 ns 

10 15 ns 

25 30 ns 

10 10 ns 

0 25 0 35 ns 

0 0 ns 

... , 

-ow 

,~ ~ // lIlt 
_ •• ___ ~IAW - .... ~ 1--.... -

... \:\. 

I 
-ow -oj 

DATA IN I DATA IN VALID Y 
- ... ,~ ~'ow 

----------------------------~.~I~H='G~H~IM~"~~~NC~.==:t __ ~::::::::: DATA OUT DATA UNDEFINED ~ ---K 
Write Cycle No.2 
(es CONTROLLED~41 ADDRESS -

-
~ -

... , 

Ic:w 

-AW - .... ~ 1-- .... -

\.\.\.\.\.\.\\\.\. ////7777 

J 
'ow ~-j 

DATA IN • DATA IN VALID I 
1-- ... , __________________________ -:1 HIGH ..... DANC. 

DATA OUT OAT. UNDEFINED :)~--...:;::;;.;=;;;;::;;.....,....;....--..:---
NOTES:,.. 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

,.:, il-' 

3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 2. 
4. as or WE must be high during address transitions. 
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2147H 

HIGH> 5,PEED 4096 x 1BI1 51 A11CRAM 
2147H·1 2147H·2 2147H·3 21.47HL·3 2147H 2147HL 

Max. Acce,ss Time (M) 35 45 55 55 70 70 

Max. AcHv. Current (mAl .180 180 180 12S 16.0 140 

Max. Standby Current EmA) 30 30 30 > 15 20 10 

• Pinout, Function, and Power Com· • Direct Performance Upgrade for 2147 
patible to Industry Standard 2147 

• Automatic Power· Down 
• HMOS n Technology 

• Completely Static Memory.,.. No Clock • High Density 1S-Pin Package 

or Timing Strobe Required • Directly TTL Compatible--AII Inputs 

• Equal. Access and Cycle Times and' Output' 

• Single +5V Supply Separate Data Input and Output • • O.8·2.0V Output Timing Reference 
levels • Three-State Output 

The InteL® 2147H i.s a 4096-bit static Random Access Memory. organized as 4096 words by 1-oit using 
HMOS-II, Intel's. next generation high-performance MOS technology. It uses a uniquely innovative design 
app,[oach which provi.des th.e ease-of-use features associated with non-clocked static memories 'and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby powev dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cyCle time after CS goes high-deselecting the 2147H 
-the part automatlcal.ly reduces its power requirements and remains in this low power standby mode as 
long. as CS remains high .. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are deselected. 

The :U47H is ptaced in an t8-pi.n package configured with the industry standard 2147 pinout. It is directly 
TTL compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestruc
tivety ai!1.d has thll same polarity as the input data. A data input and a separate three-state output are used. 

PIN CONFIGURATION 

A,~ 

Au 
iii 0, .. 

GNO Cs __ .. I 

LOGIC SYMBOL 

PIN NAMES 

vee PQWlll (+5V) 
GN NO 

TRUTH TABLE 
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BLOCK DIAGRAM 

MEMORV ARRAY 
64 ROWS 

64 COLUMNS 

@) 
-Vee 

~GNO 

DOUT 



inter 2147H 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. -10·C to 85·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin 

With Respect to Ground, ........... - 3.5V tei + 7V 
Power Dissipation ........................... 1.2W 
D.C. Output Current ......................... 20 mA 

'COMMENT: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress raUng only and functional 
operation of the device at these or any other conditions 
above those indicated'n the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. AND OPERATING CHARACTERISTICS!1} 

(TA = o·c to 70·C, Vcc = + 5V ± 10%, unless otherwise noted.) 

Symbol Parameter 2147H-l, 2, 3 2147HL-3 2147H 2147HL Unit Teat Conditions 
Min. Typ. Max. Min. Typ. Msx. Min. Typ.l2) Max. Min. Typ.l2) Max. 

lu Input Load Current 0.01 10 0.01 10 0.01 10 0,01 1{) .A Vcc::'Max., 
(All Input Pins) VIN = GND to Vee 

IILOI Output Leakage 0.1 SO 0.1 50 0.1 50 0.1 SO' .A ~=VIH' Vee = Max., 
Current VOUT= GND 10 4.5V 

ICC Operating Current 120 170 115 100 150 100 135 mA TA=25'C I ~e=Max., 
180 125 160 140 mA T =O'CI =VIL, 

A Outputs Open 

ISB Standby Current 18 30 6 15 12 20 7 10 rnA ~ceMln.lo Max., 
",VIH 

Ipo(3) Peak Power·On 35 70 25 50 25 50 15 30 mAo ~e=GND to Vee Min., 
Current = Lower of VOeorVIH'Mln. 

VIL Input Low Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 -3.0 0.8 V 

VIH Input High Voltage 2.0 6.0 2.0 6.0 2.0 6.0 2.0 6.0 V 

VOL Output Low Voltage 0.4 0.4 0.4 0.4 V IOL=8 rnA 

VOH Output High Voltage 2.4 2.4 2.4 2.4 V IOH= -4.0 mA 

NOTES: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet :per minute. 

2. Typicallirnits are at Vee =5V, TA= +25'C, and specified loading. 

3. A pull-up resistor to Vee on the CS Input is required to keep the device deselected; otherwise, power-on current approaches 'Icc active. 

A.C. TEST CONDITIONS 
Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Reference Levels 
Output Timing Reference Level (2147H:1) 
Output Timing Reference Levels 

(2147H, H-2, H·3, HL, HL·3) 
Output Load 

GNDt03.0V 
5 ns 
1.5V 
1.5V 

0.8-2.0V 
See Figure 1 

CAPACITANCE!4} (TA =25·C, f=1.0 MHz) 

Symbol Parameter Max. Unit Conditions 

CIN Input Capacitance 5 pF VIN=OV 

COUT Output Capacitance 6 pF VOUT=OV 

NOTE: 

4. This parameter is sampled and not 100% tested. 
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Vee 

°OUT ----...---+ 
5101! 

:10 pF 
(INClutllN-G 
SCOPE A'NO 
JIG) 

Figure 1. Output Load 

Vee 

< 510~1 

DOUT ---...... --.. 

30011 5 pF 

Figure 2. Output Load for tHZ. tLZ. twz. tow 



2147H 

A.C. CHARACTERISTICS (TA=O·C to 70·C, Vec= +5V ± 10%, unless o.therwise noted.) 

Read Cycle 
2147H·3, 2147H, 

2147H·1 2147H·2 HL·3 2147HL 
Symbol Parameter Min. Max. Min. Max. Min. Max. Min. Max. 

tRC[l] Read Cycle Time 35 45 55 70 

tAA Address Access Time 35 45 55 70 

tACS1[8] Chip Select Access Time 35 45 55 70 

tACS2[9] Chip Select Access Time 35 45 65 80 

tOH Output Hold from Address Change 5 5 5 5 
tti2,3,7] Chip Selection to Output in Low Z 5 5 10 10 

tHZ[2,3,7] Chip Deselection to Output in High Z 0 30 0 30 0 30 0 40 

tpu Chip Selection to Power Up Time 0 0 0 0 

tpo Chip Deselection to Power Down Time 20 20 20 30 

WAVEFORMS 

Read Cycle No. 114,5) 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

AOORESS~i-----------_ -_'A_e-_-_---1*_ 
,...-------•• A-------I 
I-----·OH---~ 

DATA OUT PREVIOUS DATA VALID DATA VALID 

Read Cycle No. 214,6) 

'Ae 

~ 

'ACS . 
-'HZ-

'Ll 

HIGH IMPEDANCE XX)! DATA VALID 
HIGH 

IMPEDANCE 
DATA OUT 

Vee 
SUPPl Y 
CURRENT 

:--~~:j,...-50%---------1--'·;L 
NOTES: 
1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHz max. Is less than tLZ min. both for a given device and from device to device. 
3. Transition is measured ± 500 mV from steady state voltage with specified loading In Figure 2. 
4. WE is high for Read Cycles. 
5. Oevice is continuously selected, CS = V1L• 

6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
8. Chip deselected for greater than 55 ns prior to selection. 
9. Chip deselected for a finite time that is less than 55 ns prior to selection. If the deselect time is 0 ns, the chip is by definition 

selected and access occurs according to Read Cycle NO.1. Applies to 2147H, 2147HL, 2147H·3, and 2147HL·3. 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 

S.ymbol Parameter 

twC[2] Write Cycle Time 

tcw Chip Selection to End of Write 

tAw Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tow Data Valid to End of Write 

tOH Data Hold Time 

twzl3] Write Enabled to Output in High Z 

toW[3] Output Active from End of Write 

WAVEFORMS 
Write Cycle No.1 
(WE CONTROLLED~4] 

ADDRESS 

2147H 

2147H·1 
MIn. Max. 

35 

35 
35 

0 
20 

0 
20 

10 

0 20 
0 

2147H·3, 2147H, 
2147H·2 HL·3 2147HL 

Min. Max. Min .. . Max. Min. Max. Unit 

45 55 70 ns 

45 45 55 ns 

45 45 55 ns 

0 0 0 ns 

25 25 40 ns 

0 10 15 . ns 

25 25 30 ns 

10 10 10 ns 

0 25 () 25 0 35 ns 

0 0 0 ns 

,,, 

'0. 

"""S": ti 11 1111 

Write Cycle No.2 
(CS CONTROLLED)14] 

NOTES: 

. 
' .. 

'''-~----j t---------- 'WI'----1--'"'-
.. 

\\ 

.. .. .. .... .I ~ . 
'0 • 'oj .,", .............. 

I DATA IN 'VALID I 
r-- 'w, -----i 

-------------DA-TA-U-ND-'-"N-ED---------~ 
1--'0. 

H'GH'MPEOANC.=1r-. ----

'we 

----ADDRESS -
- R 

~. 

-
"W 

r------:-.~ J--""~ 

\ \ \ \ \ \ \:'\ ~_\. //1///// 

I 
'0. 'D'l 

Ii DATA IN VAliD X 
r--"', __________________________ =1 H'GH'M"DANC' 

DATA OUT DATA UNDEfiNED :)~, __________ ___ 

1, If CS goes high simultaneously with WE high, the output remains in a high impedance state, 
2, All Write Cycle timings are referenced from the last valid address to the first transitioning address: 
3, Transition is measured ± 500 mV from steady state voltage with specified loading in Figure,.2, 
4, CS or WE must be high during address transitions, ' 
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2148H 
1024 x 4 BIT STATIC RAM 

2148H·2 2148H·3 2148H 2148HL·3 2148HL 
Max. Access Time (ns) 45 55 70 55 70 
Max. Active Current (mA) 180 180 180 125 125 
Max. Standby Current (mA) 30 30 30 20 20 

• Automatic Power-Down • Equal Access and Cycle Times 

• Industry Standard 2114A and • High Density 18-Pin Package 
2148 Pinout 

Common Data Input and Output • • HMOS n Technology 

Functionally Compatible ,to the 2148 • Three-State Output • 
• Completely Static Memory - No Clock • Single + 5V Supply 

or Timing Strobe Required • Fast Chip Select Access 2149H Available 
The Intel® 2148H is a 4096·bit static Random Access Memory organized as 1024 words by 4 bits uSing HMOS IT, a high· 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-usl;l features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor "reduced data rates due to cycle times that are longer than access times. 

CS controls the power·down feature. In less than a cycle time after CS goes high - disabling the 2148H - the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are 
disabled. A non-power-down companion, the 2149H, is available to provide a fast chip select access time for speed 
critical applications. 

The 2148H is assembled in an 18-pin package configured with the Industry standard 1 K x 4 pinout. It is directly TTL 
compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the 
same polarity as the input data. 

PIN CONFIGURATION LOGIC SYMBOL 

A,,-A,o 
W!" 
cs 
110,-110. 
vee 
GND 

.. 
A, 

A, 

A3 

A, 
1I0t 

A, 

A, 

A, 

A, 

PIN NAMES 

ADDRESS INPUTS 
WRITE ENABLE 
CHIP SELECT 
DATA INPUT/OUTPUT 
POWER (+5V) 
GROUND 

TRUTH TABLE 

1101 

1102 

1I03 

1104 

BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

~vcc 
~GND 

o ::> PIN NUMBERS 

CS WE MODE UO POWER We~'~=l-1--------------------------------~ 

H X NOT SELECTED HIGH·Z STANDBY 
L L WAITE D,N ACTIVE 
l H READ DOUT ACTIVE 

Figure 1. Pin Configuration, Logic Symbol, Pin Names 
and Truth Table 
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Figure 2. 2148H Block Diagram 



inter 2148H FAMILY 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -10·C to + 85·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground ................. - 3.5V to + 7V 
D.C. Continuous Output Current ............. 20 mA 
Power Dissipation ............................ 1.2W 

• COMMENT: Stresses above those listed under "Ab· 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec· 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS'" 
T A = O·C to + 70 ·C, Vee = + 5 V ± 10% unless otherwise noted. 

2148H·21H·3/HL·3 2148HUHL·3 

Symbol Parameter Min. Typ 
121 

Max. Min. Typ 
(21 

Max. Unll Test Conditions 

jill I Input Load Current (All Input Pins) 0.01 10 0.01 10 /1A Vee = max, VIN = GND to Vee 

IILol Output Leakage Current 0.1 50 0.1 50 /1A 
CS = VIH. Vee.= max. 
VOUT = GND to 4.5V 

Icc Operating Current 120 180 90 125 rnA Vee = max. CS = V,c. 
Outputs Open 

ISB Standby Current 15 30 10 20 rnA Vee = min to max. CS = VIH 

(31 Vee = GND to Vee min. 
Ipo Peak Power-On Current 25 50 15 30 rnA CS = Lower of Vee or V,H min 

VIL Input Low Voltage -3.0 0.8 -3.0 O.B V 

VIH Input High Voltage 2.1 6.0 2.1 6.0 V 

VOL Output Low Voltage 0.4 0.4 V 10L = 8 rnA 

VOH Output High Voltage 2.4 2.4 V 10H = -4.0 rnA 

los Output Short Circuit Current ±250 ±275 ±250 ±275 rnA 'VOUT = GND to Vee 

Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperatures are: 

8JA (@ 400 fpM air flow) = 40° C/W 
8JA (still air) = 70° C/W 
8Je = 25° CIW 

2. Typical limits are at Vee = 5V. TA = +25°C. and Load A. 

3. A pull-up resistor to Vee on the CS input is required to keep the device deselected during power-on. Otherwise. power-on current 
approaches Icc active. 

A.C. TEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing 
Reference Levels 

Output Load 

GND to 3.0 Volts 

5 nsec 

1.5 Volts 

See Load A. 

+5V 

DOuT------~----~ 

25511 

48011 

30 pF 
(INCLUDING 
SCOPE AND 
JIG) 

+5V 

DOUT ------~----.. 

48011 

CAPACITANCE (4) 

TA = 25·C, f = 1.0MHz 

25511 SpF 

Load A. 

Symbol Parameter Max. Unit Conditions 

CIN Address/Control CapaCitance 5 pF VIN = OV load B. 

CIO Input/Output Capacitance 7 pF VOUT = OV 

Note 4. This parameter III sampled and not 100% tested. 
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2148H· FAMILY 

A.C. CHARACTERISTICS 
TA = o·c to + 70·C, Vcc = + 5V ± 10%, unless otherwise noted. 

REAOCYCLE 

2148H·2 ~148H.31HL·3 2148H/HL Unit Test Symbol Parame.te,. 
Min. Max. Min. Max. Min. Max. Conditions 

tRc Read Cycle Time 45 55 70 ns 

tAA Address Access Time 45 55 70 ns 

tACS1 Chip Select Access Time 45 55 70 ns Note 1 

tACS2 Chip Select Acc.ess Time. 55 65 80 ns Note 2 

tOH Output Hold from Address Change 5 5 5 ns 

tLZ Chip Selection Output in Low Z 20 20 20 ns Note 6 

tHZ Chip Deselection to Output in High Z 0 20 0 20 0 20 ns Note 6 

tpu Chip Selection to Power Up Time 0 0 0 ns 

tpo Chip Deselection to Power Down Time 30 30 30 ns 

WAVEFORMS 

READ CYCLE NO.1" " 

~ .... =§~~-~--~-:~-~_1-= 
DATA OUT __ P_A_EV_'O_U_S ..,.DA..,.T_A _VA_~LI_D_..J.p....Xu....LX.lo....* DATA VAL'D 

READ CYCLE NO.2" 5J 

',e 
--, 

lACS 

~'H~ t+----tLZ J 

~~~ HIGH IMPEDANCE (- HIGH 
DATA VALID Jl ,IMPEDANCE 

DATA OUT 

t---tpu 1--'000 'ee------'-3 =1 
ISB - ~ 

Notes: 

1. Chip deselected for greater than 55 ns prior to CS transition low. 

2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is 0 ns. the chip is 
by definition selected and access occurs according to Read Cycle No, 1.) 

3. WE is high fo.r Read.Cycles ..• 

4. Device is continuously selected, ~ = V'L. 

5. Addresses valid prior to or coinci.dent withCS transition low. 

S. Transition is measured ±500mV from high impedance voltage with Load B. This parameter is samp'led and not 100% 
tested. 
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inter 2148H FAMILY 

A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 2148H·2 2148H·31HL·3 2148H/HL Unit Test 
Min. Max. Min. Mex. Min. Max. Conditions 

twc Write Cycle Time 45 55 70 ns 

tcw Chip Selection to End of Write 40 50 65 ns 

tAW Address Valid to End of Write 40 50 65 ns 

tAS Address Setup Time 0 0 0 ns 

twp Write Pulse Width 35 40 50 ns 

tWA Write Recovery Time 5 5 5 ns 

tow Data Valid to End of Write 20 20 25 ns 

tOH Data Hold Time 0 0 0 ns 

twz Write Enabled to Output In High Z 0 15 0 20 0 25 ns Note 2 

tow Output Active from End of Write 0 0 0 ns Note 2 

WAVEFORMS 
WRITE CYCLE No. 1 (WE CONTROLLED) 

twe 

ADDRESS ---. 
-

~[11 l\{ 
tew 

\\\\ fllllllll (IIIIIIIIIII/, 
r- ::=j tAW I-- -tWR ---. I---tAS-

twp . 
~ 

IOH 

.~Iow ,I 
X DATA IN VALID X DATA IN 

~Iw~. low.1 
DATA UNDEFINED HIGH IMPEDANCE 

I 
DATA OUT 

WRITE CYCLE No. 2 (CS CONTROLLED) 

Iwe 

---. 
ADDRESS 

--+ K lew -
lAW ~IWR----O 

Iwp 

.\ \ \ \ \ \ \ \ \ \ \ \ \ \( rill I III II III III III! 
• t:::!oW-+·IOH ~I 
I DATA IN VALID ){ DATA IN 

~Iwz 
HIGH IMPEDANCE 

DATA UNDEFINED DATA OUT 

Notes: 1. If CS goes high simultaneously with WE high. the output remains in a high impedance state. 

2. Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 
100% tested. 
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21'49H 
. • .' .' • . " "! 

1024 x 4·81T STATIC RAM 
. 2149H·2 2149H·3 2149H 2149HL·3 2149HL 

., Max. Address AcCess Tlln. (ns) 45' 

Max. Chip Stlect Acce •• Tim' (ns) 20 

Max. Actlv.Cui'rent (mA) 180 

• Fast Chip Seleet AcC;ess Time--20ns 
Maximum 

• HMOS'II Technology 

• Equal Access and Cycle Times 

• Completely Static Memory-No Clock 
or Timing Strobe Required 

55 70 5!i 
25 30 25 

" 

180 180 125 

• High Density 18-Pi~PaCka(,le 
, -

,. C.omnmn Data 'Input· and Output 

• Three·State Output 

• Single + SV Supply 

• Automatic Power· Down 2148H' 
Available 

70 

30 

125 

The Intel@ 2149H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOS II, a high performance MOS technolOf;lY' It provides a maximum chip select access time as lOW as 20 
ns instead of an automatic power·down feature. This fast chip sele.ctaccess time feature increases system 
throughput. An automaticPQwer·down companion, the.2148H, is available (or power critical applications. 

The 2149H is assembled irian 18.pin' package configuredlivith the industry sta'ndard 1 Kx4 pinout. It Is directly 
TTL compatible in all respects: Inputs, outputs and a single +5V supply. The data i.s read out non-
destructively and has the same pol.arity as the input data. . 

ROW ,", 

-""---iF, SELfC1 

,," , 

" w, 'MEMORY ARRAY 
&tROWS 

'4COI.UMNS." 

Figure 1. 2149H Block Diagram 

~vcc 
-G:?-- GND 

o ;0 PIN NUMBERS 
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'0 
"., 

1·01 

" 
" 1'02 
.~ 

1'0, 
A, .. 1'03 

., 
Ail'" 110. 

PIN NAMES 

" ~Ao ADDRESS INPU,TS 
WRITE ENABLE cs CHIP SELECT 

U01~1I04 'DATA INPUTIOUTPUT 
Vee POWER!+;¥) 
GND GROUND 

TRUTH TABLE 
CS WE MODE 110 
H X NOT SELECTED HIGH·'l 
L' C'" WRITE :' D,N 
L ,H . RUD·." DOUT ., , 

Figure 2. 2149H Pin Diagram 



inter , 2149H FAMILY 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............ -10'Cto +85'C 
Storage Temperature ............. - 65'Cto + 150'C 
Voltage on Any Pin with 

Respect to Ground ................. - 3.5V to + 7V 
D.C. Continuous Output Current ............. 20 rnA 
Power Dissipation ............................ 1.2W 

D.C. AND OPERATING CHARACTERISTICS'" 

• COMMENT: Stresses above those listed under "Ab
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

TA =O'C to + 70'C. Vee = +5V ± 10% unless otherwise noted. 

2149H/H-21H-3 2149HUHL-3 

Symbol Parameter Min. Typ '2' Max. Min. Typ '2' Max. Unit Test Conditions 

IILlI Input Load Current (All Input Pins) 0.01 10 0.01 10 /lA Vee = max, V'N = GND to Vee 

IILol Output Leakage Current 0.1 50 0.1 50 /lA CS = V'H, Vee = max, 
VOUT = GND to 4.5V 

Icc Operating Current 120 180 90 125 mA Vee = max, GS = V,L, 
Outputs Open 

V'L Input Low Voltage -3.0 0.8 -3.0 0.8 V 

V'H Input High Voltage 2.0 6.0 2.0 6.0 V 

VOL Output Low Voltage 0.4 0.4 V 10L = 8 mA 

VOH Output High Voltage 2.4 2.4 V 10H = -4.0 mA 

los Output Short Circuit Current ±150 ±200 ±150 ±200 mA 'VOUT = GND to Vee 

Notes: 
1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 

thermal resistance values of the package at maximum temperatures are: 
8JA (@ 400 fpM air flow) = 40· C/W 
8JA (still air) = 70· C/W 
8JC = 25· C/W 

2. Typical limits are at Vce = 5V, TA = +25·C, and Load A. 

A.C. TEST CONDITIONS 

Input Pulse Levels 

+5V 

Input Rise and Fall Times 

Input and Output Timing 

GND to 3.0 Voits 

5 nsec DOUTM·----~~---. 

Reference Levels 

Output Load 

1.5 Volts 

See Load A. 

255Q 

480Q 

30pF 
(INCLUDING 
SCOPE AND 
JIG) 

+5V 

DOUT -----..... ----.. 

480Q 

CAPACITANCE [3] 

TA = 25·C. f = 1.0MHz 

255Q IIpF 

Load A. 

Symbol Parameter Max. Unit Conditions 

C'N Address/Control Capacitance 5 pF V,N = OV Load B. 

C,O Input/Output Capacitance 7 pF VOUT = OV 

Note 3. This parameter is sampled and not 100% tested. 
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intel 2149H FAMILY 

A.C. CHARACTERISTICS 
TA = OOG to + 70 0 G, Vee = + 5V ± 10% unless otherwise noted. 

READ CYCLE 

2149H·2 2149H·3/HL·3 2149H/HL 
Test 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit Conditions 

tRC Read Cycle Time 45 55 70 ns 

tAA Address Access Time 45 55 70 ns 

tACS Chip Select Access Time 20 25 30 ns 

tOH Output Hold from Address Change 5 5 5 ns 

tLZ Chip Selection Output in Low Z 5 5 5 ns Note 3. 4 

tHZ Chip Deselection to Output in High Z 0 15 0 15 0 15 ns Note 3.4 

WAVEFORMS 

READ CYCLE No. 1(1.2) 

,. 'RC'j 
ADDRESS :=j-----------------------*------
~ -tAA 1 
I----fOH 'j 

DATA OUT PREVIOUS DATA VALID J X X *r--------O-A-TA-VA-L-,O--------

READ CYCLE No. 2(3) 

f,C • 
f .. 

ADDRESS 

\\\\\\\\\\\\\\\\\y 111/ VIIIIII 
lACS 

~'T.:1 f" , 

Notes: 
1. iiiiE is high for Read Cycles. 

2. Device is continuously selected. CS = V,L. 

3. At any given temperature and voltage condition. tHZ max. is less than ILz min. both for a given device and from device to device. 

4. Transition is measured ±500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (continued) 
WRITE CYCLE -_._-_._--

2149H·2 2149H·3/HL·3 2149H/HL 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

twc Write Cycle Time 45 55 70 ns 

tcw Chip Selection to End of Write 40 50 .65 ns 

tAW Address Valid to End of Write 40 50 65 ns 

tAS Address Setup Time 0 0 0 ns 

twp Write Pulse Width .. , 35 
'. 40 50 ns 

tWR Write Recovery Time 5 5 5 ns 

tow Data Valid to End of Write· 20 20 25 ns 

tOH Data Hold Time 0 0 0 ns 

twz Write Enabled·to Output in High' Z 0 15 0 20 0 25 ns 

tow Output Active from .end of write 0 0 0 ns 

WAVEFORMS 
WRITE CYCLE No. 1 (WE CONTROLLED) 

Jw(; 

----. 
ADDRESS 

tcw 

hl \\\\ f/I/UUI 11111111fLLL!. CS[1J 

f-- tAS---:+j 
tAW 

l+-iWR-twp 
\\' 

• t::::::.tDw 
tDH 

~ I 
DATA IN X DATA IN VALID I. 

I--tw!.:::j tow. 
DATA UNDEFINED HIGH IMPEDANCE DATA OUT 

·1 I 

WRITE CYCLE No.2 (CS CONTROLLED) .' 

twc 

ADDRESS ., 

:::::: ~ 
tcw 

tAW -tWR-Oo 
twp 

~'0,\\\\\\\\\\ \' 'I I II III IIIIIII I Illi 

DATA IN 
j~D.W- .. tD'!j, 
I" DATA IN VALID J[ 

-twz 
HIGH . IMPEDANCE DATAO_U~T-=::::::D:A:T=A:U=N=D=E=F=IN=E=D::::=~:::~--~~~~~~ ____________ __ 

Note.: 

1, If CS goes high simultaneously with WE high, the output ,remains in a high Impedance state. 

2. Transition is measured :I: 500 mV from high Impedance voltage with Load B, This parameter Is sampled and not 100% tested. 

Teat 
Condition. 

Note 2 

Note 2 



2164 FAM.IL Y 
65,536 x 1 BIT DYNAMIC RAM 

2184-15 216.4-20 

Maximum Acceaa Time (na) 150 200 

Read, Write Cycle (na) 300 375 

Read .. Modlfy-Write Cycle (na) 345 435 

• Industry Standard 16-pin DIP • 128 Refresh Cycles/2 ms RAS-only 
Refresh 

• HMOS Technology • Non-Latched Output Is Three-State 

• Single +SV Supply, ±10Ofo Tolerance TTL Compatible 

• Compatible with 2118 
• All Inputs, Including Clocks, • Inputs Allow Negative Overshoot, TTL Compatible 

VIL MIN = -2V 

• Pin 1 Is No Connect to Allow for • Page Mode and Hidden Refresh 
Future System Upgrade Capability 

The Intel 2164 Is a 65,536 words by l-blt N-channel MOS dynamic RAM fabricated In Intel's production proven HMOS 
process. The 2164 Is packaged In the Industry standard 16-pln DIP and Is designed to operate with a single + 5V power 
supply, with ::I: 10% tolerance. The use of a Single transistor cell and advanced dynamic Circuitry enable the 2164 to 
achieve high speed at low power dissipation. 

Multiplexing the 16 address bits into the a address Input pins allows the 2164 to achieve high packaging density. The 
two a-bit TIL level address segments are latched Into the 2164 by the two TIL clocks, Row Address Strobe (FiAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for the "FiAS and CAS clocks allow the use of the ad
dress multiplexing technique while maintaining high performance. 

The non-latched. three state. TTL compatible data output is controlled by CAS. independent of RAs. After a valid read or 
read-modify-wrlte cycle. data Is held on the data output pin by holding CAS low. The data output is returned to a high 
impedance state. by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 

Refresh is required for data retention in one transistor storage cells: Refreshing is accomplished by performing RAs-only 
cycles. hidden refresh cycles. or normal read or write cycles on the 128 address combinations of addresses Ao through As. 
during a 2ms period. Address input A7 is a don't care during these refresh cycles. A write cycle will refresh stored data on 
all bits of the selected row except the bit which is addressed. 

PIN 
CONFIGURATION 

.... , .............. 

LOGIC 
SYMBOL 

.. 
" .. .. .. .. 

... 
.. ..... .. 
• AS 
CAS 
WE 

Oli COLUMN ADDRESS STROlE 

Do DATA IN - DATA OUT ... WRITE~LE 

m ROW ADDIiIESS STROlE 

v~ POWeR!+6¥) 

v_ GROUND 

BLOCK DIAGRAM 

.. 
" 

.. 
Do" .. 

.. .. . , 

m------' 

OAT~========~---.J 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ..•• -10·C to +80·C 

Storage Temperature ......•.....•.. -6S·C to +1S0·C 

Voltage on Any Pin Relative to Vss .......•....... 7.SV 

Data Out Current •..•.....•......••.•.••••••.••. SOmA 

Power Dissipation .•.....•.......•..•••..••.•••.. 1 .OW 

D.C. AND OPERATING CHARACTERISTICS!I] 

'COMMENT: 

Stresses above those listed under '"Absolute Maximum 
Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended perIods may affect device reliability. 

TA = O°C to 70·C, Voo = 5V ±10%, VSS = OV, unless otherwise noted. 

Limits 
Symbol Parameter Min. Typ.(21 Max. Unit Test Conditions Notes 

IILII Input Load Current (any input) 10 /JoA VIN=VSS to Voo 

IILOI Output Leakage Current for Chip Deselected: CAS at VIH, 
High Impedance State 10 /JoA VOUT = 0 to S.SV 

1001 Voo Supply Current, Standby 3 S mA CAS and RAS at VIH 

1002 Voo Supply Current, Operating 60 mA 2164-15, tRC= tRCMIN 3 

55 mA 2164-20, tRC=tRCMIN 3 

1003 Voo Supply Current, RAS-Only SO mA 2164·15, tRC= tRCMIN 
Cycle 40 mA 2164-20, tRC = tRCMIN 

1005 Voo Supply Current, Standby, 7 mA CAS at VIL, RAS at VIH 3 
Output Enabled 

VIL Input Low Voltage (all inputs) -2.0 0.8 V 

VIH Input High Voltage (all inputs) 2.4 7.0 V 

VOL Output Low Voltage 0.4 V 10L =4.2mA 

VOH Output High Voltage 2.4 V IOH = -SmA 

NOTES: 
1. All voltages referenced to Vs •. 
2. Typical values are for TA = 2So C and nominal supply voltages. 
3. 100 is dependent on output loading when the device output Is selected. Specified 100 MAX is measured with the output open. 

CAPACITANCEI11 

TA= 25°C, Voo= 5V ± 10%, Vss= OV, unless otherwise noted. 

Symbol Parameter Typ. Max. Unit 

C" Address, Data In 3 6 pF 

C'2 WE,DataOut 4 7 pF 

C'3 AAS,CAS 5 8 pF 

NOTES: 
I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

C = I..l.t with ..l.V equal to 3 volts and power supplies at nominal levels . 
..l.V 
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A.C. CHARACTERISTICS [1.2.3] 

TA = 0° e to 700 e, VDO = 5" ±10%, V 55 = 0"; unless otherwise noted. 
READ, WRITE, AEAD-MODIFY':WRITE AND REFRESH CYCLES 

Symbol Parameter 

tRAC Access Time From RAS 
teAe Access Time From CAS 
loEF Time Between Refresh 

tRP RAS Precharge Time 

tePN CAS Precharge Time (non-page cycles) 

!cRP ~ to RAS Precharge Time 

loeo ~ to CAS Delay Time 

tRSH RAS Hold Time 

IcsH CAS Hold Time 

!..sR Row Address Set-Up Time 

tRAH Row Address Hold Time 

t.se Column Address, Set-Up Time 

teAH Column Address Hold Time 

tAR Column Address Hold Time. to RAS 
tT Transition Time (Rise and Fall) 

IoFF Output Buffer Turn Off Delay 

READ AND REFRESH CYCLES 

tRC Random Read Cycle Time 

tRAS RAS Pulse Width 

teAs CAS Pulse Width 

tRCS Read Command Set-Up Time 

tRCH Read Command Hold Time 

WRITE CYCLE 

lo~ Random Write Cycle Time 

loAS RAS Pulse Width 

teAS CAS Pulse Width 

.twcs Write Command Set"Up Time 

tWCH Write Command ,Hold Time 

tWCR Write Command Hold Time. to RAS 

twp Write Command Pulse Width 

loWL Write Command to RAS Lead Time 

teWL Write Command to CAS Lead Time 

tos Data-In Set-Up Time 

tOH Data-In Hold Time 

tOHR Data-In Hold Time. to RAS 

READ-MODIFY-WRITE CYCLE 
tRWC Read-Modify-Write Cycle Time 

IoRw RMW Cycle RA5 Pulse Width 

!cRw RMW Cycle CAS Pulse Width 

t.wo RAS to WE Delay 

!cwo CAS to WE Delay 

NOTES: 

1. All voltages reterenced to Vss. 
2. Eight cycles are required after powerwUp or prolonged periods 

(greater than 2ms) of An inactivity before proper device 
operation IS acnieved. Any 8 cycles which perf.orm refresh are 
adequate for thiS purpose. 

3. A.C. CharacterisllCS assume IT"'" 5nl. '" 
4. Assume that tRCD S tRCD (max.!. If tRCD is greater than tRCo 

~max.) then tAAC w)1I increase by the amount that tACO exceeds 
tACO (max.) 

5. Load = 2 TTL loads and 100pF. 
6. Assumes tACO 2" tRCD ~max.l. 

'" 

2184-15 2184-20 

Min.' Max. Min. Max. Unit 

150 200 'os 

85 110 ns 

2 2' ms 

120 135 ns 

25 35 ns 

- 20 -20 ns 

35 65, 40 90 ns 

85 110 ns 

150 200 ns 

0 0 ns 

25 30 ns 

0 0 ns 

35 45 ns 

100 135 ns 

3 50 3 50 ns 

0 40 0 50 ns 

300 375 ns 

150 10000 200 10000 ns 

85 10000 110 ,10000 ns 

0 0 ns 

0 0 ns 

300 375 ns 

150 10000 200 10000 ns 

85 10000 110 10000 ns' 
0, 0 ns 

30 40 ns 

95 130 ns 

30 40 ns 

40 50 ns 

40 50 ns 

0 0 ns 

35 45 ns 

100 135 ns 

305 375 ns 

175 10000 230 10000 ns 

110 10000 140 10000 ns 

130 175 ns 

65 85 ns 

7. IACD (max.) is specified as a reference. point only; if tFlCD is less 
than tFlCD (max.! access time is tFlAC, if tRCD IS greater than t.FlCD 
(max.! access tIme IS tRCD + tCAC. 

8. tT is measured between VIH ~P'tin.) and VIL ~max.l. 
9. twcs. tcwD and tRwD Ire specified as reference pOints only. If 

twcs:::: twcs ~min.) the cycle.is an earlywrjtecycleand the data 
out pin will remain high imp,dance throughout the entire 
cycle. I(tcwo ~ Icwe (min.1 and tAwe ~ tRWo ~min.l. the ·cycle is 
a read-modify-writecycle and the data out wilt contain the data 
read from the selected address. If neither of the above 
condItions is satiSfied. the condItIon of the data out is 
Indeterminate. 
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intJ 
WAVEFORMS 

READ CYCLE 

CD 

®leRP-1 

~H 
ADDRESSES 

V'l 

I 
tASR I-

~ 

@ 

-'-

_tRAH_1 
ROW X 

ADDRESS 

2164 FAMILY 

lAC 
I-IRP----j tRAS 

Y 
tesH I _Iep-=! 

tRCO t RSH 
,~ 

C!)~\ \ \ teAS 
@ 

IAR 

r- IASC -leAH----! 

){ COLUMN X ADDRESS 

.!-.- t RCS +---lIReHCD 

H '\ 
teAe . 

tRAe -toFF-

DouT 
VOH HIGH ® r-V-A-U-O-----"\l ® 
VOl----------'~M~PE~O~A~N~C~E----------------------~~~~ID_A_T_A_O_U_T ____ --r 

WRITE CYCLE 

i· IRe 
; 

tRAS 

V'H 
~ 

V'l 
CD'r\ ® I 

®leRP--j ~- tesH 
tRCD t RSH 

V,H J I 
CD ~\\ f<\® 

teAS rn 
V'l 

IAR 
tASRr -tRAH'-"'; tASC+ _leAH--

V'H 
ADDRESSES 

V'l ){CD® ROW;X ~ COLUMN K ADDRESS ADDRESS 

l t RWl 

'cwl 
V,H 

WI' 
V'l ®" 

-twcs- _twcH -
If twp • 

tweR 
I-®IDS - ~tDH®--'" 

O'N 
V'H 

V'l XCD ® 
tOHR 

DouT 
VOH 
VOL 

HIGH 
IMPEDANCE 

NOTES: 1.2. VIH MIN AND V1L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING Of INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT ' 

5. toFF IS MEASURED TO lOUT" IILO I. 
6. tos AND tOH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR m. WHICHEVER OCCURS FIRST. 
8. tCRP REQUIREMENT IS ONLY APPLICABLE FOR RAStCAS CYCLES PRECEEDED BY A CAS

ONLY CYCLE (i.e., FOR SYSTEMS WHERE EA! HAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 

READ-MODI FY-WRITE CYCLE 

-- IRwe 

. ~":-- :1 
- 0\ 

tRRW 

(2) 

• 

® • ''''_I 4 ';::----tRCD-~ I----",,' ----I 
-Y: (i) \\~ (2) 

","w y 
I 

--------:------ tAR 

l-----i- 'OAH 

~',wc -- _I , ~''':r I ASR 1-4 .i lAse _--ICWt---

XeD AD~~~SS x: ){ COLUMN )( ADDRESS 
V,. 

ADDRESSES V1l 

ill -- IAWD 

tRcsl--~--- 'cwo -.. ,-v 
(2)C'Y ! 

i 1 

0'0'- I- ® _I -'DH-

! 
I 

.XCD DATA IN 
VALID K 

1·},~-'cAO-~----I (2) -+-----'--------tRAc I tOff 

HIGH ®~ VALID ® 
c IMPEDANCE 0"'- DATA OUT 

RAS-ONL Y REFRESH CYCLE 
~------------,,'--------------~ 

I----------~~',.'---------.jr_,,,--I 
v," -

RAs CD (2) v" I~~--------------------------~ 

1 - ICAP 0 
CAs :11: ----' 

v" 
' '''I -"'"I 

)[(1) ROW J( ADDRESSES ADOfjESS 
V" 

(2) 

DOUT 
VD' HIGH 

VDC IMPEDANCE 

HIDDEN REFRESH CYCLE 
(For Hidden Refresh Operation order 2164-15 8?491 , 2164-20 86492) 

V1f! 

ADDRESSES 

V" 

V" 
WE 

v" 

NOTES: 1,2. V1H MIN AND Vll MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF Dour-

5. tOFF IS MEASURED TO lOUT';; IILO I· 
6, tos AND tOH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST 
7, tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRSi. 
B. tCRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS

ONL Y CYCLE (I.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE[7,8,111 

TA = O°C to 70°C, VDD = 5V ±10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2164·1586493,2164-2086494) 

2184-15 
58493 

Symbol Parameter Min. Max. 

\Pc Page Mode Read or Write Cycle TBD 

\PeM Page Mode Read Modify Write TBD 

lep CAS Precharge Time, Page Cycle TBD 

tRPM RAS Pulse Width, Page Mode TBD 

leAS CAS Pulse Width TBD 

IOD< 
Voo Supply Current Page Mode, 

TBD 
Minimum tpc. Minimum teAs 

WAVEFORMS 

PAGE MODE READ CYCLE 

2184-20 
58494 

Min. Max, Unit Notes 

TBD ns 

TBD ns 

TBD ns 

TBD ns 

TBD ns 

TBD mA 

_ v'He 
AAS 

~-----------------------------tRPM-------------------------~------~ 

~~-~" tR:::=::=.do-

_ V'He 
CAS V" 

WE 
V1HC 

V" 

DOUT 
VOH 

VOL 

NOTES: 1,2. V 1H MIN AND V1l MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DoUT -

5. tOFf IS MEASURED TO lOUT':;: IILO I. 
6. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
7. ALL VOL lAGES REFERENCED TO Vss: 
8. AC CHARACTERISTIC ASSUME tT = 5ns. 
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 

UNDER AL TERNATE CONDITIONS. 
10. tCRP REOUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS

ONLY CYCLE (Le., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 

RESPECTIVE PAGE MODE DEVICE (i.e., 2164·15 S6493 WILL OPERATE AS A 2164·15). 
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PAGE MODE 
WRITE CYCLE 

_ V 1HC 

RAS V 1L 

ADDRESSES V OH 

2164 FAMILY 

VOL __ ~~~~~~~~~~ ______ +-__ -L~~~~~ ____ _t----__ Ir---~~~~~~ __ --~+_----------'" 

WE VOHC 

VOL------~----tp--~--_t----------_+~------_t----------~~--_tP_------~------+_----------... 

PAGE MODE READ-MODIfY-WRITE CYCLE 

----------R~--------------------------------~ 

1------------".------------01'1 
--- tcRW - tcP 1"'-------

ADDRESSES VIM 
VOL 

HIGH 

IMPEDANCE 

NOTES: 1,2. VIH MI,N ANO V tL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF '",PUT SIGNALS. 
3,4. VOH MIN AND VOl MAX ARE REFERENCE LEVelS FOR MEASURING TIMING OF DoUT ' 

5. tOFF IS MEASURED TO lOUT IILO I· 
6. lOS AND 10H ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tRCH IS REFERENCED TO THE TRAILING EDGE OF mOR RAS, WHICHEVER OCCURS FIRST. 
8. tCRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDEO BY A CAS~ 

ONLY CYCLE (I.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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DEVICE DESCRIPTION 

The Intell!> 2164 is produced with HMOS, a high perform· 
ance MOS technology which incorporates on·chip sub· 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single + 5V power supply, eliminating the + 12V 
and - 5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 

The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only 16-pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 

RAS/CAS TIMING 

RAS and m hllve minimum pulse widths as defined by 
tRAS and tcAS respectively. These mi.nimum pulse widths 
must be maintained for proper device operation and data 
i.!!!!9rity. A cycle, once begun by. bringing ·RAS and/or. 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum precharge time, tRP, has been 
met. 

READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(WE) high during a mICAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 

WRITE CYCLE 

A Write cycle is performed by taking ~ low during a 
RAS/CAS operation. Data Input (D,N) must be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 

DATA OUTPUT OPERATION 

The 2164 Data Output (DouT), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at V,H) the output is in the high impedance state. The 
following table summarizes the DouT state for variOus 
types of cycles. 

Intel 2164 Deta Output Operation 
for Varloua Typea of Cyel .. 

Type of Cycle 

Read Cycle 

Early Write Cycle 
RAS-Only Refresh Cycle 
CAS-Only Cycle 
Read/ModifylWrite Cycle 

Delayed Write Cycle 

DOUT State 

Data From Addressed 
Memory Cell 

HI-Z 
HI-Z 
HI-Z 
Data From Addressed 

Memory Cell 
Indeterminate 
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REFRESH CYCLES 

There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination. of the seven (7) low order Row Address
eS,RAo through RAe, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Although any 
cycle, Read, Write, Read-Modify-Write, or RA"S-only, will 
refresh the memory, the RA"S-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 

HIDDEN REFRESH 

An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh 
is performed by holding CAS at V'L and taking RAS high 
and after a specified precharge period (lAp), executing a 
"RAS-Only" refresh cycle, but with CAS held low (see 
Figure below). . . 

00UT __ H_'G_H_Z ~(,, ____ O_A_TA _____ ~>-

This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

After the application of the Voo supply, or after extenQed 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimum of eight (8) initialization 
cycles (any combination of cycles containing RAS clock 
such as AAS·only refresh) prior to normal operation. 

The Voo current (100) requirement of the 2164 during 
power on is dependent upon the input levels of m and 
CAS. If the input leVels of these clocks are at V,H or Voo, 
whichever is lower; the 100 requirement per device is 1001 

(100 standby). If the il)putlevels for these clocks are 
.Iower than V,H or Vop-t!t8 100 requirements will be greater 
than 1001 • For large !l!(stems, this current requirement for 
100 could be substantially more than that for which the 
system has been deSigned. A system which has been 
designed assuming the majority of devices to be oper· 
ating in the refresh/standby mode, may produce suffi· 
cient 100 loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pull up resistor for each clock 
input to Voo to maintain the non·selected current level 
(1 001) for the power supply is recommended. 



2164·25 
65,536)( 1 BIT DYNAMIC RAM 

Maximum Access Time (ns) 

Read, Write Cycle (ns) 

Read-Modlfy-Wrlte Cycle (ns) 

• Industry Standard 16-pin DIP 

• HMOS Technology 

• Single +5V Supply, ±10% Tolerance 

• All Inputs, Including Clocks, 
TTL Compatible 

• Pin 1 is No Connect to Allow for 
Future System Upgrade 

2164·25 
250 
465 
530 

• 128 Refresh Cycles/2 ms RAS-only 
Refresh 

• Non-Latched Output is Three-State 
TTL Compatible 

• Compatible with 2118 

• Inputs Allow Negative Overshoot, 
VILMIN = -2V 

• Page Mode and Hidden Refresh 
Capability 

The Intel 2164 is a 65,536 words by 1·bit N·channel MOS dynamic RAM fabricated in Intel's production proven HMOS 
process. The 2164 is packaged in the industry standard 16·pin DIP and is designed to operate with a single + 5V power 
supply, with:!: 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to 
achieve Qlgh speed at low power dissipation. 

Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve'high packaging density, The 
two 8·bit TTL level address segments are latched into the 2164 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non·critical timing requirements for the 'R'AS and CAS clocks allow the use of the ad· 
dress multiplexing technique while maintaining high performance. 

The non-latched, three state, TTL compatible data output is controlled by CAS, independent of RAS. After a valid read or 
read-modify-write cycle, data is held on the data,output pin by holding CAS low. The data output is returned to a high 
impedance state, by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 

Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only 
cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of addresses Ao through As, 
during a 2ms period. Address input A7 is a don't care during these refresh cycles. A write cycle will refresh stored data on 
all bits of the selected row except the bit which is addressed. 

PIN 
CONFIGURATION 

Ao-A1 

LOGIC 
SYMBOL 

.., 
" A, 
A, 

At DOUl 

A, 

.AS 
CAS 

WE 

m COLUMN ADDRESS STROBE 

'" 
"" 
III ROW ADDRESS STAOBE 

Voo POWER I +sV} 

BLOCK DIAGRAM 

128 x 128 CELL 
MEMORY ARRAY 
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DECOOERS 

128x128CElL 
MEMORV ARRAY 
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2164·25 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .... -lO·C to +80·C 
Storage Temperature ............... -65·C to +150·C 

Voltage on Any Pin Relative to Vss ...... ; ........ 7.5V 

Data Out Current .... ,~j ••••••••••••••••.••••••••• 50mA 

Power Dissipation ........•...................•.. 1.OW 

D.C. AND OPERATING CHARACTERISTICS!I] 

·COMMENT: 

Stresses above those listed under ·"Absolute Maximum 
Rating" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicatad in the 

operational sactions of this specification is not implied. 
Exposura to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = o·e to 7o·e, Voo = 5V ±10%, VSS = OV, unless otherwise noted. 

Limit. 
Symbol Parameter Min. Typ.'21 Max. Unit Te.t Condition. Note. 

IILII Input Load Current (any input) 10 ,.A VIN=VSS to Voo 

IILOI Output Leakage Current for Chip Deselected: CAS at VIH, 
High Impedance State 10 ,.A Your = 0 to 5.5V 

IDOl Voo Supply Current, Standby 3 5 mA CAS and RAS at VIH 

1002 Voo Supply Current, Operating 50 mA 2164-25, tRC=tRCMIN 3 

1003 Voo Supply Current, RAS-Only 36 mA 2164-25, IRe = tRC~IN 
Cycle 

1005 Voo Supply Current, Standby, 7 mA CAS at VIL, RAS at VIH 3 
Output Enabled 

VIL Input Low Voltage (all inputs) -2.0 0.8 V 

VIH Input High Voltage (all inputs) 2.4 7.0 V 

VOL Output Low Voltage 0.4 V IOL =4.2mA 

VOH Output High Voltage 2.4 V IOH = -5mA 

NOTES: 
1. All voltages referenced to V ••. 
2. Typical values are for T. = 25DC and nominal supply voltages. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 MAX is measured with the output open. 

CAPACITANCE,1, 
TA = 25 D C, Voo= 5V ± 10%, Vss= OV, unless otherwise noted. 

Symbol Parameter Typ. Max. \!~lt 
Cn Address, Data In 3 6 ,~ 
CI2 WE,DataOut 4 7 Pf 
C'3 RAS, OAS 5 8 pF 

NOTES: 
I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

C = ~ with j.V equal to 3 volts and power supplies at nominal levels. 
j.V 
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A.C. CHARACTERISTICS[1.2,3) 
TA= O°C to 70°C, VOt) =5V ±10%, VSS= OV, unless otherwise noted. 

READ, WRITE, READ-MODifY-WRITE AND R,EfRESH CYCLES 

Symbol Parameter 

tRAC Access Tlm.e from RAS 

tCAC Access Time from ~ 

tREF Time Between Refresh 

tRP 'FIA§" Precharge Time 

tCPN c-A"'S' Precharge Time (Non-Page Cycles) 

tCRP CAS toRA'S Precharge Time 

tRCo liAS to ~, Delay Time 

tRSH RA! Hold Time 

tCSH CAS Hold Time 

tASR Row Address Set-Up Time 

tRAH Row Address Hold Time 

tABC Column Address Set-Up Time " 

tCAH Column Addte"ssHOld Tline" 
',,( 

tAR Column, Address Hold Time, to RAS' 

tT Transition Time (Rise and Fall) 

tOFF Output ,Buffer Turn ,Oil Delay 

" ' 
" READ AND REFRESH CYCLES 

tRc Random RB1Id Cyele:.Tlme 

tflAS '1Wl' Pulse Width 
," 

tcAS ~ Pulse Width 

tRCS Read Command Set-Up Time 

tRCH Read Command Hold Time 

WRITE CYCLE 

tRC Random WritEtCycle Time' 

tRAS 'RAS Pulse Width . 
ICAS ~ Pulse Width 

Iwcs Write Command Sat-Up Time 

IWCH Wrlle Command Hold Time 

tWCR Write Command Hold Time, to RAS 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tCWL Write Command to CAS Lead Tlm'e 

tos Data-In Set-Up Time 

toH Data-In Hold Time 

toHR Data-In Hold Time, to RAS 

READ-MODIFY-WRITE CYCLE 

t RWC Read-Modify-Write Cycle Time 

IRRW RMW Cycle RAS' Pulse Width 

tCRW RMW Cycles CAS Pulse Width 

tRWo RAS'to WE Deiay 

Icwo CAS to iii1E" Delay 
, 

NOTES: 
1. All voltages are referenced to Vss. 
2. Eight cycles are required atter power-up 'or prolonged periods (greater than 2 rna) 

of m inactivity before proper device operation i8 achieved. Any 8 cycles which 
perform refr •• h are adequate for this purpose. 

3. A.C. characteristics aaaums tT:III 5 ns. 
4. Assume that tRCD$tRCD (max.). If tRCD 18 greater theA tRcO'(max.) then tRAe 

will Incra ... by the amount that tRCD exceeds tRCD (max.). 
5. Load = 2 TTL loads and 100 pF. 
6. Assumes tRCO i!: tRCO (max.). 

, 

" 

, ' 
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2184-25 " ;~. 

Min. Max. Unit Note. 

250 ns ,4,5 

135 ns 4,5,6 

2 ms 

175 ns 

45 ns 

-20 ns 

55 115 ns 7 
' ,,135 'ns 

250 ns 

0, ns 

45 ns 

0 ns 

56 , ns 

170 ns 

3 50 ·'ns 8 
Ii 60 ns 

485 , ns 

250 10,000 ns 

135 10,000 ns 

0 ns-

0 ris 

485 nil 

250 10;000 ns 

135 10,000 ns 

0 ,ns 9 
50 ns 

165 ,ns 

50 ns 

60 ns 

60 ' ns 

0 ns 

55 ns 

170 ns 

470 ns 

285 ,ns 

170 ns 

220 ns 9 
105 ns 9 

" 

7. tRCO (max.) Is specified as .a reference poi':'!t only; If tRCO is less than tRCO 
(max.), access tI'!1e Is tRAC; if tRCo is greater than tRCo (max.), access time ~s 
tRCo+tCAC' 

8. tr Is measured between VIH (min.) and VIL (max.). 
9. twest tcwo and tAWo are specified as reference points only; if tWCSi!:twcs 

(min.), the cycle Is an early write cycle and the data-out pin will remain' high 1m· 
'pedance throughout lhe enUr. cycle; If tCWOi!:tCWD (lTlin.) and tRWoi!:tRWo 
(ml".)~ the cycle le-8:read-modify-wrlte cycle and the,data-out will contal" the 
data read from the selected address. If neither of the above conditions Is satis· 
fled, the condition of the data out is Indeterminate. 
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WAVEFORMS 

READ CYCLE I", 
fRAS 

CD l® 
®'eRP-i ~ 

tesH 
tRCD t ASH 

f @ 1\\\\ leAS 

~H 
ADDRESSES 

V" 

DOUT 

WRITE CYCLE 

V'H 
rn 

v" 

tASAr i.-tRAH-l. 

~ ROW X 
ADDRESS 

HIGH 

IMPEDANCE 

. 
! 
I 

CDN® 

®tCRP-j r e-

0 
tAR 

-teAH=! r- tASC 

){ COLUMN x: ADDRESS 

~ ....... tACS 

9 
leAe 

tRAe 

t Re 
tAAS 

tcs~ 
tRCO t RSH 

V,H 

'ii G) 1\\\ ~® leAS 
rn 

V,l 

tASR T-i l- tRAH- tAser 
tAR 

~leAH--

V'H 
ADDRESSES 

V" 

){G) ROW;X X COLUMN K 0 ADDRESS ADDRESS 

l t RWl 

'<:oNL 
V,H 

W!' 
V" 

"-
-twes- _tWCH - , 

0 twp " 

tweR 
1-0tos- -toH@---1 

D'N 
V,H 

V" 
XG) ® 

tDHA 

"oUT 
VOH 
VOL 

HIGH 

IMPEDANCE 

NOTES: 1.2. VIH MIN AND V1l MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIt.! AND VOL MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF DOUT

S. tOFF IS ~~EASURED TO lOUT'" IllO I. 

~: !~~HA~ORt~~E~:~~EE6i~ETNHCEE~RT~~'i~:'O~Hri~~~~E~~~~~~~~~R OCCURS fiRST. 
8. teAP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CA'I

ONLY CYCLE (I,e., FOR SYSTEMS WHERE fAfHAS NOT BEEN DECODED WITH mi. 
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'_IRP~ 
1 
L _tePN_1 . 

V 

---i tReH0 

\ . . ...--tOFF-

0 VALID ~ 0 DATA OUT 

l-tRP---! 

~ 
l-lePN~1 

~ 

. 



WAVEFORMS 

READ·MODIFY·WRITE CYCLE 

'ow, 
r-'~ :1 ..... 

(i;\ ® 

0"'·'_1 r 1=:-. -IReD .----
'-.J i 0 ~\\\ ® 

~tAft 

rl~ tASK 1"" .J H"'~t" ' ..... 
ADDRESSES VIH 

V" ){(1) Al)~:'ss' X X· =~~: X 
(!J ~. 'AW. 

~ IFlC,s,i· . -
®('y 

"'AW 
~ 

~'~WL~ 
I---~""L 

lew • 

~""-'-.v 
, . 

®";~~"'®j 
-.X<DoATAIN. J( 

VALID 

~ ___ -_~tcAC~ ® '-
VPH 

DoUI Vo L 

RAS·ONL Y REFRESH CYCLE 

HIGH 
IMPEDANCE 

® VALID 

0 DATA OUT 

:'--~==-I 

to" 

® 

1--------------•• ,---------------1 

1--____ ····------11 t=· .. ~1 
RAs v,. --~0)~ ® IJr 1\ 

V 1L -1-' .'-..... __ _ 

t-"' •• ® 
CAl VIH '$ 

Vll~ 

~·~·~~,,~'·-··~1~------------------
ADDRESSES VIM X CD ~C:SS ]( 

V"-~r:®:i:2;....==::;,..--'p..,.....,."-..,...,=,.._,........,...,....,.,.,,._---_--,.......,.----------

~~T ~~ __ ,.... _______ ~-----~~H~'G~H~,....------------------... 
VOL IMPEDANCE' 

HIDDEN REFRESH CYCLE 

(For Hidden Refresh Operation order 2'64-25, S64!H1) 

v,. 
m 

~l?_I?,~~SS.ES 

VI~_~I"-_+~++_I_~'-lo..--..L+---'f_'------...... +---'F_'-----~------
t-i- tRCH Q) 

V,.----+"'-±-r--------------II-----------J-+"""'3'\.t:---,--, 

= ;----+~~~~~J..$''':AC.-----------V-AL-,04HID-A-TA----------,..:..!}@':-
NOTES: 1.2. V1H MIN AND V1L MAX ARE REFERENCE LEVELS FOR'MEASURING TIMING Of ' INPUT SIGNAL,S. 

3, •. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT' 
5. toFF IS MEASURED TO lOUT 0;; IILOI. .., 6, 'os AND 'oH ARE REFERENCED TO CAlORWf,'WHICHEVER DCCURS LAST. 
1. tACH IS REFERENCED TO THE TRAILING EDGE OF CAiOR.iiAi. WHICHEVER OCCURS FI.RST. 
8, teR' REDUIREMENT IS DNLV APPLICABLE FOR WJc"M CYCLES PREC'EED£D BVA CAl. 

ONL V CYCLE (;, •. , FOR SYSTEMS WHERE llAIHAS NOT BEEN DECODED WITH ml. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE I7,B,11 1 

TA = O°C to 70°C, VDD = 5V ±10%, Vss = OV, unless otherwise noted. 

(For Page Mode Operation order 2164-25,86495) 

2164-25, S6495 
Symbol Parameter Min. Max. 

tpc Page Mode Read or Write Cycle TBD 

tPCM' Page Mode Read-Modify-Write TBD 

tcp CAS Precharge Time, Page Cycle TBD 

t RPM RAS Pulse Width, Page Mode TBD 

tCAS CAS Pulse Width TBD 

1004 VDD Supply Current Page Mode, Minimum tpc, Minimum tCAS TBD 

WAVEFORMS 

PAGE MODE READ CYCLE 

Unit Notes 

ns 

ns 

ns 

ns 

ns 

mA 

_ V'He 
RAS 

~----------------------------~tRPM------------------ ~I~ 

1=::::::~~j:::::::::~--------------------·~--~!.::::::~t~R:SH~~:::::::~--tRP--l'--
_ V1He 
CAS V 1L 

ADDRESSES V1H 
VOl __ ~~~~~~~~~~ ______ -+ __ ~~~~~ ______ ~;~~~~~~ ____ ~ ________________ __ 

WE 
V1He 

VOl 

Dour 
VOH 
VOL 

NOTES: 1,2. V 1H MIN AND V 1L MAX ARE REFERENCE LEVEL,S F~R,MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour 

5.'tOFF IS MEASURED TO lOUT IILO I. 
6. tRCH IS REFERENCED TO THE TRAILING EOGI; . .oF CAS OR RAS, WHICHEVER OCCURS FIRST. 
7. ALL VOLTAGES REFERENCED TO Vss. 
8. AC CHARACTERISTIC ASSUME tT '" 5ns. 
9. SEe THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 

UNDER ALTERNATE CONDITIONS. 
10. leRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAs CYCLES PRECEEDED BY A CAS

ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
11. ALL PREVIOUISLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 

RESPECTIVE PAGE MODE DEVICE 11. ... 2164·25, 56493 WILL OPERATE AS A 2164-25). 
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PAGE MODE 
WRITE CYCLE 

_ V1HC 

RAS V,L 

WE V 1HC 

2164-25 

V,L------~----~~~--_4----------_1~------~----------~Ir---_+~------~------~------------

PAGE MODE READ·MODIFY·WRITE CYCLE 

'OH 
Dour Vo, 

I------'I'C.,------~ 
--_. tcRW 

HIGH 

IMPEDANC£ 

---- '.""------------------.. -."---

. -'cAW ---_. 

VALID 
DATA OUT 

NOTES' 1,2. VIH MIN ANO V1l MAX ARE RE'FERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT ' . 

5. tOFF IS MEASUREO TO lOUT jlLO j. 

~: ~~~HA~ORt~~E::~~EE6~~E:HCEE~RT~~ ~~:·O~H~;~~~E~.:~~~~~:~:R OCCURS FIRST. 
8 teRP REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS· 

ONLY CYCLE h.e., FOR SVSTEMSWHERE CAS HAS NOT BEEN DECODED WITH R'AlI. 
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DEVICE DESCRIPTION 

The Intel'" 2164 is 'produced with HMOS, a high perform· 
ance MOS technology which incorporates on·chip sub· 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single + 5V power supply, eliminating the + 12V 
and - 5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 

The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only 16-pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 

W/CAS TIMING 

RAS and CAS have minimum pulse widths as defined by 
tRAS and tCAS respectively. These minimum, pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). A new cycle can 
not begin until the minimum precharge time, tRP, has been 
met. ' 

READ CYCLE 

A Read cycle is performed by maintaining Write Enable 
(\Vb) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 

WRITE CYCLE 

A Write cycle is performed by taking WE low during a 
RAS/CAS operation. Data Input (D,N) must be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 

DATA OUTPUT OPERATION 

The 2164 Data Output (DouT), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at V,H) the output is in the high impedance state. The 
following table summarizes the DouT state for various 
types of cycles. 

Intel 2164 Deta Output Operation 
lor Various Types 01 Cycles 

Type 01 Cycle 

Read Cycle 

Early Write Cycle 
RAS-Only Refresh Cycle 
CAS-Only Cycle 
Read/Modify/Write Cycle 

Delayed Wr;te Cycle 

DOUT State 

Data From Addressed 
Memory Cell 

HI-Z 
HI-Z 
HI-Z 
Data From Addressed 

Memory Cell 
Indeterminate 

REFRESH CYCLES 

There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination of the seven (7) low order Row Address
es, RAo through RAe, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Although any 
cycle, Read, Write, Read-Modify-Write, or RAS-only, will 
refresh the memory, the RAS-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 

HIDDEN REFRESH 

An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh 
is performed by holding CAS at V'L and taking RAS high 
and after a specified precharge period (tRP)' executing a 
"RAS-Only" refresh cycle, but with CAS held low (see 
Figure below). 

MEMORY REF;~~~ 

RAS -{""'-----Jcm
; -t~~---,CYI \ 

CAS 

Dour __ ~H~IG~H~Z~~(~; _________ DA_T_A __________ -J)---

This feature allows a refresh cycle to be "hidden" among 
data cycles without affecting the data availability. 

POWER ON 

After the application oUhe Voo supply, or after extended 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimurr) of eight (8) initialization 
cycles (any combination,<1f ¢ycles containing RAS clock 
such as RAS·only refresh}"prior to normal operation. 

The Voo current (1 00) requirement of the 2164 during 
power on is dependent upon the input levels of RAS and 
CAS. If the input levels of these clocks are at V'H or Voo, 
whichever is lower, the 100 requirement per device is 100 , 

(100 standby). If the input levels for these clocks are 
lower than V'H or Voo the 100 requirements will be greater 
than 100 " For large systems, this current requirement for 
100 could be substantially more than that for which the 
system has been designed. A system which has been 
designed assuming the majority of devices to be oper· 
ating in the refresh/standby mode, may produce suffi· 
cient 100 loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pullup resistor for each clock 
input to Voo to maintain the non·selected current level 
(1 00,) for the power supply is recommended. 
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2167 
HIGH SPEED 16,384 x 1 BIT STATIC RAM 

2167·55 

Max. Access Time (ns) 55 

Max. Active Current (mA) 125 

Max. Standby Current (mA) 40 

• 2141/2147 Upgrade 

• Double Poly HMOS II Technology 

• Completely Static Memory - No Clock 
or Timing Strobe Required 

• Equal Access and Cycle Times 

• Single + 5V Supply 

• Automatic Power Down 

2167·70 2167L·70 2167·10 

70 70 100 

125 90 90 

40 30 30 

• O.8-2.0V Output Timing Reference 
Levels 

• High Density 20~Pin Package 

• Directly TTL Compatible - All Inputs 
and Output 

• Separate Data Input and Output 

• Three·State Output 

The Intel@ 2167 is a 16,384-bit static Random Access Memory organized as 16,384 words by 1 bit. This memory is fabri
cated using Intel's high-density, high-performance technology-Double Poly HMOS II. This state of the art technology 
brings high-density to high-performance static RAMs. The design of the 2167 offers a 4 x density improvement over 
the industry standard 2141 and 2147 with compatible performance. The 2167 offers the automatic power-down feature 
pioneered by the Intel 2147. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2167), the part auto· 
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 70% in IFlrger systems where the majority of devices 
are deselected. 

The 2167 is placed in a 20-pin package configured with the industry standard 16K x 1 pinout, offering the industry's 
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output; and a single + 5V supply. 
The data is read out nondestructively and has the same polarity as the input data. A data input and a separate three
state output are used. 

LOGIC SYMBOL PIN CONFIGURATION 

As 
A, -, .. .. 
As 
A • ..., 
A, 

As 
At 

_" A" 
A" 
An 

PIN NAMES 
Ao-A13 ADDRESS INPUTS Vee POWER (+5VI 
WE WRITE ENABLE GND GROUND 

es CHIP SELECT 
D,N DATA INPUT 
DoUT DATA OUTPUT 

TRUTH TABL.E 
~Wl MODE OUTPUT POWER 

H I x I NDT SELECTED I HIGH Z I STANDBV I 
L L WRITE HIGH l ACTIVE 
l H READ DoVT ACTIVE 

PIN ADDRESS 

17 A11 ,. A,. ,. A,. , .. • A, 
• A. 
• •• ,. A, , Ao 

'S Ao 
a AS ,. A,. 
• A. ,. Aa 

'FUNCTION 

BLOCK DIAGRAM 

MEMORY ARRAY 
128 ROWS 

128 COLUMNS 

"0 
X, 
X. D,.@-"------+--t>--l 
X. 
X. 
x. 
Xe 
Yo 
Y, 
Y. 
Y. 
V. 

@0®®@@@ 
Aa A& A4 As A10 At A7 

Y. 
Va 
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2167 

ABSOLUTE MAXIMUM RATINGS· 
Temperature Under Bias ............ -10·C to + 85·C 'COMMENT: Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This Is 8 stress 
rating only and lunctional operation 01 the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not Implied. Exposure to absolute maximum rating con
ditions lor extended periods may allect device raliabillty 

Storage Temperature ............. -65·C to + 150·C 
Voltage on Any Pin With 

Respect to Ground ................. - 3.5V to + 7V 
Power Dissipation ............................ 1.2W 
D.C. Output Current. ........................ 20 mA 

D.C. AND OPERATING CHARACTERISTICS[1) 
TA= o·c to 70·C, Vcc= + 5V ± 10%, unless otherwise noted. 

Symbol Parameter 2167·55,2167·70 2167L·70.2167·10 Unit Test Conditions 
Min. Typ.l21 Max. Min. Typ.l21 Max. 

III Input Load Current 0.01 10 0.01 10 p.A Vcc = Max., VIN = GND to Vcc 
(All Input Pins) 

IILol Output Leakage 0.1 50 0.1 50 p.A CS=VIH, Vcc=Max., 
Current VOUT= GND to 4.5V 

Icc Operating Current 90 120 70 85 mA TA= 25·CI Vcc= Max., CS= VIL, 

125 90 mA TA=O·C I Outputs Open 

ISB Standby Current 25 40 20 30 mA Vcc = Min. to Max., CS = VIH 

Ipo[3) Peak Power·On 35 70 25 50 mA Vcc= GND to Vcc Min., 
Current ~ = Lower of Vcc or VIH Min. 

VIL Input Low Voltage -3.0 0.8 -3.0 0.8 V 

VIH Input High Voltage 2.0 6.0 2.0 6.0 V 

VOL Output Low Voltage 0.4 0.4 V IOL=8 mA 

VOH Output High Voltage 2.4 2.4 V 10H= -4.0 mA 

Noles: 
1. The operating ambient temperature is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vee = SV. T I\..:: + 2S·C. and specified loading. 
3. A pull-up resistor to Vee on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 

+5V 

A.C. TEST CONDITIONS 
480Il 

Input Pulse LevelS GNDt03.0V 
Input Rise and Fall Times 5ns DOUT 

lf~ Input Timing Reference Level 1.5V 25511 (INCLUDING 

Output Timing Reference Levels 0.8-2.0V SCOPE AND 

Output Load See Figure 1 
JIG) 

Figure 1. Output Load 

+5V 

CAPACITANCE[4) 480Il 

TA= 25·C, f= 1.0 MHz DOUT 

Symbol Parameter Max. Unit Conditions 25511 Y5PF 

CIN Input Capacitance 7 pF VIN=OV 

COUT Output Capacitance 6 pF VOUT=OV 

Note: 4. This parameter Is sampled and not 100% lested. • Figure 2. Output Load for tH?' tLZ. twz, tow 
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A.C. CHARACTERISTICS 
TA= o·c to 70·C, Vcc= + 5V:!: 10%, unless otherwise noted. 

READ CYCLE 

Symbol Parameter 2167·55 2167·70, 2167L·70 2167·10 Unit 
Min. Max. Min. Max. Min. Max. 

tRcl11 Read Cycle Time 55 70 100 ns 

tAA Address Access Time 55 70 100 ns 

tACS Chip Select Access Time 55 70 100 ns 

tOH Output Hold from Access Change 5 5 5 ns 

tLi2,31 Chip Selection to Output in Low Z 10 10 10 ns 

tHzl2,31 Chip Deselection to Output in High Z 0 30 0 40 0 40 ns 

tpu Chip Selection to Power·Up Time 40 50 55 ns 

tpD Chip Deselection to Power· Down Time 55 70 80 ns 

WAVEFORMS 

READ CYCLE NO. 1 4.5 

~
~--------------------------_tRe----------------------------~1 

ADDRESS ~--*
'""~~----------- tAA ---------------1 
1-------- tOH --------I 

DATA OUT PREVIOUS DATA VALID DATA VALID 

READ CYCLE NO.2 4.6 

l
~----------------------------tRe------------------------------It 

~ ,",,::::::::::::=-tA-e-'==============:~I---------------------------- '"' ___ 
'""~~ _____ t" ________ --', ' 

HIGH IMPEDANCE [II X X Xr------------------------------------"")-:::::H~I:;:GH~:--DATA OUT _______ ....;;=....;;=== ____ {II DATA VALID 
I\'-L..Jo....L~-' 1''-_________________________________ --' IMPEDANCE 

lee_-~'~1-_____ f--_. t'0;L 
SUPPL y 50% 50% 
CURRENT IS8 __________ _ 

Vee 

Notes: 
1. -.All Read Cycle timings are referenced from the last valid address to the first transi.tlonlng address 
2. At any given temperature and voltage condition. 1HZ max is less than ILZ min both for a given device and from device to device. 
3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100°;0 tested. 
4. WE IS high for Read Cycles 
5. Device is continuously selected. Cs::::. V1L 

6. Addresses valid prior to or coincid.ent with CS transition low. 
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A.C; CHARACTERISTICS (Continued) 
WRITE CYCLE 

Symbol Parameter 

twc[21 Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tow Data Valid to End of Write 

tOH Data Hold Time 

twzI31 Write Enabled to Output in High Z 

Tow Output Active from End of Write 

WAVEFORMS I 

WRITE CYCLE #1 -ADDRESS 

(WE CONTROLLED) 4 

d CS"'~ 

WE 

DATA IN 

DATA OUT 

WRITE CYCLE #2 ADDRESS 

(CS CONTROLLED) 4 -
~ <,-

2167 

2187·55 
Min. Max. 

55 

55 

55 

0 

35 

0 

25 

0 

0 25 

0 

',. 

'0. 
' .. 

\\ 

.1 
); 

DATA UNDEFINED 

". 

". 
w, \\\\\\\\\\ 

I 
DATA IN ); 

DATA OUT DATA I)NDEFINED 

2187·70, 2187L·70 2187·10 Unit 
Min. Max. Min. Max. 

70 100 ns 

70 90 ns 

70 95 ns 

0 5 ns 

40 45 ns 

0 5 ns 

30 35 ns 

0 0 ns 

0 35 0 35 ns 

0 0 ns 

'w, 

II JIJI 

r--- 1WP
-

- .... -

'ow 'oj 
DATA IN VALID I 

_IWZ--J -~.=k 
~ 

HIGH IMftEDANCE_: 

'., 

I---- .... ~ [-- .... -
IIIIIIII 

~. 'oj, 
-' 

.:.~~!A IN VALID I 

-""j HIGH IMPEDANCE 

Notes: 1. If CS goes high simultaneously with WE high, the output remains In a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transltloning adciress. 
3. Trensition is measured :t 500 mV from steady state voltage with specified loading in Figure 2, This parameter is sampled and not 100% 

tested. 
4. CS or WE must be high during address transitions. 
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8148 
4096 x a-BIT iNTEGRATED RAM 

• Multiplexed Address and Data Buses 
• 8 or 16-Bit System Capability 
Ii On·Chip Arbitration 

• Processor Handshake 
• Proven HMOS·D2 Reliability 
• 50 mA Active, 10 mA Standby 

• Fully Integrated Refresh' 

• Fully Integrated Control Logic 

• Automatic Wak.Up 

• Multiple Refresh Modes· 

• 200 ns Access, 400 ns Cycie Times 

The Intel 8148 is a 4096-word by 8-bit integrated random access memory-iRAM.lntegrating all 
refresh control circuitry at the chip level allows the system designer to take advantage of dynamic 
RAM density, performance and price without the added cost of designing the refresh control 
interface. The 8148 is intended for use with multiplexed address/data bus microprocessors such 
as the Intel iAPX 86 and iAPX 88. Flexible data bus control options permit the 8148 to be arranged 
for operation on .either 8-bit or 16-bit data buses. All operating parameters have been optimized for 
high performance, no WAIT state operation without TTL interface components. Output drive 
capabilities and access times are consistent with all present and future microprocessors. 

Complete on~chip refresh control circuitry includes refresh address counting and multiplexing, 
refresh interval timing, and high speed request arbitration. Refresh operation may be controlled 
either externally ~y synchronously strobing the REFEN input 128 times in 2 msec, or internally by 
holding REFEN input to ground. In the internal mode of refresh operation, all refresh is automatic 
and nearly transparent to the user. A handshake signal to the processor, called READY, is 
provided to indicate when memory access occurs during refresh operation. READY is used to stop 
the microprocessor until the 8148 has finished doing refresh. READY, an open drain output, is 
then released to be pulled back high to V cc' and the 8148 continues with the externally requested 
access cycle. 

Data output location is controlled by two external pins. The internal 8-bit data bus can be shifted 
between the upper eight data I/O pins or the lower eight data I/O pins. This allows the same part 
to be used in either 8-bit or 16-bit systems. Multiple levels of chip selects permit linear selection of 
RAM by the highest order addresses. 

READY Vee 

lIEI'lR BHEli-16 

U/I MliO PIN NAMES 

AOO-ADI2 ADDRESS/DATA UO 
ADO cs D13-D15 DATA UO 

READY READY 
AD1 .CS liEFEIi REFRESH ENABLE 

OE 
WE WRITE ENABLE 

AD2 OE OUTPUT ENABLE 

WE ALE ADDRESS LATCH ENABLE 
AD3 1RE11-16 BYTE HIGH ENABLEI8-16 

AD4 ALE 
UlL UPPER/LOWER 
CS,es,MIRI CHIP SELECTS 

ADS D1S Vss GROUND 
Vee +5 VOLTS 

ADO D1' 

AD' D13 

AD. AD1' 

ADS AD11 

Vss AD10 

PIN-OUT 

Intel Corporation assumes no responsibility for the use of any circuitry other ,han circui,try embodied In an ,Intel ·product. No other clrcu'lt patent'licenses are Im,plled., 
© INTEL CORPORATION, 1980 Printed in U.S.A. 
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2186/7 

8192 x 8-BIT INTEGRATED RAM 

• Synchronous and Asynchronous • JEDEC JC·42 Standard Pinout 
Versions 

• Fully Integrated On·Chlp Refresh 

• On·Chip Signal Arbitration 

• Single·Step Capability 

• Two·Line Data Bus Control 

• Processor Handshake Signal • Single + 5V ± 1·0% Supply 

• Automatic Wake·Up • Proven HMOS·D2 Reliability 

• 90 mA Active, 15 mA Standby • 200 ns Access, 320 ns Cycle Times 
The Intel 218617 is an 8192-word by 8-bit integrated random access memory fabricated on Intel's 
high performance HMOS-D2 dynamic RAM technology. By integrating all refresh control circuitry 
at the chip level, the 218617 allows the system designer to take advantage of dynamic RAM 
density, power consumption and price without the added cost of designing the refresh control 
interface. Complete on-chip circuitry includes refresh address counting and multiplexing, refresh 
interval timing and high speed request arbitration. Designed for flexible operation in virtually any 
microprocessor system, the 218617 incorporates many features unique to microprocessor ap
plications. These include auto precharge for single-step operation, automatic power-up, activated 
through the system reset, and two-line data bus control to eliminate bus contention. 

Offered in two separate versions, the 2186/7 is optimized to operate on either synchronous or 
asynchronous system memory buses. For synchronous operation, all internal functions are 
disabled except refresh address coun~'FjENd mUltiplexing. In this application, the user must 
provide the specified 128 pulses to the input every 2 msec. For asynChronous operation, a 
handshake signal to the processor, called READY, is provided in lieu of REFEN to indicate when 
memory and system timings are incompatible (as durl!!.g a refresh operation). A not ready con
dition occurs only when a 2186 has been accessed by cr going low during a refresh cycle. When 
this occurs, the refresh cycle is completed, READY is released to be pulled back high to V cc' and 
the memory cycle continues to completion. 

.. 
A, 

A. 
A, .. 
A, .. 

Ao-A12 
CE 
DE 
WE 
1100-110, 
Im'EIi 
ROY 
Vee 
Vss 

PIN NAMES 

ADDRESS INPUTS 
CHIP ENABLE 
OUTPUT ENABLE 
WRITE ENABLE 
DATA INPUT/OUTPUT 
REFRESH ENABLE 
READY 
+5V POWER 
GROUND 

00, 

CE 

WE 
REFEN· 

Olt 
ROY· 

"ADY/REFEN v" 

An WE 

A, NC 

A, A, 

A, A, 

A. Au 

A, OE 

A, A" 

A, CO .. '0, 
1100 1I0e 

'0, 1105 

1102 1104 

vss 1103 

28·LEAD 

*REFEN OFFERED WITH SYNCHRONOUS VERSION ONLY 
ROY OFFERED WITH ASYNCHRONOUS VERSION ONLY 

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 
© INTEL CORPORATION, 1980 Printed in U.S.A. 
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2716* 

16K (2K x 8) UV ERASABLE PROM 
• Fast Access Time 

- 2716-1: 350 ns Max. 
- 2716-2: 390 ns Max. 
-2716: 450 ns Max. 
-2716-5: 490 ns Max. 
-2716-6: 650 ns Max. 

• Single +5V Power Supply 

• Low Power Dissipation 
- Active Power: 525 mW Max. 
- Standby Power: 132 mW Max. 

• Pin Compatible to Intel 2732A EPROM 

• Simple Programming Requirements 
- Single Location Programming 
- Programs with One 50 ms Pulse 

• Inputs and Outputs TTL Compatible 
During Read and Program 

• Completely Static 

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). 
The 2716 operates from a single 5-volt power supply, has a static standby mode, and features fast single-address 
location programming. It makes designing with EPROMs faster, easier and more economical. 

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use.with the newer 
high-performance +5V microprocessors such as Intel's 8085 and 8086. A selected 2716-5 and a 2716-6 are 
available for slower speed applications. The 2716 is also the first EPROM with a static standby mode which 
reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 
mW while the maximum standby power dissipation is only 132 mW, a 75% savings. 

The 2716 has the simplest and fastest method yet devised for programming EPROMs-single-pulse, TTL-level 
programming. No need for high voltage pulsing because all programming controls are handled by TTL signals. 
Program any location at any time-either individually, sequentially or at random, with the 2716's single-address 
location programming. Total programming time for all 16,384 bits is only 100 seconds. 

'Part(s) also available in extended temperature range for Military and Industrial grade applications. 

A, 1 
A. 
A, 

A. 
A, 
A, 
A, 

Ao 
o. 
0, 
0, 

2716 

GND-,.;;,--_;.;;r 

Ao-A'0 

CEJPGM 

OE 

°O...()7 

2732A 

Vee A, Vee 
A, A, A, 
A, A, A. 
Vpp ~ An 
liE A, II!Jvpp 

A10 A, A,. 
CI! A, CE 
0, Ao 0, 
O. O. 9 0, 
0, 0, 0, 
O. 0, O. 
0, GND 0, 

Refer to 2732A data sheet 
for specifications. 

PIN NAMES 

ADDRESBES 

CHIP ENABLE/PROGRAM 

OUTPUY ENABLE 

OUTPUTS 

Figure 1. Pin Configuration 

Vcc,o-----. 
GND' __ 

DE 
CE!PGM 

A.-A,. { ADDRESS 
INPUTS 

DATA OUTPUTS 
0 0-07 

YG,,"NG 

16,384·BIT 
CELL MATRIX 

Figure 2. Block Diagram 

Int,1 Corporation Aaaumaa No ReaponaibiHy for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenaes wre Implied. 
©INTELCORPORATION.I981. SEPTEMBER 1981 
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2716 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are atTTL levels. The power supplies required 
are a +5VVcc and aVpp:TheVpp power supply must 
be at 25V during the three programming modes, and 
must be at 5V in the other two modes. 

Read Mode 

The 2716 has two control functions, both of which 
must be logically satisfied in order to obtain data at 
the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output 
Enable (OE) is the output control and should be used 
to gate data to the output pins, independent of 
device selection. Assuming that addresses aresta
ble, address access time (tACC) is equal to the delay 
from CE to output (tCE)' Data is available at the out
puts tOE after the falling edge of OE, assuming that 
CE has been low and addresses have been stable for 
at least tAce-tOE' 

Standby Mode 

The 2716 has a standby mode which reduces the 
active power dissipation by 75%, from 525 mW to 132 
mW. The 2716 is placed in the standby mode by apply
ing a TTL high signal to the CE input. When in 
standby mode, the outputs are in a high impedence 
state, independent of the OE input. 

Output OR-Tieing 

Because 2716s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accomodates this use of multiple memory con
nections. The two-line control function allows for: 

a) the lowest pOS$ible memory power dissipation, 
and 

b) complete assurance that output bus. contention 
will not occur. 

To most efficiently use these two. control lines, it is 
recommended that CE (pin 18) be decoded and used 
as the primary device selecting function,. while OE 
(pin 20) be made a common connection to all devices 
in the array and connected to the READ line from the 
system control bus. This assures that all deselected 
memory devices are in their low-power standby 
modes and that the output pins are only active when 
data is desired from a particular memory device. 

Programming 

Initially, and after each erasure, all bits of the 2716 are 
in the "1" state. Data is introduced by selectively 
programming "D's" into the desired bit locations. 
Although only "D's" will be programmed, both "1 's" 
and "D's" can be presented in the data word. The only 
way to change a "0" to a "1" .is by ultraviolet light 
erasure. 

The 2716 is in the programming mode when the Vpp 
power supply is at 25Vand OE isatVIH.The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 

When the address and data are stable, a 50 msec, 
active-high, TTL program pulse is applied to the 
CEJPGM input. A program pulse must be applied at 
each address location to be programmed. You can 
program any location at any time-either individu
ally, sequentially, or at random. The program pulse 

Table 1. Mode Selection 

~ 
CElpGM OE Vpp Vcc Outputs 

(18) (20) (21) (24) (9-11,13-17) 
Mode 

Read VIL VIL +5 +5 DOUT 

Standby VIH Don't Care +5 +5 High Z 

Program Pulsed VIL to VIH VIH +25 +5 DIN 

Program Verify VIL VIL +25 +5 DOUT 

Program Inhibit VIL VIH +25 +5 High Z 
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inter 2716 

has a maximum width of 55 msec. The 2716 must not 
be programmed with a DC signal applied to the 
CE/PGM input. 

Programming of multiple 2716s in parallel with the 
same data can be easily accomplished due to the 
simplicity of the programming requirements. Like 
inputs of the paralleled 2716s may be connected 
together when they are programmed with the same 
data. A high-level TTL pulse applied to the CE/PGM 
input programs the paralleled 2716s. 

Program Inhibit 

Programming of multiple 2716s in parallel with dif
ferent data is also easily accomplished. Except for 
CE/PGM, all like inputs (including OE) of the parallel 
2716s may be common. A TTL-level program pulse 
applied to a 2716's CE/PGM input with Vpp at 25V will 
program that 2716. A low-level CE/PGM input inhibits 
the other 2716 from being programmed. 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correctly program
med. The verify may be performed with Vpp at 25V. 
Except during programming and program verify, Vpp 
must be at 5V. 

2-3 

ERASURE CHARACTERISTICS 

The erasure characteristics of the 2716 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000 A range. Data show that constant 
exposure to room-level fluorescent lighting could 
erase the typical 2716 in approximately 3 years, while 
it would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the 2716 is to be 
exposed to these types of lighting conditions for 
extended periods of time, opaque labels are available 
from Intel which should be placed over the 2716 
window to prevent unintentional erasure. 

The recommended erasure procedure (see Data Cat
alog PROM/ROM Programming Instruction Section) 
for the 2716 is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms ( A). The 
integrated dose (Le., UV intensity X exposure time) 
for erasure should be a minimum of 15 W-sec/cm2 . 

The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with a 1200 
J.LW/cm2 power rating. The 2716 should be placed 
within 1 inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 

AFN·OO811B 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. -10°C to +BOOC 
Storage Temperature ................ -65°C to +125°C 
All Input or Output Voltages with 

Respect to Ground ................... +6V to -0.3V 
Vpp Supply Voltage with Respect 

to Ground During Program ......... +26.5V to -0.3V 

*NOTICE: Stresses above those listed under ·"AlJsolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated In the operational sections of this specification 
is not implied. Exposure to absolute maximlJm rating con
ditions for extended periods may affect device reliability. 

DC AND AC OPERATING CONDITIONS DURING READ 

2716. 2716-1 2716-2 2716-5 2716-6 

Temperature Range 0°C-70°C 0°C-70°C 0°C-70°C 0°C-70°C O°C-70°C 

Vee Power Supply[1,21 5V ±5% 5V ±10% 5V±5% 5V±5% 5V ±5°.lo 

Vpp Power SUPPly[21 Vee Vee Vee Vee Vee 

READ OPERATION 
D.C. AND OPERATING CHARACTERISTICS 

Limits 
Symbol Parameter 

TypP1 
Units Test Conditions 

Min. Max. 

III Input Load Current 10 /LA VIN = 5.25V 

ILO Output Leakage Current 10 /LA "OUT = 5:251/ 

IpPl 
[2] 

Vpp Current 5 mA Vpp = 5.2SV 

I [21 
eel Vee Current (Standby) 10 25 mA CE =VIH. OE =VIL 

I [21 
ee2 Vee Current (Active) 57 100 mA OE = CE =VIL 

VIL Input LowVoltage -0.1 O.B V 

VIH Input High Voltage 2.0 Vee+1 V 

VOL Output Low Voltage 0.45 V IOL = 2.1 mA 

VOH Output High Voltage 2.4 V IOH = -400/LA 
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TYPICAL CHARACTERISTICS 

70 

•• 
50 

_4D 
c g 

Icc CURRENT ... 
TEMPERATURE 

ICC2 AC!!..VE CURRENT 
CE V" 
Vee ~ 5Y ! 

~ 

700 

&DO 

.00 

... 
30D 

2716 

ACCESS TIME 
.s. 

CAPACITANCE 

l-I-

ACCESS TiME . .. 
TEMPERATURE 

700 

.00 

.00 

ii 400 
~ 
u 
u 3D. ~30 ,!' 

f- r--- ,!' 

•• ICCl STANDBY CURRENT ... cr '" V1H 
... -

•• Yee ~ 5Y .00 t •• 

• • • L-~~~L-~~~ __ L-~ 
• ~ .. ~ .. ~ ~ 70 ~ 

TEMPeRATURE re) 
o 100 200 300 400 500 600 700 800 • 'DO • •• 30D ... ~ ... 70 • ... 

CL (pF) TEMPERATURE re) 

A.C. CHARACTERISTICS 

Limits (ns) 

Symbol Parameter 2716 2716-1 2716-2 2716-5 2716-6 Test 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Conditions 

tACC Address to Output Delay. 450 350 390 450 450 CE = OE = VIL 

tCE CE to Output Delay 450 350 390 490 650 ~E =VIL 

tOE[4J Output Enable to Output Delay 120 120 120 160 200 CE =VIL 

tOF 
[4J Output Enable High to Output Float 0 100 0 100 0 100 0 100 0 100 CE =VIL 

tOH 
Output Hold from Addresses, CE or 

0 0 0 0 0 CE = OE = VIL 
OE Whichever Occurred First 

CAPACITANCE[4) (TA = 25°C, f= 1 MHz) 

Symbol Parameter Typ. Max. Units 
Test 

Conditions 

A.C. TEST CONDITIONS 
Output Load ........... 1 TTL gate and 

CL = 100 pF 
Input Rise and Fall Times ........ .;;;20 ns 

CIN Input CapaCitance 4 6 pF VIN = OV Input Pulse Levels .......... 0.8V to 2.2V 

COUT Output CapaCitance 8 12 pF VOUT = OV 
Timing Measurement Reference Level: 

Inputs ..................... 1Vand 2V 
Outputs ................. 0.8Vand 2V 
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A.C. WAVEFORMS l11 

ADDRESSES 

a------------~~ 

ADDRESSES 
VAUD 

2716 

/+-----Ic.-------.. • .. I 

6i--------------?---------~ 

I· 15] 

• 10. 

15] 

• •• 

· ... 

• 4p ••••••• 

· ..... . 

]61 

I----~IDF 

O~T ___ ~ _____ ~H~IG;H~Z~ ______ _t_t_t~~~~~ YALIDOUTPUT 

· ....... . 
NOTES: 
1. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected to VCC except during programming. The supply current would then be the sum of ICC and IPP1' 
3. Typical values are for TA = 25°C and nominal supply voltages. 
4. This parameter is only ssmpled and is not 100% tested. 
~. OE may be delayed up to tACC-tOE after the falling edge ofCE without Impact on tACe. 
6. tOF is' specified from DE or 'CE. whichever occurs first. 
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PROGRAMMING CHARACTERSITICS[l] 
D.C. PROGRAMMING CHARACTERISTICS (TA = 25°C ±5°C, Vce[21 = 5V ±5%, Vpp[2.31 = 25V ±lV) 

Symbol Parameter Min. Typ. Max. Units 
Test 

Conditions 

ILi Input Current (for Any Input) 10 /LA VIN = 5.25V/0.45 

IpP1 Vpp Supply Current 5 mA CE/PGM = VIL 

IpP2 Vpp Supply Current During 30 mA CE/PGM =VIH 
Programming Pulse 

Icc Vee Supply Current 100 mA 

VIL Input Low Level -0.1 O.B V 

VIH Input High Level 2.0 Vee+1 V 

A.C. PROGRAMMING CHARACTERISTICS (TA = 25°C ±5°C, Vee[21 = 5V ±5%, Vpp[2.31 = 25V ±lV) 
, 

Test 
Symbol Parameter Min. Typ. Max. Units 

Conditions 

tAS Address Setup Time 2 /LS 

tOES OE Setup Time 2 /LS 

tos Data Setup Time 2 /LS 

tAH Address Hold Time 2 /LS 

tOEH OE HoldTime 2 /LS 

tOH Data Hold Time 2 /LS 

tOF Output Enable to Output Float Delay 0 200 ns CE/PGM = VIL 

tOE Output Enable to Output Delay 200 ns CE/PGM =VIL 

tpw Program Pulse Width 45 50 55 ms 

tpRT Program Pulse Rise Time 5 ns 

tPFT Program Pulse Fall Time 5 ns 

A.C. CONDITIONS OF TEST 
~e········································W±~ Input Pulse Levels ......................... O.B to 2.2V 
Vpp ........................................ 25V ± lV Input Timing Reference Level ............... lV and 2V 
Input Rise and Fall Times (10% to 90%) .......... 20 ns Output Timing Reference Level ............ O.BV and 2V 
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i~ 2716 

PROGRAMMING WAVEFORM$ (Vpp '" 25V ±lV, vcc = 5V ±50/0) 

PROGRAM PROGRAM 
VERIFY 

ADpRESS ~ ADDRESS N K ADDRESS N+m 

-r~- I'H 
(2) 

H 
DATA IN HIGHZ DATA OUT k DATA IN 
STABLE VALID STABLE 
ADDN ADDN ADDN+m 

DATA 

IDF ID' 
'-(O~DMAX) (O.~OMAX)- - ::~- - -

/ \ I 
IDH DE 

I-I&) ~I-(j';;:.) .... ~~ 
I-I~~S_II I\I-I~:l't 

CEtPGM 

tpRT --... f4-- - ~tPFT 

NOTE: 
All TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE "SEC UNLESS OTHERWISE NOTED. 

NOTES: 
1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 
2. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be inserted into 

or removed from a board with Vpp at 25 ±1V to prevent damage to the device. 
3. The maximum allowable voltage which may be applied to theVpp pin during programming is +26V. Care must be taken when switching 

the Vpp supply to prevent overshoot exCeeding this 26V maximum specificaiion. 

2-8 
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2732A 

32K (4K x 8) UV ERASABLE PROM 

• 200 ns (2732A-2) Maximum Access 
Time ... HMOS*-E Technology 

• Compatible to High Speed 8 MHz 
8086-2 MPU ... Zero WAIT State 

• Two Line Control 

• Pin Compatible to 2764 EPROM 

• Industry Standard Pi/lout ... JEDEC 
Approved 

• Low Standby Current ... 35 mA 
Maximum 

• ± 1 0% Vee Tolerance Available 

The Intel@ 2732A is a 5Vonly, 32,768 bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). It is pin compatible to Intel's 450 ns 2732. The standard 2732A's access time is 250 ns with speed 
selection (2732A-2) available at 200 ns. The access time is compatible to high performance microprocessors, 
such as the 8 MHz 8086-2. In these systems, the 2732A allows the microprocessor to operate without the 
addition of WAIT states. 

An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control 
(CE). The OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application 
Note AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's 
EPROMs. AP-72 is available from Intel's Literature Department. 

The 2732A has a standby mode which reduces the power dissipation without increasing access time. The 
maximum active current is 125 mA, while the maximum standby current is only 35 mA, a 70% saving. The 
standby mode is achieved by applying a TTL-high signal to the CE input. 

The 2732A is fabricated with HMOS"-E technology, Intel's high-speed N-channel MOS Silicon GateTechnology. 

'HMOS is a patented process of Intel Corporation. 

VCC<>---

GND<>---

vPP<>---

OE
CE --L...;::'::";:~:'='-..J 

AO-A11 
ADDRESS 

INPUTS 
X 

OECODER 

Figure 1. Block Diagram 

DATA OUTPUTS 
00-07 

OU:TPUT BUFFERS 

y·GATING 

32,768·BIT 
Cell MATRIX 

PIN NAMES 

Au-All ADDRESSES 

CE CHIP ENABLE 

DE OUTPUT ENABLE 

0 0 -07 OUTPUTS 

Vpp vee 
A" PGM 

A, N.C.l11 

A, A8 

's A. 

A, A" 

A3 DE 
A, AlO 

A, CE 
AO 0, 

00 0, 

0, Os 

0, 0, 

GNO 03 

['J For upgradabHity to JEDEC approved 128K EPROMs. provide an' address line'to 
pin 26. For compatibility with the 2732A and 32K ROMs, provide a trace from Vee 
to pin 26. 

Figure 2. Pin Configurations 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses afe Implied. 

"INTEL CORPORATION. 1980 AUGUST 1981 
2-9 AFN-015458 



2732A 

ERASURE CHARACTERISTICS 
The erasure characteristics of the 2732A are such that 
erasure begins to occur when exposed to light with wave· 
lengths shorter than approximately 4000 Angstroms (A). 
It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000·4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 2732A in 
approximately 3 years, while it would take approximately 
1 week to cause erasure when exposed to direct sun· 
light-If the 2732A is to be exposed to these types of light· 
ing conditions for extended periods of time, opaque 
labels are available from Intel which should be placed 
over the 2732A window to prevent unintentional erasure. 

The recommended erasure procedure for the 2732A is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (ft.). The integrated dose 
(Le., UV intensity X exposure time) for erasure should be 
a minimum of 15 W·sec/cm 2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000!-'W/cm2 power rating. The 
2732A should be placed within 1 inch of the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

DEVICE OPERATION 
The five modes of operation of the 2732A are listed in 
Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OElVpp during 
programming. In the program mode the OElVpp input is 
pulsed from a TIL level to 21V. 

Table 1. Mode Selection 

~ CE OEIVpp vee OUTPUTS 
MODE (18) (20) (24) (9·11,13·17) 

Read V,L V,L +5 DOUT 

Standby V'H Don't Care +5 High Z 

Program V,L Vpp +5 D,N 

Program Verify V,L V,L +5 DOUT 

Program Inhibit V,H Vpp +5 High Z 

Read Mode 
The 2732A has two control functions, both of which must 
be logically active in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output pins, 
independent of device selection. Assu m i ng th at add resses 
are stable, address access time (tAce) is equal to the delay 
from CE to output (tCE)' Data is available at the outputs 
after the falling edge of OE, assuming that CE has been 
low and addresses have been stable for at least tACC-tOE' 

Standby Mode 
The 2732A has a standby mode which reduces the active 
power current from 125 mA to 35 mAo The 2732A is placed 

2-10 

in the standby mode by applying a TTL-high signal to the 
CE input. When in standby mode, the outputs are in a high 
impedance state, independent of the OE input. 

Output OR-Tieing 
Because EPROMs are usually used in larger memory ar
rays, Intel has provided a.2 line control function that ac
commodates this use of multiple memory' connection. 
The two line control function allows for: 
a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 

not occur. 

To use these two control lines most efficiently, it is 
recommended that CE (pin 18) be decoded and used as 
the primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in 
their low power standby mode and that the output pins are 
only active when data is desired from a particular memory 
device. 

PROGRAMMING (See Programming Instruction 
Section for Waveforms.) 

Programming is the same as Intel's 450 ns 2732 except for 
the programming voltage. In the program mode the 2732A 
OElVpp input is pulsed from a TTL low level to 21 V (25V for 
the 2732). Exceeding 22V will damage the 2732A. 

Initially, and after each erasure, all bits of the 2732A are 
in the "1" state. Data is introduced by selectively pro· 
gramming "O's" into the desired bit locations. Although 
only "O's" will be programmed, both "1's" and "O's" can 
be present in the data word. The only way to change a 
"0" to a "1" is by ultraviolet light erasure. 

The 2732A is in the programming mode when the OElVpp 

input is at 21V. It is required that a 0.1 f.LF capacitor be 
placed across OElVpp and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and data 
inputs are TTL. 

When the address and dafa are stable, a 50 msec, active 
low, TTL program pulse is applied to the CE input. A pro
gram pulse must be applied at each address location to be 
programmed. You can program any location at any time 
-either individually, sequentially, or at random. The pro
gram pulse has a maximum width of 55 msec. The 2732A 
must not be programmed with a DC signal applied to the 
CE input. 

Programming of multiple 2732As in parallel with the 
same data can be easily accomplished due to the simpli· 
city of the programming requirements. Like inputs of the 
paralleled 2732As may be connected together when they 
are programmed with the same data. A low level TIL pulse 
applied to the CE input programs the paralleled 2732As. 

AFN-Q1545B 



2732A 

Program Inhibit 

Programming of multiple 2732As in parallel with differ
ent data is also easily accomplished. Except for CE, all 
like inputs (including OE) of the parallel 2732As may be 
common. A TTL level program pulse applied to a 2732A's 
CE input with OElVpp at 21V will program that 2732A. A 
high level CE input inhibits the other 2732As from being 
programmed. 

Program Verify 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify is accomplished with OElVpp and CE at V1L. Data 
should be verified tov after the falling edge 01 CEo 

2-11 

System Consideration 

The power switching characteristics of HMOS-E EPROMs 
require careful decoupling of the devices. The supply cur
rent, IcC' has three segments that are of interest to the 
system designer-the standby current level, the active 
current level, and the transient current peaks that are pro
duced on the falling and rising edges of Chip Enable. The 
magnitude of these transient current peaks is dependent 
on the output capacitance loading of the device. The 
associated transient voltage peaks can be suppressed by 
complying with Intel's Two-Line Control, as detailed in 
Intel's Application Note, AP-72, and/or by properly 
selected decoupling capacitors. It is recommended that a 
0.1 /LF ceramic capacitor be used on every device between 
Vee and GND. This should be a high frequency capacitor 
of low inherent inductance. In addition, a 4.7 /LF bulk 
electrolytic capacitor should be used between Vee and 
GND for each eight devices. The bulk capacitor should 
be located near where the power supply is connected to 
the array. The purpose of the bulk capacitor is to over
come the voltage droop caused by the inductive effects of 
the PC board-traces. 

AFN-Ol545B 



inter 2'732A 

ABSOLUTE MAXIMUM RATINGS' 
Temperature Under Bias. . . . -10 'c to tBO 'c 
Storage Temperature .... - 65 'C to + 125 'C 
All Input or Output VoltageS with 

Respect to Ground ................. +6V to - 0.3V 
Vpp Sup'ply Voltage with Respect to Ground 

D~ring Programming ... . . +22V to -0.3V 

'NOTICE: Stresses above those listed under "Absdlute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functidnal.operation 
of the device at these or any other conditions above those 
indica.ted in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

DC AND AC OPERATING CONDITIONS DURING READ 

Operating Temperature Range 

Vcc Power Supply 

READ OPERATION 
D.C. CHARACTERISTICS 

Symbol Parameter 

IlL Input Load Current 

ILO Output Leakage Current 

ICCl Vcc Current (Standby) 

Icc2 Vcc Current (Active) 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

A.C. CHARACTERISTICS 

Symbol Parameter 

tAcc Address to Output Delay 

tCE CE to Output Delay 

tOE OE to Output Delay 

t [2J 
OF OE High to Output F[oat 

tOH Outpu!Jio[d from Addresses, 
CE or OE Whichever Occurred 
First 

2732A/ A-2/ A-3/ A-4 

0'C-70'C 

5V ± 5% 

Limits 
Min. TypJll Max. 

10 

10 

35 

125 

-0.1 O.B 

2.0 Vcc + 1 

0.45 

2.4 

2732A-2 2732A 2732A-3 
2732A-20 2732A-25 2732A-30 

Min. Max. Min. Max. Min. Max. 

200 250 300 

200 250 300 

70 100 150 

0 60 0 90 0 130 

0 0 0 

2-12 

2732A-20/A-25/A-30 ,", 

0'C-70'C 

5V ± 10% 

Units Conditions 

I'A VIN = 5.5V 

I'A VOUT = 5.5V 

mA CE = VIH , OE = VIL 

mA OE=CE=VIL 

V 

V 

V 10L = 2.1 mA 

V 10H = - 400 !LA 

2732A-4 

Test 
Min. Max. Units Conditions' 

450 ns CE = OE = VIL 

450 ns OE = VIL 

150 ns CE = VIL 

0 130 ns CE = VIL 

0 ns CE = OE = VIL 

AFN·Ol545B 
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* A.C. TEST CONDITIONS 

Output Load .............. 1 TTL gate and CL ~ 100 pF 
Input Rise and Fall Times. . . ........ ,,; 20 ns 
Input Pulse Levels. . . .. O.45V to 2.4V 
Timing Measurement Reference Level: 

Inputs .. . ... 0.8 and 2.0V 
Outputs ....... . . .................. 0.8 and 2.0V 

CAPACITANCE [2] (T A ~ 25'C, f ~ 1 MHz) 

Symbol Parameter Typ. Max. Unit Conditions 

CIN1 Input Capacitance 
Except OElVpp 4 6 pF VIN ~ OV 

CIN2 OElVpp Input 
Capacitance 20 pF VIN = OV 

Cour Output Capacitance 12 pF Your ~ OV 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2. 

0'5 :=x:: > TEST POINTS < ::x= 
A C TESTING INPUTS ARE DRIVEN AT ~ 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 riMING MEASUREMENTS ARE MADE AT 2 OV F-OR A LOGIC 1 
AND 0 BV FOR A LOGIC a 

2-13 

1.3V 

lN914 

3.3K!! 

DEVICE 
UNDER 
TEST ie, 100 pF 

= e, 100 pF 
Cl INCLUDES JIG CAPACITANCE 

OUT 
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WAVEFORM 

A.C. 

ADDRESSES 

eE----------------+_~ 

2732A 

ADDRESSES 
VALID 

OE----------------+---------~ 

'-------+--. . . . . . . . . . 

IOH-

• • • • • • • ----~m_"T"' 
HIGH Z HIGH Z 

OUTPUT----------------------------~~~_+~~< 

•.••• . ---t'-.I...I 

NOTES: 
1. Typical values are for T A = 25°C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 
3. OE may be delayed up to tAce-tOE after the falling edge of CE without impacting IACC' 
4. tDF is specified from OE or CE, whichever occurs first. 

PROGRAMMING 
D.C. PROGRAMMING CHARACTERISTlCS[5J (TA = 25 ± 5°C, Vcc = SV ± 5%. Vpp = 21V ± O.SV) 

Limits 
f---c--. 

Symbol Parameter Min. Typ. Max. Units Test Conditions 
.-

III Input Current (All Inputs) 10 flA VIN=VILorVIH 

VOL OutpiJt Low Voltage During Verify 0.45 V IOL = 2.1 rnA 

VOH Output High Voltage During Verify 2.4 V IOH= - 400 flA 
.. -

Icc V cc Supply Current 85 125 rnA 

V1L Input Low Level (All Inputs) - 0.1 0.8 V 

V1H Input High Level (AII:lnputs Except OElVpp) 2.0 Vcc + 1 V 

Ipp Vpp Supply Current 35 rnA CE= VIL• OE= Vpp 

NOTE: 
5. When programming Ihe 2732A, a 0.1 IJ.F capacitor is required across OElVpp and ground 10 suppress spurious voltage transients 

which may damage Ihe device. 
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2732A 

A.C. PROGRAMMING CHARACTERISTICS (TA = 25 = 5°C, Vee = 5V = 5%, Vpp = 21V:t 0.5V) 

Limits 

Symbol Parameter Min. Typ. Max. Units 
f---

tAs Address Setup Time 2 I-'s 

tOES OE Setup Time 2 I-'S 

tos Data Setup Time 2 I-'s 

tAH Address Hold Time 0 I-'S 

tOEH OE Hold Time 2 I-'S 

toH Data Hold Time 2 I-'S 

toF Chip Enable to Output Float Delay 0 130 ns 

tov Data Valid from ~ 1 I-'S 

tpw cr Pulse Width During Programming 45 50 55 ms 

tpAT m::: Pulse Rise Time During Programming 50 ns 

tVA Vpp Recovery Time 2 I-'S 

fA.C. TEST CONDITIONS 

Input Flise and Fall Times (10% to 90%) . . . .. 20 ns 
Input Pulse Levels ....................... 0.45V to 2.4V 
Input Timing Reference Level ........... 1.0 and 2.0V 
Output Timing Reference Level .......... 0.8 and 2.0V 

WAVEFORM 

PROGRAMMING I-_______ PROGRAM ________ I---__ PROGAAM 

ADDRESSES 

DATA ---< HI Z 

'VR 

1'1 V'H _______ ., 

'ov 
III 

1 All TIMES SHOWN IN ( ) ARE MINIMUM AND IN /.ISEC UNLESS OTHERWISE SPECIFIED 
2 THE INPUT TIMING REFERENCE LEVEL IS lV FOR A V 1L AND 2V FOR A V1H 

2-15 

'AH 
101 

Test Conditlonst 

CE=VIL, N=VIL 
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2764 
(8K x 8) UV ERASABLE PROM 

• 200 ns (2764·2) Maximum Access • Pin Compatible to 2732A EPROM 
Time ... HMOS*·E Technology 

• Industry Standard Pinout .•. JEDEC 

• Compatible to High Speed 8mHz Approved 
8086·2 MPU ..• Zero WAIT State • Low Active Current. .. 100mA Max. 

• Two Line Control • ±10% VCC Tolerance Available 

The Intel<lJ> 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read·only memory (EPROM). The 
standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to high 
performance microprocessors, such as Intel's 8m Hz 8086-2. In these systems, the 2764 allows the microprocessor to operate 
without the addition of WAIT states. 

An important 2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 describes the 
microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is available from Intel's 
Literature Department. 

The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current is 
100mA, while the standby current is only 40mA. The standby mode is achieved by applying a TTL-high signal to the CE 
input. 

± 1 0% V CC tolerance is available as an alternative to the standard ± 5% V CC tolerance forthe 2764. This can allow the system 
designer more leeway in terms of his power supply requirements and other system parameters. 

The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 

BLOCK DIAGRAM 

Vcc~ DATA OUTPUTS 
00-07 

GNOo---
vppo---

OUTPUT BUFFERS 

V·GATING 
Ao~A12 

ADDRESS 
INPUTS 

X 
DECODER 65.536-8IT - CELL MATRIX 

MODE SELECTION 

~ CE OE PGM V" 
MODE (20) (22) (27) (1) 
Read V" V" V" Vee 
Standby V," x x Vee 
Program V" x V" V" 
Program Verify V" V" V," V" 
Program Inhibit V," x x V" 

x can be either V1l or V1H 

*HMOS is a patented process of Intel Corporation. 

2732A 
PIN CONFIGURATION 

Vee 

A, A, .. 
OElVpp 

CE 

0, 

0, 

0, 

GNO 0, 

Vee Outputs 
(28) (11-13,15-19) 

Vee DouT 

Vee High Z 

Vee D,. 

Vee DouT 

Vee High Z 

2764 
PIN CONFIGURATION 

V" VCC 

A" PGM 

A7 N.CJ1] 

AS A8 

A, A, 

A. Au 

'3 OE 
A2 A,. 

A, CE .. 07 

o. Os 

0, a' 
02 a. 

GNO 03 

[11 For upgradability to JEDEC approved 
128K EPROMs, provide an address line 
to pin 26. For compatibility with the 
2732A and 32K ROMs, provide a trace 
from Vee to pin 26. 

PIN NAMES 

Ao-A ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

0-0 OUTPUTS 

PGM PROGRAM 

N.C. NO CONNECT 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

"INTEL CORPORATION. 1980 2-16 ORDER NUMBER, ~~:;::~ 



inter 2764 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ................. -10°C to +800C 
Storage Temperature ................... -65°C to +125°C 
All Input or Output Voltages with 

Respect to Ground ..................... +6.5V to -0.6B 
Vpp Supply Voltage with Respect to Ground 

During Programming ................... +22V to -0.6V 

'COMMENT 
Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute ma'ximum rating conditions for e'xtended periods 
may affect device reliability 

D.C. AND A.C. OPERATING CONDITIONS DURING READ 

2764·2 2764 2764-3 2764·4 2764·25 2764·30 2764·45 

Operating Temperature 0°C-70°C 0"C-70"C 0°C-70°C 0°C-70"C O"C-70"C O"C-70"C O"C-70°C 
Range 

Vce Power Supply1.2 5V ± 5% 5V ± 5% 5V ± 5% 5V ±5% 5V ± 10"/0 5V ± 10"/0 5V ± 10% 

Vpp Voltage2 Vpp = Vee Vpp = Vee Vpp = Vec Vpp = Vee Vpp = Vce Vpp = Vee Vpp = Vce 

READ OPERATION 

D.C. AND OPERATING CHARACTERISTICS 
Limits 

Symbol Parameter Min Typ' Max Unit Conditions 

III Input Load Current 10 p..A V,N = 5.5V 

ILO Output Leakage Current 10 p..A VOUT = 5.5V 

I PP1 2 Vpp Current Read 5 mA Vpp = 5.5V 

Icc/ Vee Current Standby 40 mA CE = V,H 

leel Vee Current Active 70 100 mA CE ='OE = V,L 

VIL Input Low Voltage -.1 +.8 V 

V,H Input High Voltage 2.0 Vee +1 V 

VOL Output Low Voltage .45 V 10L = 2.1 mA 

VOH Output High Voltage 2.4 V 10H = -4OOI'.A 

A.C. CHARACTERISTICS 
2764-25 & 2764-30 & 2764-45 & 

2764·2 Limits 2764 Limits 2764·3 Limits 2764-4 Limits 
Test 

Symbol Parameter Min Max Min Max Min Max Min Max Unit Conditions 

t Aec Address to Output Delay 200 250 300 450 ns CE=OE=V IL 

tCE CE to Output Delay 200 250 300 450 ns OE=V ,L 

tOE OE to Output Delay 75 100 120 150 ns CE=V ,L 

tOF 
4 

OE High to Output Float 0 60 0 85 0 105 0 130 ns CE=V ,L 

tOH Output Hold from Addresses. 0 0 0 0 ns CE=OE=V ,L 
CE or OE Whichever Occurred 
First 

NOTES: 1. Vee must be applied simultaneously or before Vpp arid removed simultaneously or after Vpp . 

2. Vpp may be connected directly to Vee except during programming. The supply current would then be the sum of Icc and Ipp ,. 

3. Typical values are for t, = 25°C and nominal supply voltages. 
4. This parameter is only sampled and not 100% tested. 
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CAPACITANCE TA=25'C, f= 1MHz 

Symbol Parameter Typ.l Max. Unit Conditions 

C ,N ' Input Capacitance 4 6 pF V,N=OV 

COUT Output Capacitance 8 12 pF VOUT=OV 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.' 

0.45 

=>(2.0 2o)C > TEST POINTS < 
08 0.8 

A.C. TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC" 1" AND Q.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 
ANO a,BV FOR A LOGIC "0 

A.C. WAVEFORMS 

)<1 ADDRESSES 

ADDRESSES ______ ...... ' r ________ V-A-Ll-D----

1.\-" 
rl.~-----. tAce 131,-----~ 

HIGH Z 
OUTPUT ----------------+~~t4K 

NOTES: 1. Typical values are for T, = 25'C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 

tOH 

3. DE may be delayed up to t,ee - 10, after the falling edge of CE without impact on tAee. 
4. tOF is specified from OE or CE, whichever occurS first. 

DEVICE 
UNDER 

TEST 

CL =100pF 

1.3V 

~N9l' 
3.3Kn 

r---T------~UOUT 

I CL " 100pF 

CL INCLUDES JIG CAPACITANCE 

\41 I----...... t- to F 

HIGH Z 
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PROGRAMMING 
D.C. PROGRAMMING CHARACTERISTICS: TA = 25 ±5°C, Vee = 5V ±5%, V •• = 21V ±O.5V (see Note 1) 

Limits 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

ILl Input Current (All Inputs) 10 pA Y'N = V,L or V,H 

VOL Output Low Voltage During Verify 0.45 V 10L = 2.1 mA 

VOH Output High Voltage During Verify 2.4 V 10H = - 400/LA 

ICC2 Vee Supply Current (Active) 100 mA 

VIL Input low level (All Inputs) -0.1 0.8 V 

V,H Input High level 2.0 Vee + 1 V 

I •• V •• Supply Current 30 mA CE = V,L = PGM 

A.C. PROGRAMMING CHARACTERISTICS: TA = 25 ±5°C, Vee = 5V ±5%. V •• = 21V ±0.5V (see Note 1) 

Limits 

Symbol Parameter Min. Typ. Max. Unit Test Conditions· 

tAS Address Setup Time 2 /LS 

tOES OE Setup Time 2 /L5 

tos Data Setup Time 2 /LS 

tAH Address Hold Time 0 /LS 

tOH Data Hold Time 2 /LS 

tOF Chip Enable to Output Float Delay 0 130 ns 

tvs V •• Setup Time 2 /LS 

t.w PGM Pulse Width During Programming 45 50 55 ms 

teES CE Setup Time 2 IJ.S 

tOE Data Valid from OE 150 ns 

*A.C. CONDITIONS OF TEST 
Input Rise and Fall Times (10% to 90%) .......... 20ns 
Input Pulse levels ..................... 0.4SV to 2.4V 
Input Timing Reference level .............. 1V and 2V 
Output Timing Reference level ......... 0.8V and 2.0V 

NOTE: 
1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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PROGRAMMING WAVEFORMS 

PROGRAM 
PROGRAM 

VERIFY 

ADDRESSES -.J ADDRESSN C 
1--[2'J- 4 -[O"J 

DATA IN <3TABLE ~ Hi Z DATA OUT JAUD 
ADD N ADD. N DATA 

~[21-- ·12"J· --00 
toe 

0--[0.131 
MAX. 

.~ 
--[21--

1\ 
v, 

~lc21--

PGM 

v, ~ ~lO211 [45 msl f.-
lo. 

f+-[0.1~J-v, 

\ MAX. 

OE 
v, 

1. ALL TIMES SHOWN ·IN [ J ARE MINIMUM AND IN "SEC UNLESS OTHERWISE SPECIFIED. 
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V1L AND 2V FOR A VIH' 

3. toE AND tOFARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the 2764 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should be 
noted that sunlight and certain types of fluorescent lamps 
have wavelengths in the 3000-4000 A range. Data show that 
constant exposure to room level fluorescent lighting could 
erase the typical 2764 in approximately 3 years, while itwould 
take approximately 1 week to cause erasure when exposed to 
di rect sunlight. If the 2764 is to be exposed to these types of 
lighting conditions for extended periods of time, opaque 
labels are available from Intel which should be placed over 
the 2764 window to prevent unintentional erasure. 

The recommended erasure procedure for the 2764 is expo
sure to shortwave ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., UV intensity X 
exposure time) for erasure should be a minimum of 15 
W-sec/cm2. The erasure time with this dosage is approxi
mately 15 to 20 minutes using an ultraviolet lamp with 12000 
",W/cm2 power rating. The 2764 should be placed within 1 
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inch of the lamp tubes during erasure. Some lamps have a 
filteron theirtubes which should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the 2764 are listed in Table 1. A 
single 5V power supply is required in the read mode. All 
inputs are TTL levels except for Vpp• 

TABLE 1. MODE SELECTION 

~ CE OE PGM Vpp Vee Outputs 
MODE (20) (22) (27) (1) (28) (11-13,15-19) 

Read V'L V,L V,H Vee Vee DoiH 

Standby V,H x x Vee Vee High Z 

Program V'L V,H V'L Vpp Vee D'N 

Program Verify V,L V'L V,H Vpp Vee Dour 

Program Inhibit V,H x x Vpp Vee High Z 

x can be either VIL or V,H 
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READ MODE 

The 2764 has two control functions,'both of, Which must be 
logically active in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for 
device selection, Output Enable (OE) is the output control 
and should be used to gate data to the output pins, indepen
dent of device selection. Assuming that addresses are stable, 
address access time (!.cel is equal to the delay from CE to 
output (tCE). Data is available at the outputs after a delay of tOE 
from the falling edge of~, assuming that CE" has been low 
and addresses have been stable for at least tACe-tOE. 

Standby Mode 

The 2764 has a standby mode which 'reduces the active 
power current from 100mA to 40mA. The 2764 is placed in 
the standby mode by applying a TTL high signal to the CE 
input. When in standby mode, the outputs are in a high 
Impedance state, independent of the OE input. 

Output OR-Tieing 

Because EPROMs are usually used In larger memory arrays, 
Intel has provided 2 control lines which accommodate this 
mul'tiple memory connection. The two control lines allow for: ' 

a) the lowest possible memory power dissi'pation, and 
b) complete assurance that output bus contention will not 

occur. 

To use these t'l'{o control lines most efficiently, cr (pin 20) 
should be decoded and used as the primary device selecting 
function, while DE (pin 22) should be made a common con
nection to all devices in the array and connected to the READ 
line from the system control bus. This assures that all de
selected memory devices are in their low power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 

System Consideration 

The power switching characteristics of HMOS-E EPROMs 
require careful decoupling of the devices. The supply cur
rent, ICC, has three segments that are of interest to the sys
tem designer- the standby current leliel, the active current 
level, and the transient current peaks that are produced on 
the falling and rising edges,of Chip Enable. The magnitude of 
these transient current peaks is dependent on the output 
capacitance loading of the device. The aSllociated transient 
voltage peaks can be suppressed by complying with Intel's 
Two-Line Control, as detaiied in Intel's Application Note, 
AP-72, and/or by properly selected decoupling capacitors. It 
is recommended that a 0.1 /kF ceramic capacitor be used on 
every device between Vee and GND. This should be a high 

frequency capacitor of low inherent inductance. In addition, 
a 4.7 /kF bulk electrolytic capacitor should be used between 
Vee and GND for each eight devices. The bulk capacitor 
should be located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to overcome 
the voltage droop caused by the inductive effects of the PC 
board-traces: 

Programming 

Caution: Exceeding 22V on pin 1 (Vpp) will damage the 
2764. 

Initially, and after each erasure, all bits of the 2764 are in the 
"1 "state. Data is introduced by selectively programming "Os" 
into the desired bit locations. Although only "Os" will be 
programmed, both "ls" and "Os" can be present in the data 
word: The only way to change a "0" to a "1" is by ultraviolet 

, light erasure. 

2~21 

The 2764 is in the programming mode when Vpp input is at 21V 
and CE and PGM are both at TTL low. The data to be pro
grammed is applied 8 bits in parallel to the data output pins. 
The levels required forthe address and data inputs are TTL. 

For programming, CE should be kept TTL low at all times 
while Vpp is kept at 21V. When the ad,dress and data are stable, 
a 50 msec, active low, TTL program pulse is applied to PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location at 
any time-,either individually, sequentially, or at random. The 
program pulse has a rnaximum width of 55 msec. 

Programming of multiple 2764s in parallel with the same data 
can be easily accomplished due to the simplicity of the pro
gramming requirements. Like inputs of the paralleled 2764s 
may be connected tbgether when they are programmed with 
the same data. A 10w,level TTL pulse applied to the PGM input 
programs the paralleled 2764s. 

Program Inhibit 

Programming of multiple 2764s in parallel with different data 
is also easily accomplished. A high level CE or PGM input 
inhibits the other 2764s from being programmed. Except for 
CE (or PGM), all like inputs (including OE) of the parallel 
2764s may be common. A TTL low level pulse applied to a 
2764 CE and PGM input with Vpp at 21V will program that 
2764. ' 

Program Verify 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify is 
accomplished with CE and OE at V,L. However, PGM is at V,H• 
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27128 
128K (16K x 8) UV ERASABLE PROM 

• 200 ns (27128-2) Maximum Access 
Time ..• HMOS*·E Technology 

• Compatible to High-Speed 8 MHz 
8086-2 MPU ..• Zero WAIT State 

• Two-Line Control 

• Pin Compatible to 2764 EPROM 

• Industry Standard Pinout ..• JEDEC 
Approved 

• ±10%Vcc Tolerance Available 

The Intel 27128 is a 5Vonly, 131,072-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The standard 27128 access time is 250 ns with speed selection available at 200 ns. The access time is 
compatible to high-performance microprocessors, such as Intel's 8 MHz 8086-2. In these systems, the 27128 
allows the microprocessor to operate without the addition of WAIT states. 

An important 27128 feature is the separate output control, Output Enable (OE) from the Chip Enable control 
(CE). The OE control eliminates bus contention in multiple-bus microprocessor systems. Intel's Application 
Note AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's EPROMs. 
AP-72 is available from Intel's Literature Department. 

The 27128 has a standby mode which reduces the power dissipation without increasing access time. The active 
current is 150 mA, while the standby current is only 45 mA. The standby mode is achieved by applying a TTL-high 
signal to the CE input. 

±10% Vcc tolerance is available as an alternative to the standard ±5% Vcc tolerance for the 27128. This can 
allow the system designer more leeway in terms of his power supply requirements and other system 
parameters. 

The 27128 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology. 

'HMOS is a patented process of Intel Corporation. 

vee 0---.

GNOo--
vpp e>----

AO-A13 
ADDRESS 

INPUTS 

DATA OUTPUTS 
00-07 

V·GATING 

131,crra BIT 
CI!LLMATRIX 

Figure 1. Block Diagram 

PIN NAMES 
AO-A13 ADDRESSES 
CE CHIP ENABLE 
OE OUTPUT ENABLE 
0.-0, OUTPUTS 
PGM PROGRAM 
N.C. NO CONNECT 

Vpp 

A" PGM 
A7 A" 
•• A, 

AS .. Au 

·3 OE ., ·'0 ., CE 
AD 

00 o. 
0, 0, 

0, 

GNO 

Figure 2. Pin Configuration 
Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 

Intel Corporation, 3065 Sowers Avenue, Santa aara, callfomia 95051 ©Intel Corporation, 1981 
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2815* 
16K (2K X 8) ELECTRICALLY ERASABLE PROM 

• Reliable Floating Gate Technology 

• Cost-Effective Non-Volatile Memory 
Alternative 

• Erase/Write Specifications Guaranteed 
0-70°C 

• Very Fast Access Times 
-2815, 250 ns Max. 
-2815-3, 350 ns 
-2815-4, 450 ns 

• Two-Line Control 

• Low Power Dissipation 
-Active Current, 110 mA 
-Standby Current, 50 mA 

• Compatible with 2716 EPROM 

• Simple 21V Programming Interface 

The Intel 2815 is a 2048-word by 8-bit Electrically Eraseable Programmable Read Only Memory kE2PROM).lt is 
fabricated using Intel's FLOTOX cell design and powerful HMOS-Et technology. The 2815's E functionality 
enables in-circuit reprogrammable memory flexibility, while maintaining the non-volatility of the data stored. 

The Intel 2815 is easily erased and written in-circuit. Byte alld chip erasure are accomplished with a single 50 mS 
pulse after which data can be written a byte at a time. Becau'se of its unique architecture, selection of the chip to 
be erased or written is performed with the same address control circuitry as that used for read operations. 

Read operations with the 2815 are performed at standard 5VTTL levels. The 250 ns access time is fast enough 
so that the 2815 can be interfaced to processor system busses with no wait states. The microprocessor to 2815 
interface is achieved with a minimum of external circuitry. 

The 2815 was designed in accordance with Intel's byte-wide pinout philosophy and therefore conforms to the 
JEDEC approved byte-wide family standard. The two-line control architecture of this standard ensures elimina
tion of bus contention in high-speed microprocessor systems. The 2815 is pin-for-pin compatible with the Intel 
2816 E2PROM and it is therefore directly upgradable for those systems requiring faster write times in the future. 

Application of the 2815 for program storage, error logging, or prototyping memory maximizes the user 
potential to reduce service costs. As a program storage medium, users are able to update firmware remotely, 
saving the costs of increased parts inventories and more frequent service calls. Revision levels, service call 
logs, and system configuration parameters can also be stored non-volatilely, so that they can be easily accessed 
or updated on a service call. The 2815 is also an excellent alternative to CMOS RAMs and batteries in systems 
requiring non-volatile parameter storage. The 2815's many features, wide temperature range, extremely reliable 
operation, and design-in ease combine to give you a powerful tool for adding dramatically increased 
functionality to your systems. 

t HM05-E is a patented process of Intel Corporation. 
'PART(S) ALSO AVAILABLE IN EXTENDED TEMPERATURE RANGE FOR INDUSTRIAL GRADE APPLICATIONS. 

DATA INPUTSJOUTPUTS 

A,-A" 1 ADDRESS 
INPUTS 

( 
2815 Functional Block Diagram 

A, 

A1 l , 
Ao[ 8 

10100 [ 9 

!,/Oll 10 

12/02i 11 

GNDI 12 
'------' 

Ao·.,D 
CE 

at 
Oe·Qr 

10.11 

II .. 

Pin Configuration 

PIN NAMES 

ADDRESSES 

CHIP ENAILE 

OUTPUT ENABLE 

DATA OUTPUTS 

DATA IN"UTS 

PROGRAM VOLTAGE 

\ Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ale Implied. 

© INTEL CORPORATION. 1981. 2-23 °C;;:~~_~~O~~~ 



2815 

DEVICE OPERATION 

The 2815 has 6 modes of operation, listed in Table 1. 
All operational modes are designed to provide maxi
mum microprocessor compatibility and system con
sistancy. The device pinout is a part of Intel's JEDEC 
approved byte-wide Non-Volatile Memory family, 
allowing appropriate and cost'-effective density and 
functionality upgrades. 

All control input signals are TTL compatible with the 
exception of chip erase. A 9 to 15V signal is required 
at pin 20 to enable the chip erase function. The Vpp 
voltage must also be pulsed to 21 V during chip erase, 
byte erase, and byte write, and held to 4 to 6 volts 
during the read and standby modes. 

Table 1. Mode Selection Vcc= +5V 

~ CE OE Vpp Inputsl 
Mode (18) (20) (21) Outputs 

READ VIL VIL +4 to +6 DOUT 

STANDBY VIH 
DON'T· 

+4 to +6 HIGH Z CARE 

BYTE ERASE VIL VIH +21 DIN=VIH 

BYTE WRITE VIL VIH +21 DIN 

+9 to [10J 

CHIP ERASE VIL +15V +21 DIN=VIH 

E/W INHIBIT VIH 
DON'T +4 to HIGH Z CARE +22V 

ERASE MODE 

The 2815 is erased and reprogrammed electrically 
rather than optically, as is required with EPROMs. By 
applying a pulse to the output enable (OE) and Vpp 
pin of the 2815, the chip erase function is performed 
and all 2K bytes of data are returned to a logic 1 (FF) 
state. The chip erase function is engaged when the 
OE pin is raised above 9 volts. When OE is greater 
than 9 volts and CE and Vpp are in the normal write 
mode, the entire array is erased. The data input pins 
must be held to a TTL high level during this time. 
Figure 1 is the recommended OE control switch. 

Byte erasure is accomplished by writing a pattern of 
FF to the byte being addressed while the OE pin is 
held at a high TTL level. 

2-24 

>------------.. ~ 

CHIP 
ERASE 

24' 

10K 

2K 

1.2K 

Figure 1. OE Chip Erase Control 

WRITE MODE 

To write a byte of data, the selected address and data 
are provided at the inputs of the 2815 (all at TTL 
levels). The write is then performed when the Vpp line 
is raised. 

The shape of the Vpp pulse is important in ensuring 
long term reliability and operating characteristics. 
Vpp must be raised to 21V through an RC waveform 
(exponential). See figure 2a for a specific diagram of 
the Vpp pulse. The T PRC specification has been de
signed to accommodate changes of RC due to tem
perature variations. Figure 2 shows a recommended 
Vpp switch design, useful where programming will 
occur over the specified temperature and operating 
voltage conditions. The circuitry shown in this figure 
will provide sufficient drive for four 2815 devices. The 
circuitry in Figure 3 shows the additional circuitry 
needed to provide enough drive for eight 2815 
devices. 

Figure 2. Vpp Switch Design-4 Devices 

1bVpp 

(30mA) 
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V, 
=21V 

V, 
= IV 

~--------~P'--------~ 

-------;-~------, 

Figure 2a. Vpp Waveform 

For systems where 24V is not available as a supply 
voltage, the design of a step-up regulator has been 
included (Figure 4). This design provides the neces
sary voltage and current to allow the programming of 
eight 2815 devices. 

A characteristic of all E2PROMs is that the total num
ber of erase/write cycles is not unlimited. The 2815 
has been designed and manufactured to meet.appli
cations requiring up to 104 erase/write cycles. ' 

2~~----------__ ,-~~ ________ ~ ________________________ --, 

V" 
CONTAOL 

NOTES: 
1. SKIS21VFINEADJUST. 
2. RESISTORS ARE 1/4 WATT. 

i-- ---l 
I I 

lp: I I 
I I 
I 1 
I - I L_-___ .J 

BYPASS 
CAPACITOAS 

300pF 

Cl 

NOTES: UNLESS SPECIFIED: 
I. RESISTORS ARE y, WATT. 
2. CAPACITOR VALUES ARE "F. 

3.9K 

Figure 3. Vpp Switch Design-8 Devices 

+5V 
AI 
0.51!2W 

14 13 

AI 
TL497 

A3 
18K 

TO 
-.--..... ~--.vpp PIN 

OF:l815 

47K 

Figure 4. Step-up Regulator Converts +5V Into +24V 
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READ OPERATION 

Optimal system efficiency depends to a great extent 
on a tightly coupled microprocessor/memory inter
face. The E2PROM device should respond rapidly 
with data to allow the highest possible CPU perfor
mance. Program execution directly out of electrically 
eraseable memory has never before been possible. 
The 2815 opens this new, powerful application 
segment. 

The 2815 uses Intel's proven 2-line control architec
ture for read operations. Both CE and OE must be at 
logic low levels to obtain information from the device. 

8088 

RD 

8283 
LATCH 

8287 
BUFFER 

By applying the appropriate address to lines Ao-A10 , 

8-bit data is presented at the data lines after an ac
cess delay. Assuming that the address is stable, 
lowering CE will cause data to be presented a maxi
mum of tace later (OE is low at tacc-toe time). With all 
conditions satisfied except OE, low data will be valid 
a maximum of toe ns after OE is lowered. 

Figure 5 shows a typical system interconnection. 
Here, the 2815 contains program information that the 
8088 requires for the system function. 

Figure 5. iAPX 88/2815 Read Architecture 

STANDBY MODE 

The 2815 has a standby mode which reduces active 
power dissipation by 50%. The 2815 is placed in 
standby mode by applying a TTL high signal to the CE 
input. When in the standby mode, the outputs are in 
high impedance state, independent of the OE input. 

OR-TIEING 

Because 2815s are usually used in larger memory 
arrays, Intel has provided a 2-line control architec
ture that accommodates the use of multiple memory 

2-26 

connections. The 2-line control allows removal of bus 
contention from the system environment and much 
easier memory system implementation. 

To most effectively use these two control lines, it is 
recommended that CE be decoded from addresses 
as the primary device selection function. OE should 
be made a common connection to all devices in the 
system, and connected to the RD line from the sys
tem bus. This assures that all deselected memory 
devices are in their low power standby mode and that 
the output pins are only active when data is desired 
from a particular memory device. Timing for a system 
configured in this manner is illustrated in Figure 6. 
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PIN COMPATIBILITY 

The 2815 pinout has been designed for compatibility 
with present and future memory products. The 2815 
E2PROM is a member of Intel's JEDEC standard, 
byte-wide memory family which allows density 
upgrades, functional interchange, and extended 
product life. Figure 7 shows this JEDEC 28-pin site 
approach. 

APPLICATIONS 

The 2815 has been designed to meet those applica
tions where write and erase speed are not critical 
system parameters. Many of these applications exist 
in systems where E2 is used to increase the system's 
serviceability. The 2815 is effective as a program 
storage, ROM patch, error logging, diagnostics, or 
signature storage medium. 

Program Storage-The use of the 2815 for program 
storage enables the periodic update of firmware via a 
remote telecom link. In this application, the 2815 
array is totally erased and new firmware containing 
advanced features, software corrections. or more ef
ficient routines are loaded into the E2PROMs from 
the factory. Costly service calls to replace firmware 
stored in ROMs are thereby eliminated. 

~--IACC---i 

ADDRESSES /K ADDRESS 1 

IDECODE 
___ Icr--_I 

~-IRD~ 

I 

1\ 
-15E-

ROM Patch-Using the 2815 as branch table and 
firmware patch storage medium enables the user to 
store major routines in ROM, but maintain the flexi
bility to remotely update the code as a whole. This 
capability is illustrated in Figure 8. In Figure 8a, a 
s~stem's structured firmware is shown stored in 
E PROM and ROM. The branch table, stored in 2815 
devices, contains a series of calls to routines stored 
in ROM. These are called in sequence. 

During the course of a product's life, faults could be 
discovered in the ROM routines. By remotely chang
ing the branch table and adding a firmware patch, 
physical ROM swapping is avoided to correct these 
faults. This type of update (depicted in Figure 8b) is 
easily implemented with the 2815. This powerful ap
plication of the 2815 can save you the costs of order
ing new ROMs, distributing them to a service force, 
and servicing the customer's equipment. 

Data Logging-The 2815 can be used to store ran
domly occurring error data. This data, which points to 
hard-to-detect system faults, can be directly loaded 
into the E2 PROM. A record is thereby accumulated 
from which a service person can spot troublesome 
timing paths or failing components. Faster time to 
repair and more productive preventative mainte
nan ce resu It. 

ADDRESS 2 

DATA BUS K K DATA 1 VALID 

ACTiVE ,,"-----
~ 

NO OVERLAP 
,,"----

Figure 6. Two-Line Control Architecture 
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A12 

A7 
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Figure 7. JEDEC 28-Pin Site Byte-Wide 
Philosophy 

ROUTINE - 1 

ROUTINE 
2 

ROUTINE 
3 

ROUTINE 
4 

ROM/EPROM 

Figure 8a. ROM Patch Technique Using 2815 
(Original Firmware Configuration) 

BRANCH{ 
TABLE 

JUMP 1 - ROUTINE 
JUMP 2* 

§~ 
1 

JUMP 3 ROUTINE 

-!~~-~- 2 

ROUTINE 
ROUTINE 3 

2' 
ROUTINE 

4 

ROM/EPROM 

Figure 8b. Routine 2* Replaces Routine 2 (No 
l:iardware Changes) 
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The 2815 can also store records of service and revi
sion levels of the equipment in the end system itself. 
This process would distribute the record keeping to 
the user site where the records are immediately 
accessible. 

System revision levels and repair records can then be 
accessed remotely, before a service call is made. A 
serviceperson can then be assured of carrying the 
correct equipment and spares for that particular in
stallation. The costs incurred for managing this sys
tem documentation are also reduced. 

Diagnostics-The 2815 is an excellent storage 
medium for diagnostics routines used by a diagnos
tic processor. This processor, concurrently with a 
main processor, would execute continuous machine 
diagnostics. Implemented with E2 memory and a 
common interface, this diagnostic processor could 
be made generic for many user systems. Routines 
would be loaded into the 2815s on the diagnostic 
processor to test a particular user's system. After that 
user's system is debugged, the same diagnostic pro
cessor could be removed, have new routines loaded 
into the 2815s, and be inserted for the testing of 
another user's system. 

Several cost-saving benefits result. By using the 
common diagnostic processor, reduced types of test 
equipment are required for service calls. Addition
ally, diagnostic routines would not have to be static. 
New, more powerful routines could be written during 

a production system's life so that faster diagnostics 
and repair of those systems would be possible. 

Signature Storage-A powerful diagnostic tool is 
the use of system signatures to speed the time of 
repair. When a system is first shipped a good signa
ture, one obtained by exercizing the properly func
tioning system's circuitry, is stored in 2815 E2PROM. 
This application is shown in Figure 9a. 

During the course of the equipment's life, a failure 
may occur which requires identification. A new sig
nature is thus generated which will contain data from 
the failed circuitry. A comparison of the good and 
bad signatures is then sent to the factory via tele
phone, where the failed circuitry is identified (Figure 
9b). One repair scenario is to have a serviceperson 
sent, with the correct equipment and spares, to 
quickly replace the faulty module. Another possibility 
is to have the customer do his own service by swap
ping the faulty board. 

The power of the 2815 is especially evident for this 
application when there are several revision levels or 
options existing for the end equipment. This is partic
ularly true when the users can configure or expand 
the system themselves. A common 2815 memory 
module can be used to store all revisions of good 
signatures. An example of this kind of situation is 
depicted in Figure 9c where a user has opted for a 
new RAM card. The new card is simply inserted and a 
new signature stored in the same 2815 memory array. 

r:-----, 
e2 I PROM 

I 
RAM 1/0 

I 
I GOOD 

SYSTEM 

I SIGNATURES 
SYSTEM SYSTEM SYSTEM 

PROCESSOR I I 
BOARD SOARD BOARD 

1 2 3 

I I 
I I 
L _ _ .-1 

SYSTEM BUS 

11 
I 

INTERFACE 

I 
WITH 

MODEM 

* 
TO FACTORY 

Figure 9. System Is Operational 
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r-:----, 
E' . I PROM RAM I/O 

I I 
I GOOD 

SYSTEM 

I SIGNATURES 

I SYSTEM SYSTEM SYSTEM 
PROCESSOR 

I 
BOARD BOARD BOARD 

1 2 3 

I FAILED 
SYSTEM I SIGNATURES 

I I 
L - _.-J \ 

SYSTEM'BUS \ 

II ~-INTERFACE 
WITH 

MODEM 

! 
TO FACTORY (COMPARISON OF SIGNATURES INDICATING BAD COMPONENT) 

Figure 9b. Component in Board 2 Fails 

PROM RAM I/O 

I I 
I GOOD 

SYSTEM I 
I 

SIGNATURES* 
SYSTEM SYSTEM SYSTEM 

PROCESSOR 

I 
BOARD BOARD BOARD 

1 2 3 

I I 
I I 

I 
L_I _.-J 

SYSTEM BUS 

" 
RAM· 

" I 
INTERFACE I W!MODEM 

SYSTEM 
BOARD 

TOFJTORY 

4 

'SIGNATURE INCLUDING A NEW RAM BOARD. 

Figure 9c. Updated Good System Signature Is Stored 
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AVAILABLE LITERATURE 

Much of the literature which has been written about 
operation of the 2816 is equally applicable to the 
2815. A brief synopsis of some applicable notes is 
given below as a reference to system designers and 
architects. These notes and others will be available in 
the E2PROM Family Applications Handbook II. 

AP100-Reliability Aspects of a Floating Gate 
e2PROM 

AP-101-The 2816 Electrical Description 

AP-102-2816 Microprocessor Interface 
Considerations 

AP-103-Programming E2PROM with a Single 
5-Volt Power Supply 

2-31 

AP-107-Hardware and Software Download 
Techniques with 2816 

AP135-8298 Integrated E2 Controller 

AP136-A Multibus-Compatible 2816 e2PROM 
Memory Board 

AP137-8298 Functional Specification and 
Firmware Description 

AP138-A 2716 to 2816 Programming Socket 
Adapter 

To obtain this literature, contact your local Field 
Sales office. Your Field Applications En~ineer is 
available to discuss all aspects of the Intel E product 
line with you. 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .............. -10°C to +80°C 
Storage Temperature ................ -65°C to +100"C 
All Input or Output Voltages with 

Respect to Ground ................... +6V to -0.3V 
Vpp Supply Voltage with Respect to 

Ground During Write/Erase ......... +22.5V to -0.1V 
Maximum Duration of Vpp Supply at 22V 

During E/W Inhibit .......................... 24 Hrs. 
Maxi~um D~ration of Vpp Supply at 22V [6J 

DUring Wnte/Erase· ... " ................... 70 ms 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 

I 
I 

Temperature Range 

Vcc Power Supplt7J 

D.C. CHARACTERISTICS 
READ 

Symbol Parameter 

III Input Leakage Current 

ILO Output Leakage Current 

ICC2 Vpp Current Active 

ICC1 Vpp Current (Standby) 

IpP(R) Vpp Current (Read) 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

Vpp Read Voltage 

WRITE 

Symbol Parameter 

Vpp Write/Erase Voltage 

VOE OE Voltage (Chip Erase) 

Ipp(W) Vpp Current 
(Byte Write/Erase) 

Ipp(C) Vpp Current (Chip Erase) 

Ipp(I) Vpp Current Inhibit 

For footnotes see page 13. 

2815, 2815-3, 2815-4 

0°C-70°C 

5V ±5% 

Min. Typ.[6J Max. 
10 

10 

50 110 

25 50 

5 

-0.1 .8 

2.0 VCC +1 
.45 

2.4 

4 6 

Min. Typ.[1J Max. 

20 21 22 

9 15 

9 15 

3 5 

5 

CAPACITANCE[1] (TA = 25°C, f = 1 MHz) 

Symbol Parameter Typ_ Max. Units 
Test 

Conditions 

CIN Input Capacitance 5 10 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

CVcc Vcc Capacitance 500 pF OE = CE = VIH 

CVpp Vpp Capacitance 50 pF OE = CE = VIH 

2-32 

Units Test Conditions 

",A VIN = 5.25V 

",A VOUT = 5.25V 

mA OE = CE =VIL 

mA CE =VIL 

mA CE = VIL, Vpp 4 to 6 

V 

V 

V ioL = 2.1 mA 

V IOH = -400 ",A 

V 

Units Test Conditions 

V 

V CE = VIL 

mA IDE = 10",A 

mA 

mA Vpp = 22, CE = VIH 

A.C. TEST CONDITIONS 

Output Load: 1TTL gate and 
CL = 100 pF 

Input PulsE! Levels: 0.45 to 2.4V 
Timing Measurement Reference 
Level: Input 1V and 2V 

Output .BV and 2V 

AFN-02025A 
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A.C. CHARACTERISTICS 

READ 
2815 limits 2815-3 limits 2815-4 limits Test 

Symbol Parameter Typ.!l) Typ.!l) Typ.!l) 
Units Conditions 

Min. Max. Min. Max. Min. Max. 

tACC 
Address to Output 

200 250 300 350 400 450 ns CE = OE = V,l 
Delay 

tCE CE to Output Delay 200 250 300 350 400 450 ns DE = V,l 

tOE 
Output Enable to 

10 100 10 120 10 150 ns Ce = V,l Output Delay 

tOF 
Output Enable High 

0 80 0 100 0 130 ns Ce = V,l to Output Float 

Output Hold from 

toH 
Addresses, CE or OE 

0 
Whichever Occurred 

0 0 ns IcE = OE = V,l 

First 

WRITE 

Limits 
Symbol Parameter Min. Typ} 1) Max. 

Units Test Conditions 

lAs Add to Vpp Set-Up Time 150 ns 

les CE to Vpp Set-Up Time 150 ns 

tOS(8) Data to Vpp Set-Up Time 0 ns 

tOH(8) Data Hold Time 50 ns Vpp = 6V 
twp(6) Write Pulse Width 50 70 ms 

tWR Write Recovery Time 50 ns Vpp = 6V 

tos Chip Erase Set-Up Time 0 ns Vpp = 6V, VOE = 9V 

toH Chip Erase Hold Time 0 ns Vpp = 6V, VOE = 9V 

tpRC Vpp RC Time Constant 450 600 750 }l-S 

tpFT(S) Vpp Fall Time 100 }l-S Vpp = 6V 

teos Byte Erase/Write Set-Up Time 0 ns Vpp = 6V 

teoH Byte Erase/Write Hold Time 0 ns Vpp = 6V 
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WAVEFORMS 

READ 

Ir----~-- - - - ---~ 
ADD.RESSES ADDRESSES VALID 

1'--------- - - - ---"'I 

1'-----1 - - - - - ---"'I 

- - - - - ---"'I 

OUTPUT----------~----------_+ii< 

~IACC---' 

BYTE WRITE 

ADDRESSES ) K 
...-tcs ........... twR .... ..-

r-- tpRC 
141 

\ V 
~tAS----" 1- tWP--"1 ... tWR ..... 

~tpFT -
(4-6V) 

Vpp v\ 
IDS----. - - ...... tOH 

DATA IN VALID 

'SOS_ I-- -- _'SOH 

v" 

For footnotes see page 13. 

2-34 



inter 2815 

WAVEFORMS (Continued) 

CHIP ERASE 

CE --------,. 

Vpp -----------r 
(4-IV) 

DATA IN --------""1 

DE ___ "",,;V:.:l'H:"""" __ -JJ 

NOTES: 
1. This parameter is only sampled and not 100% tested. 
2. OE may be delayed up to 300 ns after failing edge of CE without 

impact on tACC for 2815. . 
3. tDF is specified from OE or CE whichever occurs first. 
4. The rising edge of Vpp must follow an exponential waveform. 

That waveform's time constant is specified as tpRC. See Intel's 
AP-102 for details. 

5. To allow immediate read verify capability, Vpp can be driven 
low in less than 50 ns. See AP-101 for more infonnatlon. 

2·35 

tOH 

6. Adherence to TWP specification is important to device 
reliability. ' 

7. To prevent spurious device erasure or write, VCC must be 
applied simultaneously or before 21-volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 
VCC. 

8. The data-in set up and hold limes are identical for byte erase 
and chip erase. 
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2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 

• HMOS*-E FLOTOX Cell Design • Conforms to JEDEC Byte-Wide Family 
Standard 

• Reliable Floating Gate Technology 

• Microprocessor Compatible 
• Very Fast Access Time: Architecture 

-2816,250 ns Max. 
-2816-3,350 ns Max. • Low Power Dissipation: 
-2816-4,450 ns Max. -Active Current, 110 mA Max. 

• Single Byte Erase/Write Capability -Standby Current, 50 mA Max. 

• 10 ms Byte Erase/Write Time • Erase/Write Specifications 
Guaranteed 0-70°C 

• Chip Erase Time of 10 ms 

The Intel® 2816 is a 16,384 bit electrically erasable programmable read-only memory (E2 PRDM). The 2816 can 
be easily erased and reprogrammed on a byte basis. A chip ,erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse. 

The 2816, with its very fast read access speed, is compatible with high performance microprocessors such as 
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 

The electrical erase/write capability of the 2816 makes it ideal for a wide variety of applications requiring in
system, non-volatile erase and write. Never before has in-system alterability been possible with this combi
nation of density, performance and flexibility. Any byte can be erased or written in 10 ms without affecting the 
data in any other byte. Alternatively, the entire memory can be eraSed in 10 ms allowing the total time to rewrite 
al12K bytes to be cut by 50%, The 2816 provides a significant increase in flexibility allowing new applications 
(dynamic reconfiguration, continuous. calibration) never before possible. 

The 2816 E2pRDM possesses Intel's 2-line control architecture to e.liminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
over 55% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 

Byte erase and write are controlled entirely byTTL signal levels, yet require no control signals beyond CE and 
DE. For byte write a selected chip (CE = TTL low) senses the 21 V Vpp pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 

°HMOS-E is a patented process of Intel Corporation. 

Vee 0--

GND 0------.-

~ 

CE 

'0-'" \ ADDRESS 
INPUTS 

DATA lNPUTSJOUTPUTS 

10/°0.17
'
°7 

Figure 1. 2816 Functional Block Diagram 

281. 
A, [- , e2PROM 

Ao [ 8 

10/001 9 

hl01 [ 10 

12102 [ 11 

GND [ 12 
'-------' 

Ad 7 

Ao I 8 

00 [ 9 

01 [ 10 

02[ 11 

GNO r 12 
'-------' 

Figure 2. Pin Configuration 

PIN NAMES 

"o·A10 ADDRESSES 

C. CHIP ENABLE 

OE OUTPUT ENABLE 

Oo·Or DATA OUTPUTS 
~-

10.1, DATA INPUTS 

Vpp PROGRAM VOLTAGE 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied. 
SEPTEMBER 1981 

··,NTEL CORPORATION, 1981. 2-36 AFN-0163S8 
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DEVICE OPERATION 

The 2816 has six modes of operation, listed in 
Table 1. All operational modes are designed to pro
vide maximum microprocessor compatibility and 
system consistency. The device .pinout is a part of 
Intel's JEDEC approved byte wide Non-Volatile 
Memory family, allowing appropriate and cost
effective density and functionality upgrades. 

All control inputs are TTL compatible with the ex
ception of chip erase. The Vpp voltage must be 
pulsed to 21 volts during write and erase, and held to 
4 to 6 volts during the other two modes. 

Table 1. Mode Selection Vcc=+5V 

~ CE OE Vpp INPUTS/ 
MODE (18) (20) (21) OUTPUTS 

READ VIL VIL +4 to +6 DOUT 

STANDBY VIH 
DON'T 

+4 to +6 HIGH Z CARE 

BYTE ERASE VIL VIH +21 DIN=VIH 

BYTE WRITE VIL VIH +21 DIN 

+9 to ['0) 

CHIP ERASE VIL +15V +21 DIN=VIH 

E/W INHIBIT V1H 
DON'T +4 to HIGHZ CARE +22V 

~tACC-

ADDRESSES / ADDRESS t 

tDECODE -- -tCE--

CE1 '\ 

OUTPUTS 1 
ACTIVE DATA BUS 

CE2 

DATA BUS OUTPUTS 1 X 
ACTIVE 

Read Mode 

Optimal system efficiency depends to a great extent 
on a tightly coupled microprocessor/memory inter
face. The E2PROM dev~ce should respond rapidly 
with data to allow the highest possible CPU perfor
mance. The 2816 satisfies this high performance re
quirement because of access times typically less 
than 250 ns. Program execution directly out of elec" 
trically erasable memory has never before been pos
sible; the 2816 opens this new, powerful applica
tions segment. 

The 2816 uses Intel's proven 2-line control architec
ture for read operation. Figure 3 shows the timing 
disadvantages of a single-line control architecture. 

. 2-line control, shown in Figure 4, has been devel
oped by Intel to solve this bus contention and the as
sociated system reliability problems. Both CE and 
OE must be at logic low levels to obtain information 
from the device. Chip enable (CE) is the power con
trol pin and should be used for device selection. The 
output enable (OE) pin serves to gate internal data to 
the output pins. Assuming that the address inputs 
are stable, address access time (tACC) is equal to the 
delay from CE to output (tCE)' Data is available at the 
outputs after a time delay of toE, assuming that CE 
has been low and addresses have been stable for at 
least tACC-tOE' 

Figure 5 shows a typical system interconnection. 
Here the 2816 contains program information that the 
8086 requires for system function. 

) ADDRESS 2 

tDECODE -- tTURNOFF 

/ 

OUTPUTS t 
DESELECTING 

DATA 1 VALID 

--tACC--

DATA' VALID XOUTPUTS 2 
ACTIVE V DATA 2 VALID 

For footnotes see page 13. Figure 3. Single-Line Control and. Bus Contention 
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8087 

8089 

ADDRESSES 

DATA BUS 

CE2 

OE(RD) 

AD 

For footnotes see page 13. 

2816 

-IACC 

)~ ADDRESS 1 ADDRESS 2 

IDECODE-_~I~-
>. 

l 
-IRD-

\. 
_Ioe-

,~ ,~ 

/\. /\. 
ACTIVE 

DATA 1 VALID 

,,"-----
'"-v--" 

NO OVERLAP 

Figure 4. Two-Line Control Architecture 

8283 
LATCH 

8287 
BUFFER 

FigureS. iAPX 86/2816 Read>Archltecture 
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Write Mode 

The 2816 is erased and reprogrammed electrically 
rather than optically, as opposed to EPROMs which 
require UV light. The device offers dramatic flexibil
ity because both byte (single location) and chip 
erase are possible. 

A close examination of the broad application spec
trum for the E2 device reveals an inherent need for 
single location erase capability. Program store ap
plications can be classified in several ways. Figure 6 
lists various storage modes and the required erase 
function. In greater than 80% of all cases, a byte 
erase feature is necessary. 

APPLICATION TYPE 

• Strict Program Store 
• Aelocatable Program Structures 
• Program Store Extension 
• Program Execution Constants 
• Program Dependent Data Store 
• Data Store Applications 

IDEAL 
ERASE MODE 

CHIP 
BYTE 
BYTE 
BYTE 
BYTE 
BYTE 

Figure 6. Microprocessor Storage Types 

To write a particular location, that byte must be 
erased prior to a data write. Erasing is accomplished 
by applying logic 1 (TTL-high) inputs to the data 
input pins, lowering CE, and applying a 21-volt pro
gramming signal to Vpp. The OE pin must be held at 
VIH during byte erase and write operations. The pro
gramming pulse width must be a minimum of 9 ms, 
and a maximum of 15. The rising edge of Vpp must 
conform to the RC time constant specified above. 
Once the location has been erased, the same opera
tion is repeated for a data write. The input pins in this 
case reflect the byte that is to be stored. 

A characteristic of all E2PROMs is that the total 
number of erase/write cycles is not unlimited. The 
2816 has been designed and manufactured to meet 
applications requiring up to 1 X 104 erase/write cy
cles per byte. The erase/write cycling characteristic 
is completely byte independent. Adjacent bytes are 
not affected during erase/write cycling. 

Because the device is designed to be written in sys
tem, all data sheet specifications (including write 
and erase operations) hold over the full operating 
temperature range (0-70°C). 
For footnotes see page 13. 
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CONTROLLERS 

Controller I Description 

The Controller I interface provides the lowest cost, 
smallest P.C. board space implementation, though it 
is unable to offer the maximum CPU throughput 
capability since wait states are inserted into the 
memory cycle during the 10 ms write time. Figure 7 
shows the block diagram for this implementation. A 
timer device is provided to time 10 ms, which con
nects directly to the CPU READY line. When ac
tivated, the timer engages the Vpp switch, locks the 
CPU address, data, and control bus, and writes the 
2816. After completion of the write cycle, the CPU is 
relinquished to do other tasks. Such a control appli
cation is appropriate when the processor can be 
dedicated to the write, such as in program store. 

ADDRESS 

DATA 

CONTROL 

Figure 7. Controller I 

Controller II Description 

REA,D 
ACcell 
=_nMC: 

To provide a higher CPU throughput capability, the 
interface shown in Figure 8 was designed. In this 
case, all latching and timing signals are· generated 
by discrete devices. The CPU simply sends a write 
operation to the interface as it would to a RAM de
vir.r. A,aer the CPU has engaged the write seq uence, 
It is free to perform other tasks not related to 2816 
control. At the completion of the write cycle, the 
interface interrupts the CPU which then vectors to 
an interrupt service routine. Controller II offers real
time CPU performance with a high degree of hard
ware overhead. 
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CONTROL 

Figure 8. Controller II 

Controller III Description 

READ 
ACCESS 
-2$On .. c 

PLUS .... 
BUFFEA 
DELAY 

=210 "I.e 

The Controller III implementation was designed to 
provide the real-time processing capability of Con
troller II, without the large hardware overhead. See 
Figure 9. In this design an Intel 8155 I/O port timer 
device is used to advantage. The ports provide the 
latching of data and address during the write cycle, 
while the timer performs accurate pulsing of the Vpp 

for the required duration. Much of the hardware has 
been reduced through the 8155. The interrupt 
structure of Controller II is used as well. Read ac
cess is very fast despite a multiplexer and a buffer 
delay. 

WRITE READ 

DATA 

CONTROL 

Figure 9. Controller III 

Controller IV Description 

READ 
ACCESS 

"' 250nstIC 
PLUS 
8286 

BUFFER 
DELAY 

"'290 naec:: 

Data store applications were in mind for the Con
troller IV design shown in Figure to. In this case, 
read access was not a concern, though write erase 
For footnotes see page 13. 
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access and hardware overhead were exceptionally 
important. This controller takes the 2816 completely 
off-line for both read and write operations. The write 
cycle is accomplished in the same way as in Con
troller III. Reading, however, is accomplished 
through several I/O operations. 

READ 
ACCESS 

=250 nlec 
PLUS 

SYSTEM 

,-L-'--'-___ --'---'---'''i0VERHEAD 

8155 

CONTROL 

Figure 10. Controller IV 

Chip Erase Mode 

Should one wish to erase the entire 2816 array at 
once, the device offers a chip erase function. When 
the Chip erase function is performed all 2K bytes are 
returned to a logic 1 (FF) state. 

The 2816's chip erase function is engaged when the 
output enable (DE) pin is raised above 9volts. When 
OEis greater than 9 volts and CE and Vpp are in the 
normal write mode, the entire array is erased. This 
chip erase function takes approximately 10 ms. The 
data input pins must be held to a TTL high level 
during this time. Figure 11 is a recommended DE 
control switch. 

CHIP 
ERASE 

7407 

10K 

2K 

1.2K 

Figure 11. 'l>E Chip Erase Control 
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Vpp Pulse 

The shape of the Vpp pulse is important in ensuring 
long term reliability and operating characteristics. 
Vpp must rise to 21V through an RC waveform 
(exponential). The T PRC specification has been de
signed to accommodate changes of RC due to tem
perature variations. 

Figure 12a shows a recommended Vpp switch de
sign, useful where programming will occur over the 
specified temperature and operating voltage condi
tions. Figure 12b shows the waveform. 

Voltage Generation 

The Intel 2816 is a new generation of non-volatile 
memory in which writing and erasing can be ac
complished on board by providing a 21 volt pulse. In 
order to generate the Vpp pulse, a power supply with 
output voltage of +24V is needed. In a system 
environment where this voltage is not available, a 
switching regulator can be used to convert +5V to 
+24V. Figure 12c shows the circuit diagram for such 
a voltage converter. In systems where 24 volts is not 
available, this circuit proves to be a cost effective 
alternative. 

NV~----------~--'--------4~----------------------~ 

Vpp 
CONTROL 

NOTES, 
1. 5K IS 21V FINE ADJUST. 
2. RESISTORS ARE 1/4 WATT. 

UK 

1N914 

+5V 

TO 
-..--_--_ Vpp PIN 

OF 2816 

47K 

Figure 12a. Operational Amplifier Vpp Switch Deslgn(11) 

~--------~p,--------~ 

v, 
~ 21V -------~---------; 

V; 
~ 6V 

For footnotes see page 13. 
Figure 12b. Vpp Waveform 
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, ; . ~ 

['""------, 
I I, 
I I 

:'l=-Ji 
: ~" : 
I - I 
L_-__ ~.J 

BYPASS 
CAPACITORS 

300pF 

Ct 

At 
TL417 

NOTES: UNLESS SPECIFIED: 
1, RESISTORS ARE Y. WAn. 
2, CAPACITOR VALUES ARE "F, 

R3 
t8K 

R5 
UK 

+24Y 
@ 
75mA 

Figure 12c. Step-up Regulator·Converts +5'1 Into +24V 

Applications 

The 2816 E2PROM is Ii new and powerfulac;ldition to 
the non-volatile family. It offers a high degree of 
RAM-like flexibility while retaining the non-volatile 
characteristics of ROM. 

Because of these device parameters, the device is 
ideal for new and future designs as well as a re
placement for existing ROM devices. Some of these 
potential uses are listed below: 

1. Calibration constants storage (continuous 
calibration). 

2. Software alterable control stores (dynamic 
reconfiguration). 

3. Remote communications programming. 

4. PC and NC Industrial Applications. 

5. CRT terminal configuration and custom graphic 
and font sets. 

6. Military replacements for core, memory and 
fuse-link PROMs. ' 

7. Point of sale terminals. 

8. Remote alterable look-up tables. 

9. Printer and communications controllers. 

10. Remote data gathering. 

Because of these device attributes, applications 
never before possible can now be realized in high 
performance, consistent microprocessing systems. 

For footnotes see page 13. 

Figures 13, 14, 15, and 16 are block diagrams of 
, some typical applications. These applications are 

explained as follows: 
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DYNAMIC RECONFIGURATION 

The ability of a computer system to alter its operat
ing software while running IS nowpossible with the 
2816. The system can monitor external factors, as 
well as change loop constants, subroutines and 
other software features in real-time. Figure 13 illus
trates this optimal performance. In memory systems, 
the 2816 can be used to map around hard memory 

Figure 13. Dynamic Recon,flguratlon 

AFN-oI6358 



inter 2816 

failures in real-time, allowing self-healing memory 
systems. Such a self-correcting mechanism extends 
the operating time and reduces service costs to the 
end user. 

CONTINUOUS SELF-CALIBRATION 

A high cost of machine service and downtime is due 
to instrument calibration and readjustments. Use of 
the 2816 and microprocessor based instruments to 
contain calibration constants allows features never 
before possible. See Figure 14. The instrument can 
now continuously calibrate itself, without expensive 
downtime in service interaction. The 2816 allows 
this flexibility and reduction of service costs. 

Figure 14. Continuous Self-Calibration 

CRT TERMINAL 

Custom fonts, graphics characters, and individual 
configurations can all benefit from the features of 
the 2816. A CRT terminal, shown in Figure 15, can 
now be enhanced by using the E2 as a replacement 
for jumpers and dip switches. It can also be used as a 
programmable character generator, and in graphics 
configuration. 

POINT OF SALE TERMINAL 

Using the 2816 to contain non-volatile price and 
product descriptions, as shown in Figure 16, is an 
ideal application in point of sale terminals. With the 
ability of the 2816 to be altered in-system comes the 
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Figure 15. CRT Terminal 

capability to remotely (over telephone lines) config
ure the look up table from a central data base com
puter. The non-volatility of the 2816 is used to advan
tage as the data store remains intact after power is 
removed from the system . 

.....---'L.J\ 

TO INVENTORV 
RECORD 

.----:=:-:;---, UNIVERSAL PRICE D:SRCO~~~6N 
PROOUCT (2 bytesl (15 byte'l 

&...;.;.=;.:;.;o.~"-...J COO~_l _1_ 

e2 PROM 
LOOK-UP TABLE 

f-- 22 byles--------l 

Figure 16. POS Terminal 

Pin Compatibility 

The 2816 pinout has been designed for compatibil
it~ with present and future memory products. The 
E PROM is a member of Intel's JEDEC standard 
Byte-Wide memory family which allows density up
grades, functional interchange, and extended prod
uct life. Figure 17 shows this JEDEC 28 pin site 
pinout approach. 
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ll'e' 281& 

AP137-8298 Functional Specification and 
... .' ~ '" c ~ ~ ~ 

... Firmware Description 
'" i Ie .... .... .... 
'" '" '" '" '" '" AP138-A 2716 to 2816 Programming Socket 
v •• Vee Adapter 

A" PGM 

A, A, A, A, Vee Vee. Vee Ne To obtain this literature contact your local Field 
Sales office. In addition, your Field Applications 

A, A, A, A, Engineer can d'iscuss with you the controller inter-
A. A. A, A. faces for different MPU system configurations. 
v •• A" V •• A" 

DE OElVpp OE liE All of the above literature will be available at the end 

A10 A" AIO AIO of Q2 1981. The E2PROM Applications Handbook is 

CE CE CE CE available now. 

Figure 17. JEDEC 28 Pin Site Byte-Wide Standby Mode 
Philosophy 

Available, Literature 

To, give the system designer an opportunity to more 
thoroughly understand the device attributes and 
uses, a library of E2 information is available in the E2 
Applications Handbook Volume II. It includes these 
application notes: 

'AP100-Reliability Aspects of a Floating Gate 
" 'E2PROM 

AP-101-The 2816 Electrical Description 

AP-102-2816 Microprocessor Interface 
Considerations 

AP-103-Programming E2PROM with a,Single 
5-Volt Power Supply 

AP-107-Hardware and Software Download 
Techniques with 2816 

AP135-8298 Integrated E2 Controller 

AP136-A Multibus-Compatible 2816 E2PROM 
Memory Board 

For footnotes see page 13, 

The 2816 has a standby mode which reduces active 
power dissipation by 55% from 11 0 rnA to 50 rnA. The 
2816 is placed in the standby mode by applying a 
TTL high signal to the CE input. When in the standby 
mode, the outputs are in a high impedance state, 
independent of the OE input. 

Output OR-TIEING 

Because 2816s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The 2-line control function allows low 
power dissipation (by deselecting unused devices), 
and the removal of bus contention from the system 
environment. 

To most effectively use these two control lines, it is 
,recommended that CE (pin 18) be decoded from 
addresses as the primary device selection function. 
OE (pin 20) should be made a common connection 
to all devices in system, and connecled to the RD 
line from the system control bus. This assures that 
all deselected memory devices are in their low 
power standby'mode and that the output pins'are 
only a,ctive when data is desired from a particular 
memory device. 
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inter 2816 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. -10°C to +80°C 
Storage Temperature ............... -65°C to +100°C 
All Input or Output Voltages with 

Respect to Ground ................... +6V to -0.3V 
VppSupply Voltage with Respect to 

Ground During Write/Erase ........ +22.5V to -O.W 
Maximum Duration of Vpp Supply at 22V 

During E/W Inhibit .......................... 24 Hrs. 
Maximum Duration of Vpp Supply at 22V 

During Write/Erase ........................ 70 ms[81 

'NOTICE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 

Temperature Range 

Vcc Power SUPpl/9] 

D.C. CHARACTERISTICS 
READ 

Symbol Parameter 

ILl Input Leakage Current 

ILO Output Leakage Current 

ICC2 VCC Current (Active) 

ICCl VCC Current (Standby) 

IpP(R) Vpp Current (Read) 

VIL(D.C.) Input Low Voltage (D.C.) 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage· 

Vpp Read Voltage 

VldA.C.) Input Low Voltage (A.C.) 

WRITE 

Symbol Parameter 

Vpp Write/Erase Voltage 

Ipp(W) Vpp Current (Byte Erase/Write) 

VOE OE Voltage (Chip Erase) 

Ipp(l) Vpp Current Inhibit 

Ipp(C) Vpp Current (Chip Erase) 

For footnotes see page 13. 

2816 

0°C-70°C 

5V ± 5% 

Min. 

-0.1 

2.0 

2.4 

4 

-0.4 

Min. 

20 

9 

2816-3 2816-4 

0°C-70°C 0°C-70°C 

5V ± 5% 5V ± 5% 

limits 

Typ.ll] 
Units Test Conditions 

Max. 

10 fJ.A VIN = 5.25V 

10 fJ.A VOUT =5.25V 

50 110 mA OE·= CE = VIL 

25 50 mA CE = VIH 

5 mA CE = VIL, Vpp = 4 to 6 
I 

.8 V 

VCC+ 1 V 

.45 V IOL = 2.1 mA 

V IOH = -400 fJ.A 

6 V 

V Time = 10 ns 

limits 

Typ.ll] 
Units Test Conditions 

Max. 

21 22 V 

9 15 mA CE = VIL 

15 V IOE =10 fJ.A 

5 mA Vpp = 22, CE = VIH 

3 5 mA 
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inter 

CAPACITANCE[1] TA = 25°C,f = 1 MHz 

Symbol Parameter 

CIN Input Capacitance 

CaUT Output Capacitance 

Cvcc Vcc Capacitance 

Cvpp Vpp Capacitance 

A.C. CHARACTERISTICS 

READ 

Typ. Max. 

5 10 

10 

500 

50 

2816 Limits 

2816 

Units 
Test 

Conditions 

pF VIN = OV 

pF VOUT = OV 

pF OE = CE = VIH 

pF OE = CE = VIH 

2816-3 Limits 

A.C. TEST CONDITIONS 

Output Load: 1TIL gate and 
CL = 100 pF 

Input Pulse Levels: 0.45 to 2.4V 
Timing Measurement Reference 
Level: Input 1V.and 2V 

Output .8V and 2'1/ 

2816-4 Umlts Test 
Units Symbol Parameter 

Min. Typ.[1] Max. Min. Typ.[1] Max • .MIn. TypP) Max. 
Conditions 

tACC 
Address to Output 

200 250 300 350 400 450 ns CE = OE =VIL 
Delay 

tee CE to Output Delay 200 250 300 350 400 450 ns DE = VIL 

toE 
Output Enable to 

10 100 10 120 10 150 ns CE = VIL 
Output Delay 

tOF 
Output Enable High 

0 80 0 100 0 130 ns CE = VIL 
to Output Float 

Output Hold from 

toH 
Addresses, CE or OE 

0 0 0 ns CE = OE = VIL 
Whichever Occurred 
First 

WRITE 

Limits 
Symbol Parameter Typ;[1) Units Test Conditions 

Min. Max. 

tAS Add to Vpp Set·Up Time 150 ns 

tcs CE to Vpp Set-Up Time 150 ns 

t [10) 
os Data to Vpp Set-Up Time 0 ns 

t [10] 
DH Data Hold Time 50 ns Vpp = 6V 

t [8) 
WP. Write Pulse Width 9 10 70 ms 

tWR Write Recovery Time 50 ns Vpp = 6V 

tos Chip Erase Set-Up Time 0 ns Vpp = 6V, Voe = 9V 

tOH Chip Erase Hold Time 0 ns Vpp = 6V, VO'E = 9V 

tpRC Vpp RC Time Constant 450 600 750 ILS 

tPFT[7] Vpp Fall Time 100 ILS Vpp = 6V 

teos Byte Erase/Write Set-Up Time 0 ns Vpp = 6V 

teoH Byte Erase/Write Hold Time 0 ns Vpp = 6V 

For footnotes see page 13. 
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inter 2816 

WAVEFORMS 

READ 

Ir-------- - - - -----'\I 

ADDRESSES ADDRESSES VALID 

1"-______ -- - ___ -JI 

/ 
I'----t - - - - - ---'I 

OE / _______ -JI 

OUTPUT----------+-----------~K 

BYTE ERASE OR WRITE1S1 

ADDRESSES } K 
4-- Ics ----. twR .... --......... IpRC 

14) 

\ / 
4--- lAS ------.. - IWp~1 ... IWR .... 

---+- tpFT -
(4-.V) 

Vpp 1\ 
'05-" - - 4-tOH 

DATA IN VALID 

'BOS_ I- ..... --'BOH 

For footnotes see page 13. 
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2816 

WAVEFORMS (Continued) 

CHIP ERASEI6] 

ce------""""'\ 

vpp----______ --{ 
(_-IV) 

DATA IN ---------JI 

OE _____ ~V~IH ___ ~ 

NOTES: 

1. This parameter is only sampled and not 100% tested. 

2. OE may be delayed up to 230 ns after falling edge of CE 
without impact on tACC for 2816. 

3. tOF is specified from OE or CE whichever occurs first. 
4. The rising edge of Vpp must follow an exponential waveform. 

That waveform'S time constant is specified as tpRC. See 
Intel's AP-102 for details. 

5. Prior to a data write, an erase operation must be performed. 
For erase, data in = VIH. 

6. In the chip erase mode DIN = VIH. 

2-48 

tOH 

7. To allow immediate read verify capability, Vpp can be driven 
low in less than 50 ns. See AP-101 for more information. 

8. Adherence to TWP specification is important to device 
reliability. 

9. To prevent spurious device erasure or write, VCC must be 
applied simultaneously or before 21 volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 
VCC· 

10. The data in set up and hold times for chip erase are identical 
to those specified for byte erase. 

11. This switch includes automatic voltage shutdown on power 
fail. 
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2817 

16K (2K X 8) ELECTRICALLY ERASABLE PROM 
• Self Timed Byte Write with Automatic 

Erase 
• Direct Microprocessor Interface 

Capability 
• Static 21 Volt Vpp 

• Reduces Support Component 
Requirement by 70% to 90% Over 2816 
and 2815 

• Byte Write Time: 75 mSt 
• Very Fast Read Access Time: 

2817 250 nS 
2817·3350 nS 
2817·4450 nS 

• Reliable Intel FLOTOX E2 PROM 
Technology 

The Intel 2817 is a 16,384 bit Electrically Erasable Programmable Read Only Memory. Like the Intel 2816 and 
2815, it has completely Non-Volatile Data Storage. However, in addition, it offers a high degree of integrated 
functionality which enables in-circuit byte writing to be performed with minimal hardware and software 
overhead. The Intel 2817 is a product of Intel's advanced E2 PROM technology and uses the powerful HMOS'-E 
process for reliable, non-volatile, data storage. 

The Intel 2817 eliminates all the interfacing hardware logic and firmware required to perform data Writes. The 
device has complete self-timing which leaves the processor free to perform other tasks until the 2817 signals 
'Ready.' With a transparent erase before write, the user benefits by saving an erase command contributing to 
efficient usage of system processing time. 

The Intel 2817's very fast read access time makes it compatible with high performance microprocessor 
applications. It uses Intel's proven 2-line control architecture which eliminates bus contention in a system 
environment. Combining these features with the 2817's 'Ready' signal makes the device an extremely powerful, 
yet simple to use, E2 memory-available to the designer today. 

The density, and level of integrated control, makes the Intel 2817 suitable for users requiring low hardware 
overhead, high system performance, minimal board space and design ease. Designing with, and using the 2817, 
is extremely cost effective as 70% of the required voltage and interfacing hardware required for other E2PROM 
devices has been eliminated. See Figures 1, 2, and 3 for the Intel 2817's block diagram,. pinout, and simple 
interface requirements. 
"HMOS-E is a patented process ot'lntel Corporation. 
tFaster write times will be available. 

Vee -----. 

GND~ 

STATIC Vpp --+- Vpp SHAPING FOR CELL DATA INPUTS/OUTPUTS 
PROGRAMMING Ic/Do-h/D7 

CE CHIP ENABLE/OUTPUT 
ENABLE LOGIC 

DE 

WE AUTOMATIC WRITE TIMING OUTPUT/INPUT 
BUFFERS 

ROY/BUsY AUTOMATIC ERASE LOGIC 

V YGATING 

Ao-Alo 
DECODER 

ADDRESS 
INPUTS 

X 16,384·BIT 
DECODER CELL MATRIX 

Figure 1. 2817 Functional Block Diagram 

vpp Vee 

WE 

A, TC 

A, A, 

A, Ag 

A, GND 

A3 DE 

A, A" 

A, CE 

Ao '7/0 7 

10/0 0 16/06 

',/0, '5/°5 
12/0 2 14/0 4 

GND 13/0 3 

Figure 2. 2817 Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent licenses ant Implied. 
f' INTEL CORPORATION. 19BO ORDER NO. 210255-001 
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3628A 
8K (1 K x 8) BIPOLAR PROM 

3628A-1 50 ns Max. 
3628A-3 70 ns Max. 
3628A-4 90 ns Max. 

• Fast Access Time: 50 ns for 3628A-1 

• Low Power Dissipation: 0.08 mW/Bit 
Typically 

• Four Chip Select Inputs for Easy 
Memory Expansion 

• ±10% Power Supply Tolerance 

• Three-State Outputs 

• Hermetic 24-Pin DIP 

• Polycrystalline Silicon Fuses for 
Higher Fuse Reliability/Higher 
Programmability 

The Intel 3628A is a fully decoded 8192-bit PROM organized as 1024 words by 8 bits. The worst case access time 
of 35 ns is specified over the O°C to 75°C temperature range and 10% Vee power supply tolerances. There are 
four chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky 
clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high, and logic low levels can 
be electrically programmed in selected bit locations. 

The 3628A is a super-fast, high-density PROM. This 8192-bit PROM uses the most advanced technology 
available. As a result the 3628A combines higher performance and lower power in a smaller die than the 3628. 
The 3628A is packaged in a hermetic 24-pin dual in-line package with the exact pin configuration as the 3628. 

DATAOUT1 DATA OUT 8 

CS, 
CS2 

es, 
es, 

Figure 1. Block Diagram 

A, Vee 

A, A, 

A, Ag(MSB) 

A, 

A, 

A, es, 
A, 

(lSS) Ao 

(LSB)0, 0, 

0, 0, 

0, 0, 

GNO 0, 

PIN NAMES 

Ao-Ag ADDRESS INPUTS 

CS" CS2 • CS3• CS4 CHIP SELECT INPUTS(1) 

OJ-OS DATA OUTPUTS 

- -
(1) To select the PROM CS, '" CS2 '" V1L 

and CS3 '" CS4 = V1H 

Figure 2. Pin Configuration 

es, 0, 

es, 0, 

es, 0, 

es, 0, 

A, 0, 

A, 0, 

A, 0, 

A, 0, 

A, 

A, 

A, 

A, 

A, 

As 

Figure 3. Logic Symbol 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Ci'rcuitry Embodied in an Intel Product. No Other Circuit Patent licenses 8"8 Implied. 

·INTEL CORPORATION. 1981. SEPTEMBER 1981 
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3628A 

PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -65°C to +125°C 
Storage Temperature ............... -65°C to +160°C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents ............................. 100 mA 

"NOTICE: Stresses above those listed JJnder "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (All Limits Apply for Vee = +5.0V ± 10%. TA = O°C to + 75°C) 

Symbol Parameter 
Limits 

Test Conditions 
Min. Typ.[l] Max. Unit 

IFA Address Input Load Current -0.05 -0.25 mA Vee = 5.5V. VA = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = 5.5V. Vs = 0.45V 

IRA Address Input Leakage Current 40 /-,A Vee = 5.5V. VA = 5.5V 

IRS Chip Select Input Leakage Current 40 /-,A Vee = 5.5V. Vs = 5.5V 

1101 Output Leakage for High Impedance State 40 /-,A 
Vo = 5.5V or 0.45V. 
Vee = 5.5V. CS1 = CS2 = 2.4V 

I [2] 
se Output Short Circuit Current -20 -40 -100 mA Vo = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V.IA = -10 mA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V.IS = -10 mA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 mAo Vee = 4.5V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.5V. 10L = 10 mA 

lee Power Supply Current 120 170 mA Vee = 5.5V 

VIL Input "Low" Voltage 0.85 V 

VIH Input "High" Voltage 2.0 V 

NOTES: 
1. Typical values are for TA = 25°e and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(l) (TA = 25°C. f = 1 MHz) 

Symbol Parameter Limits 
Unit Test Conditions 

Typ. Max. 

CINA Address Input Capacitance 4 10 pF Vee = 5V VIN = 2.5V 

CINS Chip-Select Input Capacitance 4 10 pF Vee = 5V VIN = 2.5V 

COUT Output Capacitance 6 12 pF Vee = 5V VOUT = 2.5V 

NOTES: 
1. This parameter is only periodically sampled and is not 100% tested. 
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3628A 

A.C. CHARACTERISTICS (Vee = +5V ± 100/0, TA = O°C to +75"C) 

Symbol Parameter 
3628A-1 

tA Address to Output Delay 50 

tEN .output Enable Time 30 

tOIS Output Disable Time 30 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

Max. Limits 
Unit Test Conditions 

3628A-3 3628A-4 

70 90 ns CS1 = CS2 = VIL and 

30 30 ns CS3 = CS4 = VIH to 
Select the PROM. 

30 30 ns 

10mAT£STL~AD t.~ I:: 

CHIP SELECT TO OUTPUT DELAY 

es" es2, ---'"' r------""\ 
CS3,CS4-----'II'-------.J 

OUTPUT 
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inter 
3632 

32K (4K x 8) BIPOLAR PROM 

3632-1 

3632 

• 30 ns Typical Access 
• Low Power Dissipation: 0.02 mW/Bit 

"TYpically 

• lWo Chip Select Inputs for Easy 
Memory Expansion 

• ±100/0 Power Supply Tolerance 

40 ns Max. 

50 nsMax. 

• Three-State Outputs 
• Hermetic 24-Pin DIP 
• Polycrystalline SUicon Fuses for 

Higher Fuse Reliability/Higher 
Programmability 

The Intelill> 3632 is a high performance 32,768 -bit PROM organized as 4096 words by 8 bits. The worst case 
access time of 40 ns is specified over the O°C to 75°C temperature range and 10% Vee power supply tolerances. 
There are three chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the 
Schottky clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high and logic low 
levels can be electrically programmed in selected bit locations. 

The 3632 allows present 4K, 8K and 16K PROM users to Significantly increase density without sacrificing 
performance. The 3632 is packaged in a hermetic 24 pin dual in-line package. This 32,768-bit PROM uses the 
most advanced technology available. As a result, the 3632 combines high performance, high density and lower 
power per bit than previous Bipolar PROM designs. 

DATA OUT 1 DATA OUT 8 

Figure 1. Block Diagram 

A, 

A, 

(LSB)", 

(LSB)0, 

0, 

Ao-Alt 

CS"CS2 

OJ-OS 

PIN NAMES 

Yee 

21 Alo 

f§, 
Al1 (MSB) 

cs, 
Os (MSB) 

0, 

0, 

0, 

O. 

ADDRESS INPUTS 

CHIP SELECT INPUTSI H 

DATA OUTPUTS 

(1) To selecllhe PROM CSt V1L and 
CS2 eo V1H 

Figure 2. Pin Configuration 

CS, 0, 

CS, 0, 

A, 0, 

A, O. 

A, 0, 

A, 0, 

... 0, 

A, 0, 

A, 

A, 

Aa 
A, 

AlO 

Al1 

Figure 3. Logic Symbol 

Intel Corporation AHuma. No Relponlibitty .or the Us. of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenaea are Implied. 
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intJ 3632 

PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -65°C to +125°C 
Storage Temperature ............... -65°C to +160"C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents ............................. 100 mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (All Limits Apply lor Vee = +5.0V ± 10%, TA = O°C to +75°C) 

Symbol Parameter 
Limits 

Test Conditions 
Min. Typ.!1] Max. Unit 

IFA Address Input Load Current -0.05 -0.25 mA Vee = 5.5V, VA = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = 5.5V, Vs = 0.45V 

IRA Address Input Leakage Current 40 /LA Vee = 5.5V, VA = 5.5V 

IRS Chip Select Input Leakage Current 40 /LA Vee = 5.5V, Vs = 5.5V 

1101 Output Leakage lor High Impedance State 40 /LA 
Vo = 5.5V or 0.45V, 
Vee = 5.5V, CS1 = 2.4V 

Ise[2] Output Short Circuit Current -15 -40 -100 mA Vo = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V, IA = -10 mA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V, Is = -10 mA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 mA, Vee = 4.5V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.5V, 10L = 10 mA 

lee Power Supply Current 150 185 mA Vee = 5.5V 

VIL Input "Low" Voltage 0.85 V Vee = 5.0V ± 10% 

VIH Input "High" Voltage 2.0 V Vee = 5.0V ± 10% 

NOTES: 
1. Typical values are for TA = 25'e and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(3) (TA = 25°C, I = 1 MHz) 

Symbol 
Limits 

Parameter Unit Test Conditions 
Typ; Max. 

CINA Address Input Capacitance 4 10 pF Vee = 5V VIN = 2.5V 

CINS Chip-Select Input Capacitance 6 10 pF Vee = 5V VIN = 2.5V 

COUT Output Capacitance 7 12 pF Vee = 5V VOUT = 2.5V 

NOTE: 
3. This parameter is only periodically sampled and Is not 100% tested. 
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3632 

A.C. CHARACTERISTICS (Vee = +5V ± 100/0, TA = O°C to +75°C) 

Symbol Parameter 

tA Address to Output Delay 

tEN Output Enable Time 

tOIS Output Disable Time 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 rnA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

__ --J 

t, 

t, 

Max. Limits 
Unit Test Conditions 

3632·1 3632 

40 50 ns CS1 = VIL and 
30 35 ns CS2 = V1H to 

30 35 ns 
select the PROM. 

10 mA TEST LOAD 
Vee 

2·55 

~470!l 
- ~'K!l 

CHIP SELECT TO OUTPUT DELAY 

~,-----~ r------------~ 

CS, _____ ..J '-________ ..J 

OUTPUT 
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3636B 
1,6K (2Kx 8) BIPOLAR PROM. 

3636B-1 
3636B-2 
3636B 

• Fast Access Time: 25 ns Typically 
• Low Power Dissipation: 0.05 mW/Bit 

Typically 

• Three Chip Select Inputs for Easy 
Memory Expansion 

• ±10% Power Supply Tolerance 

35nsMax. 
45 ns Max. 
55nsMax. 

• Three-State Outputs 
• Hermetic 24~Pln DIP 
• Polycrystalline Silicon Fuses for 

Higher Fuse ReliabilitylHlgher 
Programmability 

The Intel 36368 is a very fast, fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case 
access time is 35ns over a temperature range of O°C to 75°C with a 10% Vee power supply tolerance. There are 
three chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky 
clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels 
can be electrically programmed in selected bit locations. 

The 36368 is designed for use in performance base,d systems. This 16,384 bit PROM uses the most advanced 
technology available. AS a result, the 36368 combines higher performance and equivalent power in a smaller 
die than previous 16K 8ipolar PROM designs. The 36368 is packaged in a hermetic 24 pin dual in-line package 
with the same pin configuration as the 3636. 
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intJ 3636B 

PROGRAMMING 

The programming specifications are described in the PROM programming section of the Data Catalog. 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -65°C to +125°C 
Storage Temperatu re ............... - 65°C to + 160"C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents .............................. 100mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D_C. CHARACTERISTICS (All Limits Apply for Vee = +5.0V ± 10%, TA = O°C to + 75°C) 

Symbol Parameter Limits Test Conditions 
Min. Typ.[l] Max. Unit 

IFA Address Input Load Current -0.05 -0.25 mA Vee = S.SV, VA = 0.4SV 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = S.5V, Vs = 0.45V 

IRA Address Input Leakage Current 40 /loA Vee = S.5V, VA = S.SV 

IRS Chip Select Input Leakage Current 40 /loA Vee = S.5V, Vs = 5.5V 

1101 Output Leakage for High Impedance State 40 /loA 
Vo = 5.SV or 0.45V, 
Vee = S.5V, CS1 = 2.4V 

Ise[2] Output Short Circuit Current -20 -40 -100 mA Vo = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V, IA = -10 mA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.5V, Is = -10 mA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 mA, Vee = 4.SV 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.5V, 10l = 10 mA 

Icc Power Supply Current 150 185 mA Vee = S.5V 

Vll Input "Low" Voltage 0.85 V Vee = S.OV ± 10% 

VIH Input "High" Voltage 2.0 V Vee = S.OV ± 10% 

NOTES: 
1. Typical values are for TA = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(l) (TA = 25°C, f = 1 MHz) 

Limits 
Symbol Parameter Unit Test Conditions 

Typ. Max. 

CINA Address Input Capacitance 4 10 pF Vee = SV VIN = 2.5V 

CINS Chip-Select Input Capacitance 6 10 pF Vee = SV VIN = 2.5V 

COUT Output Capacitance 7 12 pF Vee = SV VOUT = 2.SV 

NOTES: 
1. This parameter is only periodically sampled and is not 100% tested. 
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36368 

A.C. CHARACTERISTICS (Vee = +5V ± 10%. TA = O°C to +75°C) 

Symbol Parameter 

tA Address to Output Delay 

tEN Output Enable Time 

tOIS Output Disable Time 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

__ --I 

t, 

t, 

Max. Limits 

36368-1 36368-2 Unit Test Conditions 

35 45 ns CS1 = VIL and 

25 25 ns CS2 = CS3 = VIH to 
select the PROM. 

25 25 ns 

10 mA TEST LOAD Vee 

~:::' 

CHIP SELECT TO OUTPUT DELAY 

~,------, r------------, 
CS,. es, ______ ..J '-____________ ..J 

OUTPUT 
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82S181/82HS181 
8K (1 K x 8) BIPOLAR PROM 

82S181 

82HS181 

• Fast Access Time: 50 ns for 82HS181 
• Low Power Dissipation: 0.08 mW/Bit 

Typically 

• Four Chip Select Inputs for Easy 
Memory Expansion 

70 ns Max. 

50 ns Max. 

• Three-State Outputs 
• Hermetic 24~Pin DIP 
• Polycrystalline Silicon Fuses for 

Higher Fuse Reliability/Higher 
Programmability 

The Intel® 82S181 and 82HS181 are fully decoded 8,192-bit PROMs organized as 1024 words by8 bits. The worst 
case access time of 50 ns is specified over the DoC to 75°C temperature range. There are four chip selects 
provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky-clamped TTL technol
ogy with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically 
programmed in selected bit locations. 

This 8,192-bit PROM uses the most advanced technology available. As a result, the 82S181 and 82HS181 
combine higher performance and lower power in a smaller die. The 82S181 and 82HS181 are packaged in 
hermetic 24-pin dual in-line packages with industry-standard pin configurations. 
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inter 82S181/82HS181 

PROGRAMMING 

The programming specifications are described in the PROM programming section of the Intel Data Catalog. 
The algorithm is precisely the same as that used to program all other Intel bipolar PROMs. 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -65°C to + 125°C 
Storage Temperature ............... -65°C to + 160°C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents ..................... , ...•... 100 rnA 

"NO TlC/:: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (All Limits Apply for Vee = +5.0V ± 5% , TA = O°C to +75°C) 

Symbol Parameter 
Limits 

Test Conditions 
Min. Typ.[1) Max. Unit 

IFA Address Input Load Current -0.05 -0.25 rnA Vee = 5.25V, VA = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 rnA Vee = 5.25V. Vs = 0.45V 

IRA Address Input Leakage Current 40 /LA Vee = 5.25V, VA = 5.5V 

IRS Chip Selectlnput Leakage Current 40 /LA Vee = 5.25V, Vs = 5.5V 

1101 Output Leakage for High Impedance State 40 /LA 
Vo = 5.5V or 0.5V, 

Vee = 5.25V. C~ = C~= 2.4V 
I [2) 
se Output Short Circuit Current -20 -40 -100 rnA Vo = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V, IA = -10 rnA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V. Is = -'-10 rnA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 rnA. Vee = 4.5V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.75V.IoL = 10 rnA 

lee Power Supply Current 120 170 rnA Vee = 5.25V 

VIL Input "Low" Voltage 0.85 V 

VIH Input "High" Voltage 2.0 V 

NOTES: 
1. Typical values are for TA = 25°e and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(1)(TA = 25°C. f = 1 MHz) 

Symbol Parameter Limits 
Unit Test Conditions 

Typ. Max. 

CINA Address Input Capacitance 4 10 pF Vee = 5V VIN = 2.5V 

CINS Chip-Select Input Capacitance 4 10 pF Vee = 5V VIN = 2.5\£ 

COUT Output Capacitance 6 12 pF Vee = 5V VOUT = 2.5V 

NOTES: 
1. This parameter is only periodically sampled and is not.,1 00% tested. 
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intJ 82S181/82HS181 

A.C. CHARACTERISTICS (Vee = +5V ± 10%. TA = O·C to +75·C) 

Max. Limits 
Symbol Parame.er 

82S181 82HS181 
Unit Test Conditions 

IA Address to Output Delay 70 

tEN Output Enable Time 40 

tolS Output Disable Time 40 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 rnA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

----' 

I. 

I. 

50 ns Cs, - CSrl - VIL and 

30 ns CSa = C5.! = VIH to 

30 ns select the PROM. 

CHIP SELECT TO OUTPUT DELAY 

':5,,0::8,,---, r------'" 
CS"CS.---..J '-______ ..J"---

OUTPUT 

leN 
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82S191/82HS191 
16K (2K x 8) BIPOLAR PROM 

82S191 

82HS191 

• Fast Access Time: 25 ns Typically 
• Low Power Dissipation: 0.05 mW/Bit 

Typically 

• Three Chip Select Inputs for Easy 
Memory Expansion 

70 ns Max. 

50 ns Max. 

• Three·State Outputs 

• Hermetic 24·Pin DIP 
• Polycrystalline Silicon Fuses for 

Higher Fuse Reliability/Higher 
Programmability 

The Intel 82S191 and 82HS191 are very fast, fully decoded 16,384-bit PROMs organized as 2048 words by 8 bits. 
The worst case access time is 50 ns over a temperature range of O°C to 75°C. There are three chip selects 
provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky-clamped TTL technol
ogy with polycrystallinesilicon fuses. All outputs are initially high and logic low levels can be electrically 
programmed in selected bit locations. 

The Intel 82S191 and 82HS191 are designed for use in performance-based systems. This 16,384-bit PROM uses 
the most advanced technology available. As a result, the Intel 82S191 and 82HS191 combine higher perfor
mance and equivalent power in a smaller die than previous 16K Bipolar PROM designs. The Intel 82S191 and 
82HS191 are packaged in hermetic 24-pin dual in-line packages with industry-standard pin configurations. 
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intJ 82S191/82HS191 

PROGRAMMING 
The programming specifications are described in the PROM programming section of the Intel Data Catalog. 
The algorithm is precisely the same as that used to program all other Intel bipolar PROMs. 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -65°C to +125°C 
Storage Temperature ............... -65°C to +160"C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents .............................. 100 mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (All Limits Apply for Vee = +5.0.V ± 5% , TA = O°C to +75°C) 

Symbol Parameter Limits Test Conditions 
Min. Typ.[11 Max. Unit 

'FA Address Input Load Current ":0.05 -0.25 mA Vee = 5.25V, VA = 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = 5.25V, Vs = 0.45V 

'RA Address Input Leakage Current 40 /LA Vee = 5.25V, VA = 5.5V 

'RS Chip Select Input Leakage Current 40 /LA Vee = 5.25V, Vs = 5.5V 

1101 Output Leakage for High Impedance State 40 /LA 
Va = 5.5V or 0.5V, 
Vee = 5.25V, CSl = 2.4V 

I [21 
se Output Short Circuit Current -20 -40 -100 mA Va = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V, IA = -10 mA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.75\1, Is = -10 mA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 mA, Vee = 4.5V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.75V, IoL = 10 mA 

Icc Power Supply Current 130 175 mA Vee = 5.25V 

V,L Input "Low" Voltage 0.85 V Vee = 5.0V, ± 5% 

V,H Input "High" Voltage 2.0 V Vee = 5.0\1, ± 5% 

NOTES: 
1. Typical values are for TA = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(l) (TA = 25°C, f = 1 MHz) 

Limits 
Symbol Parameter Unit Test Conditions 

Typ. Max. 

C'NA Address Input Capacitance 4 10 pF Vee = 5V Y,N = 2.5V 

C'NS Chip-Select Input Capacitance 6 10 pF Vee = 5V Y,N = 2.5V 

COUT Output Capacitance 7 12 pF Vee = 5V VOUT = 2.5V 

NOTES: 
1. This parameter is only periodically sampled and is not 100% tested. 
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82S191/82HS191 

A.C. CHARACTERISTICS (Vee = +5V ± 10%. TA = O"C to + 75°C) 

Symbol Parameter 

tA Address to Output Delay 

tEN Output Enlibie Time 

tOIS Output Disable Time 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input. pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 rnA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

,.-.~--' 

OUTPUT 

IA 

OUTPUT 

'A 

Max. Limits 

82S191 82HS191 
Unit Test Conditions 

70 50 ns CS1 = VII~ and 

30 25 ns CS2 = CSa = VIH to 
select the PROM. 

30 25 ns 

10 mA TEST LOAD Vee 

~:::' 

CHIP SELECT TO OUTPUT DELAY 

~,----~ r-----------~ 

es,. es, _____ oJ '-___________ OJ 

OUTPUT 

lEN 
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inter 
82S321/82HS321 

32K (4K x 8) BIPOLAR PROM 

82S321 SOns Max. 
82HS321 40nsMax. 

• 30 ns TYpical Access • Three-State Outputs 

• Hermetic 24·Pin DIP • Low Power Dissipation: 
0.02 mW/Blt TYpically 

• lWo Chip Select Inputs for Easy 
Memor!, Expansion 

• Polycrystalline Silicon Fuses for Higher 
Fuse Reliability/Higher Programmability 

The Intel 82S321/82HS321 are high-performance 32,768-bit PROMs organized as 4096 words by 8 bits. The 
worst case access time of 40 ns is specified over the DoC to 75°C temperature range. There are two chip selects 
provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL technology 
with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically program
med in selected bit locations. 

The 82S321/82HS321 allows present 4K, 8K and 16K PROM users to increase density significantly without 
sacrificing performance. Intel's 82S321/82HS321 are packaged in hermetic 24-pin dual in-line packages. These 
32,768-bit PROMs use the most advanced technology available. As a result, the 82S321/82HS321 combine more 
high performance, high density and lower power per bit than previous Bipolar PROM designs. 
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82S321/82HS321 

PROGRAMMING 

The programming specifications are described in the PROM programming section of the Intel Data Catalog. 
This algorithm is precisely the same as that used to program all other Intel Bipolar PROMs. 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -65'C to +125'C 
Storage Temperature ............... -65'C to +16O"C 
Output or Supply Voltages ........... -0.5V to 7 Volts 
All Input Voltages ...................... -1.5V to 5.5V 
Output Currents .................. ; ... ; .... ".100 rnA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (All Limits Apply for Vee = +5.0V ± 5%, TA = O'Cto +75'C) 

Symbol Parameter Umlts 
Test Conditions 

Min. Typ.[11 Max. Unit 

IFA Address Input Load Current -0.05 -0.25 rnA Vee = 5.25V, VA .; 0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 rnA Vee = 5.25V, Vs = 0.45V 

IRA Address Input Leakage Current 40 /LA Vee =5.25V, VA = 5;5V 

IRS Chip Select Input Leakage Current 40 /LA Vee = 5.25V, Vs = 5.5V 

1101 Output Leakage for High Impedance State 40 /LA 
Vo = 5.5V or 0.5V, 
Vee = 5.25V, CS1 = 2.4V 

Ise[21 Output Short Circuit Current -15 -40 -100 rnA Vo = OV 

VeA Address Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V, IA = -10 mA 

Ves Chip Select Input Clamp Voltage -0.9 -1.5 V Vee = 4.75V, Is = -10 rnA 

VOH Output High Voltage 2.4 3.2 V 10H = -2.4 rnA, Vee = 4.5V 

VOL Output Low Voltage 0.3 0.45 V Vee = 4.75, 10L = 10 rnA 

lee Power Supply Current 130 175 rnA Vee = 5.25V 

VIL Input "Low" Voltage 0.85 V Vee = 5.0V ± 5% 

VIH Input "High" Voltage 2.0 V Vee = 5.0V ± 5% 

NOTES: 
1. Typical values are for TA = 25'e and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 

CAPACITANCE(3) (TA = 25'C, f = 1 MHz) 

Symbol Parameter 
Typ. 

Limits 

Max. 
Unit Test Conditions 

CINA Address Input Capacitance 4 10 pF Vee = 5V VIN = 2.5V 

CINS Chip-Select Input Capacitance 6 10 pF Vee = 5V VIN = 2.5V 

GoUT Output Capacitance 7 12 pF Vee = 5V VOUT = 2.5V 

NOTE: 
3. This parameter Is only periodically sampled and is not 100% tested. 
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inter 82S321/82HS321 

A.C. CHARACTERISTICS (Vee = +5V ± 5%, TA = ooe to + 75°C) 

Symbol Parameter 

tA Address to Output Delay 

tEN Output Enable Time 

tOlS Output Disable Time 

SWITCHING CHARACTERISTICS 

Conditions of Test: 

Input pulse amplitudes: 2.5V 
Input pulse rise and fall times of 5 nanoseconds 

between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

-----JI~ __________ -J 

I, 

I, 

Max. Limits 
Unit Test Conditions 

82S321 82HS321 

50 40 ns CS1 = VIL and 
35 30 ns eS2 = V1H to 

35 30 
select the PROM. 

ns 

10 mA TEST LOAD 
Vee 

2-67 

~470" 
- ~'K" 

CHIP SELECT TO OUTPUT DELAY 

~,------~ r------------~ 

~ ______ ~I~ __________ -J 

OUTPUT 

lEN 
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Bipolar PROM Programming 

1. A 5mA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to Vee by a silicon diode. All the other inputs must be floating until it is their turn for programming. The Vee 
power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of Vee is linearly 
increased from 0.2"s to 8"s according to the ramp time shown in Figure 3. The total ramp time for a group of fo.ur 
outp.uts is 180ms for a group of eight outputs. 

The Vee program pulses are multiplexed during a cycle time to the outputs of the. word to be programmed. The cycle 
time (teyel between the Vee program pulses to the same .output will increase as the Vec program pulse width 
increases from 0.2"s to 8"s.The time (tD) between Vee pulses oftwo different outputs is constant at 1.8"s. 

2. All outputs must be continuously monitored for programming verification. This verification rnust occur after Vcc has 
been at 4.5V for 90% of tD and prior to Vec rising to 12.5V.The program/verification cycles ml.lst still be applied (with 
the pulse width still linearly increasing to II maximum of 8"s) eventhouQh the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on eac.h output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 
the bits of the word are sensed as being programmed. PI~ase refer to Figure 1 for the timing waveforms. 

More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final Vcc and CS pulse at a width of 2.5ms is simultaneously applied to all 
outputs that are being programmed. Programming snould cease if the 128 verifications are not aChieved in800ms. 

3. A 4mA ± 50% Ics current must also be forced into an appropriate chip select. les is forced into CS4 (pin 18) of 
3604A/3624A, CS2(pin 10) of 3625A, CS3 (pin 19) of 3628, and CS2 (pin 19) of 3636. The 4mA current into the chip select 
input may be easily accomplished by using a 1.2K resistor connected to a ± 15V power supply, The voltage on the chip 
select input will be approximately 10V with the 1.2K resistor. 

4. The Icc source used for programming should be able to supply 600mA during V1H. 

Table V. Programming Characteristics 
TA = 25°C 

Symbol Parameter 

VIH1 Vee Program Pulse Amplitude 

V1H2 CS Program Pulse Amplitude 

V1L1 Vee During Verify 

V 1H2 CS During Verify 

tPW1 Vee Pulse Width at Beginning 
of Pulse Train 

tPW2 Vee Pulse Width at End of Pulse 
Train 

Tess Chip Select Setup Time 

TesH Chip Select Hold Time 

TR Vee Rise Time 

TF Vee Fall Time 

Teye Time Between Pulses to Same 
Output 

Top DC Program Time After Veri fica· 
tion Has Been Obtained 

To Time Between Vee Pulses to 
Successive Outputs 

TRAMP Time During Which Vee 
Pulse Width is Increased 4 outputs 
Linearly from tPWl to 
tPW2 8 outputs 

les Chip Select Input Current (See 
Programming Instruction 3 -for 
Details) 

Limits 
Min. Nom. 

12 12.5 

3 5 

4.25 111 4.5 

0 0.2 

160 200 

7.2 B 

0 

100 

300 400 

50 100 

9 10 

2.2 2.5 

1.5 1.8 

160 180 

320 360 

2 4 

NOTE: 1. The minimum VIL 1 for the 3604AL (low power) is 4.5V 2,68 

Max. Units Conditions 

13 V 

5.5 V 

4.75 V 

0.4 V 

240 ns Measured at 12V 

8.8 J..Is Measured at 12V 

ns Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vee 

ns Measured from 5.0V on falling edge 
of Vee tol.5V on falling edge of CS 

500 ns Measured from 5V to 12V on Vee 

200 ns Measured from 12V to 5V on Vee 

J..Is Measured at 5V on Vee 

2.8 ms Measured at 12V 

J..Is Measured at 5V on Vee 

200 
ms 

400 

6 mA les should be generated using a 
1.2K resistor from a 15V power 
supply 

\ 



I '" • .------·CYC 
ISEE FIG. 2 FOR DETAILS) 

L 128tCVC 
r----INOTE21 

-I- ,~ 

v~'::::~JUULJUUL~JL 

·,ov n n 
OUTPUT 1 ""BV --I I ..... ----~n .... ---...J L, 

o .•• V IMAXI II 
[PROGRAMMED 0 (NOTE 1) 

'"'lOV r1 r1 ~ .JL 
OUTPUT. ·.V ------, ~:,.l---------' ~:~l---------

O.46V (MAXI 1 l 
PROGRAMMEQ 0 INOTE 11 

OUTPUTN ·:::-----lZ~L...------zl;~ ) n II 
D.46VIMAXI t~ ~~ L 

1Z.5V 

Vee 

C.sv 

~3V 

Ci 

ov 

LpROGRAMMED 0 (NOTE 11 

Figute 1. Programming Cycles. 

NOTES: 1. ~~~;:~~::~~~~~~~~u~~::~~~~:~~Els ~~8~~N~~~O~T~:~ ~~~N~~ ~~~~ AND PRIOR TO Vee RISING TO 12.SV. 

2. AFTER THE LAST BIT HAS BEEN PROGRAMMED. 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTL V PROGRAMMED. 

3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 m. Vee ANDes PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 

5V 

'0 

\ 

SV 

/ \.. 
",'0V n 

OUTPUT 1 I \ 
·.V ----' '--------------l~__::r__--------J 

UNPROGRAMMED BIT 

.. 10V n 
OUTPUT 2 / \ 

.SV ____________________________ .J ~---------l~l~---------------------------------------

OUTPUT N 
·,ov J\ 

.SV _________________________________________________ ..... ______________________________ .. 

Figure 2. Programming Cycle Details. 
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(al RAMP TIME IN PROGRAMMINC 8 OUTPUTS 
Ib) RAMP TIME IN PROGRAMMING 4 OUTPUTS 

02 0.2 

'00 200 300 400 500 ... 700 800 100 200 .300 400 ... ... 700 800 
PROGRAMMING ELAPSED TIME Imll PROGRAMMING ELAPSED TIME Imll 

Figure 3. Vee Pulse Width VI. Programming Tima. 
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BIPOLAR PROM FAMILY 
Maximum Operating 

No. No. Maximum Power Temperature Power 
of of Access Dissipation Range Supply 

Type Bits Organization Pins Output (ns) (mW) (OC) (V) 

3628A·1 8192 1024x8 24 T.S. 50 998 o to 75 5V±10% 
3628A·3 8192 1024x8 24 T.S. 70 998 o to 75 5V±10% 
3628A·4 8192 1024x8 24 T.S. 90 998 o to 75 5V±10% 
3636 16384 2048x8 24 T.S. 80 998 o to 75 5V±10% 
3636·1 16384 2048x8 24 T.S. 65 998 o to 75 5V±10% 
36368·1 16384 2048x8 24 T.S. 35 998 o to 75 5V±10% 
36368·2 16384 2048x8 24 T.S. 45 998 o to 75 5V±10% 
M3636 16384 2048x8 24 T.S. 80 998 -50 to 125 5V±5% 

BIPOLAR PROM CROSS REFERENCE 

Intel Part Number 
Part Prefix and Direct For New 

Number Manufacturer Organization Replacement Designs 

82S181 N·Signetics 1024x8 3628A·3 3628A·1 
82S191 N·Signetics 2048x8 3636 36368·1 
82S191 S·Signetics 2048x8 M3636 
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inter 
BPK70 

1 MBIT BUBBLE STORAGE SUB'SYSTEM 

• Contains Components for Produ~tion of • One 7250 Coil Pre-Driver 
1 MBlt Bubble Storage Subsystem 

• Two 7254 Quad VMOS Drive Transistors 
• One 7230 Current Pulse Generator 

• One 7242 Dual Formatter/Sense 
Amplifier 

TO 
8080 
8085 
!1088 
aoea 

72211-1 
BUBBLE 
MEMORY 

CONTROLLER 
(BMC) 

TO 
ADDITIONAL 

BPK70'. 

• One 71101 MBlt Bubble Memory 

• One 7904 Socket for 7110 

3-1 ~1786B 



BPK70 

ORDER .INFORMATION 
.. ~. 

Part Number ·Description 

BPK70-0 D-SO°C 1 MBit Bubble Storage Sub-System 

BPK70-1 0-70°C 1 MBit. Bl!bble Storage Sub-System 

BPK70-2 1D-SO°C 1 MBit Bubble Storage Sub-System 

3-2 ~1785B 



inter 
BPK72 

BUBBLE STORAGE PROTOTYPE KIT 

• One BPK70 1 Megabit Bubble Storage 
Subsystem 

• One 7220·1 Controller 

• Blank 10 cm x 10 cm PC Board for 
Assembly 

• Complete with Accessories and 
Documentation for Prototyping 

BPK72 prototype kit contains the necessary components, accessories and documentation required to build a 
1 megabit bubble storage prototype system with minimum design effort. Application information on system 
interconnections is included. 

The following ara trademarks of Intel Corporation and may be used only to Identify Intel products: i, Intel, INTEL, INTElLEC, MCS. 1m, les. ICE, UPI, expo ISec. ISBX.INSITE.IRM~, 
CREDIT, RMXJ80. ~, Multibus, PROMPT, Promware, Megachassls, Library Manager, MAIN MULTI MODULE, and the combination of MCS,ICE. sec, RMX or ieS and a numerical 
.ufflx; e.g., ISBC-80. 
@INTELCORPORATION. 1981 3-3 



BPK72 

ORDERING INFORMATION 

Order Code Description 

BPK72-1 Q-70·C 1 Megabit Storage System Prototype Kit 

ITEMS IN KIT 

Item Part/Manual Number 

BPK72 User's Manual 121685-002 

Blank Printed Circuit Board IMB-72 

1 MBit Bubble Memory, 
o to 70·C 7110-1 

Socket for 7110 7904 

Seed Module 7901 

VMOS Transistor 7902 

Solder Tip 7903 

Dummy Module 7900 

Bubble Memory Controller 7220-1 

Current Pulse Generator 7230 

Dual Formatter/Sense Amp 7242 

Coil Pre-Driver 7250 

Quad VMOS Drive Transistors 2 x 7254 

3-4 AFN-01787A 



7110 
1 MEGABIT BUBBLE MEMORY 

" 

71111-0 

7110·1 

7110·2 10-500 C 

• 1,048,576 Bits of Usable Data Storage • Block Replicate for Read: 

• Non·Yolatlle, So"d·State Memory 

• True Binary Organization: 
512 Bit Page and 2048 Pages 

Block Swap for Write 

• Single Chip 20·Pln Dual In·Llne 
Leadless Package and Socket 

• Major Track - Minor Loop Architecture • Sma" ~hyslcal Yolume 

• Redundant Loops with On-Chip 
Loop Map and Index 

• Low Power per Bit 

• Maximum Data Rate 100 KbltJsec 

The Intel MagnetiCS 7110 Is a very high density 1 megabit non·volatlle, solld·state memory utilizing the magnetic bub· 
ble technology. The usable data storage capacity Is 1,048,576 bits. The defect tolerant design Incorporates redundant 
storage loops. The gross capacity of Intel Magnetics bubble memory Is 1,310,720 bits. 

The 7110 has a true binary organization to simplify system deSign, interfacing, and system software. The device Is 
organized as 256 data storage loops each having 4096 storage bits. When used with Intel Magnetics complete family of 
support electronics the resultant minimum system Is configured as 128K bytes of usable data storage. The support 
circuits also provide automatic error correction and transparent handling of redundant loops. 

The 7110 has a major track·minor loop architecture. It has separate read and, write tracks. Logically, the data Is organ
ized as a 512 bit page with a total of 2048 pages. The redundant loop information is stored on-Chip In the bootstrap loop 
along with an index address code. When power Is disconnected, the 7110 retains the data stored and the bubble 
memory system is restarted whe., power Is restored via the support electronics under software control. 

The 7110 is packaged In a dual In-line leadless package complete with permanent magnets and coils for the In-plane 
rotating field. In addition, the 7110 has a magnetic shield surrounding the bubble memory chip to protect the data from 
externally Induced magnetic fields. 

The 7110 operating data rate is 100 Kbit/sec. The 7110 can be operated asynchronously and has start/stop capability. 

::: 
:::: 

r--------~-------l 

I ~' I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

'0 
ADDITIONAL 

BPK70'. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Block Diagram of Single Bubble Memory System - 128K Bytes 
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7110 

PULSE.COM(+12V~ 

REPLtCATE.B 
REPLICATE.A 

BooT.REP 
BOOT.8WAP 

N.C. 
GENERATE.A 
GENERAl!.. 

X-COIL.IN 
X+COIL.IN 

7110 
INTEL MAGNmCS 
BuaBLE MEMORY 

DET.SUPPLY(+12V) 

DEl.OUT.A+ 
DET.OUT.A
DEY.OUT.B+ 
DET.OUT.B

DEY.COM 
SWAPS 
SWAP A 

Y+.COIL.lN 
V-.COILIN 

NOTE THAT PINS 13 AND 14 SHOULD BE EXTERNALLY CONNECTED. 

PIN CONFIGURATION 

GENERAL FUNCTIONAL DESCRIPTION 

The Intel Magnetics 7110 Is a 1 megabit bubble mem9ry 
module organized as two Identical 512K binary half sec
tions. See Major Track-Minor Loop architecture dl~agram. 
Each half section Is In turn organized as two 256K 
subsections referred to as quads. 

The module consists of a bubble die mounted in a 
substrate that accommodates two orthogonal drive 
coils that surround the die. The drive coils produce a 
rotating magnetic field In the plane of the die when they 
are excited by 90° phase shifted triangular current 
waveforms. The rotating in-plane field Is responsible for 
bubble propagation. One drive field rotation propagates 
all bubbles in the devlce.one storage location (or cycle). 
The die-substrate-coil sub-assembly Is enclosed in a 
package consisting of permanent magnets and a shield. 
The shield serves as a flux return path for the permanent 
magnets In addition to Isolating the device from stray 
magnetic fields. The permanent magnets produce a bias 
field that is nearly perpendicular to the plane of the die. 
This field supports the existence of the bubble domains. 

The package Is constructed to maintain a 2.5 degree tilt 
between the plane of the bias magnet faces and the 
plane of the die. This serves to introduce a small com
ponent of the bias field into the plane of the die. During 
operation when the drive coils are energized this small 
In-plane component Is negligible. During standby or 
when power is removed the small inplane field ensures 
that the bubbles will be confined to their appropriate 
storage locations. The direction of the in-plane field in
troduced by the package tilt (holding field) is coincident 
with the 0° phase direction of the drive field. 

Quad Architecture 
A 7110 quad sub-section Is composed of the following 
elements shown on the architecture diagram. 

1) Storage Loops 
Eighty identical 4096 bit storage loops provide a total 
maximum capacity of 327,680 bits. The excess stor
age is provided for two purposes: a) it allows a redun
dancy scheme to increase device yield; and b) it pro
vides the extra storage required to implement error 
correction. 

3-6 

2) Replicating Generator (GEN) 
The generator operates by replicating a seed bubble 
that Is always present at the generator site, (GEN). 

3) Input Track and Swap Gate 
Bubbles following generation are propagated down 
an Input track. Bubbles are transferred to/from the in
put track from/to the 80 storage loops via series con
nected swap gates spaced every four propagation 
cycles along the track. The swap gate's ability to 
transfer bubbles In both directions during an opera
tion eliminates the overhead associated with remov
Ing old data from the loops bef9re new data can be 
written. The swap gate is designed to function such 
that the logical storage loop position occupied by the 
bubble transferred out of each loop Is filled by the 
bubble being transferred into each loop. Transferred 
out bubbles propagate down the remaining portion of 
the input track where they are dumped into a bubble 
bucket gu~rd rail. 

4) Output Track and Replicate .Gate 
Bubbles are read out of .the storage loops in a non
destructive fashion via a set of replicate gates. The 
bubble is split in two. The leading bubble is retained 
in the storage loop and the trailing bubble is trans
ferred onto the output track. Replicate gates are 
spaced every four propagation cycles along the out
put track. 

5) Detector 
Bubbles, following replication, are propagated along 
the output track to a detector that operates on the 
magneto-resistance principle. The cylindrical bubble 
domains are stretched into long strip domains by a 
chevron expander and are then propagated to the ac
tive portion of the detector. The detector consists of 
a stack of interconnected chevrons through which a 
current is passed. As the strip domain propagates 
through the stack, its magnetic flux causes a frac
tional change in stack resistance which produces an 
output signal on the ord!lr of a few millivolts. The 
strip domain fOilowing detection is propagated to a 
bubble bucket guard rail. A "dummy" detector stack 
sits in the immediate vicinity. It Is connected in 
series with the active detector and serves to cancel 
common mode pickup which originates predominate
ly from the in-plane drive field. 

6) Boot Loop, Boot Swap, and Boot Replicate 
One of the two quads in each half chip contains a 
functionaily active Boot Storage Loop. This loop is 
used to store: 
a) A loop mask code that defines which loops 

within the main storage area should be accessed. 
Faulty loops are "masked out" by the support 
electronics. 

b) A synchronization code that assigns data ad
dresses (pages) to the data in the storage loops. 
Since bubbles move from one storage location to 
the next every field rotation, the actual physical 
location of a page of data is determined by the 
number of field rotations that have elapsed with 
respect to a reference. 



The boot loop Is read from and written Into via the same 
Input and output tracks as the main" storage loops. 
However, It has Independently accessed swap and repli
cate gates. The boot swap, under normal circum· 
stances, Is Intended only to be used during basic In· 
Itlallzatlon at the factory at which time loop mask and 
synchronization codes are written. The boot replicate Is 
intended to be "IIccessed every time power Is applied to 
the bubble module and Its peripheral control elec· 
tronlcs. At such a time, the control electronics would 
read and store the mask Information, plus. ut!lIze the 
synchronization Information to establish the location of 
the data circulating within the loops. 

43.18:tO.58 

1.7oo:t.022 

7110 PACKAGE SEATED IN SOCKET WITH ARMS UP 

PACKAGE OUTLINE 

DUMMY 

INPUT TRACK (ODD QUAD) 

DUMMY 

DETECTOR (EVEN) 

OUTPUT TRACK 

REPLICATE 
GATE 

SWAP 
r+l-++------Hf-V GATE 

INPUT TRACK (EVEN QUAD) 

MAJOR TRACK·MINOR LOOP ARCHITECTURE OF 7110 (ONE HALF SHOWN~ 
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inter 7110 

51.82 

(2Ox) CONTACT BERYLLIUM COPPER 
GOLD PLATED 

,.,.. 
&1.8:1:0.01 
2.00:1:.003 

(4x) 2.38:1:0.00 Olio • 

(2lc) SCREW SaSH 
'2·58x,31 LONG 
CROSS RECESS BINDING HEAD 

(2x) COVER 30% G.F. 
POLYESTER 94V-O 

PfN 1 IDENTIFICATION 

lOH 
PIN'l~! ~~~ 

1 
L~~=1<IiL'; _________ -\fit-

• 090':1:.003 
NON PLATEO HOLES 

"'" "'''0.08 "A '\'''~O'' .~:I:.OO3 .200 • 
THROUGH PLATED 
HOLES 

RECOMMENDED 
p.e. BOARD PREPARATION 

ON SOLDER TAIL 
sIDe OF P.C. BOARD. 
KEEP CLEAR OF 
ELECTRICAL LINES. 
"'SS'Y TOOL MAY 
CONTACT THESE 
AREA. 

SOCKET OUTLINE 

PIN DESCRIPTION 
BOOT.REP (Pin 4) 

Two·level current pulse input for reading the boot loop. 

BOOT.SWAP (Pin 5) 

Single·level current pulse for writing data into the boot 
loop. This pin is normally used only in the manufacture 
of the MBM. 

DET.COM (Pin 15) 
Ground return for the detector bridge. 

DET.OUT (Pins 16 through 19) 
Differential pair (A+, A- and B+, B-) outputs which 
have signals of several millivolts peak amplitude. 

DET.SUPPL Y (Pin 20) 

+ 12 volt supply pin. 

GEN.A and GEN.B (Pins 7, 8) 
TWO-level current pulses for writing data onto the input 
track. 

PULSE.COM (Pin 1) 

+ 12 volt supply pin. 

REP.A and REP.B (Pins 3 and 2) 

Two-level current pulses for replicating data from 
storage loops to output track. 

SWAP.A and SWAP.B (Pins 13, 14) 
Single·level current pulse for swapping data from input 
track to storage loops. 

X-.COIL.lN, X+.COIL.IN (Pins 9,10) 
Terminals for the X or Inner coil. 

3-8 

Y-.COIL.IN, Y+.COIL.IN (Pins 11, 12) 
Terminals f·or the Y or outer coli. 

ABSOLUTE MAXIMUM RATINGS· 
Operating Temperature .................... 0 - 70 De 
Relative Humidity ............................... 95"10 
Non-Volatile Storage Temperature ..... -40 to + 100"C 
Shelf Storage Temperatu re (Data 

Integrity Not Guaranteed) ......... -65°C to +150°C 
Voltage Applied to DET.SUPPLY ............. 14 Volts 
Voltage Applied to PULSE:COM ............ 12.6 Volts 
Continuous Current between DET.COM and 

Detector Outputs ........................... 10 rnA 
Coil Current ............................... 0.5A, D.C. 
External Magnetic Field for 

Non-Volatile Storage ................... 20 Oersteds 
Non-Operating Handling Shock 

(without socket) .............................. 200G 
Operating Vibration (2 Hz to 2 kHz 

with socket) . . ............... 20G 

·COMMENT: Stresses above those listed under "Ab· 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec
tions of this specification Is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 



7110 

D.C. AND OPERATING CHARACTERISTICS 
TA = 25°C 

Symbol 
Limite 

Parameter Unit Teat Conditione 
Min. Nom.!1! Max. 

R1 Resistance: PULSE.COM to REP.A or R1:P.B 20 ohms 

R2 Resistance: PULSE.COM to BOOT. REP 8 ohms 

R3 Resistance: PULSE.COM to BOOT.SWAP 17 ohms 

R4 Resistance: PULSE.COrti to GEN.A or GEN.B 32 ohms 

R5 Resistance: PULSE.COM to SWAP.A or SWAP.B 120 ohms 

R6 Resistance: DET.COM to DET.OUT.A+ 
or DET.OUT.B+ 640 ohms 

R7 Resistance: DET.C'OM to DET.OUT.A-
or DET.OUT.B- 670 ohms 

Rs Resistance: DET.COM to DET.SUPPLY 510 ohms 

Rx X Coil Resistance 5.2 ohms 

Ry Yo Coil Resistance 2.7 ohms 

Lx X Coil Inductance 98.5 I'H 

Ly Y Coil Inductance 79 I'H 

DRIVE REQUIREMENTS 
T A= Range specified in Table 1. 

Symbol Parameter Min. Nom.[l] Max. Units 

fR Field Rotation Frequency 49.95 50.00 50.05 KHz 

q,L Phase Lag from V.COIL to X.COIL 85 90 95 Degrees 

Ipx X.COIL Peak Current 600 rnA 

Ipy V.COIL Peak Current 750 mA 

T ox X.COIL Positive Turn On Phase 270 Degrees 

T1X X.COIL Positive Turn On Width 108 Degrees. 

T2x X.COIL Positive Decay Width 72 Degrees 

T3X X.COIL Negative Turn On Width 108 Degrees 

T 4X X.COIL Negative Decay Width 72 Degrees 

TOY V.COIL Positive Turn On Phase a Degrees 

T1Y V.COIL Positive Turn On Width 108 Degrees 

T 2Y V.COIL Positive Decay Width 72 Degrees 

T 3Y V.COIL Negative Turn On Width 108 Degrees 

T 4Y V.COIL Negative Decay Width 72 Degrees 

PT Total Coil Power 1.3 Watt 

Note: 1. Nominal values are a1 TA=25"C. 
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CONTR9L PULSE REQUIREMENTS 
Nominal 'values 'at TA=25°C See Note$ 2 and 3 

Pulse Amplitude (rnA) 
Phase of leading Edge 

Width (Deg ..... ) (Degree.) 

GEN.A, GEN.B Cut 64 270 (09d), 90 (Even) 4.5 

GEN.A, GEN.B Transfer 36 270 (Odd), 90 (Even) 90 

REP.A, REP.B Cut 180 ~70 4.5 

REP.A, REP.B Transfer 140 270 90 

SWAP 120 180 517 

BOOT.REP Cut 90 270 4.5 

BOOT. REP Transfer 70 270 90 

BOOT.SWAP 70 180 See Note 4. 

Note: 2, Pulse timing Is glven'ln terms of the phase relations as shown below. For example, a 7110 operating at fR=50.000 kHz would have a REP.A 
iransfer width 0190~ ,which Is 5 ,.s. ' 

Table 1. 7110 Family 

Part Number TARange 

7110 0-50·C 
7110·1 0-70·C 
7110·2 10-50·C 

X-Y COIL WAVEFORMS 

I, • x

=--&--+--x· 

7110 

CURRENT 1.-___ --1 
PROB£ 

I, 

3. Two level pulses are described as shown below. 

PHAS. I I 
(LEADING EDGE) ---i- TRANSFER WIDTH ---I 

4. BOOT.SWAP is not normally accessed during opera· 
tion. It is utilized at the factory to write the index 
address and redundant loop information into the 
bootstrap loops before shipment. 

OUTPUT CHARACTERISTICS 
TA= 25·C unless otherwise specified. 

Symbol Min. Nom. Max. Units 
Test 

Condition. 

51 6 mV See Figures 

So 1 mV below. 

TEST SET·UP FOR OUTPUT VOLTAGE 

MEASUREMENT 

12 VOLT 
5.10 

O.1lJ.fd 

DETECTOR OUTPUT WAVEFORMS 

I.--_____ ~I ~~~ 
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7220-1 
BUBBLE MEMORY CONTROLLER 

• 8080/8085/8088/8086 Microprocessor 
Interface 

• Interfaces Up to Eight BPK-70 Bubble 
Storage Subsystems 

• DMA Handshake Capability 

• Single or Multiple Page 
Block Transfers 

• HMOS Technology 

• Self·Contained Timing • Standard 40·Pin Dual In· Line Package 

The Intel<8> 7220-1 is a complete Bubble Memory Controller (BMC) designed to provide all the interface between Intel 
Bubble Memories and standard microprocessors such as the 8080, 8085, 8088, and 8086. 

The 7220-1 has self-contained timing generation and DMA handshake capability. Single and/or multiple page block 
transfer capability is supported. 

The 7220-1 is capable of interfacing with up to eight BPK 70 one megabit bubble storage subsystems. 

The 7220-1 uses Intel's high performance HMOS technology. The 7220-1 is packaged in a standard 40-pin dual in-line 
package. All inputs and outputs are directly TTL compatible and the device uses a single +5 volt supply. 

TO 
8080 
B085 
B088 
B088 

~----------------I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

7242 
FORMATTERI 

SENSE 
AMP 
(FSA) 

L __ ~ __ -,-_ 
TO 

ADDITIONAL 
BPK70'. 

7110 
ONE MEGABIT 

BUBBLE 
MEMORY 

UNIT 
(MBM) 

Figure 1. Block Diagram of a 128K Byte Bubble Storage System 

PWR.FAIL Vee 

RESET.OUT if+ 
x= 
'1+ 
y: 

WR TM.A 

DACK l'M.'ii 
REP.EN 

BliO"F.ER 

Ao SWAP.EN 

Do BOOT.S:EN 

C/o 
DEl.ON 

ERR.FLO 

WAit 

iiOS:Rl) 

SHIFT.eLK 

SYNC 

DIO 

CO 

Figure 2. 
Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

@INTELCORPORATION, 1981 3-11 JUNE 1981 
AFN'()1756C 



7220-1 

HARDWARE DESCRIPTION 

The 7220-1 Bubble Memory Controller is packaged in a 
40-pin Dual In-line Package (DIP). The following lists the 
individual pins and describes their function. 

Table 1. Pin Description 

Signal Name Pin No. UO Source/Destination Description 

Vee 40 I + 5 VDC Supply 

GND 20 I Ground 

PWR.FAll 1 I 7230 CPG A low forces a controlled stop sequence and holds 
BMC in an IDLE state (similar to RESET). 

RESET.OUT 2 0 7250 CPD/7242 FSA An active low signal to disable external logic 
7230 Reference initiated by PWR.FAll or RESET signals, but not 
Current Switch active until a stopping point in a field rotation is 

reached (if the BMC is causing the bubble 
memory drive field to be rotated). 

ClK 3 I Host Bus 4 MHz, TIL-level clock. 

RESET 4 I Host Bus A low on this pin forces the interruption of any 
BMC sequencer activity, performs a controlled 
shut-down, and initiates a reset sequence. After 
the reset sequence is concluded, a low on this pin 
causes a low on the RESET. OUT pin, furthermore, 
the next BMC sequencer command must be either 
the Initialize or Abort command; all other 
commands are ignored. 

RD 5 I Host Bus A low on this pin enables the BMC output data to 
be transferred to the host data bus (Do-Del. 

WR 6 I Host Bus A low on this pin enables the contents of the host 
data bus (Do·Del to be transferred to the BMC. 

DACK 7 I Host Bus A low signal is a DMA acknowle'dge. This 
notifies the BMC that the next memory cycle is 
available to transfer data. This line should be 
active only when DMA transfer is desired and the 
DMA ENABLE bit has been set. CS should not be 
active during DMA transfers except to read status. 
If DMA is not used, DACK requires an external 
pullup to Vee (5.1K ohm). 

DRO 8 0 Host Bus A high on this pin indicates that a data transfer 
between the BMC and the host memory is being 
requested. 

INT 9 0 Host Bus A high on this pin indicates that the BMC has a 
new status and requires servicing when enabled 
by the host CPU. 

Ao 10 I Host Bus A high on this pin selects the command/status 
registers. A low on this pin selects the data 
register. 

DcrD7 11-18 I/O Host Bus Host CPU data bus. An eight-bit bidirectional 
port which can be read or written by using the 
RD and WR strobes. Do shall be the lSB. 

D8 19 110 Host Bus Parity bit. 

3-12 AfN-01756C 
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Table 1. Pin Description (Continued) 

Signal Name Pin No. I/O Source/Destination Description 

CS 21 I Host Bus Chip Select Input. A high on this pin shall disable 
the device to all but DMA transfers (i.e., it ignores 
bus activity and goes into a high impedance state). 

010 22 1/0 7242 FSA A bidirectional active high data line that shall be 
used for serial communications with 7242 FSA 
devices. 

SYNC 23 0 7242 FSA An active low output utilized to create time 
division multiplexing slots In a 7242 FSA chain. It 
shall also indicate the beginning of a data or 
command transfer between BMC and 7242 FSA. 

SHIFT.elK 24 0 7242-FSA A controller generated clock that initiates data 
transfer between selected FSAs and their 
corresponding bubble memory devices. The timing 
of sRI FT. elk shall vary depending upon whether 
data is being read or written to the bubble 
memory. 

BUS.RD 25 0 · An active low signal that Indicates that the 010 
line is in the output mode. It shall be used to 
allow off-board expansion of 7242 FSA devices. 

WAIT 26 I/O · A bidirectional pin that shall be tied to the WAIT 
pin on other BMCs when operated in parallel. It 
shall indicate that an interrupt has been generated 
and that the other BMCs should halt in 
synchronization with the interrupting BMC. WAIT is 
an open collector active low signal. Requires an 
external pullup resistor to Vi;e (5.1 K ohm). 

ERR.FlG 27 I 7242 FSA An active low input generated externally by 
7242 FSA indicating that an error condition 
exists. It is an open collector input which requires 
an external pullup resistor (5.1K ohm). 

DET.ON 28 0 · An active low signal that indicat~s.the system Is 
In the read mode and may be detecting. It is useful 
for power saving in the MBM. 

CID 29 0 7242 FSA A high on this line indicates that the BMC Is 
beginning an FSA command sequence. A low on 
this line Indicates that the BMC is beginning a 
data transmit or receive sequence. 

BOOT.SW.EN 30 0 7230 CPG An active low signal which may be used for 
enabling the BOOT.SWAP of the 7230 CPG. 

SWAP. EN 31 0 7230 CPG An active low. signal used to create the swap 
function in external circuits. 

BOOT. EN 32 0 7230 CPG An active low sign~1 enabling the bootstrap loop 
replicate function in external circuitry. 

REP.EN 33 0 7230CPG An active low signal used to enable the replicate 
function In external circuitry. 

TM.B 34 0 7230CPG An active low timing" signal generated by the 
decoder logic for tleterminiilg TRANSFER pulse 
width. 

TM.A 35 0 7230CPG An active low timing signal generated by the 
decoder logic for determining CUT pulse width, 

Y-,Y+, 36-39 0 7250 CPO Fouracilve low timing signals generated by the 
X-,X+ decoding logic and used to create coli drive 

currents In the bubble memory device. 

·Not used In minimum (128K byte) system. 
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FUNCTIONAL DESCRIPTION 
The 7220-1 Bubble Memory Controller provides the ueer 
Interface to the bubble memory system. The BMC 
generates all memory system timing and control, 
maintains memory address information, Interprets and 
executes user request for data transfers, and Provides a 
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Micropro.cessor-Bus compatible interface for the 
magnetic bubble memory system. 

Figure 3 is a block diagram of the 7220-1 Bubble Memory 
Controller (BMC). The following paragraphs describe the 
functions of the individual functional sections of the BMC. 
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ENCODER/DECODER 
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BOOT.SW.EN 

c/D 
SHIFT.CLK 

DIO 

. Figure 3. 7220-1 Bubble Memory Controller (BMC), Block Diagram 

System Bus Interfac:e-The System Bus Interface (SBI) 
logic contains the timing and control logic required to 
interiace the BMC to a non-multiplexed bus. The logic 
also contains the circuitry to check and generate odd 
parity on transfers across the bus. The interface has in
put data, output data, and status data latches. The BMC 
can interface asynchronously to the host CPU. With a 
4-MHz clock, it is capable of sustaining a 1.14 Mbyte per 
second transfer rate, while data is available in the BMC 
FIFO. 

FIFO-The FIFO consists of a 40 x 8 bit FI FO RAM for 
data storage. The FIFO block also contains input and 
output data latches, providing double data buffering, to 
improve the R/W cycle times seen at tbe system bus in
terface. The FIFO may be used as a general purpose 
FIFO when a 'Command Is not being executed by the 
BMC Sequencer. In this mode, the FIFO REAOY status 
bit becomes a FIFO not-empty indicator indicating that 
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the RAM and. input/output latches have at least one byte 
of data. 

DMA and Interrupt Logic-The ORO pin has two func
tions: 

(1) If the OMA enable bit in the enable register is set, 
the ORO pin, in conjunction with the OACK pin, pro
vides a stancjard OMA transfer capability; i.e., it has 
the ability to handshake with an 8257 or 9517/8237 
DMA controller Chip. 

(2) If theOMA enable bit is reset, the ORO pin acts as a 
"ready for data transfer interrupt" pin. It becomes 
active when 22 bytes may be read from or written in
to the BMC; it is reset when this condition no longer 
exists. 

Register. Flle-The register file contains 7 eight-bit 
registers that are accessible by the host CPU. Refer to 
the Register Section for details. 
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MBM Add,. .. Logic and RAM-The MBM address logic 
consists of the block length counter, starting address 
counter, adder, and MBM Address RAM. The MBM Ad· 
dress RAM is used to store the next available page ad
dress for each of up to.8 dual FSAs. The address main
tained is the read address; the write address is generated, 
when needed, by adding a constant to the stored read 
address. 
The block length counter enables multiple page trans· 
fers of up to 2048 pages in length. 

The starting address counter is used as a register to 
hold the desired start address. Once the start address is 
reached, the counter is Incremented on each subse· 
quent page transfer so that its value is equal to the pre
sent read address. 

DIO Bootloop Decoder/Encoder-Performs parallel·te
serial and serial·te-parallel conversions between the 
FIFO data and the serial bit stream on the 010 line. This 
block also generates the SD5.RD signal, which indio 
cates the direction of data transfer on the 010 line (this 
is useful in situations which require external buffering 
on the 010 line). This block also contains the circuitry 
which decodes the boot loop data during a Read 
Bootloop or Initialize operation, and encodes the boot
loop data during a Write Bootloop operation. 

Sequencer-Controls the execution of commands by 
decoding the contents of its own internal ROM in which 
the BMC firmware is located. This block also sets and 
resets flags and status bits, and controls actions in 
other parts of the BMC. ' 

Power Fall and Reset-Provides a means of resetting 
the bubble systems in an orderly manner, when actl· 
vated by the PWR.F"AIL signal, the RESET signal, or the 
ABORTcommand. The additive noise on the PWR.FAIL pin 
should be less than 150 mV for proper powerfail 
operation. 

FSA Select Logic block contains the logic which con· 
trois the timing of the Interaction between the BMC and 
the FSAs. The FSA selection is determined by the four 
high·order bits In the BLR and the four high·order bits in 
the AR, both set by the user. 

Bubble Signal Decoder block contains the logic for 
creating all the MBM timing signals. The BMC to bubble 
memory interface consists of active low timing signals. 
The starting and stopping point of each signal is deter· 
mined by the decoder logic. Each signal may occur 
every field rotation or only once In a number of field rota· 
tlons. The field rotation In which a timing pulse occurs 
is controlled by the sequencer logic. 
Figure 4 and Table 2 illustrate the typical timing signals 
for the BMC. These signals are described in the follow
ing paragraphs. 

X+, X-, Y +, and Y - go to the 7250 CPOs, and are 
used to enable the coil drive currents in the MBMs. 

TM.A and TM.B go to the 7230 CPGs, and are used to 
determine, respectively, the pulse widths for the CUT 
and TRANSFER functions used in replicating and gen· 
eratlng the bubbles. 
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Table 2. 7220-1 BMC Timing (Degrees) 

Signal Start WI~th End 

X+ 270· 108· 378· 
Y+ O· 108· 108· 
x= go. 108· 198· 
Y- 180· 108· 288· 

TM.A(OOO) 270· 4.5· 274.5· 
TM.A (EVEN) go. 4.5· 94.5· 
TM.B(OOO) 270· 90· 360· 
TM.B (EVEN) go. 90· 180· 

BOOT.EN 252· 108· 360· 
REP.EN 252· 108· 360· 

SWAP. EN 180· 5.7· 697· 
BOOT.SW.EN 180· ~C' 180· 

SHIFTCLK (RO) 186.75· 99· 285.75· 

SHIFTCLK (WR) 72· 288· 360· 

'Stays low for 4118 field rotation periods when writing the MBM 
Bootloop. 

SWAP.EN, REP. EN, BOOT.SW.EN, and BOOT. EN all go 
to the 7230 CPG. They are used to enable, respectively, 
the data swap, data replicate, boot swap, and boot 
replicate functions within the MBMs. 

SHIFT.CLK goes to the FSAs. It is used to control the 
timing of events at the interface between each FSA and 
its corresponding MBM. (Refer to 7242 FSA Specifica
tion for a description of the BMC/FSA interface.) 

SYNC and C/O control the serial communications be· 
tween the BMC and the FSAs (on the 010 line). 

USER·ACCESSIBLE REGISTERS 

The user operates the bubble memory system by read· 
ing from or writing to specific registers within the bub· 
ble memory controller (BMC). The following paragraphs 
identify these registers and gives brief functional 
descriptions, including bit configurations and address 
aSSignments. . 

Register Addressing 
Selection of the user·accessible registers depends on 
register address information sent from the user to the 
BMC. This address information is sent via a single ad· 
dress line (designated Ao) and data bus lines Do through 
04, 

Both Command Register (CMOR) and Register Address 
Counter (RAC) are 4·bit registers which are loaded from 
00-03' The status register is selected and read by a 
single read request. The command register Is selected 
and loaded by a single write request. The remaining 
registers are accessed indirectly, and the desired register 
is first selected by placing its address in the RAC, and then' 
read or written with a subsequent read or write request. 
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Figure 4. 7220-1 BMC Timing Diagram 

Table 3 gives a complete listing of the address asign
ments for the user-accessible registers_ The registers 
are listed in two groups_ The first group (STR, CMDR, 
RAC) consists of those registers that are selected and 
accessed in one operatlon_ The second group (UR, BLR, 
ER, AR, FIFO) consists of those registers that are. 
addressed indirectly by the contents of RAe. 

Table 3. Address Assignments for the 
User-Accessible Registers 

~O D7 DB D5 D4 D3 D2 D1 DO Symbol Name 0' Register RaadlWrila 

1 0 0 0 1 C C C C CMDR Com·mand Write Only 
Register 

1 0 0 0 0 B B B B RAC Register Address Write Only 
Counter 

1 S S S S S S S S STR Status Register Read Only 
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Table 3. Address Assignments for the 
User-Accessible Registers (Continued) 

RAC 
AO B3 B2 B1 BO Symbol Name of Register ResdIWrlte 

0 ·1 0 1 0 UR Utility Register ReadarWrlte 
0 1 0 1 1 BLR LSB .Block Length Write Only 

Register LSB 
0 1 1 0 0 BLRMSB Block Length WnteOnly 

Register MSB 
0 1 1 0 1 ER Enable Register Write Only 
0 1 1 1 0 ARLSB Address Register Read or Write 

LSB 
0 1 1 1 1 ARMSB Address Register Read or Write 

MSB 
0 0 0 0 0 FIFO FIFO Data Buffer Read or \/Vrlte 

SSSSSSSS = 8-blt status Information returned to the user from the STR 
CCCC = 4-blt command code sent to the CMDR by the uear. 
BBBB = 4-blt register address sent to the RAC by the user. 

B3B2B1 BO = 4-blt .. ontents of RAC al the time the user makes a reaefor . 
write request with AO= O. 

LSB = Lesst Significant ·BYte 
MSB = Most Significant Byte 
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The register file contains the registers with address 
1010 through 1111. These registers are also called 
parametric registers because they contain flags and 
parameters that determine exactly how the BMC will 
respond to commands written to the CMDR. 

To facilitate such operations, the BMC automatically in· 
crements the RAC by one count after each transfer of 
data to or from a parametric register. 

The RAC increments from the initially loaded value 
through address 1111 and then on to 0000 (the FI FO ad· 
dress). When it has reached 0000, it no longer incre· 
ments. All subsequent data transfers (with AO = 0) will 
be to or from the FIFO until such time as the RAC is 
loaded with a different register address. 

REGISTER DESCRIPTIONS 

Command Register (CMDR) 4 Bits, Write Only 
The user issues a command to the BMC by writing a 
4·bit command code to the CMDR. 

Table 4 lists the 4-bit command codes used to issue the 
sixteen commands recognized by the BMC: 

Table 7 is a listing of the commands and their functions. 

Table 4. Command Code Definitions 

03 02 01 Do Command Name 

0 0 0 0 Write Bootloop Register Masked 
0 0 0 1 Initialize 
0 0 1 0 Read Bubble Data 
0 0 1 1 Write Bubble Data 
0 1 0 0 Read Seek 
0 1 0 1 Read Bootloop Register 
0 1 1 0 Write Bootloop Register 
0 1 1 1 Write Bootloop 
1 0 0 0 Read FSA Status 
1 0 0 1 Abort 
1 0 1 0 Write Seek 
1 0 1 1 Read Bootloop 
1 1 0 0 Read Corrected Data 
1 1 0 1 Reset FIFO 
1 1 1 0 MBM Purge 
1 1 1 1 Software Reset 

The most commonly used commands in nermal opera· 
tion are: 

Initialize 
Read Bubble Data 
Write Bubble Data 
Reset FIFO 
Read Seek 
Write Seek 
Abort 
Read Corrected Data 
Software Reset 
Read FSA Status 
MBM Purge 
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Commands relating to the bootloop, and used only for 
diagnostic purposes, are: 

Read Bootloop Register 
Write Bootloop Register 
Write Bootloop Register Masked 
Read Bootloop 
Write Bootloop 

Status Register (STR) 8 Bits, Read Only 
The user reads the BMC status register in response to 
an interrupt signal, or as part of the polling process in a 
polled data transfer mode. The status register provides 
information about error conditions, completion or ter· 
mination of commands, and about the BMC's readiness 
to transfer data or accept new commands. The in· 
dividual bit descriptions are as follows: 

STATUS REGISTER 

FIFO READY 
PARITY ERROR 

L... __ ---;~ UNCORRECTABLE ERROR 
L... _____ CORRECTABLE ERROR 

1..... _____ ---; .. TIMING ERROR 
1..... ________ OP FAIL 

1..... __________ OP COMPLETE 
1..... __________ ......, .. BUSY 

BUSY (when = 1) indicates that the BMC is in the 
process of executing a command. When equal to 
0, BUSY indicates that the BMC is ready to receive 
a new command. In the case of Read Bubble Data, 
Read Bootloop, read Bootloop Register, or Read 
Corrected Data commands, BUSY may also indicate 
that the data has not been completely removed from 
the FIFO, and that ORO is still active. BUSY will then 
drop as soon as ORO does (after the user has finis
hed reading the data remaining in the FIFO). 

OP COMPLETE (when = 1) indicates the successful 
completion of a command. 

OP FAIL (when = 1) indicates that the BUSY bit has 
gone inactive with either the TIMING ERROR or UN
CORRECTABLE ERROR bits active. 

TIMING ERROR (when = 1) indicates that a FSA has 
reported a timing error to the BMC, or that the host 
system has failed to keep up with the BMC, thereby 
causing the BMC FIFO to overflow or to underflow. 
TIMING ERROR is also set if no bootloop sync word 
is found during initialization, or if a Write Bootloop 
command is issued when the WRITE BOOTLOOP 
ENABLE bit is equal to zero in the enable register. 

CORRECTABLE ERROR (when = 1) indicates that 
a FSA has reported to the BMC that a correctable 
error has been detected in the last data block 
transferred. 
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UNCORRECTABLE ERROR (when = 1) indicates 
that at least one FSA has reported to the BMC that an 
uncorrectable. error has been detected'in the last 
data block transferred. 

PARITY ERROR (when = 1) indicates that the 
BMC's parity check circuitry has detected a parity 
error on a data byte sent to the BMC by the user on 
the data lines 00-08. 

FIFO READY has two functions. The FIFO READY 
functions are as follows: 

NOTE: IF RAC # FIFO, FIFO READY = 1 

STATUS BITS 
READ WRITE 

FIFO READY BUSY 

1 1 data in space in 
FIFO FIFO 

0 1 no data no space 

1 0 - data in FIFO -
0 0 - FIFO empty -

Although the status word can be read at any time, the 
status information, bit 1 through 6, is not valid until the 
BUSY bit is low. 

STR Bits 1 through 6 are reset when a new command is 
issued. They may also be reset by making a write re
quest (WR=O) to the BMC with Ao=1, 0 4 =0, and 05 =1 
(that is, writing the RAC with 0 5 =1). This operation also 
resets the "INT" pin to "0". NOTE: A byte of FIFO data 
can be lost when using this procedure if the RAC is 
written to other than the FIFO address when data is still 
present in FIFO. 

Enable Register (ER) 8 Bits, Write Only 
The user sets various bits of the enable register to 
enable or disable various functions within the BMC or 
the FSAs. The individual bit descriptions are as follows: 

INTERRUPT ENABLE (NORMAL) 

INTERRUPT ENABLE (ERROR) 

'----_ DMA ENABLE 
'------.. MAXIMUM FSA·BMC TRANSFER RATE 

'-------_WRITE BOOlLOOP ENABLE 
'--------_ENABlE Reo 

'----------_ENABLE leo 
L----------_ENABlE PARITY INTERRUPT 

In the above figure and in the text below, the following 
abbreviations are used: 

ICD = INTERNALLY CORRECT DATA 
RCD = READ CORRECTED DATA 
UCE = UNCORRECTABLE ERROR 
CE = CORRECTABLE ERROR 
TE = TIMING ERROR 

ENABLE PARITY INTERRUPT enables the BMC to 
interrllPt the host system (via the INT line) when 
the BMC detects a parity error on the data bus 
Jines 00-07, 
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ENABLE ICD enables the BMC to give the Inter
nally Correct Data command to the FSAs when an 
error has been detected by the FSA's error detection 
and correction circuitry. Each FSA responds to such 
a command by internally cycling the data through its 
error correction network. When finished, the FSA 
returns status to the BMC as to whether or not the 
error is correctable. The value of ENABLE ICD af
fects the action of INTERRUPT ENABLE (ERROR). 

ENABLE RCD enables the BMC to give the Read 
Corrected Data command to the FSAs when an error 
has been detected. This causes each FSA to correct 
the error (if possible) and also to transfer the correc
ted data to the BMC. The Read Corrected Data com
mand is also used to read into the BMC data 
previously corrected by the FSA in response to an 
Internally Correct Data command. In either case, 
when the data transfer has been completed, the 
BMC reads each FSA's status to determine whether 
or not the error was correctable. In the case of an 
uncorrectable error, bad data may have been sent to 
the user. The value of ENABLE RCD affects the ac
tion of INTERRUPT ENABLE (ERROR). 

WRITE BOOTLOOP ENABLE (when = 1) enables 
the bootloop to be written. If this bit is equal to 
zero, and a Write Bootloop command is received 
by theBMC, the command is aborted and the TIM
ING ERROR bit is set in the STR. 

MFBTR controls the maximum burst transfer rate 
from FSA(s) to BMC FIFO. This rate is variable on 
the "last page" of a multiple page transfer. (In one 
page transfers the last page is the only page.) See 
Table 5 for effects of this bit on the various 7220-1 
commands. 

Table 5. MFBTR Bit Definitions 

Number Maximum 
MFBTR Bit of MBMs Required 

Operated Host Interface 
in Parallel Data Rate Read Command Write Command 

1 SOK byte/sec 0 N/A 

2 100K byte/sec .. 0 N/A 

4 200K byte/sec 0 N/A 

8 400K byte/sec 0 N/A 

1 12.5K byte/sec 1 0 

2 25K byte/sec 1 0 
4 SOK byte/sec 1 0 
8 100K byte/sec 1 0 

NOTE: The MFBTR bit should always be set to "0" for all commands 
except "Read Bubble Data." 

DMA ENABLE (when = 1) enables the BMC to 
operate in DMA data transfer mode, using the ORO 
and DACK signals in interaction with a DMA con
troller. When equal to zero, DMA ENABLE sets up 
the controller to support interrupt driven or polled 
data transfer. 
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INTERRUPT ENABLE (ERROR) selects error condi
tions under which the BMC stops command exe
cution and interrupts the host processor (via the 
INT line). INTERRUPT ENABLE (ERROR) operates 
in conjunction with ENABLE ICD and ENABLE 
RCD. 

Inlerrupt 
Enable Enable Enable 

ICD RCD (ERROR) Interrupt Action 

0 0 0 No Interrupts due to errors 
0 0 1 Interrupt on TE only 
0 1 0 Interrupt on UCE or TE 
0 1 1 Interrupt on UCE, CE, or TE 
1 0 0 Interrupt on UCE or TE 
1 0 1 Interrupt on UCE, CE, or TE 
1 1 0 Not used 
1 1 1 Not used 

TE = Timing Error, CE = Correctable Error, 
UCE = Uncorrectable Error. 

INTERRUPT ENABLE (NORMAL) (when = 1) 
enables the BMC to interrupt the host system (via 
the INT line), when a command execution has been 
successfully completed (OP COMPLETE = 1 in the 
STR). 

Utility Register (UR) 8 Bits, Read or Write 
The utility register is a general purpose register avail
able to the user in connection with bubble memory 
system operations. It has no direct effect on the BMC 
operation, but is provided as a convenience to the user. 

Block length Register (BlR) 16 Bits, 
Write Only 
The contents of the block length register determine the 
system page size and also the number of pages to be 
transferred in response to a Single bubble data read or 
write command. The bit configuration is as follows: 

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB 

17161514131211101 17161514131 211 101 
--.-- x ==~...:.....==::::====~ NUMBER OF FSA NUMBER OF PAGES TO BE TRANSFERRED 
CHANNELS (NFCI 

The system page size is proportional to the number of 
magnetiC bubble memory modules (MBMs) operating in 
parallel during the data read or write operation. Each 
MBM requires two FSA channels. Bits 4 through 7 of 
BlR MSB actually specify the number of FSA channels 
to be accessed. 

The BlR lSB, together with the 3 least significant bits 
of the BlR MSB, specify the number of· pages to be 
transferred. Up to 2048 pages can be transferred in 
response to a single bubble data read or write com
mand, hence the requirement for 11 bits. All 11 bits 
equal to zero specifies a 2048 page transfer. 

Address Register (AR) 16 Bits, Read or Write 
The contents of the address register determine which 
MBM group is to be accessed, and, within that group, 
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what starting address location shall be used in a data 
read or write operation. The bit configuration is as 
follows: 

ADDRESS REGISTER MSB ADDRESS REGISTER LSB 

X--.-
MBM SELECT STARTING ADDRESS WITHIN EACH MBM 

Within each MBM there are 2048 possible starting ad
dress locations for a data read or write operation, hence 
the requirement for 11 bits in the starting address. 

The selection of the MBMs to be read or written is 
specified by AR MSB Bits 3-6. The BMCs interpretation 
of these bits depends on the number of MBMs in a 
group, which is specified by BlR MSB Bits 4-7. 

Table 6 shows which MBM groups are selected in 
response to given values for BlR MSB Bits 4-7 and AR 
MSB Bits 3-6. A 1-megabyte system (8 MBMs) is 
represented, with the FSA channels numbered 0 
through F: 

Table 6. Selection of FSA Channels 

ARMSBBII. 
BLR MSB BII. (7,8,5,4) 

(8,5,4,3) 0000 0001 0010 0100 1000 

0000 0 0,1 0,1,2,3 Ot07 OtoF 
0001 1 2,3 4,5,6,7 8toF 
0010 2 4,5 8,9,A,B 
0011 3 6,7 C,D,E,F 
0100 4 8,9 
0101 5 A,B 
0110 6 C,D 
0111 7 E,F 
1000 8 
1001 9 
1010 A 
1011 B 
1100 C 
1101 D 
1110 E 
111 1 F 

The accessing of single FSA channels is done only as 
part of diagnostic processes. AR MSB Bit 7 is not used. 

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or 
Write 
The BMC FIFO is a 40-byte buffer through which data 
passes on its way from the FSAs to the user, or from the 
user to the FSAs. The FIFO allows the data transfer to 
proceed in an asynchronous and flexible manner, and 
relaxes timing constraints, both to the FSAs and also to 
the user's equipment. The user's system must, however, 
meet the data rate requirements. When the BMC is busy 
(executing a command) the FIFO functions as a data 
buffer. When the BMC is not busy, the FIFO is available 
to the user as a general purpose FI FO. 
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FUNCTIONAL OPERATION 
The IC components used in the bubble memory systems 
have been designed with transparency in mind-that is, 
a maximum number of operations are handled by the 
hardware and firmware of these components. 

Each one·Megabit Bubble Memory (MBM) operates in its 
own domain, and is unaffected by the number of bubble 
memories in the system. The roles played by the MBM's 
immediate support circuitry can be described as if the 
system contained only one MBM module. 

Data Flow Within the Magnetic Bubble 
Memory (MBM) System (Single MBM 
Systems) 

During a read operation, data flows as follows: The 
data from the MBM is input to the Formatter/Sense 
Amplifier (FSA). Data from each channel (A channel or B 
channel) of the MBM goes to the corresponding channel 
of the FSA. In the FSA, the data is paired up with the cor
responding bit in the FSA's bootloop register to deter
mine whether it represents data from a 'good' loop. If it 
does, the data bit is stored in the FSA FIFO. Error detec
tion and correction (if enabled by the user) is applied to 
each block of 256 data bits. 

From the FSA FIFO, data is sent to the bubble memory 
controller (BMC) in the form of a serial bit stream, via a 
one-line bidirectional data bus (010). The data is multi
plexed onto the 010 line, with data bits coming alter
nately from the A and B channels of the FSA. The BMC 
outputs a SYNC pulse to the SELECT.lN input of the 
FSA. The FSA responds by placing a data bit from the A 
channel FIFO on the 010 line. One clock cycle later, a 

data bit from the B channel FIFO is placed on the 010 
line. The BMC continues to output SYNC pulses, once 
every 20 or 80 clock cycles, each time receiving two data 
bits in return. 

In the BMC, the data undergoes serial-to-parallel conver
sion, and is assembled into bytes, which are then placed 
in the BMC FIFO, which -can hold 40 bytes of data. From 
this FIFO, the data bytes are written onto the user inter
face. 

During a write operation, the data flow consists of the 
corresponding operations in the reverse order. 

Multlple-MBM Systems 

The 7220-1 BMC can interface up to 8 one-me.gabit BPK70 
Bubble Storage subsystems. The data flow in a multiple
BPK70 system is in most respects similar to that which 
occurs in a one-BKP70 subsystem. The difference is in 
the time-division multiplexing that occurs on the 010 
bus line between the BMC and the FSAs. 

For data transfer operations, the BMC may exchange 
data with as few as two FSA channels (one BPK70) or as 
many as 16 FSA channels (eight BPK70s). 

SOFTWARE INTERFACE-The general procedure for 
communicating with the BMC is: 

Pass parameters to the BMC by loading the 
registers. 
Send the desired command. 
Read the status/command register until BMC is not 
busy. (or use "INT" pin). 

Examine the status register to determine whether 
the operation was successful. 

Table 7_ Detailed Command Descriptions 

Initialize 

Read Bubble Data 

Write Bubble Data 

Read Seek 

The BMC executes the Initialize command by first interrogating the bubble system to 
determine how many FSAs are present, then reading and decoding the bootloop from each 
MBM and storing the results in the corresponding FSA's bootloop register. All the parametric 
registers must be properly set up before issuing the Initialize command. 

The Read Bubble Data command causes data to be read from the MBMs into the BMC FIFO. 
The selection of the MBMs to be accessed and the starting address for the read operation is 
specified in the address register (AR). The block length register (BLR) specifies the number of 
system pages to be read. All the parametric registers must be properly set up before issuing 
the Read Bubble Data command. 

The Write Bubble Data command causes data to be read from the BMC FIFO and written into 
the MBMs. The selection of the MBMs to be accessed and the starting address for the write 
operation is specified in the address register (AR). The block length register (BLR) specifies 
the number of system pages to be written. All the parametric registers must be properly set up 
before issuing the Write Bubble Data command. 

The Read Seek command rotates the selected MBMs to a designated page address location. 
No data transfer occurs. The positioning is such that the next data location available to be read 
isthe specified (inAR) page address plus one: The Read Seek command may be used to reduce 
latency (access time) in cases where information is available for the user to predict the 
location of an impending read reference to the MBMs. 
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Write Seek 

Abort 

MBM Purge 

Read Corrected Data 

Software Reset 

Read FSA Status 

Read Bootloop 
Register 

Write Bootloop 
Register Masked 

Read Bootloop 

Write Bootloop 

7220-1 

Table 7. Detailed Command Descriptions (Continued) 

The Write Seek command rotates the selected MBMs to a designated page address location. 
No data transfer occurs. The positioning is such that the next data location available to be 
written is the specified (i nAR) page address plus one. The Write Seek coml)'1and may be used to 
reduce latency (access time) in cases where information is available for the user to predict the 
location of an impending write reference to the MBMs. 

The Abort command causes a controlled termination of the command currently being 
executed by the BMC. The Abort command will be accepted by the BMC (and is typically 
issued) when the BMC is busy. 

The MBM Purge command clears all BMC registers, counters, and the MBM address RAM. 
'Furthermore, it determines how many FSA channels are present in the system and stores this 
value In the 7220-1. The "INITIALIZE" command uses this command as a subroutine. 

The Read Corrected Data command causes the BMC to read into the BMC FIFO a 256-bit block 
of data from the FIFO of each selected FSA channel, after an error has been detected. The data 
cycles through the error correction network of the FSA. After the data has been read, the FSA 
reports to the BMC whether or not the error was correctable. The Read Corrected Data 
command is used. only when the system is in error correction mode (ENABLE ICD or ENABLE 
RCD set in the ER). 

The Software Reset command clears the BMC FIFO and all registers, except those containing 
initialization parameters. It also causes the BMC to send the Software Reset command to 
selected FSAs in the system. No reinltialization is needed after this command. 

The Read FSA Status command causes the BMC to read the 8-bit status register of all FSAs, 
and to store this information in the BMC FIFO. The Read FSA Status command is independent 
all parametric registers. 

The Read Bootloop Register command causes the BMC to read the bootloop register of the 
selected FSA channels and to store this information in the BMC FIFO. Twenty bytes are 
transferred for each FSA channel selected. 

Proper operation of the FSAs during data transfer to or from the MBMs requires that the 
bootloop register contain (if error correction is used) exactly 270 logic 1s for each FSA 
bootloop register. The user may select any subset of 270 "good" loops from the total number 
of available loops (if error correction is not used, 270 replaced by 272). As an .alternative, the 
Write Bootloop Register Masked command may be used. This command counts the number of 
logic 1s and masks out the remaining 1s after the proper count has been reached. The 
Initialize command uses this command as a subroutine. 

The Read Bootloop command causes the BMC to read the bootloop from the selected MBM, 
and to store the decoded bootloop information in the BMC FIFO. The Initialize command uses 
this command as a subroutine. 

The Write Bootloop command causes the existing contents of the selected MBM's bootloop to 
be replaced by new bootloop data based on 40 by1es of information stored in the FIFO (the 
user must actually write 41 bytes, where the 41st by1e is all Os). Encoding ofthe bootloop data 
is done by the BMC hardware. 
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ABSOLUTE MAXIMUM RATINGS 
Temperature under bias ............ -10·C to +SO·C 
Storage Temperature ............. - 65·C to + 150·C 
All Input or Output Voltages and 

Vcc Supply Voltage .................. - 0.5V to 7V 

"NOTICE: Stresses above those listed under "Absolute Max
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C; Vee = 5.0V +5%, -10%) 

Symbol Parameter Min. Max. Unit Test Condition 

Vil Input low Voltage O.S V 

VIH(1) ~nput High Voltage (all but PWR.FAll) 2.0 V 

VIH(2) Input High Voltage (PWR.FAll) 2.5 V 

VOl(1) Output low Voltage 
(All outputs except DET.ON, BUS.RD, .45 V 10l = 3.2 rnA 
SHIFT.ClK, and SYNC 

VOL(2) 
Output low Voltage 

.45 V 10l = 1.6 rnA DET.ON, BUS.RD, SHIFT.ClK, SYNC 

VOH Output High Voltage 2.4 V 10H = 400!-,A 

Illll I nput leakage Cu rrent 10 !-,A o .;;VIN .;; Vcc 

IOFLI Output Float leakage 10 !-,A 0.45.;; VOUT ';; Vee 

Icc Power Supply Current from Vee 200 rnA 

A.C. CHARACTERISTICS 
(TA = O°C to + 70°C; Vee = 5.0V +5%, -10%; C, = 150 pF; unless otherwise noted.) 

Symbol Parameter Min. Max_ Unit Test Condition 

tp Clock Period 249.75 250.25 ns 

t~ Clock Phase Width (High Time) .451p .55 tp 

tR·IF Input Signal Rise and Fall Time 30 ns 

FSA INTERFACE TIMINGS 

Symbol Parameter Min. Max. Unit Test Condition 

tCDv ClK 10 010 Valid Delay 150 ns Under Pin loads" 

ICDF ClK 10 010 Entering Float 10 250 ns Under Pin loads" 

tCDE ClK to 010 Enabled from Float 150 ns Under Pin Loads" 

tCDH ClK 10 010 Hold Time 10 ns Under Pin loads" 

ICSOL ClK to SYNC leading Edge Delay 120 ns Under Pin loads" 

tCSOT ClK to SYNC Trailing Edge Delay 20 100 ns Under Pin loads" 

tDC 010 Setup Time to Clock SO ns Under Pin loads' 

tDHC 010 Hold Time from Clock 0 ns Under Pin loads" 

tCOL ClK to Output leading Edge 150 ns Under Pin loads' 

tCOT ClK to Output Trailing Edge 0 190 ns Under Pin loads" 

tEW ERR. FlG Pulse Width 200 ns Under Pin loads" 

tSCFT SHIFTClK to Y - Trailing Edge SO 200 ns Under Pin loads" 

"Final test conditions: TBD. 
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A.C. CHARACTERISTICS (Continued) (T. = DoC to 70°C; Vee = 5.0 +5%, -10%; CL = 150 pF; unless 

READ CYCLE (HOST INTERFACE) otherwise noted.) 

Symbol Parameter 

tAC Select Setup to RD~ 

tCA Select Hold from RDt 

tRR RD Pulse Width 

tAD Data Delay from Address 

tRO Data Delay from RD~ 

tOF Output Float Delay 

toc DACK Setup to RD~ 

tco DACK Hold from RDt 

IKO Data Delay from DACK~ 

ICYCR "Read" Cycle Time 

WRITE CYCLE (HOST INTERFACE) 

Symbol Parameter 

tAC Select Setup to WR~ 

tCA Select Hold from WRt 

tww WR Pulse Width 

tow Data Setup to WRr 

two Data Hold from WRt 

toe DACK Setup toWR~ 

tco DACK Hold from WR t 

tCYCW "Write" Cycle Time 

tca 
Request Hold from RD or WR 
(Non-Burst Mode) 

tOEAOW Inactive Time between WRt and WRI 

tOEAOR Inactive Time between RDt and RDI 

7250·7230 INTERFACE TIMINGS 

Symbol Parameter 

tCBl ClK to Bubble Signal leading Edge 

tCBT ClK to Bubble Signal Trailing Edge 

'Bubble Pin loads Shown Below 
PIN LOADINGS 

Pin Names 

X+.X-,Y+,Y-

TM.A, TM.B, REP. EN, BOOT.EN, 
SWAP. EN, BOOT.SW.EN, CIO, 
ERR.FLG, WAIT, SYNC 

DET.ON & SHIFT.CLK 

BUS.READ 

Value Unit 

150 pF 

50 pF 

100 pF 

10 pF 

Min. 

0 

0 

200 

10 

0 

0 

(DMA Mode) 

4t.-t, 

Min. 

0 

0 

200 

200 

0 

0 

0 

4tp + tww 

4tp 

150 

Min. 
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Max. Unit Test Condition 

ns 

ns 

n5 

150 n5 

150 n5 

100 n5 TBD 

n5 

n5 

150 ns 

In non DMA mode. 
n5 tCYCR Min. = 6t.-t, 

Max. Unit Test Condition 

n5 

ns 

ns 

ns 

ns 

n5 

ns 

150 ns 

ns 

Max. Unit Test Condition 

250 ns Under Pin loads' 

250 ns Under Pin loads' 
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WAVEFORMS 

READ (HOST INTERFACE) 

1---------10·,,,,---------1 

~CK----~ ~------~----------------------~ 

cs -------t-" ,,----++----------------~----,I _~--" r--+--
Ao -------+-' I"----t+------------------t-.....JJ _____ oJ "'---+--

DATA BUS c 
I+---IAD---t 

t-----IKD-----t I+----IDEADR:---~ 

WRITE (HOST INTERFACE) 

10" 

X 
~IDC __ 

X 
Ao 

f..-IAC- tww 

WI! 

DATA BUS 

DMA (HOST INTERFACE) 

ORO 

I'm OR WI! -------'" 

IDW 

1----tDEAD---~ 

!+-I" 
/r-----__ \ 
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WAVEFORMS (Continued) 

7242 INTERFACE TIMINGS 

ClK 

DIO(READ) 

RESET OUT, c/o 

7250 & 7230 INTERFACE TIMINGS 

ClK 

BUBBLE SIG. 
7250 & 7230 

7220-1 
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7230 
CURRENT PULSE GENERATOR 

FOR BUBBLE MEMORIES 

TTL Compatible Inputs • Direct Interface to Bubble Memory 

Provides all Pulses for 1M's Bubble Controller 

Memories • Automatic Power Fail and Reset 
- Replicate, Swap, Generate, • Operates from +5 and +12 Volts Only 

Boot Replicate and Bootswap 

Current Sink Outputs Designed to • Schottky Bipolar Technology 

Directly Drive Bubble Memory • Standard 22·Pln Dual·ln·Line Package 

The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230 is a 
Schottky Bipolar, TIL input compatible device that converts digita.l timing signals to analog current pulses. The CPG 
provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate, Swap, Generate, Boot 
Replicate and Bootswap pulses. The high current sinking outputs directly drive the bubble memory. It also directly in· 
terfaces to the Intel Magnetics Bubble Memory Controller (7220·1) and Formatter/Sense amplifier (7242). 
The 7230 operates from 5-volt and 12-volt power supplies and is in a standard 22-pin dual-in-line package. 

PIN CONFIGURATION 

vee 
PWR.FAIL 

REFR. 

GEN.EN.8 4 GEN.B 

GEN.EN.A GEN.A 

SWAP. EN 17 SWAP 

REP.B 

REP.EN 8 REP.A 

BOOT.SW.EN 9 BOOT.S'NA 

BOOT.EN BOOT.REP 

GND 

TO 
8080 7220·1 

BUBBLE 
8085 MEMORY 
8088 CONTROLLER 
8086 (BMC) 

BLOCl( DIAGRAM 

~----------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7242 
FORMATIERI 

SENSE 
AMP 
(FSA) 

7110 
ONE MEGABIT 

BUBBLE 
MEMORY 

UNIT 
(MBM) 

L _____________ ~~~~ 

TO 
ADDITIONAL 

BPK70's 

Block Diagram of Single Bubble Memory System - 128K Bytes 
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LOGIC DIAGRAM 

EXTERNAL 
RESISTOR 

REFERENCE CURRENT 
GENERATOR 

BOOT.sw.EN o'@""'~--<f....J 

REP.A 

REP.B 

SWAP 

BOOT.sWAP 

EXTERNAL RESISTOR REQUIREMENTS 
Connect a 1% 3.48K ohm resistor based between pin 20 
and ground or referenced current switch as outlined in 
BPK72 !Jser's Manual ' ' 
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PIN DESCRIPTION. 

BOOT.EN (Pin 10) 
An .actlve low Input enabling the BOOT. REP output 
current pulse. 

BOOT.REP (Pin 13) 
An output providing the current pulse for bootstrap loop 
replication in the bubble memory. 

BOOT.SWAP (Pin 14) 
An output providing a current pulse which may be used 
for writing data Into the bootstrap loop. 

BOOT.SW •. EN (Pin 9) 
An active low Input enabling the BOOT.SWAP output 
current pulse. 

CS(Pln7) 
An active low input for selecting the chip. The chip 
powers down during deselect. 

GEN.A (Pin 18) 
An output providing the current pulse for writing data 
into the "A" quads of the bubble memory. 

GEN.B (Pin 19) 
An output providing the current pulse for writing data 
Into the "S" quads of the bubble memory. 

GEN.EN.A (Pin 5) 

An active low Input enabling theGEN.A output current 
pulse. 

GEN.EN.B (Pin 4). 
An active low input enabling the GEN.B output current 
pulse. . 

PWR.FAIL (Pin 21) 
An active low, open collector output Indicating that 
either Vee or Voo is below its threshold value. 

REFR. (Pin 20) 
The pin for the reference current generator to which an 
external resistance must be connected. 

REP.A (Pin 15) 
An output providing the current pulse for replication of 
data In the "A" quads of the bubble memory. 

REP.B (Pin 18) . 

An output providing the current pulse for replication of 
data'in the "B" quads of the bubble memory. 

REP.EN (Pin 8) 

An active low Input enabling the REP.A .and. REP.B 
outputs. 
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PIN DESCRIPTION (continued) 
SWAP (Pin 17) 
An output providing the current pulse for exchanging 
the data between the Input track and the storage loops 
In the bubble memory. 

SWAP.EN (Pin 8) 

An active low Input enabling the SWAP output. 

TM.A(Pln2) 
An active low timing signal determining the cu.t pulse 
widths of the BOOT.REP, GEN.A, GEN.B, REPA and 
REP.B outputs. 

TM.B(Pln 3) 

An active low timing signal determining the transfer 
pulse widths of the BOOT. REP, GEN.A, GEN.B, REP.A 
and REP.B outputs. 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............ -20.·C to +80·C 
Storage Temperature .............. -65·C to + 150·C 
Vee and Input Voltages ................ -0.5Vto + 7V 
V DO and Output Voltages ........... - 0.5V to + 12.6V 
Power Dissipation ............................. 1 W 

'COMMENT: Stresses above those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This Is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated In the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA = O°C to +70°C; Vee = 5.0V +5%, -10%; 
Voo = 12V ±5%; unless otherwise specified) 

Symbol Parameter Limits Unit 
Min. Typ. .Max. 

IlL Input Low Current -0.4 mA 

IIH Input High Current 20 ~ 
VIL Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

Ve Input Clamp Voltage -1.5 V 

leEXl Output Leakage Current 
(All Outputs except PWR.FAIL) 1.0 mA 

leEX2 PWRFAIL Output Leakage 
100 ~ Current 

VOL PwFi.FAll Output Low Voltage 0.4 V 

VceTH Vee Threshold (for PWRFAIL) 4.65 V 

VOOTH Voo Threshold (for PWRFAIL) 11.2 V 

lecl Current from Vee - Selected 30 45 mA 

1001 Current from Voo - Selected 20 35 mA 

1002 Current from Voo - Power Down 12 19 mA 

A.C. CHARACTERISTICS (TA = O°C to +70°C; Vee = 5.0V +5%, -10%; 

Voo = 12V ±5%; unless otherwise specified) 

Symbol Parameter Min. Max. Unit 

tOON Propagation Delay (Turn On) 50 100 ns 

tDOFF Propagation Delay (Turn Off) 20 50 ns 

t, Output Current Rise Time 160 ns 

tf Output Current Fall Time 20 ns 

tOIS CS Disable Time 50 ns 

tEN CS Enable Time 500 ns 

"Note: Vee=4.5V and Voo= 10.8V for all tests. 
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Test Conditions 

VIL=0.4V, Vee=5.25V 

VIH= Vee= 5.25V 

1= -18 mA, Vcc=4.75V 

Vee=5.25V, Voo=12.6V 

VOH= Vee= 5.25V 

IOL-4 mA, Vec=4.75V 

Voo-12V 

Vce- 5V 

CS=VIL, Vee=5.25V 

CS=VIL, Voo=5.25V 

CS= VIH, Voo= 12.6V 

Test Conditions· 

See Test Setup Below 

See Test Setup Below 
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WAVEFORMS 

~ 
,----- 3.0V 

cs- -I ::V 
- :EN I -I -tDIS 

ALL OTHER 
INPUTS ---

OUTPUT 
CURRENT ___ -'I 

CAPACITANCE'* 
(TA = 25°C) 

3.0V 

+·f-----l.5V 
'--'t-f----- OV 

----90% 
- - - - 50% 

----10% 

7230 

CURRENT 
PROBE 

Test Setup for Output Current 
RI .. and Fall Time Measurement 

Symbol Parameter Test Conditions· 

Input Capacitance 

"This parameter Is periodically sampled and not 100% tested. Condition of measurement Is f= 1 MHz. 

OUTPUT CURRENTS 
(TA = O°C to 70°C, Vee = 5.0V ±5%, Vee = 12V ±5%) 

Nominal Values at 50 KHz 

Output (V OUT = 3.0V) Current (mA) Pulse Width (I's) 

REP.A, REP.B CUT 180 0.25 

REP.A, REP.B TRANSFER 140 5.0 

BOOT. REP CUT 90 0.25 

BOOT.REP TRANSFER 70 5.0 

GEN.A, GEN.B CUT 64 0.25 

GEN.A, GEN.B TRANSFER 36 5.0 

SWAP 120 28.75 

BOOT. SWAP 70 See Note 

Two-level pulses are defined as shown: 

Note: Writing data into the bootstrap loop would require 4096 pulses of 20"s width. 
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7242 
DUAL FORMATTER/SENSE AMPLIFIER 

FOR BUBBLE MEMORIES 

Error Detection/Correction Done • FIFO Data Block Buffer 
Automatically 

Daisy-Chained Selects for Dual Channel • 
Multiple Bubble Memory Systems 

On·Chip Sense Amplifiers 
• MOS N·Channel Technology 

Automatically Handles Redundant 
Loops • Standard 20·Pln Dual·ln·Line Package 

The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics Bubble 
Memories. The 7242 features on-Chip sense amplifier for system ease of use and minimization of system part count. 
The 7242 also provides for automatically handling the bubble memories' redundant loops so they appear transparent 
to the user. In addition, complete burst error detection and correction can be done automatically by this device. 

The 7242 has a full FIFO data block buffer. This device can be daisy-chained for multiple bubble memory systems. Up 
to eight FSA's can be controlled by one 7220·1 Bubble Memory Controller (BMC). 

The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique 
features. The device is packaged in a standard high density 20-pin dual-In-line package. 

PIN CONFIGURATION 

cs Vee 

SELECT.OUT SELECT.lN 

c/o CLK 

ERR.FLG DIO 

v •• RESET 

DET.A+ SHIFT.CLK 

DET.A- ENABLE.B 

DET.B+ ENABLE.A 

DET.B- DATA.OUT.B 

GND DATA.OUT.A 

TO 
B080 
8085 
BOB8 
BOB8 

BLOCK DIAGRAM I - - - - - - - - - - - - - - - -., 

722()'1 
BUBBLE 
MEMORY 

CONTROLLER 
(BMC) 

I 
I 
I 
I 
I 
I 
I 
I 
I 7110 

ONE MEGABIT 
BUBBLE 
MEMORY 

UNIT 
(MBM) 

L _____________ ~~~~ 

TO 
ADDITIONAL 

BPK70's 
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Block Diagram of Single Bubble Memory System 
128K Bytes 
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LOGIC DIAGRAM 

PIN DESCRIPTION 
C/O (Pin 3) 
Command/lJata Signal. This signal shall cause the FSA 
to enter a receive command mode when high and to 
interpret the serial data line as data when low. Any 
previously active command will be immediately 
terminated by C/O'. 

ClK (Pin 18) 
Same TTL level clock used to generate internal timing 
as used for 7220·1. 

CS(Pln 1) 
An active low signal used for multiplexing of FSA's. The 
FSA is disabled whenever CS is high (i.e., It presents a 
high impedance to the bus and ignores a" bus activity.) 

DATA.OUT.A, DATA.OUT.B (Pins 11 and 12) 
Output data from the FIFO to the MBM generate 
circuitry. Used to write data into the bubble device 
(active lOw). 

DET.A +, DET.A -, DET.B +, DET.B - (Pins 6, 7, 8, and 9) 
Differential signal lines from the MBM detector. 

DIO (Pin 17) 
The Serial Bus data line (a bidirectional active high 
signal). 

ENABlE.A, ENABlE.B (Pins 13 and 14) 
TTL level outputs utilized as chip selects for other inter· 
face circuits. They shall be set and reset by the 
Command Decoder under instruction of the Controller 
(active low). 
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ERR.FlO (Pin 4) 
An error flag used to Interrupt the Controller to indicate 
that an error condition exists. It shall be an open drain 
active low Signal. 

RESET (Pin 16) 
An active low signal that shall reset all flags and 
pointers in the FSA as well as disabling the chip as the 
CS signal does. The FiESEf pulse width must be 5 clock 
periods to assure the FSA is properly reset. 

SElECT.IN (Pin 19) 
An input utilized for time division multiplexing. An 
active low signal whose presence Indicates that the 
FSA is to send or receive data from the Serial Bus during 
the next two clock periods. 

SElECT.OUT (Pin 2) 
The SELECT.lN pulse delayed by two clocks. It shall be 
connected to the SELECT.lN pin of the next FSA. It is 
delayed by two clocks because the FSA is a dual 
channel device. Channel A shall internally pass 
SELECT.lN to Channel B (delayed by one clock). 

SHIFT.ClK (Pin 15) 
A Controller generated clock signal that shall be used to 
clock data out of the bubble 1/0 Output Latch to the 
bubble module during a write operation and to cause 
bubble signals to be converted by the Sense Amp and 
clocked into the Bubble 1/0 Input Latch on a read. 

FUNCTIONAL DESCRIPTION 
The following is a brief description of each block of the 
7242 FSA. 

Serial Communications - The Serial Communications 
block handles ali transfers on the Serial Bus and is 
shared by both channels of the FSA. 

Command Decoder - The Command Decoder inter· 
prets commands by the Serial Communication logic and 
sets the appropriate command and enable lines. It also 
maintains FSA status, and generates various reset lines. 

Internal Data Bus - The Internal Data Bus is the main 
data link between the Serial Communications block and 
all other data sources in each half of the FSA. 

110 Latches, Flags, and Bus Control - Each channel of 
the FSA has its own Internal Data Bus, on which all data 
transfers are made. There is a Flag and a bidirectional 
Latch in each "1/0 Latches - Flag" block. Only one 
Latch is used in a given operation and the Flag tells the 
Bus Controller whether or not the Latch is full. The Bus 
Controller monitors these flags, and other control 
Signals, to determine. when each device should have 
access to the Internal Data Bus. When a transfer is to be 
made, the appropriate devices are enabled, the Bus is 
enabled, and the transfer takes place synchronously by 
virtue of a transparent State Machine Sequencer. 

FIFO - The FIFO is a variable length First·ln·First·Out 
buffer utilized to store data passing to and from the 
MBM module. The FIFO is logically 272 bits in length in 
the "no error correction" mode. It is 270 bits in the 
"error correction" mode, since 256 bits of data and a 14 
bit error correction code must be used in this mode of 
operation. 
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The FIFO pointers are reset by hardware or software 
resets or each time a command to read or write is 
received by the Command Decoder. 

If a block length other than 272 bits Is used In the no 
error correction mode, the FIFO pointers will not return 
to word zero at the end of each block transfer. This Is of 
no consequence If one is not concerned about the 
absolute location of data in the FIFO. Keeping in mind 
that the FIFO is only 272 bits physically, any block 
length may be used up to and including 320. 

Bootstrap Loop Register - The Bootstrap Loop 
Register is a 160·blt register that contains information 
detailing the location of bad loops in the MBM module. 
This data will enable bubble I/O to ensure that bits are 
not loaded in the FIFO from bad loops, or written from 
the FIFO into bad loops. A logic zero (absence of a 
bubble) is written into bad loops. 

Error Correction Logic - The Error Correction Logic 
contains the circuitry to implement a burst error cor· 
recting code capable of correcting any single burst error 
of length equal to or less than 5, anywhere in the 270·blt 
data stream, Including the error correction code which 
is 14 bits in length. A Correction Enable bit may be set 
or reset via a special command. When reset, the entire 
error correction network Is disabled and block length 
may vary from 270 bits. Error detection shall be accom· 
plished on all data transfers (when enabled); however, 
correction cannot take place unless the FSA is operated 
in a buffered mode (I.e., an entire block is read prior to 
passing any data to the Controller). 

Bubble I/O - The Bubble I/O consists of an integrated 
Sense Amplifier and an output driver. The Sense 
Amplifier consists of a sample·and·hold circuit and a 
differential, chopper stabilized comparator. 

Enables - The ENABLE.A and ENABLE.B ,outputs are 
utilized as chip selects for external circuitry. To set an 
ENABLE line, the desired channel of the FSA must be 
selected and a Read or Write MBM, Set Enable Bit, 
Initialize. Read Corrected Data. or Internally Correct 
Data command is sent. Any other command sequence 
will reset the ENABLE lines. 

COMMANDS 

FSA Commands 
The FSA shall receive a four·bit command word via the 
Serial Bus. In addition, some of the commands require 
additional data bits, e.g., status to be passed serially. 
The four bits shall be interpreted as shown In Table 1. 
The effects on the Status bits, Correction Enable bit, 
and Enable pins are summarized In Table 2. 

The following is a brief description of each command 
available in the 7242 FSA. 

No Operation - Deselects the chip and prevents 
further internal activity (default state for reset, unselec· 
ted or unaddressed channels). Resets the FIFO and 
Bootloop pointers. The Enable pins (ENABLE.A and 
ENABLE.B) become Inactive. 

Software Reset - Resets all FIFO and Bootloop 
pOinters and flags. Status flags, Error Correction Enable 
bit. error correction shift register, and the Enable pins 
become Inactive. 

Initialize - The chip is set to read data from the MBM 
Bootloop and pass it to the Controller. Resets the FIFO 
and Bootloop pointers and the Error Correction Logic, 
and disables the Bootloop register (so that It does not 
interfere with the data flow). The Enable pins become 
active In addressed channels. 

Table 1. Command Code DeSCriptions 

Data 
Code Description Correction Not 

Enabled Enabled 

0000 No Operation None None 
0001 (Reserved) -- --
0010 Software Reset None None 
0011 Initialize MBM Bootloop MBM Bootloop 
0100 Write MBM Data 270 Bits In Variable 
0101 Read M BM Data 270 Bits Out Variable 
0110 Internally Correct Data None --
0111 Read Corrected Data 270 Bits Out --
1000 Write Bootloop Register 160 Bits In 160 Bits In 
1001 Read Bootloop Register 160 Bits Out 160 Bits Out 
1010 (Reserved) -- --
1011 (Reserved) -- --
1100 Set Enable Bit None None 
1101 Read ERR.FLG Status 1 Bit Out 1 Bit Out 
1110 Set Correction Enable Bit None None 
1111 Read Status Register 8 Bits Out 8 Bits Out 
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Table 2. Command Function Summary 

Command Data Flow Command Description 
Code (R/W) 

No Operation 0000 --
Software Reset 0010 --
Initialize 0011 R 
Write MBM Data 0100 W 
Read MBM Data 0101 R 
Internally Correct Data 0110 --
Read Corrected Data 0111 R 
Write Bootloop Register 1000 W 
Read Bootloop Register 1001 R 
Set Enable Bit 1100 --
Read ERR.FLG Status 1101 R 
Set Error Correction Enable Bit 1110 --
Read Status Register 1111 R 

Write MBM Data - Data input by the Controller is 
written Into the good loops in use in the MBM (under 
control of the Bootloop register) each time a SHIFT.CLK 
Is received. It also activates the Enable pins and resets 
the FIFO and Bootloop pOinters. If the Correction 
Enable bit is set, the FSA computes the correction code 
and appends it to the data stream to be stored in the 
MBM (last 14 of 270 bits). 

Read MBM Data - This command activates the 
ENABLE pins and resets the FIFO and Bootloop 
pOinters independent of the state of the Correction 
Enable bit. If the Correction Enable bit Is reset, data 
from theMBM, of block length dictated by 2 times the 
number of logic "1 s" in the Bootloop register, is sensed 
and screened by the FSA Sense Amp and Bootloop 
register,and stored in the FIFO. As soon as one bit is 
guaranteed in the FIFO, simultaneous reading from the 
FIFOmay be done by the Controller. The FIFO need not 
be emptied after each page is read, but one must insure 
that more than 272 bits of FIFO are not needed at any 
time during the transfer. 

If the Correction Enable is set, data must be read in a 
buffered mode. First, a full block of data is read from the 
MBM. At that pOint the FIFO contains 270 bits of data. If 
an error is detected by the Error Correction network, the 
FSA raises the UNCORR.ERR and CORRERR flags 
which generate an interrupt to the controller. If no error 
is detected, the 270 bits of data may be read from the 
FIFO while simultaneously reading and checking the 
next block of data from the MBM. When an error is 
detected the Controller may respond to the interrupt in 
one of three ways. 

1. Ignore it and try again (must make sure to reset the 
Error Correction shift register before a retry). 

2. Send a Read Corrected· Data command to the FSA. 
This command will correct the data stream (if 
possible) and interrupt the Controller when the block 
has been read. At this time the Controller can send a 
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Reset FIFO 
Reset Status Reset Error 

It Bootloop (Errors) Correction Enable 
Pointers Logic 

X H 
X X X H 
X X X L 
X X L 
X X L 
X L 
X L 
X H 
X H 
X L 

H 
X H 

X H 

Read Status command to see if the error was correct· 
able (CORR.ERR) or uncorrectable (UNCORR.ERR). 

3. Send an Internally Correct Data command to the FSA. 
The FSA corrects the data without transferring it to 
the Controller. When finished, the FSA interrupts the 
Controller. At this point it can be determined whether 
or not the error is correctable. If so, a Read Corrected 
Data command may be sent to read the good data. 

Internally Correct Data - Internally cycles the data 
through the error correction network and returns status 
as to whether or not the data is correctable. 

Requires approximately 1400 clock cycles to complete. 
ERR.FLG will be inactive during internal cycling, but will 
return active at its completion. Also activates the 
ENABLE pins and resets the FIFO and Bootloop 
pOinters. 

Read Corrected Data - Cycles data through the error 
correction network with each Controller read (SELECT. IN 
at the FSA). At the end of 270 reads, status is available 
to indicate whether or not the data was successfully 
corrected. ERRFLG acts as in Internally Correct Data. 
This command is required to read data corrected Inter· 
nally as well, but has no effect on the data read if it was 
successfully corrected. Activates the ENABLE pins and 
resets the FIFO and Bootloop pOinters. 

Write Bootloop Register - Contents of the FSA's 
Bootloop register are written with 160 bits from the 
Controller. The Controller must read the MBM Bootloop 
first, to determine which loops are good. The number of 
good bits in the 160·bit register is 135 if correction is 
used, and variable up to 160 if operating in the no correc
tion mode. ENABLE pins become inactive and the FIFO 
and Bootloop. pointers are reset. 

Read Bootloop Register - As above except that data is 
read from the FSA Bootloop to the Controller. 

Set Enable Bit - ENABLE pins become active for ad
dressedchannels. Inactive for unaddressed channels. 
Also resets the FIFO and Bootloop pOinters. 
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Read ERR.FLG· Stat!!s - Reads the compos.i!e error 
status for addressed. channels of the FSA .. (The com· 
posite status Is the logic OR of CORR.ERR, UNCORR.ERR 
and TIMER.A. The ERR.FLG pin is the logic NORof both 
channels' composite error status: ER.R.FLG.A and 
ERR.FLG.B.) ENABLE pins become inactive. 

Set Error Correction Enab.le Bit - Enables the Error 
Correction Logic in addressed FSAs and disables it in 
unaddressed FSAs. ENABLE pins become Inactive and 
FIFO and Bootloop pOinters are reset. Furthermore, 
when this enable Is set, the corresponding FIFO 
becomes a 270·bit FIFO (logically) instead of a 272·bit 
FIFO as in the no correction mode. 

Read Status Register - The 8·bit Status Word for the 
addressed FSA Is output to the Controller. Only one 
FSA channel can be addressed at a time, or bus 
contention may result. ENABLE pins become inactive 
and error flags in the addressed FSA channel are reset. 

SERIAL INTERFACE 
Coltlmand Sequence - The FSA communicates with 
the Controller via a Serial Interface. The Controlier/FSA 
Interface contains the following signals: 

1. CLK 

2 .. SELECT.lN (Formatter) 

3.SELECT.OUT (Formatter) 

4. SYNC (Controller) 

5.010 

6. c/l5 
7. sRiFf.ClK 
8. ERR.FLG 

Commands from the Controller to the FSA shall take 
place in the following format (see Figure 1). 

1. Controller raises C/O flag indicating that a command 
is coming, and simultaneously outputs a SYNC 
pulse. This SYNC pulse is shifted down the FSA 
chain in shift register fashion via the FSA SELECTJNI 
SELECT.OUT lines. 

2. Controller outputs a serial data stream on the 010 
line beginning In the clock period following SYNC. 
Each bit inthe stream corresponds to an address bit 
for a particular FSA (up to 16 channels). Each FSA, 
upon receiving SELECT.lN, will look for the presence 
or absence of a logic one on 010 in the clock period 
following receipt of SELECT.IN. (A logic one indio 
cates that the FSA shall accept the command.) 

3. Twenty clock periods after the first SYNC, the Con· 
troller sends cii5 low followed by afour·bit command 
on the 010 line. 

4. If the command is a Read Status command (1111), the 
addressed FSA returns 8 bits of Status starting 4 
clock periods after the last command bit is received. 
Note that the Status is returned during this period for 
any FSA position. Therefore only one FSA channe.1 
should be addressed at a tiltle to .avoid contention. 

5. If the command requires further data (see section on 
FSA Commands). more. SYNC pulses are sent by the 
Controller. This will occur at integral multiples of 80 or 
20 clock periods starting no sooner tha.n 40 clocks 
after the first command SYNC. pulse. Some number of 
SYNC periods may pass before the second SYNC to 
allow the FSA to set itself up and get data ready for the 
Controller. There are several possibilities: 

a. For the Read ERR.FLG Status command the 
second SYNC can occur 40 clocks after the first 
SYNC. This SYNC (or SELECT.IN) causes each 
addressed FSA to send the approp.riate Status 
information. No further SYNCs (withoutC/O high) 
shou Id be sent. 

1..-.------20 ClOCKS-----__ -.,----,--20 ClOCKS.,-------~ 

ClK 

C/D~ 
I 
I 
I 
I I 

~-U 
I 
I 

! . . . ~ tc".n DIO~.,..~l...1 _--";L..rTrn.A· ..Jl..J1I...l.-_-!-. ...AJ\..A..A...W~~..,..--__ 

I• ADDRESS WORD . . .1 I COMMAND I I'.' ~~~UJI . .... I 
16BITS~:gl~~~ i---- SBITS ~ 

NOTE: STATUS INFO IS ONLy' PRESENT ON BUS FOR THE READ STATUS COMMAND .SEQUENCE. 

Figure 1. Command Sequences 
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b. For the Read MBM Data (or Initialize) command 
the second svmr must wait the appropriate 
number of SHIFT.CLOCKs to assure that valid 
data Is available in the FIFO. 

After this wait, each addressed FSA channel 
sends one bit of data on the 010 line for each 
SYNC (or SELECT.IN) pulse. 

c. For the Read Bootloop Register command, the 
second SYNC can occur 60 clock cycles after the 
first SYNC. The data transfer then proceeds as In 
b. above. 

d. For the Write MBM Data or Write Bootloop com· 
mands, the 010 line is used to transfer data to the 
FSA on successive SYNC pulses. The first data bit 
can be transferred by a second SYNC pulse, 40 
clock cycles after the first SYNC. (However, data 
to the MBM will not be available at the Dataout 
pins until 40 clock cycles after the SYNC which 
transferred it.) Each transfer to the addressed FSA 
will be initiated by a SYNC (or SELECT.lN). 

6. SYNC (SELECT.IN) precedes the data it transfers by 1 
clock cycle. Data Transfers to or from the FSA's FI FO 
must contain the proper number of SYNCs (externally 
counted) or a timing error may occur (TIM ERR flag 
will be set, causing an interrupt to the Controller). 

Data Sequences - Bubble data shall be passed between 
the Controller and FSAs in the following fashion (see 
Figure 2). 

1. Controller outputs a SYNC pulse. 

2. Each FSA then outputs (inputs) a single bit on 010 
after SYNC (SELECT.IN) has been clocked Into Its 
control section. Only previously enabled FSAs output 
(input) data and the Controller must know when to 
I nput (output) data bits. 

3. After 80 or 20 clocks. another SYNC pulse is output 
and the sequence repeats unt~ all data has been 
transferred. 

Error Conditions -Each FSA shall upon detection of 
an error set a Status bit and pull down ERR.FLG. This 
signal can be asynchronous to SYNC. Error Status bits 
shall be: 

1. Correctable Error 

2. Uncorrectable Error 

3. Timing Error 

The Status Word that shall be passed to the Controller 
after receipt of a Read Status command shall be in the 
following format: 

(UNCO""ERA) . 
UNCORRECTABLE ERROR 

(CORRERA) 
CORRECTABLE ERROR 

(11MERA) 
TIMING ERROR 

ERRORCOARECTlON E~i=~----...J 
NOTE: ERROR FLAGS SHALL BE RESET UPON 
BEING READ BY THE CONTROLLER OR BY A 
SOFTWARE RESET OR INITIALIZE. 

SPARE 1 ("0") 

SPARE 2 (,,0"1 

FIFO EMPTY (FlFOIIT) 

L-___ FIFO FULL (F1FOFL) 

1~""""'-------------80 ClOCKCYClES--------------l.1 

ClK rfUUUUUU1MIUUUU 

" u 

DIO--.J: l~...JI_I'-_I~~I...JI_IW_L_~I...JI_I'rt-I~~I...JI_IW_I~~I~W_IL,+~\~~~~~~~~~~~~~~~~-I.fJ"~.,...~----------------------------...lF 
DATA TO '1ST FSA 

DATA TO 9TH FSA ____ ...J 

DATA TO 16TH FSA _________ ---' 

Figure 2. Data Sequences 
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BUBBLE INTERFACE 
Bubble Interface..,.. Each Bubble Interface shall consist 
of a DATAOUT signal and a pair of differential Inputs 
from the MBM detector bridge. 

Read Timing - The timing for. reading· a bit from the 
memory shall be as follows: 

1. Controller outputs a "'S"'HmIF;=T~.C""l;-;Ki7. FSA samples 
bubble signal during sRIFT.ClK and holds signal 
after trailing edge. 

2. Trailing edge ofS "MRmIF~T~.c""""LKi7 initiates signal conver· 
sian timing. 

3. Data is latched at end of conversion period in the 
Bubble Input latch, and will subsequently be loaded 
into the FIFO. 

Write Timing...,. The timing for writing a bit from the 
FIFO shall be as follows: 
1. Controller 10wersS "''''''HmIF'''T=-.C:=-l~K. 

2. Data is gated out of FSA by "'SH;-;;';'IF'"'T'7.C .... l 07K. 

3. Controller outputs a generate pulse (to external logic; 
not to FSA). 

4. Controller raises SHIFT.ClK. The DATA.OUT pin is 
forced high. 

5. FIFO and Bootloop register are incremented after the 
leading edge of SHIFT.ClK. 

System Timing - The SYNC pulse (which denotes the 
beginning of a data transfer from Controller to 
Formatter or vice·versa) shall be synchronous with the 
beginning of a bubble memory field rotation. Due to 
timing constraints in the FSA, the following statements 
hold: 

1. Data read from the bubble memory into the FSA shall 
not be available to the Controller until 40 clock cycles 
after SHIFT.ClK. 

2. Data cannot be written to the bubble memory until 40 
clock cycles afer SYNC. 

FSAERROR CORRECTION 
Error Correction - The. error correction logic consists 
of a burst error correcting Fire code capable of correc
ting 5 or fewer bits ina single burst; the number of 
check bits is 14.· Errorcorrectlon/detectlon shall take 
place on each 256-bit data block. The FSA shall set low 
ERR.FLG each time a correctable or uncorrectable error 
is detected. ERR.FlG shall be set high upon being read 
by the Controller or bya software reset being issued. 
The polynomial implemented is given below: 

G(X) = 1 + X2+ X5 + X9 + X" + X'~ 

DATA FORMAT 

Data Format-Data into a single FSA channel from the 
bubble memory shall be in the format described below. 
The two channels of the bubble are represented identi
cally. The following definitions apply: 

o~= data from odd half of bubble device, loop '1 

e~= data from even half of bubble device, loop '1 

Data Block Format -
0,e,0,e,02e202e2' .. °80e80o80e80 

1 st bit 320th bit 

When using correction, the first 270 good bits will be 
used; the last 14 of these are to be used for the error 
correcting code. The remaining 50 bits must be masked 
as "bad" bits in the FSA Bootloop register. 

When operating without correction, any number of bits 
may be used by loading the Bootloop register appro
priately. The preferred number is 272 bits, however. 

·See "Error-Correcting Codes" by W.W. Peterson and E. J. 
Weldon, Jr., pp. 366-370, M.I.T. Press, 1972. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperatura Under Bias ............ -10·C to +80·C 
Storage Temperatura •.....•....... -65·C to + 150·C 
All Input or Output Voltages and 

Vee Supply Voltage ................. -0.5V to + 7V 
VooSupplyVoltage ......•..•••...... -0.5Vto +14V 
Power Dissipation ...•......................•.. 1 W 

·COMMENT: Strasses above those listed under 
"Absolute Mexlmum Retlngs" may cause permanent 
damage to the device. This Is a strass rating only and 
functional operation of the devloe at these or any other 
conditions above those Indicated In the operational 
sections of this specification Is not Implied. Exposura 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA=0·Ct070*C;Vcc=5.0V+5%.-10%;Voo=12V±5%) 

Symbol Parameter 
Limits 

Unit Tut Conditions 
Min. Typ. Max. 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL 
Output Low Voltage 

0.45 V IOL=3.2mA (All Outputs Except SELECT.OUT) 

VOLSO 
Output Low Voltage 

0.45 V IOL=1.6mA (SELECT.OOT) 

VOH 
Output High Voltage 

2.4 V IOH=400~A (All Outputs Except SELECT.OUT) 

VoHso 
Output High Voltage 

2.4 V IOH=200~A (SELECT.OUi') 

VTHR Detector Threshold 2.0 3.0 mV Voo'= 12.0V 

IIILI Input Leakage Current 10 ~. 0< VIN< Vee 

IloFLI Output Float Leakage 10 ~ 0.45 < VOUT< Vee 

lee Power Supply Current from Vee 120 mA 

100 Power Supply Current from Voo 30 mA 
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A.C. CHARACTERISTICS (TA = O°C to +70°C; Vee = 5.0V +5%, -10%; 
Voo = 12V ±5%; CL = 120 pF; unless otherwise noted) 

Symbol Parameter 

tp Clock Period 

tt Clock Phase Width 

tro t, Clock Rise and Fall Time 

tSIC SElECf.lN Setup Time to ClK 

tcoc C/O" Setup Time to ClK 

tCYC SElECT.lN or SHIFT.elK Cycle Time 

toc 010 Setup Time to Clock (Read Mode) 

tesc CS Setup Time to ClK 

tRIC RESEf.lfilSetup Time to ClK 

t'H 
Control Input Hold Time for C/O, 
SE[eCT.lfiI and 010 

tCSOL ClK to SElECT.OUT leading Edge Delay 

tCSOT ClK to SElECT.OUT Trailing Edge Delay 

tcov ClK to 010 Valid Delay" 

tCOH ClK to 010 Hold Time" 

tCOE ClK to 010 Enabled from Float" 

tSIOE 
SElECT.IN Traiiing Edge to 010 Enabled 
from Float" 

tCOF ClK to 010 Entering Float" 

tscoo SHIFT.ClK to DATAOUT Delay" 

tscwR SHIFT.ClK Width (Read) 

tscww SHIFT.ClK Width (Write) 

CAPACITANCE 
(TA = 25°C, Vee = OV, f = 1 MHz) 

Symbol Parameter 

CIN Input Capacitance 

COUT Output Capacitance 

COlO 010 Capacitance 

"010 Write Mode. 

A.C. TESTING 1f<,ij:»UT, OUTPUT WAVEFORM 
INPUT/OUTPUT 

u=:x 
0.45 

2.0> TEST POINTS < 2.ox= 

0.8 0.8 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A L.OGIC "1" AND O.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "'1" 
AND C.BV FOR A LOGIC 0" 

Min. Max. Unit Test Conditions 

240 500 ns 

0.4 tp 0.6 tp 

30 ns 

50 ns 

50 ns 

20 tp 

50 ns 

100 ns 

100 ns 

20 ns 

100 ns CL-5OpF 

100 ns CL-5OpF 

100 ns 

0 ns 

100 ns 

70 ns 

100 ns 

200 ns 

4 tp tCYC-
11 tp 

tp tCYC 
2 tp 

Typ. Max. Unit Test Conditions 

10 pF 

10 pF 

10 pF 
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010 INTERFACE TIMING 

ClK 

SElECT.OUT 

DIO(READ) 

~ ------+---~Jr 
RESET.lN. c/D 

BUBBLE DATA INTERFACE TIMING 

1------------ICyC-----------.j 

DATA.OUT.A ---+-"' 
DATA.OUT.B 

(WRITE) 

tSCWR. 
Iscww 

IsCDO 
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7250 
COIL PRE-DRIVER 

FOR BUBBLE MEMORIES 

Very Low Power • Only One Power Supply Required, 
+12V 

Power Fall Reset for Maximum 
Protection of Bubble Memory • CMOS Technology 

TTL Compatible Inputs • Standard 16·Pln Dual In·Llne Package 

The Intel 7250 is a low power Coli Pre-Driver (CPO) for use with Intel Magnetics Bubble Memories. The 7250 is controll. 
ed by the Intel 7220-1 Bubble Memory Controller (BMC) and directly drives either Quad VMOS tranSistor packs or Quad 
Bipolar transistor packs which are connected to the coils of the bubble memory. 

The 7250 Is a high voltage, high current driver constructed using CMOS technology. The device has TTL compatible In
puts and;the outputs are designed to drive either low on-resistance VMOS transistors or bipolar transistors. 

The 7250 is in a standard 16-pin dual In-line package_ 

PIN CONFIGURATION 

cs VDD 

RESET X+.6ij'f 
TO 7220-1 

X+.IN X+.OUT 1080 BUBBLE 
8086 MEMORY 

x=:iN x=:oij'j' 8088 CONTROLLER 
8088 (BMe) 

V+.IN X-.OUT 

v=:iN V+.OUT 

V-.OUT V+.OUT 

GND V-.OUT 

BLOCK DIAGRAM 
~----------------, 
I I 
I I 
I I 
I I 
I I 
I I 
I 1 
I I 
I I 
I 7242 7110 I 

FORMATTERI ON:~~~~BIT I 

I 
I 
I 
I 
I 
I 
I 

S::;E M~~?r I 
(FSA) (MBM) I 

7230 
CURRENT 

PULSE 
GENERATOR .-_---J 

(CPG) 

I 
I 
I 
I 
I 
I 

L ______ _ 

TO 
ADDITIONAL 

BPKnr. 

Block Diagram of Single Bubble Memory System - 128K Byte. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias. " - 20·C to + 8O·C 
Storage Temperature ............ - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground ............. - 0.5 to Voo+ 0.5V 
Supply Voltage, Voo ................. - 0.5 to + 14V 
Output Current ........................... 250 mA 

(One Output @ 100% Duty Cycle) 

'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This Is a stress 
rating only and lunctlonal operation 01 the device at these or any other 
conditions above those Indicated In the oparatlonal sections 01 this 
speCification Is not Implied. Exposure to absolute maximum rating 
conditions lor extended periods may allect device reliability. 

D.C. AND OPERATING CHARACTERISTICS 
(TA = O°C to +70°C; Vee = 12V +5%, -10%; unless otherwise specified) 

Limits 

Symbol Parameter Min. Typ, Max, Unit Test Conditions 

IIINI Input Current 10 ,.A VI = 0.8V 

VIL Low Level Input Voltage 0.8 V 

VIH High Level Input Voltage 2.2 V 

VOL1 Output Low Voltage 2.0 V IOL=200 mA 

VOL2 Output Low Voltage 0.2 V 10L= 10 mA 

VOHl Output High Voltage Voo'2 V 10H= -200 mA 

VOH2 Output High Voltage Voo,O.2 V IOH=-10mA 

IOL Output Sink Current 200 mA VOL=2.0V,30% Duty Cycle 

IloHI Output Source Current 200 mA VOH = V 00,2.0V, 30% 
Duty Cycle 

1000 Supply Current 4.5 mA Chip Deselected: CS=VIH, 
Voo= 12.6V 

1001 Supply Current 75 mA f= 100 kHz, Voo= 12.6V, 
Outputs Unloaded 
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A.C. CHARACTERISTICS 
(TA = O"C to 70"C. Voo = 12V ±5%. unless otherwise specified) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tP1 Propagation Delay from X + .IN, 100 ns 500 pF Load 
X-.lN, Y+.lN,Y-.lN 

tp2 Propagation Delay from CS or 150 ns 500 pF Load 
RESET 

tr Rise Time (10% to 90%) 45 ns 500 pF Load 

tF Fall Time (90% to 10%) 45 ns 500 pF Load 

ts Skew Between an Output and 20 ns 
its Complement 

A.C. TEST CONDITIONS 

) .. ___ . n _____ -{_n __ . _~_~_~~_:::: 
---- --- - -----ov 

tp _ tp 

- - - - - - - - - - - 50% 

OUTPUT 

CAPACITANCE* (TA = 25°C. Voo = OV. VBIAS = 2V. f = 1 MHz) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF 

'This parameter is periodically sampled and is not 100% tested. 
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PIN DESCRIPTION 
CS (Pin 1) 

. LOGIC DIAGRAM 

Chip select. It is active low. When high chip is 
deselected and 100 is significantly reduced. 

RESET (Pin 2) 
Active low Input from RESET.OUT of 7220·1 Controller 
forces 7250 outputs inactive so that bubble memory is 
protected in the event of power supply failure. 

x + IN, .X - .IN (Pins 3', 4) 

Active low inputs from controller which turn on the high 
current X outputs. 

X-.OUT, X-.OUT; X+.OUT, X+.OUT (Pins 12.15) 
High current outputs and their complements for driving 
the gates of the 7254 VMOS quad transistors which in 
turn drive the X coils of the bubble memory. 

Y + .IN, Y -.IN (Pins 5, 6) 
Active low inputs from controller which turn on the high 
current Y outputs. 

Y - .OUT, Y + .OUT, Y + .OUT, Y - .OUT (Pins 9~11 and n 
High current outputs and their complements for driving 
the gates of the 7254 VMOS quad transistors which in 
turn drive the Y coils of the bubble memory. 
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7254 
QUAD VMOS DRIVE TRANSISTORS 

FOR BUBBLE MEMORIES 

• Designed to Drive X and Y Colis of 
7110 Bubble Memories 

• No Bias Currents Required 

• Fast Turn-on and Turn-off: 
30 ns Maximum 

• Operates from VDD Only 

• VMOS FET TechnolOgY 

• N·Channel and P·Channel Transistors 
In the Same Package 

• Built·in Diode Commutates Coil 
Current When Transistor is Turned Off • Standard 14-Pin Dual·ln·Line Package 

The 7254 is a quad transistor pack designed to drive the X and Y cOils of Intel Magnetics Bubble Memories. 
Two 7254 packages are required for each bubble memory device. Each 7254 package would drive either the X 
or Y coil as shown under "circuit diagtam." This recommended connection circuit takes into account the fact 
the 01/02 and 03/04 are tested as a pair for "On" resistance value to assure optimal bubble performance. 

PIN CONFIGURATION 

0, 04 

5, 54 

G, G4 

NC NC 

G2 G3 TO 
8080 

52 S3 8085 
8088 

02 03 8088 

7220·' 
BUBBLE 
MEMORY 

CONTROLLER 
(BMC) 

BLOCK DIAGRAM 
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7242 
FORMATTER! 

SENSE 
AMP 
(FSA) 

L _________ _ 

TO 
ADDITIONAL 

BPKi70's 

7110 
ONE MEGABIT 

BUBBLE 
MEMORY 

UNIT 
(MBM) 

Block Diagram of Single Bubble Memory System - 128K Bytes 
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inter 

ABSOLUTE MAXIMUM RATINGS· 
Temperature Under Bias ............ - 30· to + 85·C 
Storage Temperature ... , ......... - 40· to + 150·C 
OGata Voltage (with respect to 

Source and Drain) ........................... 15V 
Continuous Drain Current ...................... 2A 
Peak Drain Current ............................ 3A 
Power Dissipation (T A= 80·C) ........•....... 1.05W 
Power Dissipation (TA= 25·C) ................ 1.75W 

7254 

·COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these or any other 
conditions above those Indicated In the operational sections of this 
specification Is not Implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

D.C. AND OPERATING CHARACTERISTICS 
All Limits Apply for N· and P-Channel transistors, TA = - 30 0 to 85·C unless otherwise noted. 

Limits 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

BVoss Drain-Source Breakdown Voltage 20 V VGS = 0, 10 = 10 !LA 

VGs(th) Gate-Source Threshold Voltage 0.8 V VGS = Vos, 10 = 1 mA, TA = 25 0 C 

0.65 V VGS = VOS, 10 = 1 mA, TA = 85 0 C 

IGSS Gate Leakage Current 10 1JA V GS = 12V, VOS = 0, T A = 85'C 

loss Drain Leakage Current 500 1JA V GS = 0, VOS = 20V, T A = 85'C 

Aos 
On-Resistance for sum of 2.0 2.5 3.0 n VGS = 11.4V, 10 = lA, TA = 25'C 
01 +02,03+04 (Note 1) 

VF1 
Parasitic Diode Forward Voltage 

.75 V VGS = OV, 10 = 50mA. TA = 25'C (Note 1) 

VF2 
Parasitic Diode Forward Voltage 1.20 V VGS = OV, 10 = 1000mA, TA = 25°C 
(Note 1) 

Note: 1. Pulse test - 80 ~s pulse, 1 % duty cycle, ros Increase 0.6%'·C. 

A.C. CHARACTERISTICS 
TA=25 0 C 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tON(N) N-Channel Turn-On Time 30 ns 

toN(P) P-Channel Turn-On Time 30 ns See Switching 
Time Test Circuit and 

tOFF(N) N-Channel Turn-Off Time 30 ns Waveforms below 

tOFFlP) P-Channel Turn-Off Time 30 ns 

SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST WAVEFORMS 

PULSE WIDTH_ 

YOSION) - +11.4Y -+1f";8~0%~-~~ 80% 

TO INPUT 

PULSE GENERATOR 
HP215A DR EQUIV. r---, 

r-~;;;;--1-...... ~=+- SAMPLING SCOPE 
YOSIOFF) - OY 

I 
I 
I 
L 

502 
INPUT 
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Capacitance 
TA=25"C 

Symbol Parameter 

Cls'<N) N-Channellnput Capacitance 

Cls'<P) P·Channellnput CapaCitance 

7254 

Min. Typ. Max. 

175 

190 

CIRCUIT DIAGRAM 

01 

· :::=2.1 C ~: : 
G1 0. 12 

: :~: ~ ~ :J.": : 
7 02 ---I 1---0, 

Q2 Q3 

Unit T.'t Conditions 

pF VGs=O, Vos= 12V, f= 1 MHz 

pF VGS= 0, Vos= 12V, f= 1 MHz 

+12V 

PACKAGING INFORMATION 

7 8 

8 8 - -

TOP VIEW 

5 4 3 2 

10 11 12 13 - -- -
0.788 (18.88) 
0.840 (18.28) 

1 

~ 
14 -

I 
0.310 (7.an 

~8.88) 

0.180 (4.08) 
,0.125(3.18) 

TOLERANCE NON·ACCUMULATIVE 

I 0.320 (8.13) 
~ 0.280 (7.3n 

0.012 (0.31) 
0.008 (0.20) 

TYP. 

DIMENSIONS IN INCHES AND (MILLIMETERS) 
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2910A 
PCM CODEC ~ IlLAW 

8-BIT COMPANDED AID AND DIA CONVERTER 

2910A Microcomputer" Mode 
or Direct Mode 

2910A-4 Direct Mode Only 

• Per Channel, Single Chip Codec • 78 dB Dynamic Range, with Resolution 
Equivalent to 12·Blt Linear Conversion 

• CCITT G711 and G712 Compatible, Around Zero 
ATT T1 Compatible with 8th Bit • :t:5% Power Supplies: +12V, +5V, 
Signaling -5V 

Microcomputer Interface with On·Chip • Precision On-Chip Voltage Reference • 
Timeslot Computation (2910A) • Low Power Consumption 230 mW Typ. 

Standby Power 33 mW Typ. 

• Simple Direct Mode Intertace When • Fabricated with Reliable N·Channel 
Fixed Tlmeslots are Used MOS Process 

The Inte~ 2910A is a fully Integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of Integration allows the sample and hold circuits, the dlgital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to Interface a full duplex PCM link and provide in-band signaling. 

The primary applications are in telephone systems: 
• Transmission - T1 Carrier 
• Switching - Digital PBX's and Central Office SWitching Systems 
• Concentration - Subscriber Carrier/Concentrators 

The wide dynamic range of the 2910A (78dB) and the minimal conversion time (80,.,sec minimum) make it an ideal 
product for other applications, like: 

• Data Acquisition • Secure Communications Systems 
• Telemetry • Signal Processing Systems "Microcomputer mode is explained on page 4. 

PIN CONFIGURATION 

PIN NAMES 
CAP 1x. CAP 2x Holding Capacitor 

An oglnput 
Analog utput 

Digital Input 
Digital Output 

Clock Input 
Frame Sync Input 
Auto Zero Output 

Power{-5V) 

CC Power C+5V) 
Vee Power (+ 12V) 
PDN Power Down 

GRDA Analog Ground 
GRDD DI Ital Ground 

NC No Connect 

BLOCK DIAGRAM 

®l SIG. _-t-______ TR_A_NSM_'T_SE_C_TIO_N-,AlD 

® VFX --t----; r--'-----l---+- TS. @ 
@)AUTO SAM:LE 1-----1 SUCCESSIVE Ox @ 
CD CAP 1,( HOl.D APPROXIMATION CLK. ® 
0 CAP2x--t----l REGISTER FS. ® 

@ VFR_-+-< 

r-'-~-I--Dc @ 
~~-CLKc@ 

L"""T""--1r-i""_PDN ® 

® 9GR __ ~-------------~ 

GRDA GRDD Vee o PINNl.M!ER ® @ @ 
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2910A 

PIN DESCRIPTION 

Pin No. Symbol Function Description _ Pin No. Symbol Function Description 

1 CAP1X Hold Connections for the· transmit 15 TSX· Output Normally high, this signal goes 

2 CAP2x 
holding capacitor. Refer to Ap-
plications section. 

low while the Codec is transmit-
ting an 8-bit PCM word on the 

3 VFx Input Analog Input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synch· 
ronizatlon pulse FSx, and the 

Ox lead. (Timeslot Information 
used for diagnostic purposes 
and also to gate the data on the 
Ox lead.) TTL Interface, open 
drain output. 

sample value is held in the ex· 16 Vee Power +5V±5%, referenced to GRDD. 
ternal capacitor connected to 
the CAP1x and CAP2x leads 
until the encoding process is 
completed. 

17 CLKR Input Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 1.544Mbps 
for a T1 carrier system. Maxi-

4 AUTO Output Most significant bit of the en· mum rate 2.1 Mbps. 50% duty 
coded PCM word (+5 V for nega· cycle. TTL interface. 
tive, -5V for positive inputs). 
Refer to the Codec Applications 
section. 

18 FSR Input Frame synchronization pulse 
for the receive PCM highway. 
Resets the on-chip timeslot 

5 GRDA Ground Analog return common to the counter for the receive side. 
transmit and receive analog cir· Maximum repetition rate 12 KHz. 
cults. Not connected to GROt> Also used to differentiate be-
Internally. tween non-signaling frames and 

6 SIGR Output Signaling output SIGRis up-
dated with the 8th bit of the re-

signaling frames for the receive 
side. TTL interface. 

ceive PCM word on signaling 19 CLKx Input Master transmit cl.ock defining 
frames, and is latched between the bit rate on the transmit PCM 
two signaling frames. TTL inter- highway. Typically 1.544 Mbps 
face. for a T1 carrier system. Maxi-

7 Voo Power + 12V ± 5%; referenced to GRDA. 
mum rate 2.1 Mbps. 50% duty 
cycle. TTL interface. 

8 DR Input Receive PCM highway (serial 
bus) interface. The Codec seri-
ally receives a PCM word (8 bits) 
through this lead at the proper 
time defined by FSR, CLKR, De, 
and CLKe. 

20 FSx Input Frame synchronization pulse 
for the transmit PCM highway. 
Resets the on-chip timeslot 
counter for the· transmit side. 
Maximum repetition rate 12 KHz. 
Also used to differentiate be-

9 PDN Output Active high when COOec is in 
the power down sbite. TTL inter-
face. OPEm drain output. 

tween non-signaling .frames on 
the transmit side. 

21 SIGx Input Signaling input. This digital in-
10 VFR Output Analog output. The voltage pres- put is transmitted as the 8th bit 

ent on VFR is the decoded value of the PCM word on the Ox lead, 
of the PCM word received on on signaling frames. TTL inter-
lead DR. This value is held con- face. 
stant between two conversions. 

22 VBB Power -5V±5%, referenced to GRDA. 
11 NC No Recommended practice is to 

12 NC Connects strap these NC's to GRDA. 23 De Input Data input to program the COOec 
for the chosen mode of opera-

13 GRDD Ground Ground return common to the 
logic power supply, Vee. 

tion. Becomes an active low 
chip select when CLKe is tied to 
V ce. TTL interface. 

14 Ox Output Output of the transmit side onto 
the send PCM hillhway (serial 
bus). The 8-bit PCM word is seri-
ally sent out on this pin at the 
proper time defined by FSx, 
CLKx, De, and CLKe. TTL three-

24 CLKe Input Clock input to clock in the data 
on the De lead when the time-
slot assignment feature is used; 
tie to Vce to disable this fea-
ture. TTL interface. 

state output. 
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2910A 

FUNCTIONAL DESCRIPTION 
The 2910A PCM Codec provides the analog-ta-dlgltal 
and the dlgltal-to-analog conversions necessary to Inter
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TOM) 
system. 

In a typical telephone system the Codec Is used between 
the PCM highways and the line filters. 

TheCodec provides two major functions: 

• Encoding and decoding of analog signals (voice and 
call progress tones) . 

• Encoding and decoding of the signaling and super-
vision information 

On a non-signaling frame, the Codec encodes the 
incoming analog signal at the frame rate (FSX> into an 
a-bit PCM word which is sent out on the Ox lead at the 
proper time. Similarly, the Codec fetches an 8-bit PCM 
word from the receive highway (DR lead) and decodes an 
analog value which will remain constant on lead VFR 
until the next receive frame. Transmit and receive 
frames are independent. They. can be asynchronous 
(transmission) or synchronous (switching) with each 
other. 

For channel associated Signaling, the Codec transmit 
side will encode the inCOming analog signal as 
previously described and substitute the signal present 
on lead SIGx for the least significant bit of the encoded 
PCM word. Similarly, on a receive signaling frame, the 
Codec will decode the 7 most significant bits according 
to the cCln G733 recommendation and will output th.e 
least significant bit value on the SIGR lead until the next 
signaling frame. Signaling frames on the send and 
receive sides are independent of each other, and are 
selected by a double-width frame sync pulse on the 
appropriate channel. 

CODEC OPERATION 
Coc:Iec Control 
The operation of the 2910A is defined by serially loading 
an a-bit word through the Dc lead (data) and the CLKc 
lead (clock). The loading Is asynchronous with the other 
operations of the Codec, and takes place whenever tran
sitions occur on the CLKc lead. The Dc input is loaded 
in during the trailing edge of the CLKc input. 

CLKC 

DC 
BIT1 BIT 2 BIT3 BIT 4 BITS BIT6 BIT7 BIT8 

I SELECT I· ASSIGN X, R I I-- MODE ~MESLOT' nx~ 
The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power
down mode (11). In the last case (11), the following 6 bits 
are irrelevant. 
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Functional Block Diagram of· Line Circuit 

The· 2910A Codec is Intended to be used on line and 
trunk terminations; The call progress tones (dial tone, 
busy tone, ring-back tone, re-order tone), and the pre
recorded announcements, can .be sent through the 
voice-path; digital signaling (off ho.ok and disconnect 
supervision, rotary dial pulses, ring control) is sent 
through the signaling path. 

Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any,external 
timeslot exchange; in large systems It provides one 
level of concentration. This feature can be bypassed and 
discrete tlmeslots sent to each Codec within a system. 

In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 

The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 (timeslot 
64). Bit 3 is the most significant bit and bit a the least 
significant bit and last into the Codec. 

Bit 1 BIt2 Mode 

0 0 X&R 
0 1 X 
1 0 R 
1 1 Standby 

Bit 

3 4 5 8 7 8 Tim_lot 

0 0 o 0 0 0 1 
0 0 o 0 0 1 2 · • · · · · · · 1 1 1 1 1 1 84 

The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timeslots for switching 
applications. 

AfN.001628 
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Microcomputer Control Mode (2910A) 
In the microcomputer mode, each Codec performs Its 
own tlmeslot computation independently for the trans
mit and receive channels. by counting clock pulses 
(CLKx and CLKRl. All Codecs tied to the same data bus 
receive Identical framing pulses (FSx and FSRl, The 
framing pulses reset the on-chlp tlmeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec Is programmed vra CLKc 
and Dc for the desired transmit and receive· times lots 
according to the description in the Codec Control 
Section. AIiCodecstied to the same DR bus will, iii 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, In which case 
the-transmit and receive channels must be synchronous 
(CLKx = CLKR.) There are no other restrictions on time· 
slot assignments; a device may have the same transmit 
and receive tlmeslot even if a single bus is used. 

There are several requirements for using the CLKc-Dc 
InterfaCe in the microcomputer mode. 

1. A complete tlmeslot assignment, consisting of eight 
negative transitions of CLKC, must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked 
in within a total span of 125jAsec (for an 8KHz frame 
rate). CLKc must be left at a TTL low level when not 
aSSigning a tlmeslot. 

2. A dead period of two frames must always be observed 
between successive, times lot aSSignments. The two 
frame delay Is measured from the rising edge of the 
first CLKc transition of the previous tlmeslot 
.assigned. 

3. When the device is in the power·down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device 'out of power-down and 
registers the tlrrieslot information in the lower six 
bits of the control word. 

XMT TIME SLOT 1 

FSx IN 

ClK. IN 

..!!l! OUT 
TSx OUT 

I 
Rev TIME SLOT 1 -!-

Fs" IN : 1 

elKR IN 

DR IN 

4. Initialization sequence: The device contains an on
chip power-on clear function which guarantees that 
With proper sequencing of the, supplies (Vee or Voo 
on last), the. device will initialize with no tlmeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplies are 
applied, It is recommended that either power down 
assignment be made first, or the first timeslot assign
ment be a transmit timeslot or a transmit/receive 
times lot. The consequence of making a receive time
slot assignment first, after supply application, is that 
the transmit channel will assume timesiof1, poten
tially producing bus contention. 

5. Transmit only/receive only operation is permitted pro
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec_ The transmit side Is now pro
grammed for timeslot 2 and the receive side for time
slot 3. The Codec will output a PCM word on the trans
mit PCM highway (bus) during the tlmeslot 2 of the 
transmit frame,' and will fetch a PCM word from the 
receive PCM highway during tlmeslot 3. 

In this example the Codec interface to the PCM highway 
then functions as shown below. (FSx and FSR may be 
asynchronous.) 

XMT TIME SLOT 2 -r- XMT TIME SLO:r 3 -I 

RCV TIME SLOT 2 Rev TIME SLOT 3 j 

, , 
PCM WORD CLOCKED IN -i 
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Direct Control Mode 
The direct mode of operation will bEl selected when the 
CLKc pin Is strapped to the +5 volt supply (vccl. In this 
mode, the Dc pin Is an active low chip select. In other 
words, when Dc Is low, the device transmits and 
receives In the tlmeslots which follow the appropriate 
framing pulses. With Dc high the device Is In the power 
down state. Even though CLKc characteristics are 
simpler for the 2910A It will operate properly when 
plugged Into a 2910 board. 

Deactivation of a channel by removal of the appropriate 
framing pulse (FSx or FSRl Is generally not permitted. 
Specifically, framing pulses must be applied for a 

General Control Requirements 
All bit and frame clocks should be applied whenever the 
device Is active. In particular, an unused channel cannot 
be deactivated by removal of Its associated frame or bit 
clock while the other channel of the same device 
remains active. 

Encoding 
The VF signal to be encoded Is input on the VFx lead. An 
internal switch samples the signal and the hold function 
Is performed by the external capacitor connected to the 
CAP1 x and CAP2x leads. The sampling and conversion 

~1·~-------1UX~. -I 
FS • .J! (24 CHANNEL sYsTEM) n 

minimum of two frames after a change In state of Dc In 
order for the Dc change to be Internally sensed. In 
particular, when entering standby In the direct mode, 
framing pulses must be applied as usual for two frames 
after Dc Is brought high. Thereafter, the framing pulses 
could, If deSired, be removed until such time as the 
device Is to be reactivated by the reapplication of 
framing pulses with Dc low. 

The Codec will enter the direct mode within three frame 
times (375jlsec) as measured from the time the device 
power supplies settle to within the specified limits. This 
assumes that CLKc Is tied to V cc and that all clocks are 
available at the time the supplies have settled. 

A single channel cannot be deactivated except by 
physical disconnection of the data lead (Ox or DRl from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated In either control mode by 
powering down the device. Both channels are always 
powered down together. 

is synchronized with the transmit timeslot. The PCM 
word Is then output on the Ox lead at the proper time· 
slot occurrence of the following frame. The AID 
converter saturates at approximately ±2.2 volts RMS 
(±3.1 volts peak). 

TIME SLOT 20 --I I-- TIME SLOT 2O---oj 
D •••••••••••••••••••••••••••••••••••••••••• D········· ................... -............... . 

~------------------------~ ~----------------------~~ r-------------------------

Decoding 
The PCM word Is fetched by the DR lead from the PCM 
highway at the proper tlmeslot occurrence: The decoded 
value Is held on an Internal sample and hold capacitor. 

Signaling 
The duration of the FSx and FSR pulses defines whether 
a frame is an Information frame or a Signaling frame: 

• A frame synchronization pulse which is a ·full clOCk 
period in duration (CLKx period for FSx, CLKR period 
for FSRl deSignates a non·slgnaling frame. 

4-5 

The buffered non·return to zero output signal on the VFR 
lead has a dynamic range of approximately ±2.2 volts 
RMS (±3.1 volts peak). 

• A frame synchronization pulse which Is two full clock 
periods In duration (two CLKx periods for FSx, two 
CLKR periods for FSRl deSignates a signaling frame. 

On the encoding side, when the FSx pulse is widened, 
the 8th bit of the PCM word will be replaced by the value 
on the SIGx input at the time when the 8th bit is output 
on the Ox lead. 
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1- TS1. -, I • TSnx -I 192 i TS1• ,... TSn ll "I 
CLKx~,~,J1JLSi1...f'~ 

192 80-7 XMIT. SIGNAL FRAME I 8. 

FSX ...f"I , ,~,---t.----------
Ox: ·--------------------------S-~:>--S------------'>--- B1 82 B3 B4 B5 B6 B7 

:x ~.:-==:::=:::=:::::::::=::::::====::::::::=?:::t::::::=::: =:::::::::::: :::::~:::::::x:::==;==+=====O== 
On the decoding side, when the FSR pulse Is widened, 
the 8th bit of the PCM word is detected and transmitted 
on the SIGR lead. That output is latched until the next 
receiving signaling frame. 

The remaining 7 bits are decoded according to the value 
given in the· CCITI G733 recommendation. The SIGR 
lead is reset to a TTL low level whenever the Codec Is In 
the power-down state. 

r----- T51, -I I" T5n, • 1 192 r- T51, I- T5n, -I 
cLKR~,.fUL..f1Jl...f1,Jl_JL...r;lS'~ 

192 REC. SIGNAL fRAME 

FSR Jl S~\------------

T1 Framing 
The Codec will accept the standard D3104 framing 
format of 193 clock pulses per frame (equivalent to 

Standby Mode - Power Down 
To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for De and CLKe leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(Dc) with a "1" in bits 1 and 2 locations. In the direct 
mode when De is brought high, the all "l's" control 
word is internally transferred to the control register, 

Power-On Clear 
Whether the device is used in the direct or microcom
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 
methods. (1) Device power supplies are turned on in a 
system power-up situation where either Vee or Voo is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to less than approxi. 
mately 2 volts. (3) A board containing Codecs is plugged 
into a "hot" system where Vee or Voo is the last contact 

Precision Voltage Reference for the 
D/A Converter 
The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 
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CLKx, CLKR of 1.544Mb/sec). However, the 193rd bit 
may be blanked (equivalent to CLKx, CLKR of 
1.536 Mb/sec) if desired. 

invoking the standby condition. 

While in the standby mode, the Dx output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. The SIGR output is held low 
to provide a known condition and remains this way upon 
activation until it is changed by signaling. 

The power consumption in the standby mode is typically 
33mW. 

made. It may be necessary to trim back the edge 
connector pins or fingers on Vee or Voo relative to the 
other supply to guarantee that the power·on clear will 
operate properly when a board is plugged into a "hot" 
system. Furthermore, the Codec will inhibit activity on 
TSx and Dx during the application of power supplies. 

The device is also tolerant of transients in the negative 
supply (Vee) so long as Vee remains more negative than 
-3.5 volts. Vee transients which exceed this level 
should be detected and followed by a system reinitial· 
ization. 

A .gain setting op amp, programmed during manufac· 
turing, "trims" the reference voltage source to the final 
precision voltage reference val ue provided to the DI A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described In the A. C. Transmission Specification 
section. 

AFN-OOl62B 
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",Law Conversion 
,..Iaw represents a particular implementation of a piece
wise linear approximation to a logarithmic compression 
curve which is: 

where x = input signal 

Sgn(x)= sign of input signal 

1l=255 (defined by AT&T) 

The 2910A Il = 255 law Codec uses a 15 segment approx
imation to the logarithmic law. Each segment consists 
of 16 steps. In adjacent segments the step sizes are in a 
ratio of two to one. Within each segment the step size is 
constant except for the first step of the first segment of 
the encoder, as indicated in the attached table. The 
output levels are midway between the corresponding 
decision levels. The output levels Yn are reiated to the 
input levels Xn by the expression: 

xn+ xn+1 
Yn 2 for 1 <; n <; 127 

Yo=xo=O forn=O 

These relationships are implicit in the attached table. 

CODER TRANSFER CHARACTERISTIC 

(AID CONVERSION) 

DIGITAL 
OUTPUT 

4-7 

CODEC TRANSFER CHARACTERISTIC 

DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 

ANALOG 
OUTPUT 

During signaling frames, a 7-bit transfer characteristic 
is implemented in the decoder. This characteristic is 
derived from the decoder values in the attached table by 
assuming a value of "1" for the LSB (8th bit) and shifting 
the decoder transfer characteristic one half-step away 
from the origin. For example, the maximum decoder 
output level for signaling frames has normalized value 
7903, whereas it has value 8031 in normal (non
signaling) frames. 
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Theoretical j,l"Law ..... Positive Input Values (for Negative Input Values, Invert Bit 1) 

1 2 3 4 5 8 7 8 

Value Decision PCM Word' Normalized Decoder 
Segment No. of Steps at Segment Value Decision Value Output 
Number x Step Size End Number n Value xn' 

MSB Bit Number LSB 
at Decoder Value 

Points Output Yn' Number 
12345678 

8159' (128) (8159) -1------
10000000 I-- 8031 127 

127 7903 : I I 
I I I I 

8 16 x 256 I I (see Note 2) I I 
I I I I I 
I I I I I 

113 4319 I I 
1 o 0 0 1 1 1 1 I-- 4191 112 

4063 112 4063 

I 
I I 

I I I I 
I I I I 7 16x 128 
I I 

(see Note 2) 
I I 

I I i I I 
97 2143 I I 

1 o 0 1 1 1 1 1 I-- 2079 96 
2015 96 2015 

1 

I I 
I I I I 

6 16x64 I I (see Note 2) I I 
I I I I I 
I I I I 

81 1055 I I 
1 0 1 o 1 1 1 1 I-- 1023 80 

991 80 991 

i 
I I 

I I I I 

5 16x32 I I (see Note 2) I I 
I I 

I 
I I 

I I I I 
65 511 I I 

1 0 1 1 1 1 11 I-- 495 64 
479 64 479 

i 
I I 

I I I I 
I I I I 4 16x 16 
I I 

(see Note 2) 
I I 

I I J I I 
49 239 I I 

1 1 o 0 1 1 1 1 I-- 231 48 
223 48 223 

I 
I I 

I I I I 

3 16x8 I I (see Note 2) I I 
I I : I I 
I I I I 

33 103 I I 
1 1 o 1 1 1 1 1 I-- 99 32 

95 32 95 

I 
I I 

I I I I 
I I I I 2 16x4 
I I 

(see Note 2) 
I I 

I I : I I 
17 35 I I 

1 1 1 0 1 1 1 1 I-- 33 16 
31 16 31 

I 
I I 

I I I I 

15x2 I I (see Note 2) I I 
I I 

I I I 
I I I I 
2 3 I I 

1 1 1 1 1 1 1 1 0 - 2 1 

+ 
1 1 

1 x 1 1 1 1 1 1 1 1 1 
0 0 0 0 

Notes: 
1. 8159 normalized value units correspond 10 the value of the on·chlp voltage reference. 
2. The PCM word corresponding to positive input values between two successive decision values numbered nand n + 1 (see column 4) 

Is (255 - n) expressed as a binary number. 
3. The PCM word on the highways is the same as the one shown In column 6. 

4. The voltage output on the VFR lead is equal to the normalized value given in the table, augmented by an ollset. The offset value Is 
approximately 15mV. 

5. x128 is a virtual decision value. 
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APPLICATIONS 

Circuit Interface -
Without External Auto Zero 

I 
I 
I 2 mV OFFSET I 

L.-tROA"---------J 

Holding Capacitor 
For an 8KHz sampling system the transmit holding 
capacitor CAPx should be 2000 pF:t: 20%. 

Auto Zero 
The 2910A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop. The on-chip auto zero reduces 
the input offset voltage of the encoder (VFx) to less than 
3 mV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 

Where lower Input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
Signal, resulting in slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 

The circuit interface without external auto zero shows a 
possible connection between VFx and AUTO leads with 

4-9 

Circuit Interface -
With External Auto Zero 

R, 
150KO 

r--
VFx I 

..... --'VI/I~-""1 AUTO 

":" GRDA 

R. 
470 KG 

VF. I 
I L __ _ 

the recommended values of C1 = 0.11lF and R1 = 150 KQ. 
The circuit Interface with auto zero drawing shows a 
possible connection between the VFx and AUTO leads 
with the recommended values of C1 = 0.3IlF, R1 
= 150KQ, R2= 330Q, and R3=470KQ. 

Filters Interface 
The filters may be Interfaced as shown in the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 2912A filter. 

Ox Buffering 
For higher drive capability or increased system reli
ability it may be desirable that the Ox output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with the appropriate Codec generated 
TSx signal or signals. TSx signal may also be used to 
activate external zero code suppression logic, since the 
occurrence of an active state of any TSx implies the 
existence of PCM voice bits (as opposed to transparent 
data bits) on the bus. 

AFN-OOl62B 
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Grounding, Decoupllng, and Layout 
Recommendations 
The most important steps in designing a low noise line 
card are to Insure that the layout of the circuit com
ponents and traces results in a minimum of cross coup
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 

1. All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 10 "F) per board is recom
mended at the pOint where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 

2. When using two-sided PCBs, use both correspond· 
ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 

3. Layout the traces on codec- and filter-equipped 
boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 

4. Connect the codec sample and hold capacitor with 
the shortest leads possible. Mount it as close to the 
codec CAP1X, CAP2X pins as possible. Shield the 
capacitor traces with analog ground. 

5. Do not layout any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped· 
ance circuits which are sensitive to noise coupling. 

6. Keep analog voice circuit leads paired. on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 

7. Arrange the layout for each duplicated line, trunk or 
channel circuit in identical form. 

8. Line circuits mounted extremely close to adjacent 
line circuits increase the possibility of interchanneJ 
crosstalk. 

9. Avoid assignment of edge connector pins to any 
analogsigrial adjacent to any lead carrying digital 
(periodic) signals or power. 

10. The optimumgrounding configuration is to maintain 
separate digital and analog grounds on the circl,li.t 
boards, and to carry these grounds back to the 
power supply with a low impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 

11. The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage 'difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opPosite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2"H or greater, as space allows, 
between leads GRDA and GRDD on each board. 

4-10 

12. Codec-fIIter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con
nections between devices and with no crossing 
analog lines. 

13. No digital or high voltage level (such as ringing sup
ply) lines should run under or In parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
.coupllng. 

14. Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 

15. Two +5 volt power supply leads {Vee> should be 
used on each PCB, one to the fi Iters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5 volt lead. The 
capacitor should be ilt least 10"F in parallel with a 
0.1 "F ceramic. This filters both high and low 
frequencies and accommodates large current 
spikes due to switching. 

16. Both grounds and power supply leads must have low 
resistance and inductance. This should be accom
plished by using a ground plane whenever possible. 
When narrower traces. must be lised, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through h91es should 
be used when. passing the ground connections 
through the PCB. 

17. The 2912A PCM filter should have all power sup
plies bypassed to analog ground (GRDA). The 2910A 
Codec + 5V power supplies shouid be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply le.ads .are used as sug
gested in item 15. The - 5V and + 12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 "F 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). . 

18. Relay operation, ring voltage application, interrup
tions, and loop current surges can produce enor
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is particu
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 

AFN-Q0162B 
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Absolute Maximum Ratings· 
Temperature Under Bias ............ -10'C to +80'C Vee, Voo, GRDD, and GRDA with Respect 
Storage Temperature .............. -65'C to + 150'C to Vss .......................... - 0.3V to + 20V 
All Input or Output Voltages with Power Dissipation ........................... 1.35W 

Respect to Vss ................... -0.3V to +20V 

·Comment: Stresses above those listed under "Absolute MaxImum Ratings" may cause permanent damage to the device. This Is a 
stress rating only and functional operation of the devIce at these or any other conditions 'above those Indicated In the operational sec
tions of this specification Is not Implied. Exposure to absolute maximum rating condItions for extended periods may affect device 
reliability. 

D.C. and Operating Characteristics 
TA=O'C to +70'C, Voo=+12V±5%, Vcc=+5V±5%, Vss=-5V±5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter Test Conditions 

DIGITAL INTERFACE 

IlL Low Level Input Current 10 ,..A VIN < VIL 

IIH High Level Input Current 10 ,..A VIN > VIH 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.0 V 

VOL Output Low Voltage 0.4 V Dx, 10L = 4.0 mA 
SiGA, 10L = 0.5 mA 
fSx, 10L = 3.2 mA, open drain 
PDN, iOL = 1.6 mA, open drain 

VOH Output High Voltage 2.4 V Dx, 10H= 15mA 
SIGA, 10H = 0.08 mA 

ANALOG INTERFACE 

ZAI Input Impedance when Sampling, VFx 125 300 500 Q in series with CAPx to GRDA, 
-3.1V < VIN < 3.1 V 

ZAO Small Signal Output Impedance, VFA 100 180 300 Q -3.1V<VOUT<3.1V 

VOA Output Offset Voltage at VFA ±50 mV all "15" code sent to DA 

VIX Input Offset Voltage at VFx ±5 mV VFx voltage required to 
produce all "15" code at Dx 

VOL Output Low Voltage, Auto Zero Vss (Vss+2) V 400 KQ to GRDA 

VOH Output High Voltage, Auto Zero (Vcc- 2) Vcc V 400 KQ to GRDA 

POWER DISSIPATION 

1000 Standby Current 0.7 1.1 mA 

Icco Standby Current 4 7.0 mA 

Isso Standby Current 1 2.5 mA 

1001 Operating Current 11 16 mA clock frequency = 2.048 MHz 

Icci Operating Current 13 21 mA 

Issl Operating Current 4 6.0 mA 

Notes: 
1. Typical values are for TA=25'C and nominal power supply values. 
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A.C. Characteristics 
TA=O'C to +70'C, Voo=+12V:tS%, Vcc=+sV:tS%, Vss=-sV:tS%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter 

TRANSMISSION (any two Codecs, end·to·end, unless otherwise specified) 

SID Signal/Total Distortion Ratio, Fig. 1 Fig. 1 
C·Message Weighted (see Figure 1) 

SID Signal/Total Distortion Ratio, Fig. 1 
C·Message Weighted (half·channel)" 
(see Figure 1) 

AG Gain Tracking Error (half'channel)" 
(see Figure 2) SPECIFICATIONS 

UNDER REVISION, 
CONSULT INTEL 

REPRESENTATIVE 

NIC1 Idle Channel Noise, C·Message 2 10 
Weighted 

N1c2 Idle Channel Noise, C·Message 10 13 
Weighted 

HD Harmonic Distortion (2nd or 3rd) -48 -44 

IMD Intermodulation Distortion 
2nd Order -45 
3rd Order -55 

2910A TYPICAL, ,.. CHANNEL 
~G 

-------------------T 
"...,.././'" 2910A SPEC, END-TO-END L 4 dB 

/,./ ///;3-----------------2pB 
/ / -.~~~~~~~~~~~~~ 30 / ,./ ~ 

//27 

/ 

22 

20 

10 

-45 -40 ·30 

AT&T 
03 CHANNEL BANK 

COMPATIBILITY 
SPECIFICATION 
~SSUE 3 10-77) 
ENO-T().ENO 

·20 ·10 

-1 

-2 

dB 

dB 

dB 

dB 

dB 

dBmcO 

dBrncO 

dB 

dB 
dB 

-55 -50 

Test Conditions 

VFx= 1.02 KHz, sinusoid 

VFx = 1.02 KHz, sinusoid 

VFx = 1.02 KHz, sinusoid 
-37dBmO .. VFx < OdBmO 

-50dBmO .. VFx < -37dBmO 

-55dBmO .. VFx < -50dBmO 

no signaling 3 

with 6th and 12th frame 
signaling3 

VFx= 1.02 KHz, OdBmO; 
measured at decoder output 
VFA 

4·tone stimulus in 
accordance with BSTR 
PUB 41009 

AT&T 03 CHANNEL 
BANK COMPATIBILITY 

SPECIFICATION 
(ISSUE 3-10-77) 

-37 

INPUT 
LEVEL 

o dBmO 

INPUT LEVEL (dBmOl ~ 

Figure 2. Gain Tracking Error (dG) vs Signal 
Figure 1. SlgnallTotal Distortion Ratio Level 0 dBmO 
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A.C. Characteristics (continued) 
TA=O·C to +70·C, Voo=+12V:t5%, Vcc=+5V:t5%, Vaa=-5V:t5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter re.t Condition. 

GAIN AND DYNAMIC RANGE 

DmW Digital Milliwatt Response 5.53 5.63 5.73 dBm 23 ·C, nominal supplies· 

DmWT DmWo Variation with Temperature -0.001 -0.002 dB/·C relative to 23 ·C· 

DmWs DmWo Variation with Supplies ±0.07 dB supplies ±5%· 

AIR Input Dynamic Range 2.17 2.20 2.23 VRMS uSin8 D.v. and A.v. tests· 
23° ,nominal supplies 

AIRT Input Dynamic Range with -0.5 mVRMsI·C relative to 23·C 
Temperature 

AIRS Input Dynamic Range with Supplies ±18 mVRMS supplies ±5% 

AOR Output Dynamic Range, VFR 2.13 2.16 2.19 VRMS 23°C, nominal supplies 

AORT AOR Variation with Temperature -0.5 mVRMsl°C relative to 23·C 

AoRS AOR Variation with Supplies ±18 mVRMS supplies ±5% 

SUPPLY REJECTION AND CROSSTALK 

PSRR1 VDD Power Supply Rejection Ratio 50 dB decoder alone6 

PSRR2 VBB Power Supply Rejection Ratio 35 dB decoder alone6 

PSRR3 Vee Power Supply Rejection Ratio 50 dB decoder alone6 

PSRR4 VDD Power Supply Rejection Ratio 50 dB encoder alone7 

PSRR5 VBB Power Supply Rejection Ratio 45 dB encoder alone7 

PSRR6 Vee Power Supply Rejection Ratio 50 dB encoder alone7 

CTR Crosstalk Isolation, Receive Side 75 80 dB see Note 8 

CTT Crosstalk Isolation, Transmit Side 75 80 dB see Note 9 

CAPX Input Sample and Hold Capacitor 1600 2000 2400 pF 

Notes: 

1. Typical values are for T A = 25°C and nominal power supply values. 

2. Measured in one direction, either decoder or encoder and an ideal device. 

3. If the external auto·zero is used NICf has a typical value of 8 dBrneD and NIC2 has a typical value of 13 dBrneO. 

4. DR of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in eeln recommendation G.711. Measurement made at VFR 
output. 

5. With the D.e. method the positive and negative clipping levels are measured and AIR is calculated. With the A.e. method a sinusoidal input signal to 
VFx is used where AIR is measured directly. 

6. D.U.T. decoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 

7. D.U.T. encoder; impose 200 mVp_p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 

8. VFx of D.U.T. encoder= 1.02 KHz, 0 dBmO. Decoder under quiet channel conditions; measurement made at decoder output. 

9. VFx = 0 Vrms. Decoder = 1.02 KHz, 0 dBmO. Encoder under quiet channel conditions; measurement made at encoder output. 
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A.C. Characteristics - Timing Specification 
TA=O'C to +70'C, Voo=+12V±50/0, Vcc=+5V±50/0, VBB=-5V±50/0, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter Comments 

CLOCK SECTION 

tCY Clock Period 485 ns CLKx, CLKR (2.048 MHz systems). CLKc 

t r• tf Clock Rise and Fall Time 0 30 ns CLKx, CLKR, CLKc 

tCLK Clock Pulse Width 215 ns CLKx. CLKR, CLKc 

tcoc Clock Duty Cycle (tCLK +' tCY) 45 55 % CLKx, CLKR 

TRANSMIT SECTION 

tVFX Analog Input Conversion 20 timeslot from leading edge of transmit timeslot l 

tozx Data Enabled on TS Entry 50 180 ns O<CLOAO< 100pF 

tOHX Data Hold Time 80 230 ns 0< CLOAO < 100pF 

tHZX Data Float on TS Exit 75 245 ns CLOAO=O 

tSON Timeslot X to Enable 30 220 ns 0< CLOAO< 100pF 

tSOFF Timeslot X to Disable 70 225 ns CLOAO=O 

tss Signal Setup Time 0 ns relative to bit 7 falling edge 

tSH Signal Hold Time 100 ns relative to bit 8 falling edge 

tFSO Frame Sync Delay 15 150 ns 

RECEIVE AND CONTROL SECTIONS 

tVFR Analog Output Update 91/16 91/16 timeslot from leading edge of the channel timeslot 

tOSR Receive Data Setup 20 ns 

tOHR Receive Data Hold 60 ns 

tSIGR SIGR Update 1 ,..s from trailing edge of the channel timeslot 

tFSO Frame Sync Delay 15 150 ns 

losc Control Data Setup 100 ns Microcomputer mode only 

tOHC Control Data Hold 100 ns Microcomputer mode only 

Notes: 
1. The 20 timeslot minimum Insures that the complete AID conversion will take place under any combination of receive interrupt or 

asynchronous operation of the Codec. If the transmit channel only is operated, the AID conversion can be completed in a 
minimum of 11 timeslots. Refer to the Codec Control General Requirement section for Instructions on setting a channel in an idle 
condition. 

4-14 AFN'()()l62B 



TIMING WAVEFORMS[11 
TRANSMIT TIMING 

FSx 
NON·SIGNALING 

""""1 Ino FRAMESj: 
SIGNAL~~ --------...;.., 

FRAMES 

CLKX 

'oZ. 

SIGx 

2910A 

DON'TeARE 

-------------------------------------
RECEIVE TIMING 

-1 r-'FSD 
NON.SIGNAL~:~ J 

FRAMESj: 'I t FSD 

FSR --------..:... 
SIGNALING 

FRAMES 

CONTROL TIMING 

Notes: 1. All timing parameters referenced to 1.5V. except IHZX and tSOFF which reference a high Impedance state. 
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2911A 
PCM COOEC - A LAW 

8-BIT COMPANDED AID AND DIA CONVERTER 

2911A·1 

2911A,2 

• Per Channel, Single Chip Codec 

• CCITT G711 and G732 Compatible, 
Even Order Bits Inversion Included 

• Microcomputer Interface with 
On·Chip Time·Slot Computation 
(2911A·1) 

• Simple Direct Mode Interface When 
Fixed Tlmeslots Are Used 

Microcomputer' Mode 
or Direct Mode 

Direct Mode Only 

• 66 dB Dynamic Range, with Resolution 
Equivalent to 11·Blt Linear Conversion 
Around Zero 

• ::1:5% Power Supplies: +12V, +5V, -5V 
• Precision On·Chip Voltage Reference 
• Low Power Consumption 230 mW Typ. 

Standby Power 33 mW Typ. 
• Fabricated with Reliable N·Channel 

MOS Process 

The Intel@ 2911A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder·Decoder), fabricated with N·channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital·to·analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link. 

The primary applications are in telephone systems: 

• Transmission - 30/32 Channel Systems at 2.048 Mbps 
• Switching - Digital PBX's and Central Office Switching Systems 
• Concentration - Subscriber Carrier/Concentrators 

The wide dynamic range of the 2911A (66dB) and the minimal conversion time (80,..sec minimum) make it an ideal 
product for other applications, like: 

• Data Acquisition • Secure Communications Systems 
• Telemetry • Signal Processing Systems 

PIN CONFIGURATION 

Vaa ® VFx 

@)AUTO SAMPLE 

FSx & 

GRDA CLKx 
G)CAP 1x 

HOLD 

VDD FS. 
®CAP2x 

ClK. 

Vee 

TSx 
Dx 

GRDD 

PIN NAMES 
CAP 1x. CAP 2x Holding Capacitor 

VFx Analog Input 
VF Analog Output 

DR. Dc Digllallnput 

Ox. TSx Digital Output 

CLI<c. CLKx. CLKA Clock Input 

FSx. FSR Frame Sync Input ® VFR AUTO Auto Zero Out ut 

VBB Power (-5V) 

Vee Power (+5V) 

VOO Power (+12V) 

PDN Power Down 

GRDA Analog Ground GRDA 
GRDD Digital Ground 

OPINNlJlllBER ® NC No Connect 

4-16 

'Microcomputer mode is explained on page 4. 

BLOCK DIAGRAM 

TRANSMIT SECTION AID 

GRDD 

@ 

r-----II--+-- TSx @ 
SUCCESSIVE 

APPROXIMATION 
REGISTER 

I--t--o. @ 
1-+_CLKx @ 

L,-.---,.-..Jf--t- FSX @ 

,...L1 _+_oc @ 

1-+-CLKc@ 
L--.~-lI_PON ® 

'-":-1--1-- 0 ••. iJ) 
1-........ _ClK •. @ 
I-........ _FS. @ 
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PIN DESCRIPTION 

Pin No. Symbol Function Description Pin No. Symbol Function Description 

1 CAP1X Hold Connections for the transmit 14 TSx Output Normally high, this signal goes 

2 CAP2x 
holding capacitor. Refer to Ap-
plications section. 

low while the Codec Is transmit· 
tlng an 8-blt PCM word on the 

3 VFx Input Analog input to be encoded into 
a PCM word. The.signal on this 
lead is sampled at the same rate 
as the transmit frame synch· 
ronizatlon pulse FSx, and the 

Ox lead. (TImes lot information 
used for diagnostic purposes 
and also to gate the data on the 
Ox lead.) TIL Interface, open 
drain output. 

sample value Is held In the ex· 15 Vee power +5V±5%, referenced to GRDD. 
ternal capacitor connecled to 
the CAP1x and CAP2x leads 
until the encoding process is 
completed. 

16 CLKR Input Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 2.048Mbps 
for a carrier system. Maximum 

4 AUTO Output Most significant bit of the en· rate 2.1 Mbps. 50% duty cycle. 
coded PCM word (+5 V for nega· TIL compatible. 
tive, -5V for positive values). 
Refer to the Codec Applications 
section. 

17 FSR Input Frame synchronization pulae 
for the receive PCM highway. 
Resets the on·chip timeslot 

5 GRDA Ground Analog return common to the counter for the receive side. 
transmit and receive analog cir· Maximum repetition rate 12KHz. 
cuits. Not connected to GRDD TIL interface. 
internally. 

18 CLKx Input Master transmit clock defining 
6 Voo Power +12V±5%; referenced toGRDA. the bit rate on the transmit PCM 

7 DR Input Receive PCM highway (serial 
bus) interface. The Codec serio 
ally receives a PCM word (8 bits) 
through this lead at the proper 

highway. Typically 2.048Mbps 
for a carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. 
TIL interface. 

time defined by FSR, CLKR, De, 19 FSx Input Frame synchronization pulse 
and CLKe. for the transmit PCM highway. 

8 PDN Output Active high when the Codec is 
in the power down mode. TIL 
interface. Open drain output. 

Resets the on·chip timeslot 
counter for the transmit side. 
Maximum repetition rate 12 KHz. 
TIL interface. 

9 VFR Output Analog Output. The voltage 
present on VFR is the decoded 20 VBB Power -5V±5%, referenced to GRDA. 

value of the PCM word received 21 De Input Data Input to program the Codec 
on lead DR' This value is held for the chosen mode of opera· 
constant between two conver· tion. Becomes an active low 
sions. chip select when CLKe is tied to 

10 NC No Recommended practice is to Vee. TIL interface. 

11 NC Connects strap these NC's to GRDA. 22 CLKe Input Clock input to clock in the data 
on the De lead when the time-

12 GRDD Ground Ground return common to the slot assignment feature is used; 
logic power supply; Vee. tied to Vee to disable this fea· 

13 Ox Output Output of the transmit side onto 
ture. TIL interface. 

the send PCM highway (serial 
bus). The 8·bit PCM word is serio 
ally sent out on this pin at the 
proper time defined by FSx, 
CLKx, De, and CLKe. TIL three· 
state output. 
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FUNCTIONAL DESCRIPTION 
The 2911A PCM Codec provides the analog-ta-digital 
and the dlgltal-ta-analog conversions necessary to inter
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TOM) 
system. The Codec is intended to be used on line'and 
trunk terminations. 

In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 

The Codec encodes the Incoming analog signal at the 
frame rate (FSx) into an 8-bit PCM word which is sent 
out on the Ox lead at the proper time. Similarly, on the 
receive link, the Codec fetches an 8-bit PCM word from 
the receive highway (DR lead) and decodes an analog 
value which will remain constant on lead VFR until the 
next receive frame. Transmit and receive frames are 
independent. They can be asynchronous (transmisSion) 
or synchronous (switching) with each other. 

Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems ,this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed and 

CODEC OPERATION 
Codec Control 
The operation of the 2911 A is defined by serially loading 
an a-bit word through the Dc lead (data) and the CLKc 
lead (clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever tran
sitions occur on the CLKc lead. The Dc input is loaded 
in during the trailing edge of the CLKc input. 

BITl BIT2 BIT3 BIT4 BIT5 BIT 6 BIT7 BITS 

I I I I. SELECT _I ___ c-ASSIGN X, A ___ -I 
I" MODE I TIME SLOT: "X'"R I 

The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power
down mode (11). In the last case (11), the following 6 bits 
are irrelevant. 
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Typical Line Termination 

r----------------------I PABX I C.O. SWITCHING SYSTEM I CHANNEL BANK TRANSMISSION 

I HIGHWAYS 

I 
I 
I 
I SUPERVISION 
I PROTECTION 

I 

I 

BATTERY 
FEED 

I RINGING 

I 
I 

CONTROL HIGHWAYS 

OFF·HOOK I ROTARY DIAL PULSES 

L _____________________ _ 
Functional Block Diagram of Line Circuit 

discrete timeslots sent to each Codec within a system. 

In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 

The last 6 bits of the control word define the times lot 
assignment, from 000000 (timeslot 1) to 111111 (timeslot 
64). Bit 3 is the most significant bit and bit a the least 
Significant bit and last into the Codec. 

Bit 1 BI12 Mode 

0 0 X&R 
0 1 X 
1 0 R 
1 1 Standby 

Bit 

3 4 5 6 7 8 Time-Slot 

0 0 o 0 0 0 1 
0 0 o 0 0 1 2 · · · · · · · · 1 1 1 1 1 1 64 

The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timeslots for switching 
applications. 
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Microcomputer Control Mode (2911A·1) 
In the microcomputer mode, each Codec performs Its 
own timeslot computation independently for the trans
mit and receive channels by counting clock pulses 
(CLKl( and CLKRl. All Codecs tied to the same data bus 
receive Identical framing pulses (FSl( and FSRl. The 
framing pulses reset the on-chip timeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec is programmed via CLKc 
and Dc for the desired transmit and receive timeslots 
according to the description in the Codec Control 
Section. All Codecs tied to the same DR bus will, in 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, in which case 
the transmit and receive channels must be synchronous 
(CLKl(= CLKRl. There are no other restrictions on time
slot assignments; a device may have the same transmit 
and receive timeslot even if a single bus is used. 

There are several requirements for using the CLKc-Dc 
interface in the microcomputer mode. 

1. A complete timeslot assignment, consisting of eight 
negative transitions of CLKc, must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked 
in within a total span of 125,.sec (for an 8 KHz frame 
rate). CLKc must be left at a TTL low level when not 
assigning a timeslot. 

2. A dead period of two frames must always be observed 
between successive times lot assignments. The two 
frame delay is measured from the rising edge of the 
first CLKc transition of the previous times lot 
assigned. 

3. When the device is in the power-down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device out of power-down and 
registers the timeslot information in the lower sil( 
bits of the control word. 

FSx IN 

CLKx IN 

Ox OUT 
TSx OUT 

Fs" IN 

Direct Control Mode 

XMT TIME SLOT 1 

The direct mode of operation will be selected when the 
CLKc pin is strapped to the + 5 volt supply (V cel. In this 
mode, the Dc pin is an active low chip select. In other 
words, when Dc is low, the device transmits and 
receive.s in the timeslots which follow the appropriate 

4. Initialization sequence: The device contains an on· 
chip power-on clear function which guarantees that 
with proper sequencing of the supplies (Vcc or Voo 
on last), the device will Initialize with no timeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplles are 
applied, it is recommended that either power down 
assignment be made first, or the first timeslot assign
ment be a transmit times lot or a transmit/receive 
times lot. The consequence of making a receive 
timeslot assignment first, after supply application, is 
that the transmit channel will assume timeslot 1, 
potentially producing bus contention. 

5. Transmit only/receive only operation is permitted pro· 
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro
grammed for timeslot 2 and the receive side for timeslot 
3. The Codec will output a PCM word on the transmit 
PCM highway (bus) during the timeslot 2 of the transmit 
frame, and will fetch a PCM word from the receive PCM 
highway during timeslot 3. 

rSEPARATED BY AT LEAST TWO FRAMESi 

~I 
I C I I 

~~: 
Dc : : : 
, , I 

I 01000001 I: ~-10000010-- .. ., 
I , 

In this example the Codec interface to the PCM highway 
then functions as shown below. (FSx and FSR may be 
asynchronous.) 

XMT TIME SLOT 2 XMT TIME SLOT 3 

4·19 

, 
~ PCM WORD CLOCKED IN ~ 

framing pulses. With Dc high the device is in the power 
down state. Even though CLKc characteristics are 
simpler for the 2911A it will operate properly when 
plugged into a 2911 board. 

Deactivation of a channel by removal of the appropriate 
framing pulse (FSx or FSRl is generally not permitted. 
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Specifically, framing pulses must be applied for a mini
mum of two frames after a change in state of Dc in order 
for the Dc change to be internally sensed. In particular, 
when entering standby in the direct mode, framing 
pulses must be applied as usual for two frames after Dc 
is brought high. Thereafter, the framing pulses could, if 
desired, be removed until such time as the device is to 

General Control Requirements 
All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be deactivated by removal of its associated frame or bit 
clock while the other channel of the same device 
remains active. 

Encoding 
The VF signal to be encoded is input on the VFx lead. An 
internal switch samples the signal and the hold function 
is performed by the external capacitor connected to the 
CAP1 x and CAP2x leads. The sampling and conversion 

1--- -----256X elK, -~-- -~-------l 

FSx J (32 CHANNEL SYSTEM) n 
TIME SLOT 30 ~-l I--

D. --------------- ----------------~~-~- -~-D--~----

rs;;----------------, 

be reactivated by the reapplication of framing pulses 
with Dc low. 
The Codec will enter the direct mode within three frame 
times (375I'sec) as measured from the time the device 
power supplies settle to within the specified limits. This 
assumes that CLKe is tied to Vee and that all clocks are 
available at the time the supplies have settled. 

A single channel cannot be deactivated except by 
physical disconnection of the data lead (Ox or DR! from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated in either control mode by 
powering down the device. Both channels are always 
powered down together. 

is synchronized with the transmit timeslol. The PCM 
word is then output on the Ox lead at the proper time
slot occurrence of the following frame. The AID 
converter saturates at approximately ±2.2 volts RMS 
(±3.1 volts peak). 

~-----------=~~~==========~~-=~------------~~ 

Decoding 
The PCM word is fetched by the DR lead from the PCM 
highway at the proper timeslot occurrence. The decoded 
value is held on an internal sample and hold capacitor. 

Standby Mode - Power Down 
To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for Dc and CLKe leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(Del with a "1" in bits 1 and 2 locations. In the direct 
mode when Dc is brought high, the all "1's" control 

Power-On Clear 
Whether the device is used in the direct or microcom
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 

4-20 

The buffered non-return to zero output signal on the VFR 
lead has a dynamic range of ±2.2 volts RMS (±3.1 volts 
peak). 

word is internally transferred to the control register, 
invoking the standby condition. 

While in the standby mode, the Ox output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. 

The power consumption in the standby mode is typically 
33mW. 

methods. (1) Device power supplies are turned on In a 
system power-up situation where either Vee or Voo is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to approximately 2 
volts. (3) A board containing Codecs is plugged into a 
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"hot" system where Vee or Voo Is the last contact made. 
It may be necessary to trim back the edge connector 
pins or fingers on Vee orVoo relative tothe other supply 
to guarantee that the power·on clear will operate 
properly when a board Is plugged Into a "hot" system. 
Furthermore, the Codec will Inhibit activity on TSx and 

Precision Voltage Reference for the 
O/A Converter 
The voltage reference Is generated on the chip and Is 
calibrated during the manufacturing process. The 
technique uses the difference in sub·surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 

CONVERSION LAW 

The conversion law Is commonly referred to as the A 
Law. 

The Codec provides a piecewise linear approximation of 
the logarithmic law through 13 segments. Each segment 
is made of 16 steps with the exception of the first seg· 
ment, which has 32 steps. In adjacent segments the 
step sizes are In a ratio of two to one. Within each 
segment, the step size Is constant. 

The output levels are midway between the correspond· 
ing decision levels. The output levels Yn are related to 
the input levels xn by the expression: 

xn-1 + xn 
Yn- 2 ,O<n .. 128 

CODER TRANSFER CHARACTERISTIC 

(AID CONVERSION) 

DIGITAL 
OUTPUT 

4-21 

DX during the application of power supplies. 

The device Is also tolerant of transients In the negative 
supply (Vee> so long as Vee remains more negative than 
-3.5 volts. Vee transients which exceed this level 
should be detected and followed by a system relnltlal· 
lzation. 

A gain setting op amp, programmed during manufac· 
turing, "trims" the reference voltage source to the final 
preciSion voltage reference value provided to the D/A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described in the A.C. Transmission Specification 
section. 

eooEC TRANSFER CHARACTERISTIC 

DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 

ANALOG 
OUTPUT 
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Theoretical A·Law - Positive Input Values (for Negative Input Values, Invert Bit 1) 

1 2 3 4 5 8 7 8 

Value 
Decision PCM Word' 

Normalized Decoder 
legmenl No. of Steps at Segment 

Value 
Decision Value Output 

Number )( Step Size End 
Number n Value xn' 

Bit Number 
at Decoder Value 

Points Output Yn' Number 
12345878 

40963 (128) (4096) 1----- I I 
1 1 1 1 1 1 1 1 4032 128 

127 3968 I I 
I I I I 

7 16x 128 I I 
(see Note 2) I I 

I I I I 
I I I I 

113 2176 I I 
11110000 2112 113 

2048 112 2048 I I 
I I I I 

6 16x64 I I (see Note 2) I I 
I I I I 
I I I I 

97 1088 I I 
11100000 1056 97 

1024 96 1024 I I 
I I I I 

5 16x32 I I 
(see Note 2) I I 

I I I I 
I I I I 

81 544 I I 
11010000 528 81 

512 80 512 I I 
I I I I 

4 16x 16 I I 
(see Note 2) I I 

I I I I 
I I I I 

65 272 I I 
11000000 284 65 

256 64 256 I I 
I I I I 

3 16x8 I I (see Note 2) I I 
I I I I 
I I I I 

49 136 I I 
10110000 132 49 

128 48 128 I I 
I I I I 

2 16x4 I I 
(see Note 2) I I 

I I I I 
I I I I 

33 68 I I 
10100000 68 33 

64 32 64 I I 
I I I I 

1 32x2 I I 
(see Note 2) I I 

I I I I 
I I I I 
1 2 I I 

10000000 1 1 
0 0 

Note.: 
1. 4096 normalized value units correspond to the value of the on-chip voltage reference. 

2. The PCM word corresponding to positive Input values between two successive decision values numbered nand n + 1 (see column 4) is (128+ n) 
expressed as a binary number. 

3. X'28 Is a virtual decision value. 
4. The PCM word on the highways Is the same as the one shown In column 6, with the even order bits Inverted. The 2911A provides for the inversion of 

the even order bits on both the send and receive sections. 

5. The voltage output on the VFR lead Is equal to the normalized value given In the table, augmented by an offset. The offset value is approximately 
15mV. 
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APPLICATIONS 
Holding Capacitor 

For an 8 KHz sampling system the transmit holding 
capacitor CAPx should be 2OOOpF::I: 20%. 

Circuit Interface -
Without External Auto Zero 

Filters Interface 

I 
I 

I 2 mV OFFSET I 

L-~RD;--------_J 

The filters may be interfaced as shown In the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 2912A filter. 

Ox Buffering 
For higher drive capability or increased system reli
ability it may be desirable that the Dx output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with t~ appropriate Codec generated 
TSx signal or signals. TSx signal may also be used to 
activate external zero code suppression logic, since the 
occurrence of an active state of any TSx implies the 
existence of PCM vOice bits (as opposed to transparent 
data bits) on the bus. 

Grounding, Oecoupling, and Layout 
Recommendations 
The most important steps in designing a low nOise line 
card are to insure that the layout of the circuit com
ponents and traces results in a minimum of cross coup
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 

1. All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 1O",F) per board is recom
mended at the point where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 

2. When using two-sided PCBs, use both correspond-
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Circuit Interface -
With External Auto Zero r------, 
I I 
I I 
I I r---
I ~ __ _,Ir_I~ __ ~------~vF~xTI-----
I c, R, I 
I .3.F 150 KO I 

R2 
3300 , 

':' GRDA 

R, 
470KO 

vF.1 
I 

AUTO 
I 
I 
I 
I 
I 
I I 
L11'12A£I~TER __ --.J 

L __ _ 

Auto Zero 
The 2911A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop. The on-Chip auto zero reduces 
the input offset voltage of the encoder (VFX> to less than 
3mV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 

Where lower input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
signal, resulting In slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 

The circuit interface without external auto zero shows a 
possible connection between VFx and AUTO leads with 
the recommended values of C1 = 0.1 ",F and Rl = 150 KQ. 

The circuit interface with external auto zero drawing 
shows a possible connection between VFx and AUTO 
leads with the recommended values of C1 = 0.3",F, 
Rl = 150 KQ, R2= 330Q, and R3= 470KQ. 

ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 

3. Layout the traces on codec- and filter-equipped 
boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 

4. Connect the codec sample and hold capacitor with 
the shortest leads possible, Mount it as close to the 
codec CAP1X. CAP2X pins as possible. Shield the 
capacitor traces with analog ground. 

5. Do not layout any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped
ance circuits which are sensitive to noise coupling. 

S. Keep analog voice circuit leads paired on their 
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layouts so that no Intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 

7. Arrange the layout for each duplicated line, trunk or 
channel circuit in identical form. 

8. Line circuits mounted extremely close to adjacent 
line circuits increase the possibility of Interchannel 
crosstalk. 

9. Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digital 
(periodic) signals or power. 

10. The optimum grounding configuration Is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the 
power supply with a low Impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 

11. The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD Is to connect two diodes back to back In 
opposite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2"H or greater, as space allows, 
between leads GRDA and GRDD on each board. 

12. Codec·fllter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con· 
nections between devices and with no crossing 
analog lines. 

13. No digital or high voltage level (such as ringing sup· 
ply) lines should run under or in parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
coupling. 

14. Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 

15. Two +5 volt power supply leads (Vcd should be 
used on each PCM, one to the filters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5 volt lead. The 
capacitor should be at least 10"F In parallel with a 
0.1 "F ceramic. This filters both high and low frequen· 
cles and accommodates large current spikes due to 
switching. 

16. Both grounds and power supply leads must have low 
resistance and inductance. This should be accom· 
plished by using a ground plane whenever possible. 
When narrower traces must be used, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through holes should 
be used when passing the ground connections 
through the PCB. 

17. The 2912A PCM filter should have all power sup· 
plies bypassed to analog ground (GRDA). The 2911 A 
Codec + 5V power supplies should be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply leads are used as sug· 
gested in item 15. The - 5V and + 12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 "F 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). 

18. Relay operation, ring voltage application, interrup· 
tions, and loop current surges can produce enor· 
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is partlcu· 
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick· 
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 
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Absolute Maximum Ratings· 
Temperature Under Bias ............ -10·C to +80·C Vee, Voo, GRDA, and GRDA with Respect 
Storage Temperature .............. -65·Cto +l50·C to VBB .......................... - 0.3V to + 20V 
All Input or Output Voltages with Power Dissipation ........................... 1.35W 

Respect to VBB ................... -0.3V to +20V 

·Comment: Stresses above those IIstael under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a 
stress rating only and functional operation of the device at these or any other conditions above those Indlcatael In the operational sec
tions of this specification Is not Implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

D.C. and Operating Characteristics 
TA=O·C to +70·C, Voo=+12V±5%, Vee=+5V±5%, VBB=-5V±5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typl Max 

DIGITAL INTERFACE 

IlL Low Level Input Current 10 ,..A VIN<VIL 

IIH High Level Input Current 10 ,..A VIN >VIH 

VIL Input Low Voltage 0.6 V 

VIH Input High Voltage 2.2 V 

VOL Output Low Voltage 0.4 V OX, 10L = 4.0 mA 
TSx, 10L = 3.2 mA, open drain 
PDN, 10L= 1.6mA, open drain 

VOH Output High Voltage 2.4 V Ox, IOH= 15mA 

ANALOG INTERFACE 

ZAI Input Impedance when Sampling, VFx 125 300 500 Q In series with CAPx to GRDA, 
-3.1V < VIN < 3.1V 

ZAO Small Signal Output Impedance, VFR 100 180 300 Q -3.1 V < VOUT< 3.1 V 

VOR Output Offset Voltage at VFR -50 50 mV Minimum code to DR 

VIX Input Offset Voltage at VFx -5 5 mV Minimum positive code pro-
duced at Ox 

VOL Output Low Voltage, Auto Zero VBB (Vss+2) V 400 KQ to GRDA 

VOH Output High Voltage, Auto Zero (Vcc-2) Vcc V 400 KQ to GRDA 

POWER DISSIPATION 

1000 Standby Current 0.7 1.1 mA 

Icco Standby Current 4.0 7.0 mA 

ISBO Standby Current 1.0 2.5 mA 
clock frequency = 2.048 MHz 

1001 Operating Current 11 16 mA 

Icci Operating Current 13 21 mA 

ISBI Operating Current 4.0 6.0 mA 

Notes: 
1. Typical values are for TA=25·C and nominal power supply values. 
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A.C. Characteristics 
TA=O·C to +70·C, Voo=+12V±5%, Vcc=+5V±5%, VBB=-5V±5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter Test Conditions 

TRANSMISSION (any two Codecs, end-ta-end, unless otherwise specified) 

SID Signal to Total Distortion Ratio. TBD dB signal level -3dBmO to 
CCITT G.712 Method 1 -6dBmO 

TBD dB Signal level to - 27 dBmO 

TBD dB Signal level to -34dBmO 

TBD dB Signal level to -40dBmO 

TBD dB Slgn,llevel to -55 dBmO 

SID Signal to Total Distortion Ratio. 35 dB Signal level OdBmO to 
See Figure 2. CCITT G.712 Method 2 -30dBmO 

29 dB Signal level to -40dBmO 

24 dB Signal level to -45dBmO 

SID Signal to Total Distortion Ratio. 37 dB Signal level OdBmO to 
CCITT G.712 Method 2 -30dBmO 
,(Half Channel) 31 dB Signal level to -40dBmO 

26 dB Signal level to -45dBmO 

AG Gain Tracking Deviation from Gain at dB Signal level +3dBmO to 
-lOdBma. CCITT G.71~ Method 2. SPECIFICATIONS -40dBmO 
(Half Channel) UNDER REVISION, 

dB Signal level to - 50 dBmO CONSULT INTEL 
REPRESENTATIVE 

dB Signal level to -55dBmO 

NIC Idle Channel Noise -85 -78 dBmOp See Note 2 

HD Harmonic Distortion (2nd or 3rd) -48 -44 dB VFx= 1.02 KHz, OdBmO; 
measured at decoder output 
VFR 

Intermodulation Distortion 
IMD1 G.712 (8.1) -45 dB See Note 3 
IMD2 G.712 (8.2) -50 dBmO 

--_ ... 

Notee: 

1. Typical values are for TA= 25·C and nominal power supply values. 
2. If the external auta zero is used NIC has a typical value of -76dBmO. 
3. According to the two tone method. cCln G.712 recommendation. 
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A.C. Characteristics (continued) 
TA=O·C to +70·C, VDD",+12V:t:5%, Vcc",+5V:t:5%, Vee",-5V:t:5%, GRDA",OV, GRDD",OV, unless otherwise specified. 

Symbol Parameter Test Conditions 

GAIN ANP DYNAMIC RANGE 

DmW Digital Milliwatt Response 5.58 5.66 5.78 dBm 23·C, nominal supplies4 

DmWT DmWo Variation with Temperature -0.001 -0.002 dB/·C Relative to 23 ·C4 

DmWs DmWo Variation with Supplies :to.07 dB Supplies :t 5%4 

AIR Input Dynamic Range 2.17 2.20 2.23 VRMS . ~~J'2f!g:.<2: P~~ ~j~rests~ nomina su les 

AIRT Input Dynamic Range vs Temperature -0.5 mVRMsI·C Relative to 23·C 

AIRS Input Dynamic Range vs Supplies :t 18 mVRMS Supplies :t 5% 

AOR Output Dynamic Range, VFR 2.14 2.17 2.20 VRMS 23 ·C, nominal supplies 

AORT AOR Variation with Temperature -0.5 mVRMsI·C Relative to 23·C 

AoRs AOR Variation with Supplies :t18 mVRMS Supplies ± 5% 

SUPPLY REJECTION AND CROSSTALK 

PSRR1 VDD Power Supply Rejection Ratio 50 dB decoder alones 

PSRR2 Vee Power Supply Rejection Ratio 35 dB decoder alones 

PSRR3 Vce Power Supply Rejection Ratio 50 dB decoder alones 

PSRR4 VDD Power Supply Rejection Ratio 50 dB encoder alone7 

PSRR5 Vee Power Supply Rejection Ratio 45 dB encoder alone7 

PSRRs Vee Power Supply Rejection Ratio 50 dB encoder alone7 

CTR Crosstalk Isolation, Receive Side 75 80 dB See Note 8 

CTT Crosstalk Isolation, Transmit Side 75 80 dB See Note 9 

CAPX Input Sample and Hold Capacitor 1600 2000 2400 pF 

Notes: 

4. ~,\\g~p'evice Under Test (D.U.T.) driven with repetitive digital word sequence specified in celn recommendation G.711. Measurement made at VFR 

5. With the D.C. method the positive and negative clipping levels are measured and AlA is calculated. With the A.e. method a sinusoidal input signal to 
VFx is used where AIR is measured directly. 

S. D.U.T. decoder; impose 200 mVp•p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 
7. D.U.T. encoder, impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 
B. VFx of D.U.T. encoder= 1.02 KHz, 0 dBmO. Decoder under quiet channel conditions; measurement made at decoder output. 

9. VFx = 0 Vrms. Decoder= 1.02 KHz, 0 demO. Encoder under quiet channel conditons; measurement made at encoder output. 
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A.C. Characteristics - Timing Specification and Waveforms"1 
TA=O·C to +70·C, Voo=+12V±5%, Vcc=+5V±5%, Vee=-5V±5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Symbol Parameter Comments 

CLOCK SECTION 

tCY Clock Period 485 ns CLKx, CLKR (2.048 MHz systems), CLKc 

t" tf Clock Rise and Fall Time 0 30 ns CLKx, CLKR, CLKc 

tCLK Clock Pulse Width 215 ns CLKx. CLKR, CLKc 

tcoe Clock Duty Cycle (tCLK+ tCY) 45 55 % CLKx, CLKR 

TRANSMIT SECTION 

tVFX Analog Input Conversion 20 timeslot from leading edge of transmit timeslot2 

tozx Data Enabled on TS Entry 50 180 ns 0< CLOAO < 100pF 

tOHX Data Hold Time 80 230 ns 0< CLOAO < 100pF 

tHZX Data Float on TS Exit 75 245 ns CLOAO=O 

tSON Timeslot X to Enable 30 185 ns 0< CLOAO < 100pF 

tSOFF Timeslot X to Disable 70 225 ns CLOAO=O 

tFSD Frame Sync Delay 15 150 ns 

RECEIVE AND CONTROL SECTIONS 

tVFR Analog Output Update 91/16 91/16 timeslot from leading edge of the channel times lot 

tOSR Receive Data Setup 20 ns 

tOHR Receive Data Hold 60 ns 

tFSD Frame Sync Delay 15 150 ns 

tosc Control Data Setup 100 ns Microcomputer mode only 

tOHC Control Data Hold 100 ns Microcomputer mode only 
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Not .. : 
1. All timing parameters referenced to 1.5V. except tHzx and tSOFF• which reference a high Impedance state. 
2. The 20 tlmeslot minimum Insures that tlie complete AID conversion will !eke place under any combination of receive Interrupt or 

asynchronous operation of the Cadec. Consult an Intel applications specialist or Intel Corporation for applications Information 
which would allow operation with less than 20 tlmeslots. 

Notes: 

1. All timing parameters referenced to 1.5V. except tHZX and tSOFF which reference a high Impedance state. 
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PCM TRANSMIT/RECEIVE FILTER 

• Low Power Consumption: 
60mW Typical without Power 
Amplifiers 
80mW Typical with Power Amplifiers 
O.SmW Typical Standby 

• Low Idle Channel Noise: 
2 dBrncO Typical, Receive 
6 dBrncO Typical, Transmit 

• Excellent Power Supply Rejection: 
40dB Typical on VCC @ SOkHz 
30dB Typical on VBB @ SOkHz 

• High Pass Filter Rejects Low 
Frequency Noise: 
23dB @60Hz 
25dB@50Hz 
SOdB@ 16Hz 

• Adjustable Gain in Both Directions 

• Fully Compatible with the Industry 
Standard Intel 2912 

• 03/04 and CCITT G712 Compatible 

• Common Mode Op Amp Input 
Rejection 7SdB Typical 

• Direct Interface to the Intel 
2910Al2911A PCM Codecs Including 
Stand-By Power Down Mode 

• Direct Interface with Transformer or 
Electronic Hybrids 

• Fabricated with Reliable N-Channel 
MOS Process 

The Intel 2912A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters 
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise, 
and power supply rejection. A single part exceeds both AT & T D3/D4and CCITTtransmission specs, exceeds 
digital Class 5 central office switching system stringent specifications, and is fully compatible with the 2912. 
The primary application for the 2912A is in telephone systems for transmission, switching, or remote 
concentration. 

An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit 
and receive passband filter sections of the 2912A. The device is fabricated using Intel's reliable two layer 
polysilicon gate NMOS technology. (See Intel Reliability Report RR-24 on the 2910A, 2911A, and 2912.) The 
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS technology 
results in a monolithic 2912A filter which is packaged in a standard 16-pin DIP. 

o VFx l ~G VF)(O@ ® VFxl-

0 os. f 

0 PWRO' 

~tl VFRI ® 
0 PWRo"" 

f 
PDN @) 
eLK ® 
cuo@ 

MRI VF"O Vas Vee GROD GRDA 

O'INNUMBER 00 00 @ @ 

Figure 1. Block Diagram 

AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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Pin 
Symbol No. 

VFXI+ 1 

VFXI- 2 

GSX 3 

VFRO 4 

PWRI 5 

PWRO+ 6 

PWRO- 7 

VBB 8 

VCC 9 

2912A 

Table 1. Pin Description 

Pin 
Function Description Symbol No. Function Description 

Input Analog input of the transmit 
filter. The VFXI+ signal comes 
from the 2 to 4 wire hybrid in 

VFRI 10 Input Analog input of the receive 
filter, interface to the Codec 
analog output for PCM appli-

the case of a 2 wire line and cations. The receive filter pro-
goes through the frequency 
rejection and the antialiasing 
filters before being sent to the 
Codec for encoding. 

vides the Sinx correction 
x 

needed for sample and hold 
type Codec outputs to give 

Input Inverting input of the gain ad-
justment operational amplifier 
on the transmit filter. 

unity gain. The input voltage 
range is directly compatible 
with the Intel 291 OA and 2911 A 
Codecs. 

Output Output ofthe gain adjustment 
operational amplifier on the 
transmit filter. Used for gain 
setting of the transmit filter. 

Output Analog output of the receive 
filter. This output provides a 
direct interface to electronic 
hybrids. For a transformer hy-
brid application, VFRO is tied 
to PRWI and a dual balanced 

GRDD 11 Ground Digital ground return for inter-
nal clock generator. 

ClK'" 12 Input Clock input. Three clock fre-
quencies can be used: 
1.536MHz, 1.544MHz or 
2.048MHz; pin 14, ClKO, has 
to be strapped accordingly. 
High impedance input, TTL 
voltage levels. 

output is provided on pins PDN 13 Input Control inputforthestand-by 
PWRO+ and PWRO-. power down mode. An internal 

Input I nput to the power driver 
amplifiers on the receive side 
for interface to transformer 
hybrids. High impedance in-
put. When tied to VBB, the 
power amplifiers are powered 

pull up to +5V is provided for 
interface to the Intel 2910A 
and 2911A PDN outputs. TTL 
voltage levels. 

ClKO(l) 14 Input Clock (pin 12, ClK) frequency 
selection. If tied to VBB, ClK 

down. should be 1.536MHz.lf tied to 

Output Non-inverting side of the 
power amplifiers. Power driver 
output capable of directly driv-

Ground, ClK should be 1.544 
MHz. If tied to VCC, ClK 
should be 2.048MHz. 

ing transformer hybrids. 

Output Inverting side of the power 
amplifiers. Power driver out-
put capable of directly driving 

GRDA 15 Ground Analog return common to the 
transmit and receive analog 
circuits. Not connected to 
GRDD internally. 

transformer hybrids. VFXO 16 Output Analog output of the transm it 

Power -5V ±5% referenced to G R DA 
filter. The output voltage range 
is directly compatible with the 

Power +5V±5%referencedtoGRDA Intel 2910Aand 2911ACodecs. 

NOTE: 
1. The three clock frequencies are directly compatible with the Intel 2910A and 2911A Codecs. The 

following table should be observed in selecting the clock frequency. 

Codec Clock Clock Bits/Frame CLK, Pin 12 CLKO, Pin 14 

1.536 MHz 192 1.536 MHz Ves (-5V) 
1.544 MHz 193 1.544 MHz GRDD 
2.048 MHz 256 2.048 MHz Vee (+5V) 
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FUNCTIONAL DESCRIPTION 
The 2912A provides the transmit and receive filters 
found on the analog termination of a PCM line or trunk. 
The transmit filter performs the anti-aliasing function 
needed for an 8KHz sampling system, and the 50/60Hz 
rejection. The receive filter has alow pass transfer 
characteristic and also provides the Sinx/x correction 
necessary to interface the Intel 2910A (fJ. Law) and 
2911A (A Law) Codecs which have a non-return-to
zero output ofthe digital to analog conversion. Gain 
adjustment is provided in the receive and transmit 
directions. 

A stand-by, power down mode is included in the 
2912A and can be directly controlled by the 2910A/ 
2911 A Codecs. 

The 2912A can interface directly with a transformer 
hybrid (2 to 4 wire conversion) or with electronic 
hybrids; in the latter case the power dissipation is 
reduced by powering down the output amplifier pro
vided on the 2912A. 

---, r 
I 

PABX I C.O. SWITCHING SYSTEM I CHANNEL BANK 

TELEPHONE SET 

I 
I 

I 
I 
I 
L 

Figure 3. Typical Line Termination 

FILTER OPERATION 
Transmit Filter Input Stage 
The input stage provides gain adjustment in the pass
band. The input operational amplifier has a common 
mode range of ±2.2 volts, a DC offset of less than 
25mV, a voltage gain greater than 3000 and a unity 
gain bandwidth of 1 MHz. It can be connected to 
provide a gain of 20dB without degrading the noise 
performance of the filter. The load impedance 

2912A 

VFx l+ ..... 

t 
VFx l- .... 

GSx 

R, 

R, 

connected to the amplifier output must be greater 
than 10KO in parallel with 25 pF. The input signal on 
lead VFXI+ can be either AC or DC coupled. The input 
Op Amp can also be used in the inverting mode or 
differential amplifier mode. The remaining portion of 
the transmit filter provides a gain of +3dB in the pass 
band. 

R, 
GAINo=1+

R, 

Figure 4. Transmit Filter Gain Adjustment 
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Receive Filter Output 
The VFRO lead is capable of driving high impedance 
electronic hybrids. The gain of the receive section 
from VFRI to VFRO is: 

(8~0) 
Sin (8~0) 

which when multiplied by the output response ofthe 
Intel 2910Aand 2911A Codecs results in a OdS gain in 
the pass band. The filter gain can be adjusted down
ward by a resistor voltage divider connected as shown. 
The total resistive load RT on VFRO should not be 
less than 10k.!1. 

Receive Filter Output Driver Amplifier Stage 
A balanced power amplifier is provided in order to 
drive low-impedance loads in a bridged configuration. 
The receive filter output VFRO is connected through 
gain setting resistors R1 and R2 to the amplifier input 
PWRI. The input voltage range on PWRI is ±3.2 volts 
and the gain is 6dS for a bridged output. With a 20k.!1 
load connected between PWRO+ and PWRO-, the 
maximum voltage swing across the load is ±S.O volts. 
The series combination of RS and the hybrid trans
former must present a minimum A.C.load resistance 
of 600.11 to the amplifier in the bridged configuration. 
A typical connection of the output driver amplifiers is 
shown below. These amplifiers can also be used with 
loads connected to ground. 

When the power amplifier is not needed it should be 
deactivated to save power. This is accomplished by 
tying the PWRI pin to VSS before the device is 
powered up. 

Power Down Mode 
Pin 13, PDN, provides the power down control. When 
the signal on this lead is brought high, the 2912A goes 
into a standby, power down mode. Power dissipation 
is reduced to O.SmW. In the stand-by mode, all outputs 
go into a high impedance state. This feature allows 
multiple 2912As to drive the same analog bus on a 
time-shared basis. 
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.. , ... 
ROR 

R, 

Z= LOAD 

Figure 5. Receive Filter Output Gain Adjustment 

R, 

R, 

-::-
Rs 

Rl. Rz GAIN SETIING RESISTORS 
Rs SERIES LOAD RESISTOR 

VFRO ROR 2912A 

PWRI 

PWRO+ 

PWRO-

Figure 6. Typical Connection of Output Driver 
Amplifier 

When power is restored, the settli ng ti me ofthe 2912A 
is typically 1Sms. 

The PDN interface is di rectly com pati ble with the Intel 
2910A and 2911 A PDN outputs. Only one command 
from the common control is then necessary to power 
down both the Codec and the Filters of the line or 
trunk interface. 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under eias ............... -10°C to +80°C 
Storage Temperature ................. -65°C to +150°C 
Supply Voltage with Respect to Vee ... -0.3V to +14.0it 
All Input and Output Voltages with 

Respect to Vee ....................... -0.3V to +14.0V 
All Output Currents ............................. ±50mA 
Power Dissipation ................................ 1 Watt 

D.C. CHARACTERISTICS 

"/VOTlCE; Strellses above those listed under "AbSolute 
Maximum Ratings'~ may cause perm(1,nentdamage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

(TA = O°C to+70°C; Vec =5V ±5%; Vee = -5V ±5%; GRDA = OV; GRDD = OV; unless otherwise specified.) 

DIGITAL INTERFACE (CLK, CLKO, and PDN Pins) 

Symbol Parameter Min Typl'l, Max Unit Test Conditions 
ILiG . Input Load Current, CLK 10 /AA VIN = VIL MIN to VIH MAX 

ILiO Input Load Current, CLKO 10 /AA VIN = Vee to VIH MAX 

ILiP Input Load Current, PDN -100 /AA VIN = VIL MIN to VIH MAX 

VIL Input Low Voltage (except CLKO) 0.8, V 

VIH Input High Voltage (except CLKO) 2.0 V 

VILO Input Low Voltage, CLKO VSS VSS+O.5 V 

VIIO Input Intermediate Voltage, CLKO GRDD-D·5 0.8 V 

VIHO Input High Voltage, CLKO Vee-O.5 Vee V 

POWER DISSIPATION 

Symbol Parameter· Min Typl'l Max Unit Test Conditions 

ICCO VCC Standby Current 50 100 /AA PDN = VIH MIN 

ISSO Vss Standby Current 50 100 /AA PDN = VIH MIN 

ICC1 VCC Operating Current, Power 
Amplifiers:lnactive 6 10 mA PWRI = VSS 

ISS1 VSS Operating Current; Power 
Amplifiers "Inactive- 6 10 rnA PWRI = VSS 

ICC2 VCC Operatlng Curtent 8 14 -rnA 

ISS2 ' VSS Operating Current 8 14 mA .. 

NOTE: 
1. Typical values are for TA = 25°C and nominal power supply values. 
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D.C. CHARACTERISTICS 
(TA = o·c to +70·C; vcc = +5V ±5%; VBB = -5V ±5%; GRDA = QV; GRDD = OV; unless otherwise specified.) 

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 

Symbol Parameter Min Typ(IJ Max Unit Test Conditions 

IBXI Input Leakage Current, VFXI+, VFXI- 100 nA -2.2V < VIN < 2.2V 

RIXI Input Resistance, VFXI+, VFXI- 10 MO 

VOSXI Input Offset Voltage, VFXI+, VFXI- 25 mV -2.2V < VIN < 2.2V 

CMRR1 Common Mode Rejection, VFXI+, VFXI- 60 75 dB -2.2V < VIN < -2.2V, OdBmO= 
1.1VRMS, Input at VFXI-

CMRR2 Common Mode Rejection, VFXI+, VFXI- 40 dB -2.2V < VIN < 2.2V 

AVOL DC Open Loop Voltage Gain, GSX 3000 

fC Open Loop Unity Gain Bandwidth, GSX 1 MHz 

Vox I Output Voltage Swing, GSX ±2.5 V RL;;;' 10kO 

CLXI Load Capacitance, GSX 25 pF 

RLXI Minimum Load Resistance, GSX 10 kO Minimum RL 

ANALOG INTERFACE, TRANSMIT FILTER (See Figure 10) 

Symbol Parameter Min Typ(1J Max Unit Test Conditions 

ROX Output Resistance, VFXO 20 35 0 

VOSX Output DC Offset, VFXO 100 mV VFXI+ Connected to GRDA, 
Input Op Amp at Unity Gain 

PSRR1 Power Supply Rejection of VCC at 
1kHz, VFXO 30 40 dB Note 2 

PSRR2 Power Supply Rejection of VBB at 
1kHz, VFXO 25 30 dB Note 2 

CLX Load Capacitance, VFXO 25 pF 

RLX Minimum Load Resistance, VFXO 10 kO Minimum RL 

VOX Output Voltage Swing, 1kHz, VFXO ±3.2 V RL;;;' 10kO or with 2910A or 
2911A 

ANALOG INTERFACE, RECEIVE FILTER (See Figure 9) 

Symbol Parameter Min TypllJ Max Unit Test Conditions 

IBR Input Leakage Current, VFRI 3 /LA -3.2V < VIN < 3.2V 

RIR Input Resistance, VFRI 1 MO 

ROR Output Resistance, VFRO 100 0 

VOSR Output DC Offset, VFRO 100 mV VFRI Connected to GRDA 

PSRR3 Power Supply Rejection of VCC at 
1kHz, VFRO 30 45 dB 

PSRR4 Power Supply Rejection of VBB at 
1kHz, VFRO 30 35 dB 

CLR Load Capacitance, VFRO 25 .pF 

RLR Minimum Load Resistance, VFRO 10 kO Minimum RL 

VOR Output Voltage Swing, VFRO ±3.2 V RL = 1OkO 

NOTE: 
1. Typical values for TA = 25°C and nominal power supply values. 2. PSRR1,2 include input op amp in transmit section. 
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D.C. CHARACTERISTICS 
(TA = O°C to +700C; vcc = +5V ±5%; vBB = -5V ±5%; GRDA = OV; GRDD = OV; unless otherwise specified.) 

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 

Symbol Parameter Min Typ(" Max Unit Test Conditions 

IBRA Input Leakage Current. PWRI 3 /loA -3.2V < VIN < 3.2V 

RIRA Input Resistance. PWRI 10 MO 

RORA Output Resistance. PWRO+. PWRO- 1 0 II0U"p < 10mA 
-3.0V < VOUT < 3.0V 

VOSRA Output DC Offset. PWRO+. PWRO- 50 mV PWRI Connected to GRDA 

CLRA Load Capacitance. PWRO+. PWRO- 100 pF 

Output Voltage Swing Across RL. ±3.2 V RL = 10kO RL Connected 
VORA1 PWRO+. PWRO- Single Ended ±2.9 V RL = 6000 to GRDA 

Connection ±2.5 V RL = 3000 

Differential Output Voltage Swing. ±6.4 V RL = 20kO RL Connected 

VORA2 PWRO+. PWRO- ±5.8 V RL =12000 Between PWRO+ 
and PWRO-

. Balanced OiJtput Connection ±5.0 V RL = 6000 

A.C. CHARACTERISTICS (TA = O·C to +10'C; Vcc = +5V ±5%; Vee = -5V ±5%; GRDA = OV; GRDD = OV; unless otherwise specIfied.) 
Clock Input Frequency: ClK'" 1.536MHz ±O.l~; CLKO '" VILO (Tied to Ves) elK;;: 2.048MHz ±O.1'lb; CLKO = VIHO (Tied to Vee) 

ClK= 1.544MHz ±O.I%; ClKO = VIIO (Tied to GRDD) 

TRANSMIT FILTER TRANSFER CHARACTERISTICS (See Transmit Filter Transfer Characteristics. Fi9ure 7) 

Symbol Parameter Min Typ(1) Max . Unit Test Conditions 

GRX Gain Relative to Gain at 1kHz OdBmO Input Signal 

16.67Hz -56 -50 dB Gain Setting Op Amp at 

50Hz -25 dB Unity Gain 

60Hz -23 dB 

200Hz -1.0 -0.125 dB OdBmO Signal == 1.1 VRMS 

300Hz to 3000Hz -0.125 0.125 dB Input at VFXI-

3300Hz -.35 0.03 dB 

3400Hz -0.7 -0.1 dB OdBmO Signal == 1.6 VRMS 

4000Hz -14 dB Output at VFXO 

4600Hz and Above -32 dB 

GAX Absolute Passband Gain at 1kHz. VFXO 2.9 3.0 3.1 dB RL = 00. Note 3 

GAXT Gain Variation with Temperature 
at 1kHz .0002 .002 dB/oC OdBmO Signal Level 

GAXS Gain Variation with Supplies at 1kHz .01 .07 dBN OdBmO Signal Level. 
Supplies ±5% 

CTRT Cross Talk. Receive to Transmit. -75 -65 dB VFRI = 1.6 VRMS. 1kHz Input 
Measured at VFXO VFXI+. VFXI- Connected to 

20 log VFxO 
GSX. GSX Connected through 

VFRO 10kOto GRDA 

NCX1 Total C Message Noise at Output. VFXO 6 11 dBrncO Gain Setting Op Amp at 
121 Unity Gain 

NCX2 Total C Message Noise at Output. VFXO 9 13 dBrncO Gain Setting Op Amp at 
121 20dB Gain-

DDX Differential Envelope Delay. VFXO 
1 kHz to 2.6kHz 60 p.S 

DAX Absolute Delay at 1kHz. VFXO 110 p.S 

DPX1 Single Frequency Distortion Products -48 dB OdBm Input Signalal 1kHz 

DPX2 Single Frequency Distortion Products -45 dB 0.16 VRMS 1kHz Input Signal at 
at Maximum Signal l.evel of VFXI+; Gain Setting Op Amp at 
+3dBmO at VFXO 20dB Gain. The +3dBmO signal 

at VFXO is 2.26 VRMS 

See next page for NOTES. 
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A.C. CHARACTERISTICS 
(TA = o·C to +70"C; vcc = +5V ±5%; VBB = -5V ±5%; GRDA = OV; GRDD = OV; unless otherwise specified.) 
Clock Input Frequency: ClK = 1.536MHz ±0.1%; ClKO = VllO (Tied to VBB) 

ClK = 1.544MHz ±0.1%; ClKO = VIIO (Tied to GRDD) 
ClK = 2.048MHz ±0.1%; ClKO = VIHO (Tied to VCC) 

RECEIVE FILTER TRANSFER CHARACTERISTICS (See Receive Filter Transfer Characteristics, Figure 8) 

Symbol Parameter Min Typ,l) Max Unit Test Conditions 

GRR Gain Relative to Gain at 1kHz with OdBmO Input Signal 
Sinx/x Correction of 291 OA or 2911 A 

Below 200Hz 0.125 dB OdBmO Signal == 1.6 VRMS x 

200Hz -0.5 0.125 dB Sin(~) (~) 
300Hz to 3000Hz -0.125 0.125 dB 8000 8000 

3300Hz -.35 0.03 dB Input at VFRI 

3400Hz -0.7 -0.1 dB 

4000Hz -14 dB 

4600Hz and Above -30 dB 

GAR Absolute Passband Gain at 1kHz, VFRO -0.1 0 +0.1 dB Rl = "", Notes 3, 4 

GART Gain Variation with Temperature 
at 1kHz .0002 .002 dB/·C OdBmO Signal level 

GARS Gain Variation with Supplies at 1kHz .01 .07 dBN OdBmO Signal level, Supplies 
±5% 

CTTR Cross Talk, Transmit to Receive, -70 -60 dB VFXI = 1.1 VRMS, 1kHz Output 
Measured at VFRO; 20 log (VFRONFXO) VFRI Connected to GRDA 

NCR Total C Message Noise at Output, VFRO 2 6 dBrncO VFRO Output or PWRO+ and 
[2J PWRO- Connected with Unity 

Gain 

DDR Differential Envelope Delay, VFRO, 
1 kHz to 2.6kHz 100 p.S 

DAR Absolute Delay at 1kHz, VFRO 110 p.S 

DPR1 Single Frequency Distortion Products -48 dB OdBm Input Signal at 1kHz 

DPR2 Single Frequency Distortion Products -45 dB +3dBmO Signal level of 
at Maximum Signal level of 2.26 VRMS, 1kHz Input at 
+3dBmO at VFRO VFRO 

NOTES: 
1. Typical values are for TA = 25'C and nominal power supply values. 
2. A noise measurement of 12dBrnc into a 600flload at the 2912A device is equivalent to 6dBrncO. 
3. For gain under load refer to output resistance specs and perform gain calculation. 
4. Output is non-inverting. 
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TRANSFER CHARACTERISTICS 

NOTES' 
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Figure 7. Transmit Filter 
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Figure 8. Receive Filter 
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2912A 

POWER SUPPLY REJECTION 
TYPICAL VALUES OVER 3 RANGES 
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Figure 9. Receive Filter 
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Figure 10. Transmit Filter 
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APPLICATIONS (Circuit Interface) 

2910A DIGITAL 

SIGx ---------------------------, ~ 

SIGR _----------------------, r------+-VDD POWER SUPPLY 

LINE 

~ 

ANALOG INPUT AND j 
GAl N ADJUSTM ENT 

OUTPUT TO 
ELECTRONIC HYBRIDS 

POWER AMPLIFIER INPUT 

POWER AMPLIFIER OUTPUT { 
TO TRANSFORMER HYBRIDS 

GADA GRDD 

~ 1. 

} 
CONTROL INPUTS 
FROM SYSTEM 

PCM FRAME SVNCH 
AND BIT CLOCKS 

r----+.::--~ .---~+--_+_ INPUT FROM PCM HIGHWAY 

(1) DECOUPLING CAPACITORS 

Figure 11. A Typical 2910A Codec and 2912A Filter Configuration 

Codec Interface 

The 2912A PCM Filter is designed to directly interface 
to the 291 OA and 2911 A Codecs as shown above. The 
transmit path is completed by connecting the VFXO 
output ofthe 2912A to the coupling capacitor associated 
with the VFX input of the 2910A and 2911A codecs. 
The receive path is completed by directly connecting 
the codec output VFR to the receive input of the 2912A 
VFRI. The PON input of the 2912A should be con
nected to the PDN output of the codec to allow the filter 
to be put in the power-down standby mode under 
control of the codec. 
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Clock Interface 

To assure proper operation, the ClK input of the 2912A 
should be connected to the same clock provided to the 
receive bit clock, ClKR of 291 OA or 2911 A Codec as 
shown above. The ClKO input of the 2912A should be 
set to the proper voltage depending on the standard 
clock frequency chosen for the codec and filter. See 
the clock selection table in the Pin Description.section. 
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Layout Guidelines 

The most important steps in designing a low noise line 
card are to insurethatthe layout ofthe circuit compo
nentsandtraces result in a minimum of cross coupling 
between analog and digital signals, and to provide well 
bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between compo
nents. Considering these items in more detail: 

• All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (approx. 50 microfarad) per board 
is recommended at the point where each power 
trace from the codec and filter joins prior to inter
facing with the edge connector pins assigned to 
the power leads. 

• Layout the traces on codec and filter equipped 
boards such that analog signal and capacitor leads 
are separated as widely as possible from the digital 
clock and data leads. 

• Position the codec sample and hold capacitor as 
close to the codec as possible, and connect it with 
leads as short as possible. 

• Do not layout any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped
ance circuits which are sensitive to noise coupling. 

• Keep analog traces situated in their layouts so that 
no intervening circuit leads are permitted to run 
parallel to or between them. 

• The optimum grounding configuration is to main
tain separate digital and analog grounds on the 
circuit boards, and to carry these grounds back to 
the power supply ground with a low impedance 
connection. This keeps the grounds separate over 
the entire system except at that one location. 

• The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
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substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads 
on each codec. 

• Codec-filter pairs should be aligned so that pins 9 
through 16 ofthe filter face pins 1 through 12 ofthe 
codec. This minimizes the distance for analog 
connections between devices and prevents crossing 
analog lines. 

• No digital lines or high level analog lines should run 
under or in parallel with analog interconnections 
from codec to filter. If the analog lines are on top 
(component side) of the PCB, then GRDD, GRDA, 
or power supply leads should be directly under 
them, on the bottom ofthe PCB (to prevent analogi 
digital coupling). 

• Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 

• For each printed circuit board, two +5 volt power 
supply leads should be used, one for codecs and the 
other for filters, and separately decoupled where 
they join a single 5 volt supply at the PCB connector. 
Decoupling can be accomplished with a RC lowpass 
filter or a RF choke per power supply input. Both 
grounds and power leads must have low resistance 
and inductance which can be accomplished by 
using a ground plane whenever possible. If narrower 
traces must be used, maintain a minimum width of 
4 millimeters and use multiple or extra large plated 
holes when passing ground connections through 
the PCB. 

• The 2912A PCMfiltershould have all powersupplies 
bypassed to analog ground (GRDA). The 2910AI 
11 A codec +5V power supplies should be bypassed 
to the digital ground (GRDD) butthe -5V and +12V 
supplies should be bypassed to analog ground 
(GRDA). 

AFN-02084A 



2913 and 2914 
Combined Singte Chip PCM Codec and Filter 

2914 Asynchronous clocks, 8th bit signaling, loop back test capability 
2913 Synchronous clocks only 

• AT&T 03/04 and CCITT Compatible 

• Two Timing Modes: 
- Fixed Data Rate Mode: 

Clock Options: 1.536 MHz, 
1.544 MHz, 2.048 MHz 

- Variable Data Mode: 
64 kHz-4.096 MHz 

• Pin Selectable wLaw or A·Law 
Operation 

• No External Components for Sample 
and Hold and Auto Zero Functions 

• Precision On·Chip Voltage References 

• Low Power Dissipation: 
10 mW Typical Standby 

175 mW Typical Operating 

• Compatible with Intel Direct Mode 
2910A, 2911 A and 2912A 

• Excellent Power Supply Rejection -
Eliminates On·Board Regulator 

The Intel$ 2913 and 2914 are fully integrated PCM (pulse code modulation) codecs (coder-decoder) and transmitl 
receive filters fabricated In a highly reliable and proven N-channel MaS silicon gate technology. These devices provide 
the functions that were formerly provided by two complex chips (2910A or 2911A and 2912A). Besides the higher level 
of integration the performance of the 2913 and 2914 is superior to that of the separate devices. 

The primary applications for the 2913 and 2914 are in telephone systems: 

• Switching-2913-Digital PBX's and Central Office Switching Systems 
• Transmission-2914-D3/D4 Channel Banks 
• Concentration-2913 or 2914-Subscriber Carrier and Concentrators 

The wide dynamiC range of the 2913 and 2914 (78 dB) and the minimal conversion time make them ideal products for 
other applications such as: 

• Data Acquisition 
• Telemetry 

Vee 1 

PWRO+ 2 

PWRO- 3 

CLKO 

OClKR 7 

17 VFxl + 
GRDA 

ASEL 

• Secure Communications Systems 
• Signal Processing Systems 

PWRO+ 2 

PWRO- 3 

LOOP 7 

Figure 1_ Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

© INTEL CORPORATION, 1981 4-42 AFN-01:~ 
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VFxl+ 

YFXI-

OS, 

os. 

PWRO+ 

PWRO-

(1) 2914 ONLY 
(2) 2913 ONLY 

VBB 

XMIT 
SECTION 

Rev 
SECTION 

PWRO+, PWRO-

GSR 

PDN 
CLKO 
LOOP 

SIGR 
DCLKR 

DR 
FSR 

TSRI 

GRDD 

Vee 

2913 and 2914 

SAMPLE SUCCESSIVE 
AND HOLD COMPARATOR APPROXIMATION 
AND OAC REGISTER 

ANALOG 
TO 

DIGITAL 
CONTROL 

LOGIC 
(2) 

BUFFER 

SAMPLE 
AND HOLD 
AND OAC 

Vee Val ORDD GRDA 

Figure 2. Block Dlagrem 

Table 1. Pin Name. 

Power (.,...5V) GSx 
Power Amplifier Outputs VFxl-, VFxl+ 
Gain Setting Input for GRDA 
Receive Channel NC 
Power Down Select SIGx 
Master Clock Select 
Analog Loop Back ASEL 
Signaling Bit Output TSx 
Receive Data Rate Clock 
Receive Channel Input DCLKx 

Receive Frame Synchroniza· Ox 
tion Clock FSx 
Receive Frame Synchronlza· 
tion andTimeslot TSi<1 
Digital Ground 
Power (+5V) CLKx 

CLKR 
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OUTPUT 
,REGISTER 

Gain Control 
Analog Inputs 
Analog Ground 
No Connect 

Ox 

lixlDCLKX 

SlGxlASEL 

FSxITS!<' 
CLKx 

CLKO 

I'I!Ii 
LOOP(1) 

D. 

DCLKR 

SlOM1) 

Transmit Digital Signaling 
Input 

j.I" or A·law Select 
Digital Output - Tlmeslot 
Strobe 
Transmit Data Rate Clock 
Transmit (Digital) Output 
Transmit Frame Synchroniza· 
tion Clock 
Transmit Frame Synchroniza· 
tion and Timeslot Strobe 
Transmit Master Clock 
Receive Master Clock 

AFNOl901A 



inter 2913 and 2914 

Table 2. Pin Description 

Pin Number 
Symbol 2913 2914 Type Name and Function 

Vaa 1 1 Power -5V, ±5% 

PWRO+ 2 2 Output Non·lnvertlng output of power amplifier. Capable of directly driv· 
Ing transformer hybrids or high impedance loads, either single 
ended or differentially. 

PWRO- 3 3 Output Inverting output of power amplifier. Capable of directly driving 
transformer hybrids or high impedance loads, either single ended 
or differentially. 

GSR 4 4 Input Input to gain setting network on the receive side of filter. See 
Receive Output Amplifier and Gain Setting sections for details. 

PDN 5 5 Input Power down select. When at a TIL low level, the device is in low 
power standby state; when at a TIL high, the device is active. 

CLKO 6 6 Pinstrap Input which must be pinstrapped to reflect the input master clock 
frequency CLKx, CLKR. 

CLKO= Vaa ................................ 2.048 MHz 
CLKO= GRDD .............................. 1.544 MHz 
CLKO= Vce ................................ 1.536 MHz 

LOOP 7 Input Analog loop back. When this pin is TTL high, receive output 
(PWRO +) is internally connected to VFxl +, GSR is internally 
connected to PWRO +, and VFxl- is internally connected to 
GSx· 

SIGR 8 Output Signaling bit output. SIGR reflects the logical state of the 8th bit 
of the received PCM word in the most recent receive signaling 
frame when DCLKR= Vaa. SIGR is held low while the device is in 
the low power standby state. 

DCLKR 7 9 Input Selects fixed or variable data rate mode. 
To select the variable data rate mode, this pin must be the bit 
clock for the receive PCM highway. Also TSRI, TSxl and DCLKx 
must have the appropriate inputs. Data is received on eight con· 
secutive negative transitions occurring while TSRI is high. Data 
can be clocked at any frequency from 64 kHz to 4.096 MHz. 
To select the fixed rate mode DCLKR must be connected to Vaa. 
Then 2910A or 2911A type timing is used and FSR, FSx, and TSx 
must have the appropriate inputs. 

DR 8 10 Input Receive channel input from the PCM highway data bus. PCM data 
is clocked in on this lead. In the fixed data rate mode, CLKR acts 
as the bit clock; in the variable data rate mode, DCLKR becomes 
the bit clock. 

FSFffSRI 9 11 Input In the fixed data rate mode, this pin is the receive synchronization 
clock. It defines the beginning of the receive timeslot on the 
receive PCM highway; the width of FSR is used to distinguish 
between signaling and non-signaling frames for the receive 
channel. 
In variable data rate mode, this pin (TSRI) defines the duration of 
the receive timeslot. 
The device enters the standby state whenever FSx and FSR are 
removed for several milliseconds. 

GRDD 10 12 Ground Digital ground return for all internal logic circuits. Not internally 
tied to GRDA. 
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Tlble 2. Pin Description (Continued) 

Pin Number 
Symbol 2913 2914 Type Nlme Ind Function 

CLKR - 13 Input Master and bit (data) clock for the fixed data rate mode and 
receive master clock only for the variable data rate mode. As a bit 
clock, PCM data is clocked in on 8 successive negative transl· 
tions of the bit clock beginning with the first negative transition 
following FSR. 

CLKx 11 14 Input Master and bit (data) clock for the fixed data rate mode and 
transmit master clock only for the variable data rate mode. As a 
bit clock PCM data is clocked out on 8 successive positive transi· 
tions of the bit clock, beginning with the first transition following 
FSx· 

FSxlTSxl 12 15 Input In fixed data rate mode, this pin is the transmit frame synchroni· 
zation clock. It defines the beginning of the transmit timeslot on 
the transmit PCM highway; the width of FSx is used to 
distinguish between signaling and non·signaling frames for the 
transmit channel. 
In the variable data rate mode, this pin (TSxl) defines the duration 
of the transmit timeslot. 
The device enters low power standby whenever FSx and FSR are 
removed (held low). 

Dx 13 16 Output Transmit channel PCM data output. In fixed data rate mode, Dx is 
active only while TSx is low. In variable data rate mode, Dx is ac· 
tive only while TSxl is active and is clocked out at by DCLKx. 

TSxlDCLKx 14 17 OutputJ Transmit channel timeslot strobe or data rate clock for the 
Input transmit PCM highway. When DCLKR= VBB, this pin is an open 

drain output designed to be used as an enable signal for an off· 
chip three·state buffer if buffering between Dx and the transmit 
bus is desired. 
When DCLKR "" VBB, this pin defines the data rate to the tansmit 
PCM highway, and data is transmitted on eignt consecutive 
negative transitions occurring while TSxl is high. Data can be 
clocked at any frequency from 64 kHz to 4.096 MHz. 

SIGxlASEL 15 18 InputJ A dual purpose pin. When externally pinstrapped to VBB, A·law 
Pinstrap operation is selected. 

For ,,"law operation this is a TTL level input, the logical state of 
which replaces the 8th bit (least significant bit, LSB) of the 
transmit PCM word in transmit signaling frames. 

NC 19 No Connect 

GRDA 16 20 Ground Analog ground return for all internal voice circuits. Not internally 
connected to GRDD. 

VFxl+ 17 21 Input Non-inverting analog input of uncommitted op amp. 

VFxl - 18 22 Input Inverting analog input of uncommitted op amp. 

GSx 19 23 InputJ Output terminal of on-chip uncommitted op amp. Internally, this 
Output pin is the voice signal input to the transmit filter. 

Vce 20 24 Power +5V, ±5% 
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2913 and 2914 

FUNCTIONAL DESCRIPTION 
The 2913 and 2914 provide the analog-to-digital and the 
digltal-ta-analog conversions and the transmit and 
receive filtering necessary to interface a full duplex (4 
wires) voice telephone circuit with the PCM highways of 
a time division multiplexed (TOM) system. They are In
tended to be used at the analog termination of a PCM 
line or trunk. 

The following major functions are provided: 

• Bandpass filtering of the analog signals prior to en
coding and after decoding 

• Encoding and decoding of voice and call progress 
information 

• Encoding and decoding of the signaling and supervi
sion information 
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Figure 3_ Typical Line Terminations 
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2913 and 2914 

TRANSMIT OPERATION 

Transmit Filter 
The input section provides gain adjustment in the pass
band which is provided by an input operational 
amplifier. This operational amplifier has a common 
mode range of +2.2 volts, a DC offset of typically 25 mV, 
a voltage gain of typically 5000, and a unity gain band
width of typically 1 MHz. Gain of up to 20 dB can be set 
without degrading the noise performance of the filter. 
The load impedance connected to the amplifier output 
must be greater than 10K ohms in parallel with less than 
50 pF. The input signal on lead VFxl + can be either AC 
or DC coupled. The input op amp can also be used in the 
inverting mode or differential amplifier mode. (See 
Figure 4.) 

VFxl+ 

'" r 
GAIN=1+~ VFxl-

GSx 

R, 

R, 

Figure 4. Transmit Filter Gain Adjustment 

A low pass anti-aliasing section is included on chip. 
This section typically provides 35 dB attenuation at the 
sampling frequency. No external components are re
quired to provide the necessary anti-aliasing function 
for the switched capacitor section of the transmit filter. 

The passband section provides flatness and stopband 
attenuation which fulfillS the AT&,.. D3ID4 specifica
tion and the cCln G.712 recommendation. The 2913 
and 2914 specifications meet the digital class 5 central 
office switching systems requirements. The transmit 
filter transfer characteristics and specifications will be 
within the limits shown in Figure 5. 

A high pass section configuration was chosen to reject 
low frequency noise from 50 and 60 Hz power lines, 
17 Hz European electric railroads, ringing frequencies 
and their harmonics, and other low frequency noise. 
Even though there is high rejection at these frequen
cies, the sharpness of the band edge gives lowattenua
tion at 200 Hz. This feature allows the use of low cost 
transformer hybrids without external components. 
Transformer hybrids have difficulty in obtaining good 
coupling at low frequencies. 

Encoding 
The encoder internally samples the output of the 
transmit filter and holds the sample on an internal sam· 
pie and hold capacitor. An on-Chip auto zero circuit cor
rects for DC offset. Thus, no external components are 
required to perform sample and hold and auto zero func
tions. In addition, a special circuit in the encoder will 
prevent the sign-bit from toggling under idle channel 
conditions, even though the auto zero function is still 
being performed. 

After the encoding the PCM data are presented at theDx 
pin on the first 8 bits of the frame. 

- .125 dB \~~5H~B ~O~5 :zB + .03 dB 

2007i-J;;=;;;;5it~: :: l~"~o 0 0 

-.125 dB -.125dB~ 3400Hz SCALE 

-1 
300 Hz 3000 Hz 

- .35 dB -1 
3300 Hz 

-1.8 dB -.6 dB 
200 Hz 3400 Hz 

0 

v~' 
, 0 

-10 -10 
-14dB 
4000 Hz 

-20 -20 
-20 dB 

-32 dB 
"60 Hz 

C -30 -30 

-40 -40 

-50 -50 
50 Hz 100 Hz 1 kHz 10 kHz 

FREQUENCY (Hz) 

Figure 5_ Transmit Filter Transfer Characteristics 
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RECEIVE OPERATION 

Decoding 
The PCM word is serially fetched by the DR lead from the 
PCM highway at the proper times lot occurrence. The 
decoded value is held on an internal sample and hold 
capacitor; no external receive sample and hold capa
citor Is needed. 

Receive Filter 
The receive section of the filter provides a passband 
flatness and stopband rejection which fulfills the 
AT&~ 03/04 specification and the CCITI G.712 recom
mendation when used with a decoder which contains a 
sample and hold amplifier at its output. The filter con
tains the required compensation for the sin xix 
response of such decoders. The receive filter transfer 
characteristics and specifications will be within the 
limits shown in Figure 6. 

Receive Output Power Amplifiers 
A balanced output amplifier is provided in order to allow 
maximum flexibility in output configuration. Either of 
the two outputs PWRO + and PWRO - can be used 
single ended (referenced to GRDA) to drive single ended 
loads. Alternatively, the differential output will drive a 
bridged load directly. The output current drive capability 
is capable of driving loads as low as 300 ohms single 
ended or 600 ohms differentially. 

+2 

+1 
+.125 dB +.125 dB 

200 Hz 300 Hz 
iii: :a 
N -.5d8 
~ 200 Hz -.125dB 

;:: 300 Hz 
-1 

'" z 
C 

" 0 ... 
w 

~ 
::5 

-10 w 
a: 
z 
C 

" -20 

-30 

-40 

-50 
100 Hz 1 kHz 

The receive channel transmission level may be adjusted 
between specified limits by manipulation of .the GSR In
put. GSR Is Internally connected to an analog gain set
ting network. When GSR Is externally strapped to 
PWRO -, the receive transmission level Is maximized; 
when tied to PWRO+ ,the transmission level Is mini
mized. These transmission levels are specified in terms 
of the receive channel output under digital milliwatt 
conditions; that is, the rms 1 kHz. output when the 
receive digital channel is receiving the a-bit code se
quence specified in CCITI recommendation G. 711. The 
output transmission level Interpolates between these 
limits as GSR is interpolated (with a potentiometer) be
tween PWRO + and PWRO -. The use of the output 
gain set Is illustrated In Figure 7. 

Gain Setting Configurations To Adjust 
Receive Output Levels 
PWRO+ and PWRO- are low impedance comple
mentary outputs. The voltages at the nodes are: 

Vo+ at PWRO+ 
Vo- at PWRO-
Vo = Vo+ - Vo- (total differential response) 

R1 and R2 are a gain setting resistor network with the 
center tap connected to the GSR input. 

+2 

+1 
+.125 dB EXPANDED awo Hz SCALE 

-1 

-10 

-20 

-30 

-40 

-50 
10 kHz 

FREQUENCY (Hz) 

Figure 6. Receive Filter Transfer Characteristics 
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A value greater than 10K ohms and less than 100K for 
R, + R2 Is recommended because: 

(a) The parallel combination of R, + R2 and RL sets the 
total loading 

(b) The total capacitance at the GSR Input and the 
parallel combination of R, and R2 define a time con
stant which has to be minimized to avoid Inac
curacies 

V A represents the maximum available digital milliwatt 
output response. 01 A = 1.50 V RMsl· 

® 

1.1 R, 

0 
RL - Yo i----

I 
R, 

0 
v.-

PWRO+ 

2913 
OR 

GS. 2914 

PWRO-

D.~ 
DIGITAL 
MILLIWA TT 
SEQUENC E 

TTG.711 PER CCI 

Figure 7_ Gain Setting Configuration 

Vo= -A VA 

where A= 114 
1- 314 R,/R2 

1 + R1/R2 

For design purposes, a useful form is R1/R2 as a func
tion of A. 

8A-2 
R,/R2= -2A+2 

(Allowable values for A are those which make R1/R2 
positive.) 

Examples are: 

If A= 1, (maximum output) then 

R1/R2= 00 or V(GSRl=Vo-; i.e., GSR is tied to 
PWRO-

If A = 1/2, then 

R,/R2= 2 

If A= 1/4, (minimum output) then 

R1/R2=0 orV(GSRl= Vo+; i.e., GSR is tied to PWRO+ 
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GENERAL OPERATION 

Fixed Timing Mode 
Fixed data rate timing, which is 2910A and 2911A com
patible, Is selected by connecting OCLKR to Vee. It 
employs the frame synchronization clocks FSx and FSR, 
master clocks CLKR and CLKx, and output TSx. On a 
non-signaling frame on the transmit side, the codec sec
tion encodes the analog signal Into an 8-blt PCM word at 
the frame rate FSx. This word Is then gated by TSx onto 
the PCM highway (Ox lead). This encoding follows either 
the wlaw or A-law conversion algorithms. 

On the receive side in a non-signaling frame, the codec 
section decodes the Incoming PCM data word Into an 
analog voltage at the frame rate FSx. It is then held on 
an internal sample and hold capacitor. 

The frequency of CLKx and CLKR, which serve both as 
master clocks to operate the codec and filter and bit 
clocks to clock-in the data, is selected by the CLKO pi" 
to be either 1.544 MHz, 2.048 MHz, or 1.536 MHz. No 
other frequency of operation is allowed in the fixed data 
rate mode. 

Variable Timing Mode 
Variable data rate timing is selected by connecting 
OCLKR to the bit clock for the receive PCM highway 
rather than to Vee. It employs frame synchronization 
clocks TSRI and TSxl, bit clocks OCLKR and OCLKx, and 
master clocks CLKx and CLKR. Variable data rate timing 
allows for a flexible data frequency. It provides the abil
ity to vary the frequency of the bit clocks, which can be 
asynchronous as in the case of the 2914 or synchronous 
as in the case of the 2913. TSxl and TSRI become the 
frame synchronization clocks (rep'lacing FSx and FSRl. 
OCLKR and OCLKx become the data rate clocks for the 
receive and transmit PCM highway. While TSxl is high, 
PCM data from Ox is transmitted onto the highway upon 
the next eight consecutive positive transitions of 
OCLKx. Similarly, while TSRI is high, each PCM bit from 
the highway is received by OR on the next eight conse· 
cutive negative transitions of OCLKR. In this way, the 
PCM data rates for both transmit and receive are 
variable; hence, it is called variable data rate timing. The 
PCM data rate can be varied from 64 kHz to 4.096 MHz. 

The fixed data rate mode accommodates signaling. 
Variable data rate timing does not allow Signaling, since 
there is no means to specify which frames are to be 
signaling frames. 

Transmit Only Operation 
If transmit only operation is desired, FSxfTSxl and CLKx 
should be applied to the device while CLKR and 
FSIffSRI can be removed. If FSIffSRI is removed, the 
receive section of device will enter the power-down 
state resulting in much rower power dissipation. 

The digital PCM data (Ox) on the transmit side will con
tinue to be serially outputted during the frame as long 
as OCLKx is pulsed and TSxl is high. This function 
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allows the PCM word to be transmitted to the transmit 
PCM highway more than once per frame, If desired. (See 
Table 3.) 

Receive Only Operation 
If receive only operation Is desired, FSF¥TSRI and CLKR 
should be applied to the device while CLKx and 
FSx/TSxl can be removed. If FSxlTSxl is grounded, trans
mit section of device will enter power down-state 
resulting in much lower power dlstlipation. In addition, 
TS"x will be forced Internally to a TIL high and Ox will be 
held In the high Impedance state. (See Table 3.) 

Standby Mode - Power· Down 
To minimize power consumption and heat dissipation a 
standby mode is provided where most 2913/2914 func
tions. are d.isabled. Only the power-down, clock, .and 
frame sync buffers, which are required to power-up the 
devlce,are enabled in this mode. 

To provide flexibility there are 4 power-down methods. 
These methods are presented in Table 3 along with 
digital output conditions which safeguard the PCM 
highway. 

PlaCing and holding TSx and Ox in a high impedance 
state enhances system reliability by guaranteeing that 
the. PCM highway will not be driven while entering and 
remaining in the standby mode. The SIGR output is held 
at a TIL .Iow to provide a .known condition; It remains 
low upon power-up until it is changed by signaling. 

To further enhance system reliability, TSx and Ox will be 
placed and held in a high Impedance state several milli
seconds after an interruption of CLKx. This interruption 
could possibly occur with some kind of fault condition. 

Power·On 
Methods for powering-up the 2913 or 2914 maintain 
PCM highway Integrity because they eliminate chances 
of jamming or putting noise on the highway. 

The device can be powered up by pulsingeitherFSR or 
FSx or both and by applying a TTL high voltage to PON. 
If only FSR and j5'[)"N are applied, only the receive side 
will power up. If only FSx and PON are applied, only the 
transmit side will power up. If all three are applied then 
both sides will power up. This assumes Vee and Vee 
have been previously applied. 

Signaling 
Signaling can only be performed with the 2914 and in 
the fixed data rate timing mode (OCLKR= Vee>. In this 
mode, the timing is similar to the 2910A utilizing FSx 
and~x. 

The codec transmit side will encode the incoming 
analog signal as previously described and substitute 
the signal present on lead SIGx for the least significant 
bit of the encoded PCM word. Similarly, on a receive 
signaling frame, the codec will decode the 7 most signi
ficant bits according to the CCITI G.733 recommenda
tion and will output the least significant bit value on the 
SIGR lead until the next signaling frame. Signaling 
frames on the send and receive Sides are independent of 
each other and are selected by a double-width frame 
sync pulse on the appropriate channel. 

The duration of the FSx and FSR pulses defines whether 
a frame is an information frame or a Signaling frame in 
the following manner: 

• A non-signaling frame is deSignated by an FSx pulse 
which .is a full CLKx period in duration (CLKx period 
for FSx, CLKR period for FSR> 

• A signaling frame is designated by an FSx pulse 
which is two full CLKx periods in duration (two CLKx 
periods for FSx, two CLKR periods for FSR> 

On the encoding side, when the FSx pulse is widened, 
the 8th bit of the PCM word will be replaced by the value 
on the SIGx input at the time the 8th bit is outputon the 
Ox lead. (See Figure 8.) 

Table 3. Power· Down Methods 

Device Status 
Power-Down 

Digital Output Status Method 

(1) Both Transmit and PON=O TSx and Ox are placed in a high impedance state and SIGR is placed 
receive side on in a TIL low state in the frame immediately following onset of 
standby PON=O. 

(2) Same as (1) FSxlTSxl and TSx and Ox are placed in a high impedance state and SIGR Is placed 
FSF¥TSRI are in a TIL low state several milliseconds after FSxlTSxl and 
removed FSF¥TSRI are removed. 

(3) Only transmit is FSxlTSxl is Same as (2) except SIGR is still operational. 
on standby removed 

(4) Only receive is on FSF¥TSRI is SIGR is placed in a.TIL low state several. milliseconds after rem.oval 
I·· standby removed of FSF¥TSRI. 
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SIGNALING TIMING (USED ONLY WITH FIXED DATA RATE) 

18211~ 11+.----
1 2 3 

XMIT SIGNAL FRAME 
J r r---1~ ________________ -=~ __ __ 

Dx~,============~=.~SIGX=== 
TSi ______________ -,' _____________ ~-_=_~~-~-

SIGX _____________ ...,..,... __ ....!!~~~ ___ ~ _ _+_-"--------- D_N.:!!<A..& 

ClK,! 1 2 
19211931256 REC. SIGNAL FRAME 

FS, ~~·~·------------------~C~----------------------Jr---1~--------------~~-----_ _______________ SIG, __ _ 

D'_~. .,. ___ -:-________ ;-_~---

SIG,·. ;: " ~VALUE 

Figure 8. Slgnal",g Timing (Usad Only with Fixed Dala Rala Moda) 

Call progress tones (dial tone, busy tone, ring-back tone, 
re-order tone) and pre-recorded announcements, cart be 
sent through the voice-path; digital Signaling (off hook 
and disconnect supervision, rotary dial pulses, ring con
trol) is sent through the signaling path. 

Precision Voltage Reference 
The voltage reference Is generated on the chip and is 
calibrated during the manufacturing process. The tech
nique uses the difference in sub-surface charge density 
between two suitably implanted MOS devices to derive 
a temperature stable and bias stable reference voltage. 

A gain setting op amp, programmed during manufactur
Ing, trims the reference voltage source to the final preci
sion voltage reference value provided to the D/A con-
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verter. The precision voltage reference determines the 
initial gain and dynamic range characteristics. 

Separate references are supplied to both transmit and 
receive sections. Each reference is trimmed independ
ently during manufacturing. 

Conversion Laws 
The 2913 or 2914 can be selected for either A-law or /l 
255-law operation (as specified by CCITT G.711). If A·law 
operation is desired, SIGx should be tied to Vee. Signal
ing will not be allowed during A-law operation. Signaling 
is allowed when /l 255-law is selected and in fixed data 
rate mode. If /l 255-law operation Is selected, SIGx 
should be operated between GRDD and Vee. 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature ...... , ............... -10·C to +80·C 
Storage Temperature ............. -65·C to +150·C 
All Input or Output Voltages with 

Respectto VBB ................... -0.3V to +20V 
Vee and GRDD with Respectto VBB ..... -0.3V to 15V 
Power Dissipation ........................... 1.35W 

D.C. CHARACTERISTICS 

"NOTICE: Stresses above those listed under> "~osolute Max
imum Ratings" may cause permanent damage to the devlca. 
This Is a stress rating only and functional operation of the 
device at these or any other conditions above those Indicated 
in the operational sections of this speCification Is not Implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

TA=O·C to + 70·C, Vcc= +5V ± 5%, VBB= -5V ± 5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Digital Interface 

Symbol Parameter Min 

IlL Low Level Input Current 

IIH High Level Input Current 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

VILO Input Low Voltage, CLKO VBB 

VIIO Input Intermediate Voltage, CLKO GRDD-0.5 

VIHO Input High Voltage, CLKO Vee-·5 

Power Dissipation 

Symbol Parmeter Min 

Icco Vcc Standby Current 

IBBO VBB Standby Current 

Icci Vcc Operating Current 

IBBI VBB Operating Current 

P01 Operating Power Dissipation 

Poo Standby Power Dissipation 

Note 1: Typical values are for TA = 25"C and nominal power supply values. 
2: VIN is voltage on any digital input pin. 
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Limits 

Typ1 Max Unit Test Conditions 

10 ,.A VIN2 SVIL 

10 ,.A YIN2 ~VIH 
.8 V Except CLKO 

2.0 V Except CLKO 

.4 V 10L= 3.2 mA at 
pins Dx and 'fSx 
SIGR=loL= 
1.6 rnA 

2.4 V Dx= 10H= 10 mA 
SIGR=loH=.6 mA 

VBB+ .5 V 

0.8 V 

Vcc V 

Limits 

Typ1 Max Unit Test Conditions 

.9 mA 

.9 mA 

16 mA 

16 mA 

175 mW 

10 mW 
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D.C. CHARACTERISTICS (Continued) 
TA=O·C to +70·C, Vcc= +5V :t5%, Vee= -5V :t5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Power Supply Rejection (Transmit = Receive) 
Limits 

Symbol Parameter Min Typ1 Max Unit Test Conditions 

PSRR1 Vcc Power Supply Rejection -40 dB Idle Channel; 200 
mV p.p signal of fo 
on supply; 0" fo 
" 50 kHz 
Measure at both Ox 
and PWRO+ or 
PWRO-

PSRR2 Vee Power Supply Rejection -35 dB Idle Channel; 200 
mV p.p signal of fo 
on supply; 0" fo 
" 50 kHz 
Measure at both Ox 
and PWRO+ or 
PWRO-

Note 1: Typical values are for TA=25·C and nominal power supply values. 

A.C. CHARACTERISTICS 
TA=O·C to + 70·C, Vcc= +5V :t 5%, Vee= -5V :t 5%, GRDA=OV, GRDD= OV, unless otherwise specified. 

Clock Input Frequency: ClK= 1.536 MHz :t 0.1 %, ClKO= Vcc 
ClK= 1.544 MHz :t 0.1%, ClKO= GRDD 
ClK=2.048 MHz :to.1%, ClKO=Vee 

Half Channel Transmission Characteristics (Transmit = Receive) 
Limits 

Symbol Parameter Min Typ1 Max Unit Test Conditions 

SID SignallTotal Distortion Ratio; AT&T 37 dB 0" VFxl < -.30 dBmO 
PUB43801 and CCITI G.712, 31 dB -30" VFxl < -40 dBmO 
Method 2 (weighted sinusoid) '26 dB -40" VFxl < -45 dBmO 
testing) (Figure 9) VFxl = 1.02 kHz sinusoid, 

either ,...Iaw or A·law 

SID SignallTotai Distortion TBD dB 0" VFxl < -3 dBmO 
Ratio; CCITI G.712, Method 1 TBD dB -3" VFxl < -6 dBmO 
(white noise testing) TBD dB -6" VFxl < -27 dBmO 

TBD dB -27" VFxl < -34 dBmO 
TBD dB -34" VFxl < -40 dBmO 
TBD dB -40" VFxl < -55 dBmO 

AG Gain Tracking Error; AT&T :t.20 dB +3" VFxl < -37 dBmO 
PUB43801 and CCITI G.712, :1:.30 dB -37" VFxl < 50 dBmO 
Method 2 (weighted sinusoid :I: 1.0 dB - 50" VFxl < 55 dBmO 
testing) (Figure 10) Relative input of 0 dBmO 

at 1004 Hz 

Note 1: Typical values are for TA= 25·C and nominal power supply values, 

4-53 AFN 01901A 



intJ 2913 and 2914 

50 

S' 
!I-
0 40 
i= 
~ 

291312914 TRANSMIT OR RECEIVE (TYPICAL) 
37 

~~------
~......... 135 z 

~ 30 
lie 27 
0 25 

,., 29 I NOTE 
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I!! 

20 Q ... 
:! e 
::J 10 
CC 
Z 
c:I 
iii 

-45 -40 

NOTE: THE SHADED TEMPLATE REFLECTS HALF·CHANNEL 
TRANSMISSION STANDARD CONSISTENT WITH AraT 
TECHNICAL ADVISARY NO. 84, ATiT PRELIMINARY 
DIGITAL CHANNEL BANK REQUIREMENTS (PUB 43801~ 
AND CCITT STUDY GROUP XVIII. 

I 
I 
I 

-30 -20 
INPUT LEVEL (dBmO) 

-10 o 

Figure 9. SID HllfoChannel SlgnellTotll Distortion Rltlo; Trensmlt or Receive 

2.5 

2.0 I 
1.5 

1.0 

I V NOTE 

1.oL_ 

.5 .30 .. -37 0 

ID 0 ... -55,-50 .20 ,... .T". .--"'1' 
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-.6 
~~ ~ 

-1.0 

-.30~ .r 
-1.0.- 281312914 TYPICAL HALF CHANNEL 

-1.6 I 
-2.0 I 
-2.6 I 

! 
NOTE: THE SHADED TEMPLATE REPRESENTS 

TRANSMISSION STANOARDSCONSISTENT WITH ATIlT 
TECHNICAL ADVISORY NO. 84, AlaT PRELIMINARY 
DIGITAL CHANNEL SANK REQUIREMENTS (pUB 43801~ 
AND CCITT STUDY GROUP XVIII. 

VALUES (TRANSMIT OR RECEIVE) 

INPUT 
+3 LEVEL 

dlmO 

Figure 10. ~,Hllf·Chlnnel Glln Trecklng; Trlnsmlt or Receive 
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A.C. CHARACTERISTICS (Continued) 
TA=O·C to + 70·C, vcc= +5V ± 5%, Vee= -5V ±5%, GRDA=OV, GRDD=OV, unless otherwise specified. 

Clock Input Frequency: ClK= 1.536 MHz ±0.1%, ClKO= Vcc 
ClK= 1.544 MHz ± 0.1%, ClKO= GRDD 
ClK=2.048 MHz ±0.1%, CLKO=Vcc 

Half Channel Transmission Characteristics (Transmit = Receive) 
Limits 

Symbol Parameter Min Typl Max 

NICl Idle Channel Noise 
C-Message Weighted 9 
Psophometric Weighted -81 

NICl Idle Channel Noise 12 
C-Message Weighted 
(2914 only) 

DPxl Single Frequency Distortion -47 
Products (In-band distortion) 

Intermodulation Distortion 
IMD2 2nd order TBD 
IMD3 3rd order TBD 

Transmit Transmission Characteristics 
Limits 

Symbol Parameter Min Typl Max 

AIR Transmit Input Dynamic Range 1.533± .008 
(Called TMAX in CCITI Rec. G.711) 

CTTR Crosstalk, XMIT to RCV -80 

Receive Transmission Characteristics 
Limits 

Symbol Parameter Min Typl Max 

DmW Digital Milliwatt Response Single 4.00± .04 
ended outputs 

CTRT Crosstalk, RCV to XMIT -80 

Note 1: Typical values are for T A = 25'C and nominal power supply values. 
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Unit Test Conditions 

dBrncO Input grounded; 
dBmOp no signaling 

dBrncO With 6th and 12th 
Frame signaling 

dB VFxl = 1.02 kHz 
OdBmO 

dB 
dB 

Unit Test Conditions 

VRMS 1 kHz, Input Op-amp 
with gain 

dB VFx=OdBmO 
1.02 kHz; DR= all 
one's, measure at 
PWRO+ or 
PWRO-

Unit Test Conditions 

dBm DR=DmW 
into Sequence per 
load CCITI G.711 

(Ru of 
900Q 

dB DR=O dBmO 
1.02 kHz, VFx = 
GRDA, measure at 
Ox 
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A.C. CHARACTERISTICS (Continued) 
Clock Section 

Symbol Parameter 

tCY Clock Period 

tCLK Clock Pulse Width 

tcoc Clock Duty Cycle ((tCLX/tCY) X100) 

t r• tf Clock Rise and Fall Time 

Transmit Section - Fixed Data Rate Mode 

Symbol Parameter 

tozx Data Enabled on TS Entry 

toox Data Delay from DCLKx 

tHZX Data Float on TS Exit 

tSON Timeslot X to Enable 

tSOFF Timeslot X to Disable 

tFSO Frame Sync Delay 

tss Signal Setup Time 

tSH Signal Hold Time 

Receive Section - Fixed Data Rate Mode 

Symbol Parameter 

tOSA Receive Data Setup 

tOHA Receive Data Hold 

tFSO Frame Sync Delay 

tSIGA SIGA Update 

Min 

485 

215 

5 

Min 

0 

2 

Min 

Note 1: Typical values are for TA=2S"C and nominal power supply values. 
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Limits 

Typ1 

50 

Limits 

Typ1 

70 

125 

110 

70 

110 

50 

Limits 

Typ1 

30 

50 

50 

300 

Max Unit Test Conditions 

ns CLKx. CLKA 
2.048 MHz systems 

ns CLKx. CLKA 

% CLKx. CLKA 

30 ns CLKx. CLKA 

Max Unit Test Conditions 

ns 0< CLOAO < 100 pF 

ns 

ns CLOAO=O 

ns 0< CLOAO < 100 pF 

ns CLOAO= 0 

ns Timing relationship 
between FSA and 
CLKA 

ns Relative to Bil·7 
Falling Edge 

,.s Relative to Bit·8 
Falling Edge 

Max Unit Test Conditions 

ns 

ns 

ns Timing relationship 
between FSA and 
CLKA 

ns From the trailing 
edge of the channel 
timeslot 
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A.C. CHARACTERISTICS (Continued) 
Transmit Section - Variable Data Rate Mode 

Symbol Parameter Min 

tTSOX Timeslot Delay 

twsx Tranamlt Timealot Clock Width 
(DCLKxl8) 

toox Data Delay from DCLKx 

tpoN Tlmealot to Ox Active 

tDOFF Tlmeslot to Ox Inactive 

fox Data Clock Frequency 
(min) 

fox Data Clock Frequency 
(max) 

fTSXI Timeslot Clock Frequency 

tf, tr Clock Rise and Fall Times 

Receive Section - Variable Data Rate Mode 

Symbol Parameter Min 

tTSOR Timeslot Delay 

tWSR Receive Timeslot Clock 

tOSR Data Setup Time 

tOHR Data Hold Time 

fOR Data Clock Frequency 
(min) 

fOR Data Clock Frequency 
(max) 

t r, tf Clock Rise and Fall Times 5 

Note 1: Typical values are for TA=25"C and nominal power supply values. 
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Limits 

Typ1 

15 

8/fox 

125 

35 

40 

64 

4096 

8 

5 

Llmlta 

Typ1 

15 

81foR 

30 

50 

64 

4096 

Max Unit T .. t Conditions 

na TSxl 

pS 

na 

na o <CLOAO <100 pF 

ns o <CLOAO <100 pF 

kHz Duty Cycle = 50% 

kHz Duty Cycle = 50% 

kHz 

30 ns TSxl,DCLKx 

Max Unit Test Conditions 

50 ns TSRI 

ns 

ns 

ns 

kHz Duty .Cycle = 50% 

kHz Duty Cycle = 50% 

30 ns TSRI,DR 
DCLKR 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 

CLKX 

FSX 
NON·SIGNALING 

FRAMES 

FSx 
SIGNALING 

FRAMES 

CLKx 

Ox 

2913 and 2914 

SIGX ~ __________________________ ....J\... ___ ....J \...---"='--_ 

NOTE: ALL TIMING PARAMETERS REFERENCED TO VIH and VtL EXCEPT 
tozx AND tOHX WHICH REFERENCE A HIGH IMPEDANCE STATE 

RECEIVE TIMING 

FSR 
NON·SIGNALING 

FRAMES_ 

FSR 

SIGNALING 
FRAMES 

DR 

stGR __________________________________________________ +--J.~~ 

NOTE: ALL TIMING PARAMETERS REFERENCED TO VIH AND Vil. 
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Variable Data Rate Timing 

TRANSMIT TIMING 

RECEIVE TIMING 

NOTE: ALL TIMING PARAMETERS REFERENCED TO VIH AND VIL EXCEPT 
IDON AND IOFF WHICH REFERENCE A HIGH IMPEDANCE STATE. 
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2920/2921 
SIGNAL PROCESSOR 

• 2920-User-Programmable/Erasable EPROM Program Memory (TCYC = 600 ns) 
• 2921-Mask-Programmable ROM Program Memory (TCYC = 400 ns) 

• Real Time Digital Processing of 
Analog Signals 

• Nominal Signal Bandwidths from DC 
to 10kHz 

• Digital Processing Accuracy and 
Stability 

• Special Purpose Instruction Set for 
Signal Processing 

• INTELLEC® Compatible Development 
System Software and Hardware 

• Multiple Analog Inputs and Outputs 

• On-Chip Sample and Hold Circuits 
and D/A Converter 

• On-Chip Program Memory 

• On-Chip Scratch Pad Memory 

• Analog and/or TTL Output 
Waveforms, User Selectable 

• ±5V Power Supplies 

• N-MOS Process 

The Intel 2920 Signal Processor is a programmable, single chip analog and digital signal processor specifically 
designed to replace analog subsystems in real time processing applications. The 2921 is an improved perform
ance mask programmable (ROM) version ofthe 2920which is pin compatible with the 2920. Its instruction set 
plus the high precision (25 bits) digital arithmetic logic unit provides the capability to implement very complex 
subsystems. Typical functions performed by the 2920 include: Lowpass and Bandpass filters with up to 20 
complex pole and/or zero pairs; Threshold Detectors; Limiters; Rectifiers; up to 25-bit multiplication and 
division; approximations to nonlinear functions such as square law and logarithm; logical operations; input and 
Output multiplexing of signals; logical outputs for decision-type processing; and analog outputs for multifre
quency OSCillators, waveform generators, etc. In addition, several 2920's may be cascaded for very complex 
processing applications with no loss in throughput rate. 

v~--------~------------------~ __ ----------------" PROGRAM STORAGE 
(EPROM/ROM) I-------RST/EOP 

RUN/PROG ___ -;_..,.,. ______ ~'9:.2:.:X 2:,4_.,.,. __ ..,.,. __ ..,.,...J 

SIGIN (O)-----r----. 
SIGIN (1)----.... 

SIGIN (2)---------<~ 

SIGIN (3)-----".,---t 

X2 r---....... 

= CLOCK LOGIC 
& 

X1/CLK ~~OU%RTNAER 
CCLK -----L=~:..J 

-IEXTERNAL COMPONENTS (2921 has on-chip S&H capacitor) 

1-------_ SIGOUT (01 

!------SIGOUT (11 

!-----_SIGOUT (2) 

DMUX .--------SIGOUT (3) 
& 

S&H', ~-----_ SIGOUT (4) 

t-----SIGOUT (5) 

1-------- SIGOUT (61 

1-------- SIGOUT· (71 

Figure 1. Functional Block Diagram (Run Mode) 
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Symbol 
SIGOUT 

GRDA 

CAP, & CAP2 

VREF 

SIGIN 

VBB 

X2/ClK 

XI 

GRDD 

VCC 
CClK 

RUN/PROG 

RST/EOP 

Symbol 
DO,Dl,D2,D3 

VB1,vB2. 
VB3,vB4 

VS1,VS2,VS3 

INCR 

2920/2921 

Table 1. Pin Description (Run Mode) 

Function 
8 pins corresponding to the 8 demulti-
plexed analog outputs (0-7). 

Analog signal ground held at or near 
GRDD typically. 

External capacitor connections for 
the input signal sample and hold 
circuit. Not required for 2921. 

Input Reference Voltage 

4 pins corresponding to the 4 multi-
plexed analog inputs (0-3). 

Most negative power pin set at -5 
volts during run mode (different volt-
age in program mode). 

Clock input when using external 
clock signals; oscillator input for 
external crystal when using internal 
clock. 

Oscillator input for external crystal 
when using internal clock. 

Digital ground. 

5 volts in run mode. 

Internal fetch cycle clock output. 
The falling edge designates the 
START of a new PROM fetch cycle. 
CClK is 1/16 of X2/ClKrate. 

Mode control tied to GRDD in run 
mode. 

low RST input initializes program 
fetch counter to first location. As an 

Symbol 

OF 

VSP 

Function 
output it signifies EOP instruction 
present (open drain, active low.) 

Indicates an overflow in the current 
AlU operation (open drain, active 
low). 

EPROM/ROM power Pin, 0 volts for 
RUN mode (different voltage in pro
gram/verify mode). 

'Ml, M2 Two pins which specify the output 
mode of the SIGOUT pins (see 
Table 8). 

51 GOUT 3 [ ~ P 5IGOUT 2 

51 GOUT 4 [ 2 27 P 5IGOUT , 

5IGOUT 5 [ 3 26 P 51 GOUT 0 

GRDA[ 4 25 P M' 

5IGOUT6[5 24pM2 

5IGOUT 7 [ 6 23 P V5P 

CAP, [7 29201 22 P OF 
[ 2921 h 

VREF 8 2, r' R5T/EOP 

CAP2 [ 9 20 P RUN/PROG 

5IGIN 0 [ 10 19 P CClK 

5IGIN 3 C 11 18 P vee 
v •• [ 12 17 P GRDD 

5IGlN 2 C 13 16 P X2/CLK 

5IGIN 1 C 14 15 P X,/ClK 

Figure 2. Run Mode Pin Configuration 

Table 2. Pin Description (ProgramlVerlfy Mode) 

Function Symbol Function 
4 pins carrying EPROM program VSP EPROM/ROM power pin, +5 volts for 
data for both input and output (open VERIFY mode. For 2920 program 
drain, active low output; active high mode pin is +25 volts (different volt-
input). age in RUN mode). 

Digital ground in PROGRAM mode PROGIVER Controls EPROM bi-directional data 
(different voltage for RUN mode). bus for verify (low) or program 

+5 volts in PROGRAM mode (func- (high). 

tion changes for RUN mode). RST Input pulse resets nibble counter to 

Input pulse increments the nibble 
(4-bits) counter in PROG mode 

position zero for start of pro-
gramming. 

(function changes in RUN mode). 
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03 02 

01 

DO 

VS1 

PROGNER 

VSP 

INCR 

RST 

VB4 

Figure 3. Program Mode Pin Configuration 

FUNCTIONAL DESCRIPTION 
The Intel 2920 is a programmable, single chip analog 
and digital Signal processor which has been designed 
specifically to replace analog systems in real-time 
processing applications. The 2920 operates its analog 
circuitry simultaneously with the digital circuitry 
thereby achieving the efficiency and speed needed 
for real-time operation. Digital Circuitry includes: 
EPROM/ROM program storage, RAM scratch pad 
memory, clock and timing circuitry, binary scaler, and 
the arithmetic logic unit (ALU). The analog circuitry 
is composed of 4 analog inputs, an input multiplexer, 
an input sample and hold (S&H), A/D and 0/ A conver
ters, an output multiplexer, 8 analog outputs, and 
buffered output S&H's. 

Once the EPROM/ROM is programmed, the 2920 is 
ready for operation as an analog subsystem. The fol
lowing signal flow and operations can be described 
with reference to the functional block diagram shown 
in Figure 1. 

Clock and Timing Logic 
The 2920/2921 can use an external clock or can gener
ate its own clock with an external crystal placed across 
Pins 15 and 16. The program counter is incremented 
one instruction count for every 4 master clock cycles 
and continues to increment until it reaches a count of 
191 or an EOP instruction is executed. Instructions are 
executed sequentially and no program jumps are pro
vided. Thesample rate is determined by the numberof 
instructions in the program and the instruction cycle 
time. A6.67MHzclock (600 nsec instruction cycle time) 
and a full 192 instructions will result in a sample rate 
of 8680Hz. 

Program Storage and Control 
The EPROM/ROM is made up of 192 words with 24-
bits per word. Each 24-bit word contai ns 6 instruction 

fields (see Table 3) which control the individual sub
systems in the 2920. 

RAM 
The memory consists of a random-access read/write 
array organized as 40 words of 25-bits each. The 
address space is extended to provide constants and 
access to a register (DAR) for interfacing the memory
ALU with the analog conversion section. The RAM is a 
two port memory where the "A" location is Read Only 
and passes via a scalerto the ALU as one operand. The 
"8" location data passes to the ALU input as its second 
operand and the ALU result is written back to it. Both 
the RAM and the ALU represent data in two's comple
ment format. All operations are performed in two's 
complement arith metic. Program operations are sim
plified by assuming the binary pOinttothe right ofthe 
sign bit. 

An extended address space is used to generate 
constants within the program. It is accessed through 
the "A" port only and may be addressed using the last 
16 locations of the "A" address field (i.e., "A" address 
11 XXXX). The constant is determined by the 4 least 
significant "A" address bits. 
These 4 bits are treated as the 4 most significant bits 
at the input to the binary shifter. A sequence of exten
ded addresses with shift operations can generate any 
constant up to 25 bits long. 

The DAR is9 bits wide and can be accessed in several 
ways. As a memory location, the DAR occupies the 
9 most significant bit positions of the 25-bit word and 
can be accessed as "A" and/or "8" port. The DAR 
output is also tied directly to the 0/ A converter inputs 
and is used as a successive approximation register for 
A/D conversion under control of the analog function 
instruction fields. Each bit position ofthe DAR can also 
be selected and tested for conditional arithmetic 
operations. 

Binary Shifter 
The 2920 has a binary shifter between the memory "A" 
port output and the ALU "A" operand input. This 
feature allows the "A" operand to be scaled by any 
magnitude between 2' and 2 -13 (left shift 2to right shift 
13). When a number is shifted right vacated bit posi
tions are filled with the sign bit. (2's complement arith
metic shift). Shift op codes are shown in Table 4. 
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ALU 
The Arithmetic-Logic Unit calculates a 25-bit result 
based on an operation performed on the scaled "A" 
and the "8" operands delivered from memory. The 25-
bit result is written back into the "8" memory location 
near the end of the instruction cycle. The ALU has 
logic to accommodate the left shift scaling. For arith
metic operations, this logic is used to calculate a 25-bit 
result for normal operations and to maintain the sign 
bit when an overflow occurs. An overflow occurs only 
when the magnitude of the result is larger than the 
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largest number that can be stored in memory (25 bits). 
I n that event, the result is set to the largest magnitude 
value with the correct sign. This overflow algorithm 
protects the continuity of the digitized analog signals 
and helps maintain the stability of the signal proces
sing functions implemented. It is analogous to an over
driven amplifier going into saturation. 

Instruction Set 
The 2920 assembler uses the following program for
matto specify the 24-bit instruction word stored in the 
EPROM: 

A" processing subsystems are implemented using a 
combination of analog and digital instructions to input 
and output signals andlordata, and to realize the pro
cessing functions, respectively. 

The analog input and output instructions are IN(K) 
and OUT(K), respectively. A sequence of IN(K) instruc
tions followed by the sign conversion and amplitude 
conversion instructions CVTS and CVT(K) respec
tively are used to perform the input AID conversion. 

A simple sequence of OUT(K) instructions is a" that 
is needed to output a 9-bit amplitude on channel K. 
Other analog instructions are the EOP instruction 
which resets the program counter, NOP which is 
simply a no-operation, and CNDS or CND(K) which 
are conditional operators which select and test a bit in 
the DAR for the conditional ADD or LOA instructions 
or define the desti nation ofthe carry bitfor the cond i
tional SUB instruction. 

If used, the EOP instruction must be placed at a prog
ram location up to location 188 which is a multiple of 
four. The three instructions immediately following the 
EOP instruction wi" be executed. The RST lEO P output 
pulse requires an EOP instruction. 

The ALU arithmetic instructions are ADD,SUB,LOA 
which perform the operations of addition, subtraction, 
and data transfer respectively. When these instructions 
are conditioned, they may be used to perform multipli
cation or division by a variable or data dependent 
switching. 

Other digital instructions include the absolute value 
ABS, the absolute value and add ABA, and the ideal 
limit instruction LIM. 

These instructions and their corresponding op codes 
are detailed in Table 5. 

Table 3. Nibble Organization for Loading Program 

o 2 3 4 S 

101112101 111A11B11A21 IB21A31B31A41 IB41AsiBsiAoi IBol 01 1 12 1 13 10 11 121 

j..ADK+ADF-I"~I""---- MEMORY ADDRESSES ----l ..... lfooo .. ~SHF__.J-AL.U+l 

Operation 

Shift Right 13 Bits 
Shift Right 12 Bits · · · Shift Right 1 Bit 
No Shift 
Sh ift Left 1 Bit 
Sh ift Left 2 Bits 

Note: The input pins for each nibble bit from left to right 
are DO, 01, 02, 03. 

Table 4. Shift OP Codes 

Mnemonic 
Op Code 

Scale Factor 
3 2 1 0 

R13 1 1 0 0 2-13 

R12 1 0 1 1 2-12 

· · · · · · · · · · · · · · · · · · R01 0 0 0 0 2-1 

ROO 1 1 1 1 1 
L01 1 1 1 0 2 
L02 1 1 0 1 4 
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Table 5. Instruction Set and OP Codes 

Mnemonics Op-Codesl11 Operations Notes 

Code Condition ALU AOF AOK 

Digital Instructions 0,1,2 0,1 2,1,0 

ADD 011 

1 1 

(Ax2N)+8-B 
SUB 101 B-(Ax2N)-B 
LDA 111 (Ax2N)+0-B 
XOR 000 (Ax2N)E9B-B 
AND 100 (Ax2N)oB-B 
ABS 110 I(Ax2N)1 -B 
ABA [11) 001 131 131 I(Ax2N)1 + B-B 
LIM 010 Sign(A) -± F.S.-BI41 
ADD CND( )121 011 

j j 
(Ax2N)+B-B IFF DAR(K) = 1 
B B IFF DAR(K) = 0 

SUB CND( )[2)[8) 101 B-(Ax2N)-B & CY -DAR(K) IFF CYP = 1 151 
B+(Ax2N)-B & CY -DAR(K) IFF CYP = 0 

LDA CND( )121 111 (Ax2N) B IFF DAR(K) = 1 
B B IFF DAR(K) = 0 

ABA[11) CND( )[9) 001 (Ax2N)+B-B 
XOR CND( )[9) 000 (Ax2N) Ql B-B 

Analog Instructions 

IN(K) 

1 
00 0-3 Signal Sample from Input Channel K 

OUT(K) 10 0-7 D/A to Output Channel K 
CVTS 00 6 Determine Sign Bit 
CVT(K) 01 0-7 Perform AID on Bit K 
EOP 171 00 5 Program Counter to Zero 161 
NOP 

l 
00 4 No Operation 

CND(K) 11 0-7 Select Bit K for Conditional Instructions 
CNDS 00 7 Select Sign Bit for Conditional Instructions 

Notes: 1. Op codes ALU and ADF are in binary notation, ADK Is In decimal notation and represents the value "K" when ap· 
proprlate. 

2. CND( ) can be either CND(K) or CNDS testing amplitude bits or the sign bit of the DAR respectively. 
3. Determined by analog Instructions below. 
4. B Is set to full scale (F.S.) amplitude with the same sign as the "A" port operand. 
5. The previous carry bit (CYp) Is tested to determine the operation. The present carry bit (CY) Is loaded Into the Kth bit loca

tion of the DAR. "Present carry (CY) is generated Independent of overflow. It will represent the carry (CY) of a calculated 
28-bit result." 

6. EOP will also enable overflow correction if It was disabled during a program pass. 
7. Determined by digital Instructions above. 
8. For SUB CNDS operation CY - DAR(S). 
9. Does not affect DAR. In this case, CND Is used with XOR/ABA to enable/disable the ALU overflow saturation algorithm. 

Use of either Instruction causes the ALU output to roll over rather than go to full scale with sign bit preserved. An EOP 
instruction will also enable the ALU overflow saturation algorithm. 

10. Clarification of CY OUT sense for certain operations. For LOA, XOR, AND, ABS;. CYour-O. 
11 Recommend that the ABS & ADD instructions be used in place of ABA. The ABA instruction typically runs 2 MHz slower. 

The saturation logiC, however can be set and reset at full speed. 

Input Multiplexer and S&H 
The input channels consist of four analog sampling 
switches which use a common sampling capacitor 
(external capacitorforthe 2920, internal forthe 2921). 
The external capacitor should be approximately 500pF 
to yield an offset of less than - % LSB. The acquisition 
time should be approximately six times the RC time 
constant of the sample and hold circuitry (i.e., 500pF 
times 1.5K.!1equals 750 nsec). Acquisition time equal 
to six or more time constants should keep the input 
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crosstalk to below -54dB. For systems which require 
less dynamic range, the input acquisition time can be 
reduced. For600 nsec cycle approximately eight IN(K) 
instructions would be required. Forserial digital inputs, 
fewerIN(K) instructions can be used. For systems with 
2920 cycle times much greater than 600 nsec the 
external sampling capacitor should be increased to 
1 OOOpFto reduce the droop rate with a corresponding 
increase in the RC time constant. 
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AlD-DI A Conversion 
The successive approxi mation analog to digital conver
sion is performed under program control. It uses the 
CVTS instruction first to set the sign bit and the CVT (K) 
instruction to determine the value of the Kth DAR bit 
starting with the MSB. NOPs equivalent to 1.2 !-'Sec 
mustfollow each CVT(K) instruction to allow the Of A 
to settle. The suggested conversion sequence for nine 
bit resolution with the 2920 cycle time equal to 600 
nsec is shown below in Table 6. Digital inputs and 
inputs with less than nine bits resolution will have a 
shorter sequence. 

Table 6. Suggested Input and Conversion Sequence 

Digital I Analog Digital I Analog 

IN(K) CVT5 
IN(K) NOP 
IN(K) NOP 
IN(K) CVT4 
IN(K) NOP 
IN(K) NOP 
IN(K) CVT3 
IN(K) NOP 
NOP NOP 
CVTS CVT2 
NOP NOP 
NOP NOP 
CVT7 CVTl 
NOP NOP 
NOP NOP 
CVT6 CVTO 
NOP 
NOP 

Continue Next Column 

where ..... equals available digital instruction 

Output Demultiplexer and S&Hs 
The 2920's eight analog output channels include a 
sample and hold circuit per channel demultiplexed 
from a common, buffered Of A output. Two rules for 
outputting samples are: (1) No outputting should be 
done while writing to the DAR; (2) A sequence of 3 
analog NOP instructions should be used to settle the 
Of A converter, and a sequence of OUT(K) instructions 
equal to 3.5 Ilsec should be used to settle the S&H 
output. The suggested sequence for a nine bit resolu
tion output with a 600 nsec cycle time is outlined in 
Table 7. 
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Table 7. Suggested Output Sequence 

Digital Analog 

LDA,DAR,X,RO, NOP 
NOP 
NOP 
NOP 
OUT(K) 
OUT(K) 
OUT(K) 
OUT(K) 
OUT(K) 
OUT(K) 

where K = desired output ...... available digital Instruction 

Conditional operations should not immediately pre
cede or follow an OUT instruction. Otherwise a 
CNO(K) may affect the value of the Kth output. 

TTL Output 
TheSIGOUT(K) pinscan be selected to be either ana
log out or TTL compatible as seen in Table 8. The 
analog mode allows the full 9-bit Of A output to be 
present. The LIM instruction can be used to yield a 
"0" or "1" decision for the TTL mode. This output can 
be presented to the SIGOUT(K) pins and is compatible 
to a single TTL gate or equivalent. The internal 
threshold required is 1.5 volts for a high level output. 
An external pullup resistor to VCC is also required. 

Table 8. Output Mode for SIGOUT Plnsas Function 
of M1 and M2 

l1li1 M2 i SIGOUT Pins 

5V 5V 0-7 Anal~ 

5V -5V 0-3 Analog. 4-7 TTL 
~5V 5V 0-3 TTL, 4-7 Analog 

-5V -5V 0-7 TTL 

Reference Voltage 
The internal Of A converter requires a single positive 
reference voltage (VREF) to establish its voltage range. 
This user supplied reference can range from 1 V to 2V. 
The resulting input and output signal voltage range is 
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±VREF. If the TTL output is required, VREF >1.5V is 
necessary. The minimum voltage step (LSe)ofthe Of A 
converter is'VREFf256volts.'Volt'age variations on 
VREF will appear as noise to the Of A converter. It is 
therefon!:'iiecessary to provide a noise free voltage 
source for the reference. The input 'signal voltage 
range is (±VREF) -'h LSe. 

EPROM PROGRAMMING 
The 2920 EPROM in the programming mode is ar
ranged as a 1152-by-4-bit memory. Each instruction 
(24 bits) is loaded as I> nibbles (4 bits) as seen in Table 
3. Figure 7 shows the timing relationships of the 
signals required to, ,'-rQgram and verify the EPROM 
contents. I Ii the program mode all voltages are refer
enced to Vee which is set to digital ground, thereby 
allowing TTL logic to be, used for controlling the 

(A) Run Mode 

programming cycle. The 0 pins are bidirectional with 
the direction controlled by the PROGIVER pin. A high 
level atthe PROGIVER pin switches to input mode, a 
lowto output mode (see Figure 7). This feature allows 
the programmed data to be verified before going on to' 
the next address. 

The internal nibble counter is,iricremented during the 
falling edge of INCR.11521 NCR transitions will com
plete the full program cycle. To initialize at address' 
(nibble) O,RST must be pulsed low, then INCR can be 
issued. From then on, programming is accomplished 
according to Figure 7. 

The RUNfPROG pin must be tied to Vee and VSP 
should be pulsed between +5V and +25 ±1 Vat 15mA 
maximum. The 0 pins have anopendrain in the output 
direction. ' 

(B) Program/Verily Mode 

Not .. , 1. 'Analog grounding Is connected to the GRDA lead. The GRDA and GRDD lead are not connected Inside the 
2920. An external connection 18 thus necessary outside the device to tie all the analog ground lines to the 
common retum of the system GROD. That external connect'on has to have a minimal Impedance (ground 
plane) to avoid a DC ollset In the 2920. 

2. Pullup resistor at Pln.21 is required. 
3. Stray capacitance must "1'0 be considered. The sum should not exceed 15pF. 
4. Opaque tape must cover EPROM window during run mode. 
5. Samplln C8 cltor not required for 2921.1' capacitor I, not pre,ent, tie to GRDD for 2921. 

Figure 4. Typical Power Hookups for,Run andPr"gram "!lode 

Pin 15 

-5V -...,....---f X1 

2920 

Vee 
Pin 16 Input 

a to-5 
Volts 

1>------------------~X2 

-5V 

X2 must be high 45-50% of the period. 

Rise and fall limes must be less than 20 nsec. 

Figure 5. External Clock Driver 
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2920 DEVELOPMENT SUPPORT TOOLS. 
Support tools for the 2920 are based on the Intellec@) 
Microcomputer Development Systems. A 2920 Soft
ware Support Package (SPS-20) consisting of the 
Signal Processing Applications Software/Compiler 
(SPAS-20), the 2920 Software Si m ulator, and the 2920 
Assembler is available to facilitate design and develop
ment efforts. EPROM programming support includes 
the I ntel EPROM programmer and the 2920 personality 
module (UPP-820). A complete Signal Processing 
Support System (MCI-20-DS1) consisting of the 
Microcomputer Development System, the 2920 Soft
ware Support Package, the EPROM programmer and 
personality module is recommended and is available 
at a reduced price. 

The 2920 Signal Processing Applications Software/ 
Compiler is an interactive tool for designing software 
to be executed on the 2920 Signal Processor. The com
piler accepts English-like statements from the user 
and generates 2920 assembly language code. 

The assembler translates symbolic 2920 assembly 
language programs into the machine operation codes. 
The user can load the codes into the 2920simulator or 
to the Universal EPROM Programmer for program
ming the 2920 itself. 

The Simulator, operating entirely in software, allows 
the user to test and debug 2920 programs. The user 
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can specify input signals; siiTlUlate program e~e6~tion, 
set up breakpoints, display input and output, display 
and alter the contents of the 2920 registers and mem
ory locations, and graph the output waveforms. 

The compiler, assembler and simulator enable the 
designer to develop and test an entire program without 
programming the device. The 2920 designer works at 
the Intellec@) Microcomputer [)evelopment System 
rather than- at a breadboard. The development sys
tem facilitates the designing and testing of 2920 
applications. 

The SDK~2920 contai ns all ofthe components req uired 
to assemble a complete single board microcomputer 
system for programming and evaluation of the 2920 
Analog Signal Processor. The 8085/8041 A microcom
puter-based program development section allows you 
to immediately enter programs in· 2920 assembly 
mnemonics, translate them to 2920 object code, and 
program the on-board 2920 EPROM. The kit supports 
basic filing options such as up/down loading to/from 
an Inteilec, audio cassette, and line printer. The SDK-
2920 also provides the user with a 2920 run mod~ 
section allowing real-time execution of a programmed 
2920. This section comes complete with BNC connec
tors and Intel's 2912 PCM line filters required for one 
input and one output network. The kit supports option
al input and output circuitry on the run mode Section. 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............... -40·C to +85·C 
Storage Temperature ................. -65·C to +150·C 
VCC Supply with Respect to GRDD .............. +5.5V 
VBB Supply with Respect to GRDD ............... -5.5V 
Analog Inputs with Respect to GRDA .... -5.5V to +5.5V 
Power Dissipation 2920 (at 70·C).................. 1 W 

2921 (at 70·C) .•................... lW 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (Run Mode) (TA = o·c to +70·C; VCC =5V ±5%; VBB = -5V ±5%) 

ANALOG (SIGIN(K), SIGOUT(K» 

2920 2921 
Symbol Parameter Min Typ Max Min Typ Max Units Test Conditions 

ZI Input Impedance 100 100 K!1 Unsampled Input 

ZSH S&H Impedance 1.5 1.5 K!1 Series resistance 
with S&H 

AID Resolution 9 9 bits 

Input Differential Linearity ±1 ±1 LSB 

Input Integral Linearity ±1 +1 LSB 

TA Aperture 5 5 nsec Equivalent SNR = 
60dB @ 10kHz 

XI Input Crosstalk -54 -54 dB Input to input 

VID Input Droop Rate 50 TBD uV/us 500pF cap. with 
dark cover 
(2920 only) 

VIR Input Voltage Range +VREF +VREF V 

VI OS Input Zero Offset 8 TBD mV 

IIZC Input Zero Crossing Error 12 0 mV 

GI Input Gain 1 1 

Gain Error 2 0 % ratio of Neg. 
& Pos. gains 

TIA Input Acquisition Time 4.5 3.2 Io'S 9 bit resolution" 

Zo Output Impedance 1 1 K!1 

10 Output Drive Current 400 400 Io'A 20pFIoad 

D/A Resolution 9 9 bits 

Output Differential Linearity ±'h ±'h LSB SIGOUT load 100K!1 
-1< SIGOUT < 1 

Output Integral Linearity ±1 ±1 LSB SIGOUT load lOOK 
-1 <SIGOUT < 1 

Xo Output Crosstalk -54 -54 dB Output to output 

VOD Output Droop Rate 0.2 0.2 mVI/l5ec @ 70· C with dark 
cover 

VOR Output Voltage Range -2 +2 -2 +2 V 

VOOS Output Zero Offset -100 TBD mV 

VOZC Output Zero Crossing Error 8 0 mV 

GO Output Gain 0.85 1 V/V 

Gain Error TBD 0 % ratio of Neg. & 
Pos. Gains 

TOA Output Acquisition Time 3.5 3.5 Io's 9 bit resolution" 

GT Throughput Gain 0.85 1 V/V AID to D/A 

VREF Voltage Reference Level 1.0 2.0 1.0 2.0 V 

IVR Voltage Reference Current 60 115 TBD Io'A VREF equal 1 volts 

·See text for explanation. 
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DIGITAL (OF,CCLK,EOP, SIGOUT in TTL mode) 

2920 2921 
Symbol Parameter Min Typ Max Min Typ Max Units Test Conditions 

IlL Low Level Input Current 10 10 JJ.A VIN<V~ 
Driving 

IIH High Level Input Current 10 10 JJ.A VIN<VIH 
Driving RSi 

VIL Input Low Voltage 0.8 0.8 V 

VIH I nput High Voltage 2.0 2.0 V 

VI XL Input Low Voltage, X2/CLK -4.S -S -4.S -S V 

VIXH Input High Voltage, X2/CLK -2.6 0 -2.6 0 V 

VOL Output Low Voltage 0.4 0.4 V IOL = 2.SmA, 
CCLK ONLY 

IOL Output High Current 2 2 mA EOP,OF,CCLK, 
SIGOUT. 
VOL = 0.4V 

IOH Output Low Current 10 10 JJ.A EOP,OF,CCLK 
SIGOUT 

POWER DISSIPATION 

Operating Current VCC = S.2SV 

Operating Current Vss = -S.2SV 

A.C. CHARACTERISTICS (Run Mode) (TA = O°C to + 70°C; VCC = SV; VSS = -SV) 

FOSC 6.67 10 MHz Oscillator 
frequency 

TCYC I nstruction Cycle Period 600 400 ns 4 clock cycles 

TCE Cycle Start to EOP Valid 160 TSD ns 

TEH EOP Hold Time TCYC TCYC ns 

TFH OF Hold Time TCYC TCYC ns 

TCW CCLK Pulse Width TCYC TCYC ns 

TCO Cycle Start to OF Valid TCYC TCYC ns 

TCYC I TCYC I TCYC I TCYC 

CCLI'- f I I 

_TEH-! 

EOP + 
TCE f-- TFH 

OF 

TCO 

Figure 6. Run Mode Timing 
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D.C. CHARACTERISTICS (ProgramNerify Mode) (TA = o·c to +70·C; VSS =5V; VBB = OV) 

2920 2921 
Symbol Parameter Min Typ Max Min Typ Max Units Test Conditions 

ITL Low Level Input Current 10 10 p.A VIN <VIL 

IIH High Level Input Current 10 10 p.A VIN<VIH 

VIL Input Low Voltage 0.8 0.8 V 

VIH Input High Voltage 2.0 2.0 V 

VOL Output Low Voltage 0.8 0.8 V IOL =2.5mA 

ISp Program Pulse Current 16 - - - mA Data Input=OOOO 

VP1 Program Pulse ON Voltage 24 25 26 - - - V af6J 

VP2 Program Pulse OFF Voltage 5 - - - V 
Only 

POWER DISSIPATION (ProgramlVerlfy Mode) 

ISS Operating Current 100 II TBD mA VSS = 5V+10% 

A.C. CHARACTERISTICS (Program/Verify Mode) (TA = o·c to +70·C; VSS =5V; VeB = OV) 

TRW Reset Pulse Width 1000 1000 

TRS Reset to Increment Set-up 200 200 

TRH Reset Hold ! 300 300 

TIW Increment Pulse Width 1 1 

TVp Data in Set-Up 2 2 
to Prog. Pulse 

TPW Program Pulse Width (2920) 50 55 - - -
Verify Hold Time (2921) - - - 50 55 

TpV(I} Program to Verify Settling 1 1 

TACC Verify Access Time 20 20 

TVI End of Verify to Increment 100 100 

NOTE: 1. VSP must not undershoot SV by more than O.SV. Add undershoot settling time to TPV. 
"2SV program pulse must NOT be applied to 2921. 

PROGNER 

tRH 

typ 

data In valid 

55 

Figure 7. 2920 ProgramlVerify, 2921 Verify Timing 
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P80A49H/P80A39HL 

HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 
Automotive 

• PSOA49H-Mask Programmable ROM-SMHz 
• PSOA39HL-CPU Only with Power Down 

• Extended Temperature Range of -40° C • 2KxS ROM 
to +110°C in Low-Cost Plastic Package 12S xS RAM 

• Reduced Power Consumption, High 27 VO Lines 
Performance HMOS • Two Single Level Interrupts 

• Interval Timer/Event Counter • Over 90 Instructions: 70% Single Byte 

• 1.SS j.tsec Cycle Time (S.OMHz) 

Intel Corporation has recognized the need for high performance, single-chip, microcomputers that operate in 
the extended temperature and rigorous environment of an automobile. To meet this need, Intel has developed 
automotive grade products which feature extended operating temperature ranges in cost-effective plastic 
packages for selected microcomputers. These automotive grade products have been characterized and 
tested to provide an optimum balance between cost and performance over the standard automotive temper
ature range of -40°C to+110°C. 

Intel's automotive grade products are fully compatible with the corresponding standard products with respect 
to architecture, instruction set, programming, and software portability. 

All automotive grade products are supported by extensive reliability and quality qualification tests, in-process 
testing, and product monitor testing. This testing program has been designed to ensure that the automotive 
grade products comply with the rigorous reliability and quality requirements of the automotive industry. 
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The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel, INTEL, INTElLEC, MCS, 1m. ies, ICE, UPI, exp, iSBC, iSBX, 
Insite, iRMX, System 2000, CREDIT, iRMXJ80, MUl TIBUS. PROMPT, Promware, Megachassis, UbraryManager, MAIN MULTIMOOULE, aCId the combination of MCS, ICE, iSBC, iRMXor 

ieS and a numerical suffix. © INTEL CORPORATION, 1981. 5-1 ~~~~~~~81 



inter P80A49H1P80A39HL 

Table 1. Pin Description 

Symbol Pin No. Func::tion Symbol· 

VSS 20 Circuit GND potential 

VDD 26 low power standby pin -
VCC 40 Main power supply; +5V during RD 

operation. 

PROG 25 Output strobe for 8243 I/O 
expander. 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

RESET 
P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 & P20-P23.contain the four high 

35-38 order program counter bits dur-
ing an external program memory 

-
WR 

fetch and serve as a 4-bit I/O 
expander bus for 8243. 

DBO-DB7 12-19 True bidirectional port which ALE 

BUS can be written or read 
synchronously using the RD, WR 
strobes. The. port can also be 
statically latched. 

Contains the 8 low order pro- --
gram counter bits during an PSEN 
external program memory fetch, 
and receives the addressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 

SS 

data store instruction, under 
control of ALE, RD, and WR. 

TO 1 Input pin testable using the 
conditional transfer instructions 

EA 

JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

T1 39 Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 

XTAl1 

instruction. 
.-

Interrupt input. Initiates an INT 6 
interrupt if interrupt is enabled. 

XTAl2 

Interrupt is disabled after a reset: 

'Interrupt pin must remain low for at least 3tCY to ensure proper 
operation. 
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Pin No. Function 

Also testable with conditional 
jump instruction. (Active low) 

8 Output strobe activated during a 
. BUS read. Can be used to enable 
data onto the bus from an 
external device. 

Used as a read strobe to external 
data memory. (Active low) 

4 Input which is used to initialize 
the processor. (Active low) 
(Non TTlVIH) 

10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

11 Address latch enable .. This signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and 
program memory. 

9 Program store enable. This out~ 
put occurs only during a fetch to 
external program memory. 
(Active low) 

5 Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

7 External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 

2 One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VI H) 

3 Other side of crystal input. 

AFN-01999A 
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Accumulator 

Mnemonic DelCrlptlon 
ADD A, R Add register to A 
ADD A, @R Add data memory to A 
ADD A, # data Add immediate to A 
AD DC A, R Add register with carry 
ADDCA,@R Add data memory with carry 
AD DC A, # data Add immediate with carry 
ANL A, R And register to A 
ANL A,@R And data memory to A 
ANL A, # data And immediate to A 
ORL A, R Or register to A 
ORLA@R Or data memory to A 
ORL A, # data Or immediate to A 
XRL A, R Exclusive or register to A 
XRL A,@R Exclusive or data memory to A 
XRL, A, # data Exclusive or immediate to A 
INC A Increment A 
DEC A Oecrement A 
CLR A Clear A 
CPL A Complement A 
DAA Decimal adjust A 
SWAP A Swap nibbles of A 
RL A Rotate A left 
RLC A Rotate A left through carry 
RR A Rotate A rig ht 
RRCA Rotate A right through carry 

Input/Output 

Mnemonic DOICrlptlon 
IN A, P Input port to A 
OUTL p, A Output A to port 
ANL P, # data And immediate to port 
ORL p, # data Or immediate to port 
INS A, BUS Input BUS to A 
OUTL BUS, A Output A to BUS 
ANL BUS, # data And immediate to BUS 
ORL BUS, # data Or immediate to BUS 
MOVD A,P Input expander port to A 
MOVD P, A Output A to expander port 
ANLD p, A And A to expander port 
ORLD p, A Or A to expander port 

Registers 

Mnemonic Deocrlptlon 
INCR Increment register 
INC@R Increment data memory 
DEC R Decrement register 

Branch 

Mnemonic Ducrlptlon 
JMP addr Jump unconditional 
JMPP@A Jump indirect 
DJNZ R, addr Decrement register and skip 
JC addr Jump on carry = 1 
JNC addr Jump on carry = 0 
JZ addr Jump on A zero 
JNZ addr Jump on A not zero 
JTO addr Jump on TO = , 
JNTO addr Jump on TO = 0 
JT1 addr Jump on T1 = , 
JNT1 addr Jump on T1 = 0 
JFO addr Jump on FO = , 
JF, addr Jump on F' = , 
JTF addr Jump on timer flag 
IN, addr Jump on INT = 0 
JBb addr Jump on accumulator bit 

PSOA49H1P8OA39HL 

Table 2. Instruction Set 

Subroutine 

Bytes Cycl .. Mnemonic Description Bytes Cycl .. , , CALL addr Jump to subroutine 2 2 , , RETR Return , 2 

2 2 RETR Return and restore status , 2 , , , , 
2 2 Flags , , , , Mnemonic DOICrlptlon Bytes Cycles 

CLR C Clear carry , , 
2 2 , , , , 
2 2 , , 

CPL C Complement carry , , 
CLR FO CLear flag 0 , , 
CPL FO Complement flag 0 , , 
CLR F, Clear flag' , , 
CPL F, Complement flag' , , , , 

2 2 , , 
Data Moves , , , , Mnemonic Description Bytes Cycl.s , , MOVA, R Move register to A , , 

, , MOVA,@R Move data memory to A , , 
, , MOV A, # data Move immediate to A 2 2 , , MOV R, A Move A to register , , 
, , MOV@R,A Move A to data memory , , 
, , MOV R, # data Move immediate to register 2 2 , , MOV @R, #data Move immediate to data memory 2 2 

MOVA, PSW Move PSW to A , , 
MOV PSW, A Move A to PSW , , 
XCH A, R Exchange A and register , , 

Bytes Cycles 
, 2 

XCH A,@R Exchange A and data memory , , 
XCHDA,@R Exchange nibble of A and , 

register 
MOVXA,@R Move external data memory to A , 2 
MOVX@R,A Move A to external data memory , 2 
MOVPA,@A Move to A from current page , 2 
MOVP3A,@A Move to A from page 3 , 2 

Tlmer/CQunter 

Mnemonic Description Bytes Cycles 
MOVA, T Read timer/counter , , 
MOVT, A Load timer/counter , , 
STRTT Start timer , , 
STRT CNT Start counter , , 
STOP TCNT Stop timer/counter , , 

Byt •• Cycles , , EN TCNT' Enable timer/counter interrupt , , 
DIS TCNT1 Disable timer/counter interrupt , , 

, , , , 
Control 

Mnemonic DelCrlptlon Bytes Cycles 

EN' Enable external interrupt , , 
Bytes Cycle. 

2 2 , 2 
2 2 
2 2 
2 2 

DIS' Disable external interrupt 
SEL RBO Select register bank 0 
SEL RB, Select register bank 1 
SEL MBO Select memory bank 0 
SEL MB' Select memory bank 1 
ENTO CLK Enable clock output on TO 

2 2 
2 2 
2 2 
2 2 

Mnemonic Description Bytes Cycles 
NOP No operation , , 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ... -40° C to +110° C 
Storage Temperature ........ , ..... -65°C to +150°C 
Voltage on Any Pin with Respect 

to Ground ........................ -0.5V to +7V 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . .. 1.5 Watt 

* NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA ~ -40°C to +11O°C, VCC ~ VDD ~ 5V ± 10%, VSS ~ OV) 

P80A49H 
Symbol Parameter P80A39HL Unit Test Conditions 

Min Typ· Max 

VIL Input Low Voltage -.5 .7 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 2.2 VCC V 
(All Except XTAL1, XTAL2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) .45 V IOL ~ 2.0 mA 

VOlt Output Low Voltage .45 V IOL~ 1.8 mA 
(RD, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) .45 V IOL ~ 0.8 mA 

VOL3 Output Low Voltage .45 V IOL ~ 1.6 mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH ~ -400 /J.A 

VOH1 Output High Voltage 2.4 V IOH ~ -100 /J.A 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH ~ -30 /J.A 
(All Other Outputs) 

IU Input Leakage Current (T1, INT) ±10 /J.A VSS';:;: VIN';:;: VCC 

IU1 Input Leakage Current -600 /J.A VSS + .45';:;: VIN';:;: VCC 
(P10-P17, P20-P27, EA, SS) 

ILO Output Leakage Current (BUS,TO) ±10 /J.A VSS + .45';:;: VIN';:;: VCC 
(High Impedance State) 

IDD VDO Supply Current (power down) 5 10 mA TA ~ +25°C 
10 20 Full Temp. Range 

IDD + Total Supply Current 50 100 
mA TA ~ 25°C 

ICC 75 145 Full Temp. Range 

VDD RAM Standby PIN Voltage 3.0 5.5 V Standby Mode, Reset,;:;: 0.6V 

"Typical ~ typical unit with Vee, voo ~ +5.0V 
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A.C. CHARACTERISTICS (TA = -40°C to +110°C, vcc = VDD = 5V ± 10%, VSS = OV) 

P80A49H 
Symbol Parameter f (tCY) PSOA39HL 

(Note 3) Min Max 

tLL ALE Pulse Width 7/30 tCY -170 260 

tAL Addr Setup to ALE 1/5 tCY -110 260 

tLA Addr Hold from ALE 1/15 tCY -40 80 

tCC1 Control Pulse Width (RD, WR) 1/2 tCY -200 740 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 550 

tDW Data Setup before WR 13130 tCY -200 610 

tWD Data Hold after WR 1/15 tCY -50 70 

tDR Data Hold (RD, PSEN) 1/10 tCY -30 0 160 

tRD1 RD to Data in 2/5 tCY -200 550 

tRD2 PSEN to Data in 3110 tCY -200 360 

tAW Addr Setup to WR 2/5 tCY -150 600 

tAD1 Addr Setup to Data (RD) 23130 tCY -250 1190 

tAD2 Addr Setup to Data (PSEN) 315 tCy-250 870 

tAFC1 Addr Float to RD, WR 2/15 tCY -40 210 

tAFC2 Addr Float to PSEN 1/30 tCY -40 20 

tLAFC1 ALE to Control (RD, WR) 1/5 tCY -75 300 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 110 

tCA1 Control to ALE (RD, WR, PROG) 1/15 tCY -40 80 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 460 

tcp Port Control Setup to PROG 2/15 tCY -80 170 

tpc Port Control Hold to PROG 4/15 tCY -200 300 

tpR PROG to P2 Input Valid 6110 tCY -120 1000 

tPF Input Data Hold from PROG 1/10 tCY 0 190 

tDP Output Data Setup 2/5 tCY -150 600 

tPD Output Data Hold 1/10 tCY -50 140 

tpp PROG Pulse Width 7/10 tCY -250 1060 

tPL Port 2 1/0 Setup to ALE 4115 tCY -200 300 

tLP Port 2 1/0 Hold to ALE 1/N tCY -100 90 

tpv Port Output from ALE 3110 tCY +100 660 

tCY Cycle Time (lIfXTAL) x 15 1.88 

tOPRR TO Rep Rate 3115 tCY 370 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150 pF 
3. Equation to calculate theoretical AC timing 

parameters at frequency of choice. Calculated 
values will beequal to or better than published 
values. Equation assumes 50% duty cycle on Xl. 
X2. 

2. BUS High Impedance Load 20 pF 

5-5 

Unit Conditions 
(Note 1) 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I-'S (Note 4) 

ns 

4. Maximum tCY = 15.01'$ (1.0MHz). 
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WAVEFORMS 

ALE 

I- ICY 

I-'LL --l 'LAFC21--

J ~I_I ___ _ 
I-- tCA2 

L 

BUS 

Instruction Fetch From External Program Memory Read From External Data Memory 

---f 'LAFC. r---
ALE .Jr--~I _1 __ --' L 

'wo 

BUS FLOATING 

Write to External Data Memory 

INPUT/OUTPUT 

A,C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A lOGIC 
"1" AND O.4SV FOR A LOGIC "0", TIMING MEASUREMENTS 
ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0" 

-= Cl '" 80 pF FOR CONTROL OUTPUTS 

CL'" 150 pF FOR BUS OUTPUTS 

CL INCLUDES JIG CAPACITANCE 

L 

Figure 4. A.C. Testing Input, Output Waveform Figure 5. A.C. Testing Load Circuit 
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PORT 2 EXPANDER TIMING 

ALE J 
EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

1/0 PORT TIMING 

1$TCVCLE 

ALE J \ 

PSEN \ 

P20-23 "'J.,.. 
OUTPUT PCH 

P24-27 

PCH 

PCH 

· P80A49K1P80A39HL 

\\--------.,...--! 

-I-
~---.....:,. 

PORT 20-23 DATA PORT CONTROL 

1-~---tpR----I 

PORT 20-23 DATA 

tPC-! ~ 
r---tpp 

N V 
I 

2ND CYCLE 

rtPL-l r-tpv--I 

/ L I \ 
I I I I 

/ '-
I 
X PORT 20-23 DATA X NEW P20-23 DATA X PCH 

I I 
P10-17 PORT 24·27, PORT 10-17 DATA X NEW PORT DATA 
OUTPUT 

I I 
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TYPICAL OSCILLATOR MODES 

OSCILLATOR MODE 

C1 

XTAL1 

rC2;~ CJ 

~I--!.i __ ""_-::-I XTAL2 

C3 

C1 = SpF ± Y:tpF. stray capacitance must be less than 5pF 
C2 ::: le.1 than 8pF 
C3 = 20pF ± 1pF, stray capacitance must be less than 5pF 

CRYSTAL SEAlES RESISTANCE SHOULD 
BE LESS THAN 75 n AT 8MHz, LESS THAN 
180!l AT 3.6MHz 

DRIVING FROM 
EXTERNAL SOURCE 

OPEN 
COLLECTOR 
TTL GATES 

<SV 

470Jl 

XTAL1 

470ll 

'--..... ---1 XTAL2 

XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD. 
AND XTAL2 MUST BE HIGH 35-65% Of THE PERIOD 

RISE AND FALL TIMES MUST 
NOT EXCEED 20ns 

Intel Corporation Assumes No Responsibility forlhe Use of Any Other Circuitry OlherThan Circuitry Embodied In an Intel Product. No Other CIrCUlI Patent Licenses Are Implied 
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HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 
Automotive 

• P80A48L-Mask Programmable ROM-4MHz 

• Extended Temperature Range of -400 C • 1Kx8ROM 
to +1100 C in Low-Cost Plastic Package 64 x 8 RAM 

• Reduced Power Consumption, High 27 I/O Lines 
Performance HMOS • Two Single Level Interrupts 

• Interval Timer/Event Counter • Over 90 Instructions: 70% Single Byte 

• 3.75 J.Lsec Cycle Time (4.0MHz) 

Intel Corporation has recognized the need for high performance, single-chip, microcomputers that operate in 
the extended temperature and rigorous environment of an automobile. To meet this need, Intel has developed 
automotive grade products which feature extended operating temperature ranges in cost-effective plastic 
packages for selected microcomputers. These automotive grade products have been characterized and 
tested to provide an optimum balance between cost and performance over the standard automotive temper
ature range of -40°C to +110°C. 

Intel's automotive grade products are fully compatible with the corresponding standard products with respect 
to architecture, instruction set, programming, and software portability. 

All automotive grade products are supported by extensive reliability and quality qualification tests, in-process 
testing, and product monitor testing. This testing program has been designed to ensure that the automotive 
grade products comply with the rigorous reliability and quality requirements of the automotive industry. 

TO Vee 
PORT 

XTAL 1 T1 

XTAL 2 P27 

RESET P26 
PORT 55 P25 

2 
INT P2' 

EA P17 

FtO P16 

PSEN P15 

WR P1' 
PBOA48L 

ALE P13 

DBo P12 

DB, P11 

DB2 P10 

DB3 VDD 

DB. PRDG 

DB5 P23 

DB6 P22 

DB7 P21 

Vss P20 

Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 

(top view) 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel, INTEL, INTEL LEG, MeS, 1m, ieS, ICE, UPI, exp, iSBC. iSBX, 
Insite, iAMX, System 2000, CREDIT, iRMXJBO, MULTI BUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MULTI MODULE, and the combination of MeS, ICE, iSBC, iRMX or 

ieS and a numerical suffix. © INTEL CORPORATION, 1981. 5-9 ~~~~;~~~81 
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Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

VSS 20 Circuit GND potential Also testable with conditional 

VDD 26 low power standby pin jump instruction. (Active low) 

VCC 40 Main power supply; +5V during 
operation. 

RD 8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 

PROG 25 Output strobe for 8243 I/O external device. 
expander. 

Pl0-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

P20-P27 21-24 a-bit quasi-bidirectional port. 
Port 2 & P20-P23 contain the four high 

35-38 order program counier bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 

Used IlS a read strobe to external 
data memory. (Active low) 

RESET 4 Input which is used to initialize 
the processor. (Active low) 
(Non TTL VIH) 

WR 10 Output strobe during a bus write. 
'(Active low) 

expander bus for 8243. Used as write strobe to external 
data memory. 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

synchronously using the RD. 'WR 

ALE 11 Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

strobes. The port can also be The negative edge of ALE strobes 
statically latched. address into external data and 

Contains the 8 low order pro- program memory. 

gram counter bits during an PSEN 9 Program store enable. This out-
external program memory fetch. 
and receives the addressed 

put occurs only during a fetch to 
external program memory. 

instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction. under 
control of ALE. RD. and WR. 

(Active low) 
-

5 Single step input can be used SS 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

TO Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

EA 7 External access input which 
forces all program memory 
fetches to reference external 
memory. Useful ·for emulation 
and debug. and essential for 

Tl 39 Input pin testable using the JT1. testing and program verification. 
and JNTI instructions. Can be (Active high) 
deSignated the timer/counter 
input using the STRT CNT 
instruction. 

INT 6 Interrupt input. Initiates an 
interrupt if interrupt is enabled. 

XTAll 2 One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VIH) 

XTAl2 3 Other side of crystal input. 

Interrupt is disabled after a reset.' 

'Interrupt pin must remain low for at least 3tCY to ensure proper 
operation. 
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Table 2. Instruction Set 

Accumulator Subroutine 

Mnemonic Oesc,lptlon Bytes Cyctes Mnemonic Oesc,lptlon Bytes Cycles 

ADD A. R Add register to A 1 1 CALL add, Jump to subroutine 2 2 

ADD A,@R Add data memory to A 1 1 RETR Return 1 2 
ADD A, # data Add immediate to A 2 2 RETR Return and restore status 1 2 
ADDC A, R Add register with carry 1 1 
ADDCA,@R Add data memory with carry 1 1 
ADDC A, # data Add immediate with carry 2 2 Flags 

ANL A. R And register to A 1 1 
ANL A,@R And .data memory to A 1 1 
ANL A, # da1a And immediate to A 2 2 
ORL A, R Or register to A 1 1 
ORL A@R Or data memory to A 1 1 
ORL A, # data Or immediate to A 2 2 
XRL A, R Exclusive or register to A 1 1 
XRL A,@R Exclusive or data memory to A 1 1 

Mnemonic Description Bytes Cycles 
CLR C Clear carry 1 1 
CPL C Complement carry 1 1 
CLR FO CLea, flag 0 1 1 
CPL FO Complement flag 0 1 1 
CLR F1 Clear flag 1 1 1 
CPL F1 Complement flag 1 1 1 

XRL, A, # data Exclusive or immediate to A 2 2 
INC A Increment A 1 1 Data Moves 
DEC A Decrement A 1 1 
CLR A Clear A 1 1 Mnemonic Description Bytes Cycles 

CPL A Complement A 1 1 
DA A Decimal adjust A 1 1 
SWAP A Swap nibbles of A 1 1 
RL A Rotate A left 1 1 

MOV A, R Move register to A 1 1 
MOV A.@R Move data memory to A 1 1 
MOV A, # data Move immediate to A 2 2 
MOV R, A Move A to register 1 1 

RLC A Rotate A left through carry 1 1 
RR A Rotate A right 1 1 
RRC A Rotate A right through carry 1 1 

MOV@R,A Move A to data memory 1 1 
MOV R, # data Move immediate to register 2 2 
MOV @R, #data Move :mmediate to data memory 2 2 
MOVA, PSW Move PSW to A 1 1 
MOV PSW, A Move A to PSW 1 1 

Input/Output XCH A, R Exchange A and register 1 1 

Mnemonic Description Bytes Cycles 
IN A, P Input port to A 1 2 
OUTL p, A Output A to port 1 2 
ANL p, # data And immediate to port 2 2 
ORL P, # data Or immediate to port 2 2 
INS A, BUS Input BUS to A 1 2 
OUTL BUS, A Output A to BUS 1 2 

XCH A,@R Exchange A and data memory 1 1 
XCHD A,@R Exchange nibble of A and 1 

register 
MOVXA,@R Move external data memory to A 1 2 
MOVX@R,A Move A to external data memory 1 2 
MOVPA,@A Move to A from current page 1 2 
MOVP3A,@A Move to A from page '3 1 2 

ANL BUS, # data And immediate to BUS 2 2 
OAL BUS, # data Or immediate to BUS 2 2 
MOVD A.P Input expander port to A 1 2 

Timer/Counter 

MOVD p, A Output A to expander port 1 2 Mnemonic Description Bytes Cycles 

ANLD p, A And A to expander port 1 2 MOV A, T Read timer/counter 1 1 
ORLD p, A Or A to expander port 1 2 MOV T, A Load timer/counter 1 1 

STRT T Start timer 1 1 
STRT CNT Start counter 1 1 

Registers STOP TCNT Stop timer/counter 1 1 

Mnemonic Description Bytes Cycles 

INC R Increment register 1 1 

EN TCNTl Enable timer/counter interrupt 1 1 
DIS TCNT1 Disable timer/counter interrupt 1 1 

INC@R Increment data memory 1 1 
DEC R Decrement register 1 1 Control 

Mnemonic Description Bytes Cycles 
Branch EN 1 Enable external interrupt 1 1 

Mnemonic Description Bytes Cycles 
JMP add, Jump unconditional 2 2 
JMPP@A Jump indirect 1 2 
DJNZ R, add, Decrement register and skip 2 2 
JC add, Jump on carry:: 1 2 2 
JNC add, Jump on carry:: 0 2 2 

DIS 1 Disable external interrupt 1 1 
SEL RBO Select register bank 0 1 1 
SEL RB1 Select register bank 1 1 1 
SEL MBO Select memory bank 0 1 1 
SEL MBl Select memory bank 1 1 1 
ENTO CLK Enable clock output on TO 1 1 

JZ add, Jump on A zero 2 2 
JNZ add, Jump on A not zero 2 2 
JTO add, Jump on TO:: 1 2 2 
JNTO add, Jump on TO:: 0 2 2 

Mnemonic Description Bytes Cycles 
NOP No operation 1 1 

JTl add' Jump on Tl :: 1 2 2 
JNTl addr Jump on Tl :: 0 2 2 
JFO add, Jump on Fa:: 1 2 2 
JFl addr Jump on Fl :: 1 2 2 

JTF add' Jump on timer flag 2 2 
JN1 add' Jump on INT :: 0 2 2 
JBb addr Jump on accumulator bit 2 2 

5-11 AFN"-02000A 



P80A48L· 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ... -40°C to +110° C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin with Respect 

to Ground ........................ -0.5V to +7V 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . .. 1.5 Watt 

• NO neE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of device at these or any other conditiqns above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = -40°C to +110°C, VCC = VDD = 5V ± 10%, VSS = OV) 

Symbol Parameter 
P80A48L 

Unit Test Conditions 
Min Typ* Max 

Vil Input low Voltage -.5 .7 V 
(All Except RESET, X1, X2) 

VIl1 Input low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 2.2 VCC V 
(All Except XTAl1, XTAl2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output low Voltage (BUS) .45 V IOl = 2.0 mA 

VOL1 Output low Voltage .45 V IOl=1.8mA 
(RD, WR, PSEN, ALE) 

VOl2 Output low Voltage (PROG) .45 V IOl = 0.8 mA 

VOl3 Output low Voltage .45 V IOl = 1.6 mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH = -400 iJ.A 

VOH1 Output High Voltage 2.4 V IOH = -100 iJ.A 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -30 iJ.A 
(All Other Outputs) 

1L1 Input leakage Current (T1, INT) ± 10 iJ.A VSS ~ VIN ~ VCC 

ILl1 Input leakage Current -600 iJ.A VSS + .45~ VIN~ VCC 
(P10-P17, P20-P27, EA, SS) 

IlO Output leakage Current (BUS,TO) ± 10 iJ. A VSS + .45 ~ VIN ~ VCC 
(High Impedance State) 

IDD VDD Supply Current (power down) 1 4 mA TA=+25°C 
4 6 Full Temp. Range 

IDD + Total Supply Current 15 20 mA TA = 25°C 
ICC 30 50 Full Temp. Range 

VDD RAM Standby PIN Voltage 3.0 5.5 V Standby Mode, Reset ~ 0.6V 

'Typical = typical unit with Vee, voo = +5.0V, T A = +250 e 
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A.C. CHARACTERISTICS (TA = -40°C to +11O"C, vcc = VOO = 5V ± 10%, VSS = OV) 

Symbol Parameter f (tCY) 
P80A48L 

(Note 3) Min Max 

tLL ALE Pulse Width 7/30 tCY -170 700 

tAL Addr Setup to ALE 1/5 tCY -110 640 

tLA Addr Hold from ALE 1/15 tCY -40 210 

tCC1 Control Pulse Width (RO, WR) 1/2 tCY -200 1670 

tCC2 Control Pulse Width (PSEN) 215 tCY -200 1300 

tow Data Setup before WR 13130 tCY -200 1420 

two Data Hold after WR 1/15 tCY -50 200 

tOR Data Hold (RD, PSEN) 1/10 tCY -30 0 350 

tR01 RD to Data in 215 tCY -200 1300 

tR02 PSEN to Data in 3110 tCY -200 920 

tAW Addr Setup to WR 215 tCY -150 1350 

tA01 Addr Setup to Data (RO) 23130 tCY -250 2620 

tA02 Addr Setup to Data (PSEN) 315 tCy-250 2000 

tAFC1 Addr Float to RD, WR 2115 tCY -40 460 

tAFC2 Addr Float to PSEN 1/30 tCY -40 80 

tLAFC1 ALE to Control (RO, WR) 1/5 tCY -75 670 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 300 

tCA1 Control to ALE (RO, WR, PROG) 1/15 tCY -40 210 

tCA2 Control to ALE (PSEN) 4/15 tCy-40 960 

tcp Port Control Setup to PROG 2115 tCY -80 420 

tpc Port Control Hold to PROG 4/15 tCY -200 800 

tpR PROG to P2 Input Valid 6110 tCY -120 2130 

tpF Input Data Hold from PROG 1/10 tCY 0 380 

top Output Data Setup 215 tCY -150 1350 

tpo Output Data Hold 1110 tCY -50 320 

tpp PROG Pulse Width 7/10 tCY -250 2370 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 800 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 270 

tpv Port Output from ALE 3110 tCY +100 1220 

tCY Cycle Time (1/fXTALl x 15 3.75 

tOPRR TO Rep Rate 3115 tCY 750 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150 pF 
3. Equation to calculate theoretical AC timing 

parameters at frequency of choice. Calculated 
values wi" be equal to or better than published 
values. Equation assumes 50% duty cycle on Xl, 
X2. 

2. BUS High Impedance Load 20 pF 
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Unit Conditions 
(Note 1) 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Jis (Note 4) 

ns 

4. Maximum tCY = 15.0 "s (1.0MHz). 
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WAVEFORMS 

t- tCY 

t- 'LL --l 'LAFC21--

J ~I_I ___ -, 
I 

ALE 

~ 'LAFC'r-

L ALE J I I 
~tCA2 ~ 

Rii 

BUS 

Instruction Fetch From External Program Memory Read From External Data Memory 

----i 'LAFC. I---
ALE .J,....-~I _1 __ --' L 

'wo 

BUS FLOATING 

Write to External Data Memory 

INPUT/OUTPUT 

A_C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A LOGIC 
"1" AND0,45V FOR A LOGIC "0". TIMING MEASUREMENTS 
ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0" 

"::' 
CL ::: 80 pF FOR CONTROL OUTPUTS 

CL ::: 150 pF FOR BUS OUTPUTS 

CllNClUOES JIG CAPACITANCE 

L 

Figure 4. A.C. Testing Input, Output Waveform Figure 5. A.C. Testing Load Circuit 
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PORT 2 EXPANDER TIMING 

ALE J 
EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

1/0 PORT TIMING 

1ST CYCLE 

PCH 

PCH 

P80A48L 

V 

-,- 'PL J; 
PORT 20-23 DATA I 

PORT 20-23 DATA 

2ND CYCLE 

\ I 
'DP 
~~' 'PD 

, 
PORT CONTROL OUTPUT DATA 

~I"----'PR----I 
, 

PORT CONTROL 

tpc_1 

N,--! - __ 'PP ___ v 
I 

J \ 
r'PL-l 

I 
r-,pv--I 
\ / L ALE 

I I I I 
PSEN \ / '-

I 
P20-23 ~ 
OUTPUT 

PCH X PORT 20-23 DATA X NEW P20-23 DATA X PCH 

I I 
P24-27 

X P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA 
OUTPUT 

I I 
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TYPICAL OSCILLATOR MODES 

OSCILLATOR MODE 

C1 

~
I---:--.... ---t XTAL1 

C2 + c:J 

':" f---,l--+--:-l XTAL2 

C3 

C1 = SpF ± YJpF, stray capacitance must be less than 5pF 
C2 = Ie •• than 8pF 
C3 = 20pF ± 1pF. stray capacitance must be Ie •• than SpF 

CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 180 n AT 3.SMHz. 

P80A48L 

DRIVING FROM 
EXTERNAL SOURCE 

'5V 

470U 

P-.... -----i XTAL1 

OPEN 
COLLECTOR 
TTL GATES 

,5V 

47011 

'--.... ---1 XTAL2 

XTALl MUST BE HIGH 35-65% OF THE PERIOD. 
AND XTAL2 MUST BE HIGH 35-65% OF THE PERIOD 

RISE AND FALL TIMES MUST 
NOT EXceeD 20ns 

Intel Corporation Assumes No Aesponsibi'llyforthe Usea! Any Other Circuitry Other Than Circuitry Embodied In an Intel Product No Other CirCUit Palent Licenses Are Implied 
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P80A48HVP80A35HL 

HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 
Automotive 

• PSOA4SH-Mask Programmable ROM-SMHz 
• PSOA35HL-CPU Only with Power Down 

• Extended Temperature Range of -400 C • 1KxSROM 
to +1100 C In Low-Cost Plastic Package 64x S RAM 

• Reduced Power Consumption, High 271/0 Lines 
Performance HMOS • Two Single Level Interrupts 

• Interval Timer/Event Counter • Over 90 Instructions: 70% Single Byte 

• 1.SS JLsec Cycle Time (S.OMHz) 

Intel Corporation has recognized the need for high performance, single-chip, microcomputers that operate in 
the extended temperature and rigorous environment of an automobile. To meet this need, Intel has developed 
automotive grade products which feature extended operating temperature ranges in cost-effective plastic 
packages for selected microcomputers. These automotive grade products have been characterized and 
tested to provide an optimum balance between cost and performance over the standard automotive temper
ature range of -40°C to +110°C. 

Intel's automotive grade products are fully compatible with the corresponding standard products with respect 
to architecture, instruction set, programming, and software portability. 

All automotive grade products are supported by extensive reliability and quality qualification tests, in-process 
testing, and product monitor testing. This testing program has been designed to ensure that the automotive 
grade products comply with the rigorous reliability and quality requirements of the automotive industry. 

Figure 1. 
Block Diagram 

P80A48H 

P80A35HL 

Figure 2. 
Logic Symbol 

PORT 
2 

TO 

XTAL 1 

XTAL 2 

REseT 

ss 
INT 

EA 

RD 
PSEN 

WR 

ALE 

DBO 

DB, 
DB2 

DB3 

DB. 
DBS 

DB6 

DB7 

Vss 

Vee 

T' 
P27 

P26 

P25 

P2' 
P17 

P'6 

P'5 

P" 
P'3 

P'2 
P11 

P'O 

VDD 
PROG 

P23 

P22 

P2' 

P20 

Figure 3. Pin 
Configuration 

(top view) 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: j, Intel, INTEL, INTEL.,LEC, MeS, 1m , iCS, ICE, UPI, exp, iSSe, iSBX, 
Insite, iRMX, System 2000, CREDIT, iRMXJ80, MULTIBUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MULTI MODULE, a"dthecombination of MCS, ICE, iSBC, iRMX or 
iGS and a numerical suffix. © INTEL CORPORATION, 1981. AFN-0199BA 
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Table 1. Pin Description 

Symbol Pin No. Function 

VSS 20 Circuit GND potential 

VDD 26 low power standby pin 

VCC· 40 Main power supply; +5V during 
operation. 

PROG 25 Output strobe for 8243 I/O 
expander. 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 & P20-P23 contain the four high 

35-38 order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

synchronously using the RD, WR 
strobes. The port can also be 
statically latched. 

Contains the 8 low order pro-
gram counter bits during an 
external program memory fetch, 
and receives the add·ressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 

TO 1 Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

T1 39 Input pin testable using the JT1, 
and JNT1 instructions. Cari be 
deSignated the ti mer/counter 
input using the STRT CNT 
instruction. 

-
INT 6 Interrupt input. Initiates an 

interrupt if interrupt is enabled. 
Interrupt is disabled after a reset.· 

'Interrupt pin must remain low for at least 3tCY to ensure proper 
operation. 

Symbol 

RD 

RESET 

WR 

ALE 

PSEN 

SS 

EA 

XTAl1 

XTAl2 

5-18 

Pin No. 

8 

4 

10 

11 

9 

5 

7 

2 

3 

Function 

Also testable with conditional 
jump instruction. (Active low) 

Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 
external device. 

Used as a read strobe to external 
data memory. (Active low) 

Input which is used to initialize 
the processor. (Active low) 
(Non TTL VIH) 

Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of. ALE strobes 
address into external data and 
program memory. 

Program store enab.le. This out-
put occurs only during a fetch to 
external program memory. 
(Active low) 

Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 

One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VI H) 

Other side of crystal input. 

AFN-01998A 
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Accumulator 

Mnemonic Description 
ADD A. R Add register to A 
ADD A.@R Add data memory to A 
ADD A. # dala Add immediate to A 
ADDC A. R Add register with carry 
ADDCA.@R Add data memory with carry 
ADDC A. # dala Add immediate with cafry 
ANL A. R And register to A 
ANL A. @R And data memory to A 
ANL A. # dala And immediate to A 
ORL A. R Or register to A 
ORL A@R Or data memory to A 
ORL A. # data Or immediate to A 
XRL A. R Exclusive or register to A 
XRL A.@R Exclusive or data memory to A 
XRL. A. # dala Exclusive or immediate to A 
INC A Increment A 
DEC A Decrement A 
CLR A Clear A 
CPL A Complement A 
DA A Decimal adjust A 
SWAP A Swap nibbles of A 
AL A Rotate A left 
RLC A Rotate A left through carry 
AA A Rotate A right 
AAC A Rotate A right through carry 

Inpul/Oulpul 

Mnemonic Descrlpllon 
IN A. P Input port to A 
OUTL p. A Oulpul A 10 port 
ANL p. # data And imrytediate to port 
OAL P. # data Or immediate. to port 
INS A. BUS Inpul BUS 10 A 
OUTL BUS. A Output A to BUS 
ANL BUS. # data And immediate to BUS 
OAL BUS. # data Or immediate to BUS 
MOVD A.P Input expander port to A 
MOVD P. A Output A to expander port 
ANLD P. A And A to expander port 
ORLD p. A Or A to expander port 

Registers 

Mnemonic Description 
INC A Increment register 
INC@A Increment data memory 
DEC A Decrement register 

Branch 

Mnemonic Description 
JMP addr Jump unconditional 
JMPP@A Jump indirect 
DJNZ A. addr Decrement register and skip 
JC addr Jump on carry = 1 
JNC addr Jump on carry = a 
JZ addr Jump on A zero 
JNZ addr Jump on A not zero 
JTO addr Jump on TO: 1 
JNTO addr Jump on TO: a 
JT1 addr Jump on T1 = 1 
JNT1 addr Jump on Tl = a 
JFO addr Jump on Fa = 1 
JF1 addr Jump on Fl = 1 
JTF addr Jump on timer flag 
JN1 addr Jump on INT = O. 
JBb addr Jump on accumulator bit 

P80A48HVP80A35HL 

Table 2. Instruction Set 

Byles Cycles 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Byles Cycles 
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
1 2 
1 2 

Bytes Cycles 

1 1 
1 1 
1 1 

Byles Cycles 
2 2 
1 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
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Subroutine 

Mnemonic 
CALL addr 
RETR 
RETR 

Flag. 

Mnemonic 
CLR C 
CPL C 
CLR Fa 
CPL Fa 
CLA F1 
CPL F1 

Data Moves 

Mnemonic 
MOV A. A 
MOVA.@R 
MOV A. # data 
MOV R. A 
MOV@A.A 
MOV A. # data 
MOV @R. #data 
MOVA. PSW 
MOV PSW. A 
XCH A. A 
XCH A.@A 
XCHD A.@A 

MOVX A.@A 
MOVX@R.A 
MOVPA.@A 
MOVP3A. @ 

Timer ICounter 

Mnemonic 
MOV A. T 
MOVT. A 
STRT T 
STAT CNT 
STOP TCNT 
EN TCNT1 
DIS TCNT1 

Control 

Mnemonic 
EN 1 
DIS 1 
SEL ABO 
SEL AB1 
SEL MBa 
SEL MB1 
ENTO CLK 

Mnemonic 
NOP 

Description 
Jump to subroutine 
Return 
Return and restore status 

Description 
Clear carry 
Complement carry 
CLear flag a 
Complement flag a 
Clear flag 1 
Complement flag 1 

Description 
Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data memory 
Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 
Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from page 3 

Description 
Read timer/counter 
Load timer/counter 
Start timer 
Start counter 
Stop timer/counter 
Enable timer/counter interrupt 
Disable timer/counter interrupt 

Description 
Enable external interrupt 
Disable external interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output on TO 

Description 
No operation 

Byles Cycles 
2 2 

Byles Cycles 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Byles Cycles 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
2 2 
1 1 
1 1 
1 1 
1 1 
1 

1 2 
1 2 
1 2 
1 2 

Byles Cycles 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Byles Cycles 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Byles Cycles 
1 1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ..• -40°C to +110°C 
Storage Temperature .....•...•...• -S5°C to +150·C 
Voltage on Any Pin with Respect 

to Ground .........•......••....•• -0.5V to +7V 
Power Dissipation. . . . . . . . . . . . . • . . . . . • • • •• 1.5 Watt 

• NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C_ CHARACTERISTICS (TA = -40·Cto +11O"C, VCC = VOO = 5V± 10%, VSS = OV) 

80A48H 
Symbol Parameter 80A35HL Unit Test Conditions 

Min Typ* Max 

Vil Input low Voltage -.5 .7 V 
(All Except RESET, X1, X2) 

VIL1 Input low Voltage -.5 .S V 
(RESET, X1, X2) 

VIH Input High Voltage 2.2 VCC V 
(All Except XTAL1, XTAl2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output low Voltage (BUS) .45 V IOl = 2.0mA 

VOL1 Output Low Voltage .45 V IOl = 1.8 mA 
(Ro, WR, PSEN, ALE) 

,. 

VOl2 Output low Voltage (PROG) .45 V IOl = 0.8 mA 

VOl3 Output low Voltage .45 V IOl = 1.S mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH = -400 /loA 

VOH1 Output High Voltage 2.4 V IOH = -100 /loA 
(RO, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -30 /loA 

i-
(All Other Outr';,s) 

1L1 Input leakage Current (T1, INT) ± 10 /loA VSS :;;;VIN:;;; VCC 

IU1 Input leakage Current -SOO /loA VSS + .45:;;; VIN :;;; VCC 
(P10-P17, P20-P27, EA, SS) 

IlO Output leakage Current (BUS,TO) ± 10 /loA VSS +.45:;;; VIN:;;; VCC 
(High Impedance State) 

100 VOO Supply Current (power down) 4 8 mA TA = +25°C 
S 12 Full Temp. Range 

'DO + Total Supply Current 40 75 mA TA = 25·C 
ICC 50 95 Full Temp. Range 

.. -
VOO RAM Standby PIN Voltage 3.0 5.5 V Standby Mode, Reset:;;; 0.6V 

'Typical = typical unit with Vee, Voo = +5.0V, TA = +25·e 
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A.C. CHARACTERISTICS (TA = -4Q·C to +110·C. vcc = vDD = 5V ± 10%. VSS = OV) 

P80A48H 
Symbol Parameter f (tCY) PBOA35HL 

;(Note3) Min Max 

tLL ALE Pulse Width 7130 tCY -170 260 

tAL Addr Setup to ALE 1/5 tCY -110 260 

tLA Addr Hold from ALE 1/15 tCY -40 80 

tCCl Control Pulse Width (RD. WR) 112 tCY -200 740 

tCC2 Control Pulse Width (PSEN) 215 tCY -200 550 

tow Data Setup before WR 13/30 tCY -200 610 

two Data Hold after WR 1/15 tCY -50 70 

tOR Data Hold (RD. PSEN) 1/10 tCY -30 0 160 

tRDl RD to Data in 215 tCy-200 550 

tRD2 PSEN to Data in 3110 tCY -200 360 

tAW Addr Setup to WR 215 tCY -150 600 

tADl Addr Setup to Data (RD) 23/30 tCY -250 1190 

tAD2 Addr Setup to Data (PSEN) 315 tCy-250 870 

tAFCl Addr Float to RD. WR 2115 tCy-40 210 

tAFC2 Addr Float to PSEN 1/30 tCY -40 20 

tLAFCl ALE to Control (RD. WR) 1/5 tCY -75 300 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 110 

tCAl Control to ALE (RD. WR. PROG) 1/15 tCY -40 80 

tCA2 Control to ALE (PSEN) 4115 tCY -40 460 

tcp Port Control Setup to PROG 2115 tCY -80 170 

tpc Port Control Hold to PROG 4115 tCY -200 300 

tpR PROG to P2 Input Val.id 6110 tCY -120 1000 

tpF Input Data Hold from PROG 1/10 tCY 0 190 

top Output Data Setup 215 tCY -150 600 

tPD Output Data Hold 1/10 tCY -50 140 

tpp PROG Pulse Width 7/10 tCY -250 1060 

tPL Port 2 VO Setup to ALE 4115 tCY -200 300 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 90 

tpv Port Output from ALE 3110 tCY +100 660 

tCY Cycle Time (l/fXTALl x 15 1.88 

tOPRR TO Rep Rate 3115 tCY 370 

Notea: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150 pF 
3. Equation to calculate theoretical AC timing 

parameters at frequency of choice. Calculated 
values will be equal to or better than published 
values. Equation assumes 50% duty cycle on XI. 
X2. 

2. BUS High Impedance Load 20 pF 
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Unit Conditions 
(Note 1) 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IlS (Note 4) 

ns 

4. Maximum tCY = 15.0 loiS (1.0MHz). 
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WAVEFORMS 

ALE 

BUS 

f-I--'-LL--l-- 'CY --.,------11 
I- I tLAFC2~ 

J ~I __ I ______ ~I --~L 
I ~'CA2 

-----+--; 

Instruction Fetch From External Program Memory 

ALE 

----i 'LAFC. ~ 

~ 'LAFC.I--

J~--~I __ ~I ______ ~ 

Read From External Data Memory 

.Jr----il I ALE , L. __________________ ~ 

'wo 

BUS FLOATING 

Write to External Data Memory 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A lOGIC 
"1" ANDO.45VFOR A LOGIC"O". TIMING MEASUREMENTS 
ARE MADE AT 1.5V"FOR BOTH A LOGIC "1" AND "0" 

CL 80 pF FOR CONTROL OUTPUTS 

CL '" 150 pF FOR BUS OUTPUTS 

CL INCLUDES JIG CAPACITANCE 

L 

Figure 4. A.C. Testing Input, Output Waveform Figure 5. A.C. Testing Load Circuit 
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PORT 2 EXPANDER TIMING 

ALE J 
EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORr 

INPUT 

PROG 

1/0 PORT TIMING 

1ST CYCLE 

ALE .J \ 

PSEN \ 

P20-23 ~ 
OUTPUT PCH 

P24-27 
P10-17 
OUTPUT 

PCH 

____ ~v_\~ ____ ~r-
I'LP ---1 tP)--- tCAt 

"I- tPL~ rtDP-fl 

r---------~I r----------+I---i 
PORT 20·23 DATA PORT CONTROL OUTPUT DATA 

1f-.. ----tPR---~ 

I 
PCH PORr CONTROL 

tpc_1 

N tP
• V 

~I----------------~I 

2ND CYCLE 

r'PL--l ~IPv--1 
1 \ / L 

I I I I 
/ '-
I 
X PORT 20·23 DATA X NEW P20-23 DATA X PCH 

I I 
X PORT 24-27, PORT 10-17 DATA NEW PORT DATA 

I I 
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TYPICAL OSCILLATOR MODES 

OSCILLATOR MODE 

C1 

~
I-"""--"'--i XTAL1 ; 

_L 
C2,:, t::l 

.". f--'i __ ..... _""""' XTAL2 

C3 

C1 '" 5pF ± 'ltpF, stray cap.ctlance mUlt be Ie •• than SpF 
C2 = Ie •• than 8pF 
C3 = 20pF 1: 1pF, .tray capacitance mUlt be Ie .. than 5pF 

CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 75 n AT BMHz; LESS THAN 
180!l AT 3.6MHz. 

DRIVING FROM 
EXTERNAL SOURCE 

'5V 

470fl 

'b--... ----~ XTAL 1 

OPEN 
COLLECTOR 
TTL GATES 

'5V 

470!l 

L..._~~_-=-I XTAL2 

XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD. 
AND XTAL2 MUST BE HIGH 35-65% OF THE PERIOD 

RISE AND FALL TIMES MUST 
NOT EXCEED 20n5. 

Intel Corporation Assumes No Responsibility for the Use of Any Other Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses Are Implied. 
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HMOS SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

• 8-bit CPU, ROM, RAM, I/O in Single • 1Kx8ROM 
2O-pln Package 64x8RAM 

• Single +5V Supply (+4.5V to 6.5V) 
131/0 Lines 

• 8.38 psec Cycle with 3.58 MHz XTAL. All • Internal Timer/Counter 

instructions 1 or 2 cycles. • 30mA Operation @ 25° C 

• Instructions-8048 Subset 

The Intel@) 8020H is a cost-effective single-chip microcomputer for high volume, cost-sensitive applications 
such as home entertainment products, appliances and simple control jobs. The 8020H is an 8-bit computer 
fabricated on a single silicon chip using Intel's advanced N-channel silicon gate HMOS process. 

The 8020H key features include a subset of the industry standard 8048's instruction set optimized for the 
consumer an appliance marketplaces. Some of these features are a 1 K x 8 program memory, a 64 x 8 data 
memory, 13 I/O lines and ,an 8-bit timer/counter in addition to on-board oscillator and clock circuits. The 20-
pin package provides board real estate savings. 

A specific requirement in many of these market-type applications is the need for more I/O. The 8020H has 
instructions and hardware on-board to interface to TTL I/O expansion packages. 

To make efficient use of the program memory size, the 8020H has an instruction set optimized for byte efficiency 
and control. No instructions are longer than 2 bytes, with 70% of the instructions at 1 byte. For control-oriented 
applications, arithmetic instructions are supported using binary and BCD operands. 

XTAL{ 
PORT 
#0 

PORT 
.1 

RESET 

TEST 

PORT 
EXPANDER 
STROBE 

Figure 1. Figure 2. 
Block Diagram Logic Symbol 

P14 

P13 
P17 3 RESET 

Vee • X2 
PAOQ X1 

POO VSS 
P01 T1 
P02 P07 
P03 9 POe 
PM P05 

Figure 3. Pin 
Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses Are Implied. 
@ INTEL CORPORATION. 1981 ·AFN-Ol935A-l 
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Table 1. Pin Description 

Symbol Pin No. Function 

Vss 15 Circuit GND potential 

Vee 4 +5V power supply 

PROG 5 Output strobe for TTL I/O expansion 

POD-PO? 6-13 8-bit quasi··bidirectional port 
PortO 

P3-P1? 19-20 5-bit quasi-bidirectional port 
Port 1 1-3 

rl 14 Input pin testable using the JT1 and JNT1 instructions. Can ,be designated the tim,er/event 
counter input using the STRT CNT instruction. Also allows zero-crossover sensing of slowly 
moving AC inputs 

RESET 18 Input used to initialize the processor by clearing status flip-flops and setting program 
cou nters to zero. 

XTAL1 16 One side of crystal or inductor input for internal oscillator. Also input for external source. 
(Not TTL compatible.) 

XTAL2 17 Other side of timing control element. 

Table 2. Instruction Set 

Accumulator Registers 

Mnemonic Descrlp~ion Bytes Cycles Mnemonic Description Bytes Cycles 
ADD A, R Add register to A 1 1 INCR Increment register 1 1 
ADDA,@R Add data memory to A 1 INC@R Increment data memory 
ADD A, # data Add immediate to A 
ADDCA, R Add with carry 
ADDCA,@R Add with carry Branch 
ADDC A, # data Add with carry 
ANL A, R And register to A Mnemonic Description Bytes Cycles 

ANL A,@R And data memory to A JMP addr Jump unconditional 2 2 

ANL A, # data And immediate to A JMPP@A Jump indirect 2 

ORLA,B Or register to A DJNZ R, addr Decrement register and Jump 

ORLA,'@R Or data memory to A on R not zero 

ORL A, # data Or immediate to A JC addr Jump on Carry = 1 

XRLA, R Exclusive or register to A JNC addr Jump on Carry = 0 

XRLA, @R Exclusive or data memory to A JZ addr Jump on A Zero 

XRL A, # data Exclusive or immediate to A JNZ addr Jump on A not Zero 

INCA Increment A JT1 addr Jump on T1 = 1 

DECA Decrement A JN11 addr Jump on T1 = 0 

CLR A Clear A JTF addr Jump on timer flag 

CPLA Complement A 
DAA Decimal Adjust A 
SWAP A Swap nibles of A Subrqutlne 
RLA Rotate A left 
RLC A Rotate A left through carry Mnemonic Description Bytes Cycles 

RR A Rotate A right CALL Jump to subroutine 2 2 

RRCA Rotate A right through carry RET Return 2 

Input/Output Flags 

Mnemonic Dee-cription Bytes Cycle. Mnemonics Description Bytes Cycles 
IN A, P Input port to A 1 2 CLR C Clear Carry 1 1 
OUTL P, A Output A to port CPL C Complement Carry 

AFN-01935A-2 
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Table 2. Instruction Set Summary (cont.) 

Data Moves 

Mnemonics Description 
MOV A, R Move register to A 
MOV A, @R Move data memory to A 
MOV A, # data Move immediate to A 
MOV R, A Move A to register 
MOV @R, A Move A to data memory 
MOV R, # data Move immediate to register 
MOV @R. # data Move immediate to data 

XCH A, R 
XCHA,@R 
XCHDA,@R 

MOVPA,@A 

memory 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 
Move to A from current page 

Bytes Cycle. 
1 1 
1 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias , ......... 0" e to 70° e 
Storage Temperature ................ , . -65° C to +150° e 
Voltage on Any Pin with 
Respect to Ground .... , ..... , ............ -0.5V to + 7V 

Power Dissipation ................................. lW 

Timer/Counter 

Mnemonic 
MOVA. T 
MOVT,A 
STRTT 
STRT CNT 
STOP TCNT 

Mnemonics 
NOP 

D •• crlptlon 
Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 

Description 
No Operation 

Byt •• Cycle. 
1 1 

Byt.. Cycl .. 
1 1 

*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = 0° C to 70° e, Vee = 5.5V ± 1V, VSS = OV) 

Limits 
Symbol Parameter 

Min Typ Max 
Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage (All except 3.0 Vee V 
(~~ XTAL 1 & 2, Tl, RESET) 

VIHl Input High Voltage (XTAL 1 & 2, Tl, 3.8 Vee V 
RESET) 

VIH(10%) Input High Voltage (All except 
XTAL 1 & 2, Tl, RESET) 

2.0 Vee V Vee = 5.0V ± 10% 

VIH1(10%) Input High Voltage (XTAL 1 & 2, Tl, 3.5 Vee V Vee = 5.0V ± 10% 
RESET) 

VOL Output Low Voltage 0.45 V IOL + 1.6 mA 

VOH Output High Voltage (All unless 2.4 V IOH = 40pA 
Open Drain) 

ILO Output Leakage Current (Open ±10 pA VSS + 0.45:S: VIN :s: Vee 
Drain Option-Port 0) 

ICC VCC Supply Current 30 60 mA 

T1 ZERO CROSS CHARACTERISTICS (TA = 0° C to 70° C, VCC = 5.5V ± 1V, VSS = OV, eL = 80 pF) 

Symbol Parameter Min Max Unit Test Conditions 

Vzx Zero-Cross Detection Input (Tl) 1 3 Vpp AC Coupled, e = .2pF 

AZX Zero-Cross Accuracy ±135 mV 60 Hz Sine Wave 

FZX Zero-Cross Detection Input 0.05 1 kHz 
Frequency (Tl) 

tCY Cycle Time 8.38 50.0 3.58 MHz XTAL = 8.38 ps tCY 

AFN-01935A-3 
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8020H FUNCTIONAL SPECIFICATIONS 
The following is a functional description of the major 
elements of the 8020H. 

Program Memory 
The 8020H contains 1K x 8 of mask programmable 
ROM. No external ROM expansion capability is 
provided. 

Data Memory 
A 64 x 8 dynamic RAM is located on chip for data 
storage. All locations are indirectly addressable and 
eight designated locations are directly addressable. 
Also, included in the memory is the address stack, 
addressed by a 3-bit stack pointer. 

Memory is organized as shown in Figure 4. The least 
significant 8 addresses, 0-7, are directly addressable 
by any of the 11 direct register instructions. The 
rocations are readily accessible for a variety of oper
ations with the least number of instruction bytes 
required for their manipulation. 

Registers 0 and 1 have another function, in that they 
can be used to indirectly address all locations in 
memory, using the indirect register instructions. 
These indirect RAM address registers, IRAR's, are 
especially useful for repetitive-type operations on 
adjacent memory locations. The indirect register 
instruction specifies which IRAR to use, and the 
contents of the IRAR is used to address a location in 
RAM. The contents of the addressed location is used 
during the execution of the instruction and may be 
modified. A value larger than 63 should not be preset 
in the IRAR when selected by an indirect register 
instruction. IRAR's may point to addresses 0-7, if 
desired. 

Locations 8-23 may be used as the address stack. 
The address stack enables the processor to keep 
track of the return addresses generated from CALL 
instructions. A 3-bit stack pointer (SP) supplies the 
address of the locations to be loaded with the next 
return address generated. The SP to this pushdown 
stack is incremented by one after a return address is 
stored, and decremented by one before an address 
is fetched during a RET. The unincremented program 
counter address is stored in the address stack. The 
stack contents is incremented before being loaded 
into the program counter during a return from sub
routine. A total of 8 levels of nesting is possible. The 
SP is initialized to location 8 upon RESET. Since 
each address is 10-bits long, two bytes must be used 
to store a single address. The SP is incremented and 
decremented by one, but each increment or decre
ment moves the address pointed to by two. There
fore, only even numbered addreses are pointed to. 

6-4 

If a particular application does not require 8 levels of 
nesting, the unused portion of the stack may be used 
as any other indirectly addressable stratchpad loca
tion. For example, if only 3 levels of subroutine 
nesting are used, then only locations 8-13 need be 
reserved for the address stack, and locations 14-63 
can be used for data storage. 

INDIRECTLY 
ADDRESSABLE 

BY 
IRARO OR 1 

LOC 24-63 

LOC 8-23 

7 

6 

5 

4 

3 

2 
IRAR 1 

IRAR 0 

\ 
CAN BE USEe 

I FOR ADDRESS 
STACK 

I DIRECTLY 
ADDRESSABLE 

Figure 4. Internal RAM Organization. 

Oscillator and Clock 
The 8020H contains its own onboard oscillator and 
clock circuit, requiring only an external timing con
trol element. This control element can be a crystal, 
inductor, or clock in. The capacitor normally required 
in inductor timing control operation is integrated 
onto the 8020H. All internal time slots are derived 
from the external element, and all outputs are a func
tion of the oscillator frequency. Pins XTAL 1 and 
XTAL2 are used to input the particular control ele
ment. An instruction cycle consists of 10 states, and 
each state is a time slot of 3 oscillator periods. (See 
Figure 5.) Therefore, to obtain a 10 psec instruction 
cycle, a 3 MHz crystal should be used. An oscillator 
frequency of approximately 3 MHz may also be 
obtained by connecting a 470 pH inductor between 
XTAL 1 and XTAL2. Note that the required inductance 
may vary and should be adjusted as necessary. 

The 8020H utilizes dynamic RAM and certain other 
dynamic logic. Due to the clocking required with 
dynamic circuits, the oscillator frequency must be 
equal to or greater than 600K Hz, or improper opera
tion may occur. 
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C,' -I- C2 -I 
5 • '0 , 5 • 10 I I I 1 

CYCLE ,..1-------
TIMES IL-'--'-_-'---''---'-_-'------'_--'-_-'------'_-'-_-'------'_...L._'---'-_-'---''---'-_-'------' 

ALE n n 
~ IN 

PO. P1. P2 X DATA OUT 

ALL PORTS FOR IN AND OUTllNSTRUCTIONS 

Figure 5. 8020H Timing Diagram 

Timer/Event Counter 

The 8020H has internal timer/event counter circuits 
that can monitor elapsed time or count external 
events that occur during program execution. The 
circuit has an 8-bit binary up-counter that is pre
settable and readable with two MOV instructions. 
These instructions transfer the contents of the accu
mulator to the counter and vice versa. The counter 
content is not affected by Reset, and is initialized 
solely by the MOV T,A instruction. The counter is 
stopped by a RESET or STOP TCNT instruction and 
remains stopped until started as a timer by a STRT T 
instruction or as an event counter by a STRT CNT 
instruction. Once started, the counter increments to 
its maximum count (FF), and overflows to zero. The 
count continues until stopped by a STOP TCNT 
instruction or RESET. The increment from maximum 
count to zero (overflow) sets an overflow flag. The 
state of the overflow flag is testable with the condi
tional jump instruction JTF. The flag is reset by JTF 
but not by executing a RESET, unlike the 8748. 

By a MOV T,A instruction, the contents of the accu
mulator are loaded to the timer. At the STRT T com
mand an internal prescaler is zeroed and thereafter 
increments once each 30 input clocks (once each 
single cycle instruction, twice each double cycle 
instruction). The prescaler is a divide by 32. At the 
(11111) to (00000) transition the timer is incremented. 
The timer is 8-bits and an overflow (FFH) to '(OOH) 
timer flag is set. A conditional branch instruction 
(JTF) is available for testing this flag, the flag being 
reset each test. Total count capacity for the timer is 
28 x 25 = 8192 or 81.9 msec at a 10 Ilsec cycle time. 
Contents of the timer are moved to the accumulator 
by the MOV A,T instruction without disturbing the 
counting process. The timer stops upon the STOP 
TCNT instruction. 

The STRT CNT instruction connects the T1 input 
pin to the event counter input and enables the 
counter. Subsequent high-to-Iow transitions on T1 
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increment the counter. The maximum rate at which 
the counter can increment is once per three instruc
tion cycles (30IlS for a 3 MHz oscillator). There is no 
minimum frequency. T1 input must remain high for at 
least 500ns after each transition. The event counter 
is stopped by a STOP TCNT instruction. 

Input/Output Capabilities 
The 8020H I/O configurations are highly flexible. A 
number of different configurations are possible, tailor
ing an 8020H to a given task. Other than the power 
supply and dedicated pins, all other pins (13) can be 
used for input, output, or both, depending on the 
configuration. 

All ports are quasi-bidirectional to facilitate stand
alone use. A simplified schematic of the quasi
bidirectional interface is shown in Figure 6. This 
configuration allows buffered outputs, and also 
allows external input. Data written to these ports is 
statically latched and remains unchanged until re
written. As input ports these lines are non-latching, 
i.e., inputs must be present until read by an input 
instruction. When writing a "0" or low value to these 
ports, the large pulldown device sinks an external 
TTL load. When writing a "1", a large current is 
supplied through the large pullup device to allow a 
fast data transfer. After a short time (less than one 
instruction cycle), the large device is shut off and the 
small pullup maintains the "1" level indefinitely. How
ever, in this Situation, an input device capable of 
overriding the small amount of sustaining current 
supplied by the pullup device can be read. (Alterna
tively, the data written can be read.) So, by writing a 
"1" to any particular pin, that pin can serve either as 
a true high-level latched output pin, or as just a pullup 
resistor on an input. This allows maximum user flexi
bility in selecting his input or latched output pins, 
with a minimum of external components. 

Port 00-07 is also quasi-bidirectional, except there 
is no large pullup device. As outputs, this port is 
essentially open drain. 

AFN-0193SA-5 
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By mask option the small pullup devices on POO-P07 
may be deleted on any pin providing a true open 
drain output. This is useful in driving analog circuits 
and certain loads, such as keyboards. 

INTERNAL 
BUS 

INPUT BUFFER 

Figure 6. Quasi-Bidirectional Port Structure 

T11nput 

The 8020H T1 input line can be used as an input for 
the following functions: 

• Event Counter (external input) 
• Test input for branch instructions 
• Zero voltage crossing detection 

The operation of T1 as an input to the Event Counter 
is described in the Timer/Event Counter section. 
When used as a test input, the JT1 and JNT1 instruc
tions test for 1 and 0 levels, respectively. 

The T1 pin can also be used to detect the zero cross
ing of slowly moving AC signals (60 Hz). The self
biasing circuit shown in Figure 7 permits the Test 1 
input to detect when the input voltage crosses zero 
within ±S%; the voltage is then coupled through a 
1.0pf capacitor. Maximum input voltage is 3V peak
to-peak. The zero cross detection is especially useful 
in SCR control of 60 Hz power and in developing 
time-of-day and other timing routines. As a ROM 
mask option there is a pullup resistor that is useful 
for switch contact input or standard TTL. 

The 8020H can use standard low cost TTL to expand 
the number of I/O lines. 

CPU 
The 8020H CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logic instructions 
may be exercised, which affect the contents of the 
accumulator, and/or direct or indirect scratch pad 
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locations. Provisions have been made for simplified 
BCD arithmetic capability using the DAA, SWAP A, 
and XCHD instructions. In addition, MOVP A,@A 
allows table lookup for display formating and con
stants. The conditional branch logic within the proc
essor enables several conditions internal and external 
to the processor to be tested by the users program. 
Use the conditional jump instructions with the tests 
listed below to effect a change in the program 
execution sequence: 

Test 

Accumulator 
Carry Flag 
Timer Overflow Flag 
Test Input-T1 

Reset 

Jump 
Condition 

A=OA#O 
o 1 

1 
a 1 

Jump 
Instructions 

JZJNZ 
, JC 

JTF 
JNT1, JT1 

A positive-going signal to the RESET input resets 
the necessary miscellaneous flip-flops and sets the 
program counter and stack pointer to zero. 

(a) ZERO CROSS DeTECT 

EXTERNAL 

(b) OPTIONAL PULLUP RESISTOR 

Figure 7. Test 1 Pin 
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NOT FOR NEW DESIGNS. 
SEE 8021H DATA SHEET. 

8021 
SINGLE COMPONENT a-BIT MICROCOMPUTER 

8-Bit CPU, ROM, RAM, I/O in Single • 1K x 8 ROM 
28-Pin Package 64 x 8 RAM 

211/0 Lines 
Single 5V Supply (+4.5V to 6.5V) 

• Interval Timer/Event Counter 
8.38 Jlsec Cycle With 3.58 MHz XTAL; 
All Instructions 1 or 2 Cycles • Clock Generated With Single Inductor 

or Crystal 

Instructions- 8048 Subset • Zero-Cross Detection Capability 

High Current Drive Capability-2 Pins • Easily Expandable I/O 

The Intel'" 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel's N
channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, 
high volume applications, plus additional I/O flexibility and power. 

The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event counter, in 
addition to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 8021 can be 
expanded using the 8243 or discrete logic. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 

To minimize the development problems and maximize flexibility, an 8021 system can be easily designed using the 
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748 
shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021 's additional 1/0 
features is included. 

XTAL{ PORT 
#0 

PORT 
#1 

PORT 
#2 

ADDRESS 
LATCH 
ENABLE 

PORT 
EXPANDER 
STROBE 

Figure 1. Figure 2. 
Block Diagram Logic Symbol 

P22 

P23 

PROG 

POO 

POI 

P02 

P03 

P04 

POS 

P06 

P07 

ALE 
T1 

Vss 

Vee 
P21 

P20 

P17 

Pl. 

PlS 

Pl' 
Pl3 

Pl2 

P11 

PlO 

RESET 

XTAL2 

XTAL 1 

Figure 3. Pin 
Configuration 

Intel Corporation Assumes No Responsibility tor the Use of any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
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HMOS SINGLE-COMPONENT8-BIT MICROCOMPUTER 

• B-Bit CPU, ROM, RAM, I/O in Single • 1Kx8ROM 
28-Pin Package 64 x8 RAM 

• Single SV Supply (+4.SV to 6.SV) 211/0 Lines 

• 8.38 psec Cycle with 3.S8 MHz XTAL; All • Interval Timer/Event Counter 

instructions 1 or 2 Cycles • Clock Generated with Single Inductor or 

• 30mA Operation @ 2SoC Crystal 

• Instructions-8048 Subset • Zero-Cross Detection Capability 

• High Current Drive Capability-2 Pins • Easily Expandable I/O 

The Intel® 8021H is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel's advanced N-channel silicon gate HMOS process. The features of the 8021H include a subset of the 8048 
features optimized for low cost, high volume applications, plus additional I/O flexibility and power. 

The 8021H contains 1K x 8 program memory, a 64 x 8 data memory, 21 I/O lines, and an 8-bit timer/event 
counter, in addition to on-board oscillator and clock circuits. For systems that require extra I/O capability, the 
8021H can be expanded using the 8243 or discrete logic. 

This microcomputer is designed to be an efficient controller as well as an arithmetic processor. The 8021H has 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single-byte instructions and no instructions over 
two bytes in length. 

To minimize development problems and maximize flexibility, an 8021H system can be easily designed using 
the 8021H emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 
8748 shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021H's 
additional I/O features is included. 

XTAL{ 
PORT 
#0 

PORT 
#1 

RESET 
PORT 

TEST 
#2 

ADDRESS 
LATCH 
ENABLE 

PORT 
eXPANDER 
STROBE 

Figure 1. Figure 2. 
Block Diagram Logic Symbol 

P22 Vee 
P23 P21 

P20 
P17 
P16 
PIS 

P03 Pl. 
P13 
P12 

P06 

ALE RESET 
XTAL2 
XTAL 1 

Figure 3. Pin 
Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses Are Implied. 
© INTEL CORPORATION, 1981 AFN-01936A-1 
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Table 1. PIn DescriptIon 

Symbol Pin No. Function 

Vss 14 Circuit GND potential 

Vee 28 +5V power supply 

PAOG 3 Output Strobe for 8243 I/O Expander 

POO-P07 4-11 8-bit quasi-bidirectional port 
Port 0 

P10-P17 18-25 8-bit quasi-bidirectional port 
Port 1 

P2Q-P23 26-27 4-bit quasi-bidirectional port P20-P23 also serve as a 4-bit I/O expander bus for 8243 
Port 2 1-2 

T1 13 Input pin testable using the JT1 and JNT1 instructions. Can be designated the timer/event 
counter input using the STAT CNT instructions. Also allows zero-crossover sensing of slowly 
moving AC inputs. 

RESET 17 Input used to initialize the processor by clearing status flip-flops and setting program 
counters to zero. 

ALE 12 Address Latch Enable. Signal occurring once every 30 input clocks, used as an output clock. 

XTAL1 15 One side of crystal or inductor input for internal oscillator. Also input for external source. 
(Not TTL compatible.) 

XTAL2 16 Other side of timing control element. 

Table 2. InstructIon Set Summary 

Accumulator Registers 

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles 
ADD A, R Add register to A 1 1 INCR Increment re~ster 1 1 
ADDA,@R Add data memory to A 1 INC@R Increment data memory 
ADD A, # data Add immediate to A 
AD DC A, R Add with carry 
ADDCA,@R Add with carry Branch 
ADOC A, # data Add with carry 

Mnemonic Description Bytes Cycles ANLA, R And register to A 
ANLA,@R And data memory to A JMPaddr Jump unconditional 2 2 

ANLA, # data And immediate to A JMPP@A Jump indirect 2 

ORLA, R Or register to A DJNZ R, addr Decrement register and Jump 

ORLA,@R Or data memory to A on A not zero 

ORLA, # data Or immediate to A 
XRLA, R Exclusive or register to A 
XRLA,@R Exclusive or data memory to A Branch 

XRLA, # data Exclusive or immediate to A Mnemonic Description Bytes Cycles 
INCA Increment A JC addr Jump on Carry:::: 1 2 2 
OECA Decrement A JNCaddr Jump on Carry:::: 0 
CLRA Clear A JZ addr Ju mp on A Zero 
CPLA Complement A JNZaddr Ju mp on A not Zero 
DAA Oecimal Adjust A JTl addr Jump on T1 = 1 
SWAP A Swap nibbles of A JNTI addr Jump on Tl = 0 
RLA Rotate A leit JTF addr Jump on timer flag 
RLCA Rotate A left through carry 
RRA Rotate A right 
RRCA Rotate A right through carry SUbroutine 

Mnemonic Description Bytes Cycles 

Input/Output CALL Jump to subroutine 2 2 
RET Return 

Mnemonic Description Bytes Cycles 
INA,P Input port to A 1 2 
OUTLP,A Output A to port 1 2 

Flags 
MOVDA, P Input Expander port to A 1 2 
MOVD P,A Output A to Expander port Mnemonic Description Bytes Cycles 
ANLD P, A And A to Expander port CLRC Clear Carry 1 1 

ORLD P, A Or A to Expander port CPLC Complement Carry 

AFN-01936A-2 
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Table 2. Instruction Set Summary (cont.) 

DIIIlIM ..... 

Mnemonic 
MOVA.R 
MOVA.@R 
MOVA. # data 
MOVR.A 
MOV@R.A 
MOV R. # data 
MOV @R. # data 

XCHA. R 
XCHA.@R 
XCHDA.@R 

MOVPA.@A 

D .. crtptlon 
Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 
Move immediate to register 
Move immediate to data 
memory 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 
Move to A from current page 

Byt .. Cycl .. 
1 1 

1 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias .......... C1' C to 7C1' C 
Storage Temperature •..........•...... -650 C to +15C1' C 
Voltage on Any Pin with 

Respect to Ground ....................... -0.5V to + 7V 
Power Dissipation ................................. 1W 

Timer/Counter 

Mnemonic 
MOVA. T 
MOVT, A 
STRTT 
STRTCNT 
STOP TCNT 

Mnemonic 
NOP 

Description 
Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 

Description 
No Operation 

Byt ... Cycles 
1 1 

Byte. Cycl •• 
1 1 

-NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress ratinfl only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = C1' C to 7C1' C. VCC = 5.5V ± 1V, VSS = OV) 

Limits 
Symbol Parameter Min Typ Max 

Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage (All except 3.0 VCC V 
XTAL 1 & 2, T1. RESET) 

VIH1 Input High Voltage (XTAL 1 & 2. T1, 3.8 VCC V 
RESET) 

VIH(10%) Input High Voltage (All except 
XTAL 1 & 2, T1, RESET) 

2.0 VCC V VCC = 5.0V ± 10% 

VIH1(10%) Input High Voltage (XTAL 1 & 2, T1. 
RESET) 

3.5 VCC V VCC = 5.0V ± 10% 

VOL Output Low Voltage 0.45 V IOL + 1.6 mA 

VOL1 Output Low Voltage (P10, P11) 2.5 V IOL = 7 mA 

VOH Output High Voltage (All unless 2.4 V IOH = 40/-IA 
Open Drain) 

ILO Output Leakage Current (Open ±10 /-IA VSS + 0.4:=; VIN :=; VCC 
Drain Option-Port 0) 

ICC VCC Supply Current 30 60 mA 

T1 ZERO CROSS CHARACTERISTICS (TA = 00 C to 7C1' C, VCC = 5.5V ± 1 V, VSS = OV, CL = 80 pF) 

Symbol Parameter Min Max Unit Te$t Conditions 

VZX Zero-Cross Detection Input (T1) 1 3 VPP AC Coupled, C = .2/-1F 

AZX Zero-Cross Accuracy ±135 mV 60 Hz Sine Wave 

FZX Zero-Cross Detection Input 0.05 1 kHz 
Frequency (T1) 

tCY Cycle Time 8.38 50.0 3.58 MHz XTAL = 8.38 /-IS tCY 
AFN-01936A-3 
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A.C. CHARACTERISTICS(TA = O·C to 70·C. VCC = 5.5V ± 1V. VSS = OV) 

Test Conditions: CL = 80 pF. tCY = 8.38 115 

Symbol Parameter Min. Max. Unit Test Conditions 

tCY Cycle Time 8.38 50.0 115 3.58 MHzXTAL 

tpRL ALE to Time P ± Input Must Be Valid (input setup) 4.0 115 

Normal tpL Output Data Setup Time 0.6 115 
Operation 

tLP Output Data Hold Time 0.6 115 

tPFL Input Data Hold Time 0 115 

tLL ALE Pulse Width 0.8 115 

tR Reset High 3 tCY 

RXTAL Resistor Across XTAL .5 1 

tcp Port Control Setup Before Falling Edgle of PROG 0.3 115 

tcp Port Control Hold After Falling Edge of PROG 0.8 115 

Expander tpR PROG to Time P ± Input Must Be Valid 2.0 4.0 115 

Operation tDP Output Data Setup Time 1.0 115 

tpD Output Data Hold Time 0.6 115 

tpF Input Data Hold Time 0 .15 115 

tpp PROG Pulse Width 6.0 115 

PORT 2 TIMING 

~ 
NORMAL OPERATION 

ALE/\ ~----------------------~;-\~----------------------
PORT==X 

OUTPUT ------------------------------~--------------------------------
~ 

ALEn 
~----____________________ ~r_\~ ____________________ ___ 

PORT 
INPUT ----------------~(~ _____ DA_TA __ . __ ~)(~ __________________________ __ 

I_ tpRL ~·I H 
IPFL 

EXPANDER OPERATION 

ALE n ~----------------------~;-\~-----------------------
PROG \~ ___________________________ _J;___ 

r--!----------'''----------1·1 
PORT 

OUTPUT 
____________________________________ ~ ________________ __J)( DA~ x== 

ALEJ\ ~ ______________________ ~n~~ __________________ ___ 
PROG 

\~ ___ ~ __________________ __J;___ 
PORT 

INPUT· ~ / F ____________________________________ ~A ~~~ _________ D_AT_A ________ _M 

:j 
9-"c-.1 
r---,,,---j 
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8021H FUNCTIONAL SPECIFICATIONS 
The following is a functional description of the major 
elements of the 8021 H. ' 

Program Memory 
The 8021H contains 1K x 8 of mask programmable 
ROM. No external ROM expansion capability is 
provided. 

Data Memory 
A 64 x 8 dynamic RAM is located on chip for data 
storage. All locations are indirectly addressable and 
eight designated locations are directly addressable. 
Also, included in the memory is the address stack, 
addressed by a 3-bit stack pointer. 

Memory is organized as shown in Figure 4. The least 
significant 8 addresses, 0-7, are directly addressable 
by any of the 11 direct register instructions. The 
locations are readily acceSsible for a variety of oper
ations with the least number of instruction bytes 
required for their manipulation. 

Registers 0 and 1 have another function, in that they 
can be used to indirectly address all locations in 
memory, using the indirect register instructions. 
These indirect RAM address registers, IRAR's, are 
especially useful for repetitive-type operations on 
adjacent memory locations. The indirect register 
instruction specifies which IRAR to use, and the 
contents of the IRAR is used to address a location in 
RAM. The contents of the addressed location is used 
during the execution of the instruction and may be 
modified. A value larger than 63 should not be preset 
in thelRAR when selected by an indirect register 
instruction. IRAR's may point to addresses 0-7; if 
desired. 

Locations 8-23 may be used as the address stack. 
The address stack enables the processor to keep 
track of the return addresses generated from CALL 
instructions, A 3-bit stack pointer (SP) supplies the 
address of the locations to be loaded with the next 
return address generated. The SP to this pushdown 
stack is incremented by one after a return address is 
stored, and decremented by one before an address 
is fetched during a RET. Th,e unincremented program 
counter address is stored in the address stack. The 
stack contents is incremented before being loaded 
into the program counter during a return from sub
routine. A total of 8 levels of nesting is possible. The 
SP, is initialized to location 8 upon RESET. Since 
each address is 1Q-bits long, two bytes must be used 
to store a Single address; The'SP is incremented and 
decremented by one, but each increment or deere-' 
ment moves the address pointed to by two. There
fore, only even-numbered addresses are pointed to. 
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If a particular application does not require 8 levels of 
nesting, the unused portion ofthe stack may be used 
as any other indirectly addressable scratch pad loca
tion. For example, if only 3 levels of subroutine 
nesting are used, then only locations 8-13 need be 
reserved for the address stack, and locations 14-63 
can be used for data storage. 

INDIRECTLY 
ADDRESSABLE 

BY 
IRAROORI 

LOC24-63 

LOC 8-23 

7 
6 
5 
4 
3 
2 

IRAR 1 

IRAft • 

\ CAN BE USED 

I FOR ADDRESS 
STACK 

I DIRECTLY 
ADDRESSABLE 

Figure 4. Intemal RAM Organization 

Oscillator and Clock 
The 8021H contains its own onboard oscillator and 
clock circuit, requiring only an external timing con
trol element. This control element can be a crystal, 
inductor, or clock in. The capaCitor normally required 
in inductor timing control operation is integrated 
onto the 8021H. All internal time slots are derived 
from the external element, and all outputs are a func
tion of the oscillator frequency. Pins XTAL 1 and 
XTAL2 are used to input the particular control ele
ment. An instruction cycle consists of 10 states, and 
each state is a time slot of 3 oscillator periods. (See 
Figure 5.) Therefore, to obtain a 10 lJSec instruction 
cycle, a 3 MHz crystal should be used. An oscillator 
frequency of approximately 3 MHz may also be 
obtained by connecting a 470 pH inductor between 
XTAL 1 and XTAL2. Note that the required inductance 
may vary and should be adjusted as necessary. 

The 8021H utilizes dynamic RAM and certain other 
dynamic logic. Due to the clocking required with 
dynamic Circuits, the oscillator frequency must be 
equal to or greater than 600K Hz, or improper opera
tion may occur. 

AFN-OI936A-5 
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CYCLE II--------- c" -I- c. -I 
5 6 '0 

, 5 
I 

6 '0 I I TIMES L..' _'....L."':"".L..---1.._.L---L_...l---'_...L--.JL.-....L._.L..---1.._.L---L_...l---'_...L--.JL--....J....---' 

ALE n n 
~ IN 

PO, P1. P2 X DATA OUT 

ALL PORTS FOR IN AND OUTL INSTRUCTIONS 

Figure 5. 8021H Timing Diagram 

Tlmer/Event Counter 
The 8021H has internal timer/event counter circuits 
that can monitor elapsed time or count external 
events that occur during program execution. The 
circuit has an 8-bit binary up-counter that is pre
settable and readable with two MOV instructions. 
These instructions transfer the contents of the accu
mulator to the counter and vice versa. The counter 
content is not affected by Reset, and is initialized 
solely by the MOV T,A instruction. The counter is 
stopped by a RESET or STOP TCNT instruction and 
remains stopped until started as a timer by a STRT T 
instruction or as an event counter by a STRT CNT 
instruction. Once started, the counter increments to 
its maximum count (FF), and overflows to zero. The 
count continues until stopped by a STOP TCNT 
instruction or RESET. The increment from maximum 
count to zero (overflow) sets an overflow flag. The 
state of the overflow flag is testable with the condi
tional jump instruction JTF. The flag is reset by JTF 
but not by executing a RESET, unlike the 8748. 

By a MOV T,A instruction, the contents of the accu
mulator are loaded to the timer. At the STRT T com
mand an internal prescaler is zeroed and thereafter 
increments once each 30 input clocks (once each 
single cycle instruction, twice each double cycle 
instruction). The prescaler is a divide by 32. At the 
(11111) to (00000) transition the timer is incremented. 
The timer is 8-bits and an overflow (FFH) to (ooH) 
timer flag is set. A conditional branch instruction 
(JTF) is available for testing this flag, the flag being 
reset each test. Total count capacity for the timer is 
28 x 25 = 8192 or 81.9 msec at a 10 pSec cycle time. 
Contents of the timer are moved to the accumulator 
by the MOV A,T instruction without disturbing the 
counting process. The timer stops upon the STOP 
TCNT instruction. 

The STRT CNT instruction connects the Tl input 
pin to the event counter input and enables the 
counter. Subsequent high-to-Iow transitions on T1 
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increment the counter. The maximum rate at which 
the counter can increment is once per three instruc
tion cycles (30115 for a 3 MHz oscillator). There is no 
minimum frequency. T1 input must remain high for at 
least 500ns after each transition. The event counter 
is stopped by a STOP TCNT instruction. 

Input/Output Capabilities 
The 8021H I/O configurations are highly flexible. A 
number of different configurations are possible, tailor
ing an 8021H to a given task. Other than the power 
supply and dedicated pins, all other pins (20) can be 
used for input, output, or both, depending on the 
configuration. 

All ports are quasi-bidirectional to facilitate stand
alone use. A simplified schematic of the quasi
bidirectional interface is shown in Figure 6. This 
configuration allows buffered outputs, and also 
allows external input. Data written to these ports is 
staticaily latched and remains unchanged until re
written. As input ports these lines are non-latching, 
i.e., inputs must be present until read by an input 
instruction. When writing a "0" or low value to these 
ports, the large pulldown device sinks an external 
TTL load. When writing a "1", a large current is 
supplied through the large pullup device to allow a 
fast data transfer. After a short time (less than one 
instruction cycle), the large device is shut off and the 
small pullup maintains the "1"level indefinitely. How
ever, in this situation, an input device capable of 
overriding the small amount of sustaining current 
supplied by the pullup device can be read. (Alterna
tively, the data written can be read.) So, by writing a 
"1" to any particular pin, that pin can serve either as 
a true high-level latched output pin, or as just a pullup 
resistor on an input. This allows maximum user flexi
bility in selecting his input or latched output pins, 
with a minimum of external components. 

Port 00-07 is also quasi-bidirectional, except there 
is no la~ge pullup device. As outputs, this port is 
essentially open drain. 
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By mask option the smalLpullup devices on POO-P07 
may be deleted on any pin providing a true open 
drain output. This is useful in driving analog circuits 
and certain loads, such as keyboards. 

INTERNAL 
BUS 

WRI~~~~ -t-+---LJ---

INPUT BUFFER 

Figure 6. QuasI-Bidirectional Port Structure 

T11nput 

The 8021H T1 input line can be used as an input for 
the following functions: 

• Event Counter (external input) 
• Test input for branch instructions 
• Zero voltage crossing detection 

The operation of T1 as an input to the Event Counter 
is described in the Timer/Event Counter section. 
When used as a test input, the JT1 and JNT1 instruc
tions test for 1 and 0 levels, respectively. 

The T1 pin can also be used to detect the zero cross
ing of slowly moving AC signals (60 Hz). The self
biasing circuit shown in Figure 7 permits the Test 1 
input to detect when the input voltage crosses zero 
within ±5%; the voltage is then coupled through a 
1.0pF capacitor. Maximum input voltage is 3V peak
to-peak. The zero cross detection is especially useful 
in SCR control of 60 Hz power and in developing 
time-of-day and other timing routines. As a ROM 
mask option there is a pullup resistor that is useful for 
switch contact input or standard TTL. 

High Current Outputs 

Very high current drive is desirable for minimizing 
external parts required to do high power control. P10 
and P11 have been designated high drive outputs 
capable of sinking 7mA at VSS + 2.5 volts. (For clarity, 
this is 7mA to VSS with a 2.5 volt drop across the 
buffer.) These pins may, of course, be paralleled for 
14mA drive if the output logic states are always the 
same. 

Expanded I/O 

The 8021H can be used with the 8243 I/O expander 
chip, which provides additional I/O capability with a 
limited number of overhead pins. This chip has 4 
directly addressable 4-bit ports. It connects to the 
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PROG pin, which provides a clock, and pins P20-P23, 
which provide address and data. These ports can be 
written with a MOVO P,A; ANlO P,A; and ORlO P,A 
for Ports 4-7. A high t6 low transition on PROG 
signifies that address and control are available on 
P20-P23. The previous data on P20-P23 before an 
output expander instruction is lost. Therefore, when 
using an output expander P20-P23 are not useful for 
general input/output. Reading is via the MOVO A,P. 
This circuit configuration is shown in Figure 8. The 
timing diagram is shown in Figure 9. 

The 8021 H can also use standard low-cost TTL to 
expand the number of I/O lines. 

(8) ZERO CAOSS DETECT 

(b) OPTIONAL PULLUP RESISITOR 

EXTERNAL 

SWITCH ~ 

Figure 7. Test 1 Pin 

a021H 8243 

,A • P20-3 • P20-3 

PROG 
~ • PROG 

I t 

A 
• 

I~ 

1,1 
• 

I~ 

4 

4 

Figure 8. I/O Expander Imerface 

1\ 

• 

V 
1\ 
) 
V 

• ) 
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PROG 

'>GDC IN 

(4 BITS) 

OATAIN vADOflESSJ FLOAT 

~ 
-----.....- (4 BITS) 

OATAOUT ~ DATA 

(I'2O-P23) ______ ~'__ _ _::'~OU=T::_----------------
(4 BITS) (4 BITS) 

BITS 0,1 BITS 2, 3 

01 PORT OO} 
10 ADDRESS 
11 

OO}READ 
01 WRITE 
10 OR PORT 2 FOA EXPANDED 1/0 WITH 8243 

11 AND 

Figure 9. Expanded I/O TIming Diagram 

CPU 
The 8021 H CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logic instructions 
may be exercised, which affect the contents of the 
accumulator and/or direct or indirect scratch pad 
locations. Provisions have been made for simplified 
BCD arithmetic capability using the DAA, SWAP A, 
and XCHD instructions. In addition, MOVP A,@A 
allows table lookup for display formating and con
stants. The conditional branch logic within the pro
cessor enables several conditions internal and ex
ternal to the processor to be tested by the users 
program. Use the conditional jump instructions with 
the tests listed below to effect a change in the 
program execution sequence: 

Teat 
Accumulator 
Carry Flag 
Timer Overflow Flag 
Test Input-T1 

Reset 

Jump 
Condition 

A=OA"O 
o 1 

1 
o 1 

Jump 
Instructions 

JZJNZ 
,JC 

JTF 
JNT1. JT1 

A positive-going signal to the RESET input resets 
the ne~essary miscellaneous flip-flops and sets the 
program counter and stack pointer to zero. 

DIFFERENCES BETWEEN THE 8021H 
A"D THE 8748 
Although the 8021H is basically an electrical and 
functional subset of the 8748, there are some 
differences: 

1. Pin Out-As the 8021H is a 28-pin DIP, some 
form of adapter must be used to interface the 
8021H socket to ICE-49. An emulation board, 

S-15 

EM-1, has been designed to perform this func
tion. The EM-1 also accounts for the increased 
flexibility of some 8021H I/O lines. 

2. Instruction Time-The 8021H instruction cycle 
is 30 clock cycles long, the 8748 instruction 
cycle is 15 clocks long. Where exact timing is 
important, the 8748 breadboard part should be 
operated at half the 8021 H clock rate. 

3. Test 1-To facilitate developing time of oay 
routines from SO Hz, and for SCR control, the 
Test 1 pin without the pullup resistor option 
will detect zero crossing of a capacitively 
coupled AC input. 

4. QuaSi-Bidirectional Ports-All 8021H ports are 
quasi-bidirectional to facilitate stand-alone use. 
Port 0 has open drain outputs and by mask 
option it mayor may not have pullup resistors. 

5. Oscillator-The 8021H has on-chip oscillator 
that is optimized for the single resistor mode. 
External connection will differ from the 8748. 

S. Dynamic RAM and Logic-The 8021H utilizes 
dynamic RAM and some dynamic logic. Input 
clocking must be maintained above the mini
mum rate or improper operation may result. 

7. High Current Outputs-Very high current drive 
is desirable for minimizing' external parts re
quired to do high power control. P10 and P11 
have been designated high drive'outputs'capa
ble of sinking 7mA at VSS +2.5 volts. (For clarity, 
this is 7mA to VSS with a 2.5 volt drop across 
the buffer.) These pins may, of course, be 
paralleled for 14mA drive if the output logic 
states are always the same. 

8. Instruction Set-The following instructions, 
which are found in the 8748, have been deleted 
from the 8021H instruction set: 
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Data Moves Registers Branch Timer Control Input/Output 
MOV A,PSW DEC R JTO addr EN TCNTI EN I ANL P,#data 
MOV PSW,A 

Flags 
JNTO addr DIS TCNTI DIS I ORL P,#data 

MOVX A,@R JFO addr Subroutine SEL RBO INS A,BUS" 
MOVX @R,A CLR FO JF1 addr SEL RB1 OUTL BUS,A" 
MOVP3 A,@A CPL FO JNI addr RETR SEL MBO ANL BUS,#data 

CLR F1 JBb addr SEL MB1 ORL BUS,#data 
CPL F1 ENTO CLK 

"These instructions have been replaced in the 8021H by IN A,PO and Ol.JTL POA, respectively. 

AFN-01936A-9 
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8022 
SINGLE COMPONENT a-BIT MICROCOMPUTER 

WITH ON-CHIP AID CONVERTER 

8-Bit CPU, ROM, RAM, 1/0 in Single 40-Pin • 2K x 8 ROM, 64 x 8 RAM, 281/0 Lines 
Package 

• 8.38 J.lsec Cycle; All Instructions 1 or 2 
On-Chip 8-Bit AID Converter; Two Input 
Channels 

Cycles 

8 Comparator Inputs (Port 0) • Instructions-8048 Subset 

Zero-Cross Detection Capability • Interval Timer IEvent Counter 

Single 5V Supply (4.5V to 6.5V) • Clock Generated with Single Inductor or 

High Current Drive Capability-2 Pins Crystal 

Two Interrupts-External and Timer • Easily Expanaed 1/0 

The Intel"' 8022 is the newest member of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touch panel 
keyboards, and I or large ROM space. The 8022 addresses these applications by integrating many new functions on
chip, such asAID conversion, comparator inputs and zero-cross detection. 

The features ofthe 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I I 0 lines, 
an on-chip AI D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili
ty. In addition, it contains the 8-bit interval timer I event counter, on-board oscillator and clock circuitry, single 5V 
power supply requirement, and easily expandable 1/0 structure common to all members of the MCS-48 family. 

The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced via the 8022's hardware implementation of the AID 

Figure 1. 
Block Diagram 
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Figure 2. 
Logic Symbol 
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Table 1. Pin Description 

De.lg- Pin De.lg- Pin 
nation No. Function nation No. Function 

VSS 20 Circuit GND potential. RESET 24 Input used to initialize tne pro-

VCC 40 + SV circuit power supply. cessor by clearing status flip-
flops and setting the program 

PROG 37 Output strobe for Intel@ 8243 counter to zero. 
I/O expander. 

AVSS 7 AID converter GND Potential. 
POO-P07 10-17 8-bit open-drain port with com- Also establishes the lower limit of 
Port 0 parator inputs. The switching the conversion range. 

threshold is set externally by 
AVCC 3 AID + SV power supply. VTH. Optional pull-up resistors 

may be added via ROM mask SUBST 21 Substrate pin used with a bypass 
selection. capacitor to stabilize the sub-

VTH 9 Port 0 threshold reference pin. strate voltage and improve AID 

P10-P17 2S-32 8-bit quasi-bidirectional port. 
accuracy. 

VAREF 4 AID converter reference voltage. 
Port 1 Establishes the upper limit of the 
P20-P27 33-36 8-bit quasi-bidirectional port. conversion range. 

Port 2 38-39 P20-23 also serve as a 4-bit I/O ANO, AN1 6,S Analog inputs to AID converter. 
1-2 e~pander for Intel@ 8243. Software selectable on-chip via 

SEL ANO and SEL AN1 instruc-
TO 8 Interrupt input and input pin tions. 

testable usi ng the conditional 
ALE 18 Address Latch Enable. Signal transfer instructions JTO and 

JNTO. Initiates an interrupt fol- occurring once every 30 input 
lowing a low level input if inter- clocks (once every cycle), used 
rupt is enabled. Interrupt is as an output clock. 
disabled after a reset. XTAL 1 22 One side of crystal or inductor 

T1 19 Input pin testable using the JT1 input for internal oscillator. Also 
and J NT1 conditional transfer input for external frequency 
instructions. Can be designated source. (Not TTL compatible.) 
the timer/event counter input XTAL2 23 Other side of timing control ele-
using the STRT CNT instruction. ment. This pin is not connected 
Also serves as the zero-cross when an external frequency 
detection input to allow zero- source is used. 
crossover senSing of slowly mov-
ing AC inputs. Optional pull-up 
resistor may be added via ROM 
mask selection. 

+5V 

I t. ~'O 
Vee RESET 

~} 
P10 

....--! 
P11 :g: VAREF P12 

r---.! P13 ~ POAT1 
[ INPUT ] 

AVee 
P1' 

AND 

P15 ~ 
OUTPUT 

10-200",F 
P16 *-r---l AVss 
P17 .a. 

20 
Vss P20 i=} ~ 100-:+ ~ 1"F 

P21 

SILVER MICA 
8022 P22 T.-P23 ~ PORT 2 

[ INPUT ] 
SUBST P2' 

AND 

P2' ~ 
OUTPUT 

6 

AID INPUTS { 
ANO P26 +-

5 
AN1 

P2' ~ VTN 
23 

XTAL1 
POO 

~} 1Mf + P01 
P02 r*-
P03 13 [I~~ ] 22 

XTAl2 Po. ~ PORTO 
OUTPUT 

'VV--il:"'""';g 
P05 ~ 

T1 P06 ~ 
1,. ALE PROG TO PO, rJL. 

118 Jg' 18 

Figure 3.The Stand Alone 8022 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ••••••• O·C to 70'C 
Storage Temperature .•..••••.•••••• -6S'C to +1S0'C 
Voltage on Any Pin with 

Respect to Ground .................... -o.SV to +7V 
Power Dissipation ••••.•••••••••••••••••••.••• 1 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating condit/ons for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = o·c to 70'C, VCC = s.sv ± w, VSS = ov 

Symbol P.rameter Llml .. Unit Tat Conditions 
Min ~p Mu 

VIL Input Low Voltage -O.S 0.8 V VTH Floating 

VIH1 Input Low Voltage (Port 0) -O.S VTH-Q.1 V 

VIH High Voltage 2.0 VCC V VCC = S.OV ± 10% 
(All except XTAL 1, RESET) VTH Floating 

VIH1 Input High Voltage 3.0 VCC V VCC = S.SV ± 1V 
(All except XTAL 1, RESET) VTH Floating 

VIH2 Input High Voltage (Port 0) VTH+O.1 VCC V 

,v1H3 Input High Voltage (RESET, XTAL 1) 3.0 VCC V VCC = S.OV ± 10% 

VTH Port 0 Threshold Reference Voltage 0 .4VCC V 

VOL Output Low Voltage 0.45 V IOL=1.8mA 

VOL1 Output Low Voltage (P10, P11) 2.S V IOL=7mA 

VOH Output High Voltage (all unless 2.4 V IOH=50/AA 
Open Drain Option - Port 0) 

ILl Input Current (T1) ±200 /AA VCC~VIN~VSS+.45V 

ILO Output Leakage Current ±10 /AA VCC;"VIN;"VSS+O.45V 
(Open Drain Optlon- Port 0) 

ICC VCC Supply Current 50 100 mA 

A.,C. CHARACTERISTICS TA = o·c to 70'C, VCC = s.sv ± w, VSS = ov 

Symbol P.rameter Min Mex Unit Tat Conditions 
tCY Cycle Time 8.38 50.0 /AS 3 MHz XTAL = 10 /AS tCY 

VZX Zero-Cross Detection Input (T1) 1 3 VACpp ACCoupled 

AZX Zero-Cross Accuracy ± 135 mV 80 Hz Sine Wave 

FZX Zero-Cross Detection Input O.OS 1 kHz 
FreCluency (T1) 
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A.C. CHARACTERISTICS TA = o· C to 7QO C, vcc = 5.5V ± 1 V, VSS = OV 

Test Conditions: CL =80 pF tCy=8.38!Ls 

Symbol Parameter Min. Max 

tcp Port Control Setup Before Palling Edge of PROG 0.5 

tpc Port Control Hold After Falling Edge of PROG 0.8 

Expander tpR PROG to Time P2 Input Must Be Valid 1.0 

Operation tDP Output Data Setup Time 7.0 

tpD Output Data Hold Time 8.3 

tpF Input Data Hold Time 0 .150 

tpp PROG Pulse Width 8.3 

tpRL ALE to Time P2 Input Must Be Valid 3.6 

Normal tpL Output Data Setup Time 0.8 
Operation tLP Output Data Hold Time 1.6 

tpFL Input Data Hold Time 0 

tLL ALE Pulse Width 3.9 23.0 

Port 2 Timing 

-i f-- ILL NORMAL OPERATION 

ALE/\ /\ 
PORT =:x 
OUTPUT ~ 

'PL"-j -r k.'LP 
ALE/\ 1\ 

PORT ( DATA X INPUT 

I- tpRL -I -1 r 'PFL 

EXPANDER OPERATION 

ALE /\ 1\ 
PROG \ 

I" Ipp 
PORT 

~ OUTPUT 

ICPi-r ~tPc 

ALEn /\ 
PROG \ 

PORT ~ INPUT 

ICP1=-l 
~ 'pR 
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Unit Notes 

!LS 

!LS 

!LS 

!LS 

!LS 

!LS 

!LS 

!LS 

/LS 

/LS 

!LS 

/LS tCy=8.38 /LS for min 

/ 
.. I 

X DATA x::: 
top! -r-I--'PD 

/ 

DATA x:= 
--ll--'PF 
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AID CONVERTER CHARACTERISTICS TA = o· C to 70· C, VCC = 5.5V ± 1 V, VSS = OV, AVCC = 5.5V ± 1 V, 
AVSS = OV, AVccl2';;; VAREF';;; AVCC 

Parameter Min Typ 

Resolution 8 

Absolute Accuracy 

Sample Setup Before Falling Edge of ALE (tss) 0.20 

Sample Hold After Falling Edge of ALE (tsH) 

Input Capacitance (ANO, AN1) 

Conversion Time 

NOTE: 

ALE 

ANALOG 
INPUT 

0.10 

1 

4 

Analog Input Timing 

Max 

.8% FSR± 112 LSB 

4 

ISH 

1. The analog Input must be maintained at a constant voltage during the sample time (tss + tSH). 
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Unit Comments 

Bits 

LSB (Note 1) 

tCY 

tCY 

pF 

tCY 
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Table 2. Instruction Set Summary 

Hexadecimal Hexadecimal 
Mnemonic Oescrlption Byt •• Cycle Opcode Mnemonic Description Bytes Cycle Opcode 

ADD A,Rr Add register to A 1 1 6S-6F JTOaddr Jump on TO= 1 2 2 36 
ADD A,@R Add data memory to A 1 1 60-61 JNTOaddr Jump on TO=O 2 2 26 
ADD A,#data Add immediate to A 2 2 03 JTl addr Jump on Tt=1 2 2 56 
ADDCA,Rr Add register with carry 1 1 7S-7F JNTt addr Jump on Tl=O 2 2 46 
ADDCA,@R Add data memory with 1 1 70-71 JTF addr Jump on timer flag 2 2 16 

carry 
ADDC A,#data Add immediate wilh 2 2 13 

carry 
ANL A,Rr And register to A 1 1 5S-5F 
ANL A,@R And data memory to A 1 1 50-51 

CD 

~ CALL addr Jump to subroutine 1 2 14,34,54,7 4 

e 94,84,D4,F4 .. RET Return 1 2 S3 ~ 
<II 

ANL A,#data And immediate to A 2 2 53 
ORL A,Rr Or register to A 1 1 4S-4F 
ORL A,@R Or data memory to A 1 1 40-41 

. CLR C Clear carry 1 1 97 .. 
.!! CPL C Complement carry 1 1 A7 "-

ORL A,#data Or immediate to A 2 2 43 

i XRL A,Rr Exclusive Or register 1 1 OS-OF 

E 
to A 

~ XRL A,@R Exclusive Or data 1 1 00-01 u 

MOV A,Rr Move register to A 1 1 FS·FF 
MOV A,@R Move data memory to A 1 1 FO-Fl 
MOV A,#data Move immediate to A 2 2 23 

u memory to A c MOV Rr.A Move A to register 1 1 AS-AF 
XRL A,#data Exclusive Or immediate 2 2 03 MOV@R,A Move A to data memory 1 1 AO-Al 

to A MOV Rr,#data Move immediate to 2 2 8S-8F 
INC A Increment A 1 1 17 
DEC A Decrement A 1 1 07 
CLR A Clear A 1 1 27 
CPL A Complement A 1 1 37 

: register 
> MOV@R.#data Move immediate to 2 2 80-81 0 
:Ii 

data memory 
~ XCHA,Rr Exchange A and 1 1 28-2F c 

DAA Decimal adjust A 1 1 57 register 
SWAP A Swap nibbles 01 A 1 1 47 XCH A,@R Exchange A and data 1 1 20-21 
RL A Rotate A left 1 1 E7 memory 
RLC A Rotate A left through 1 1 F7 XCHD a,@R Exchange nibble of A 1 1 30-31 

carry and register 
RR A Rotate A right 1 1 77 MOVPA,@A Move to A from current 1 2 A3 
RRC A Rotate A right through 1 1 67 page 

carry 

.! MOV A,T Read timer J counter 1 1 42 
IN A, Pp Input port to A 1 2 OS,09,OA 
OUTLPp,A Output A to port 1 2 90,39,3A 

~ MOVO A,Pp Input expander port 1 2 OC-OF 
to A 

!:> MOVO Pp,A Output A to expander 1 2 3C-3F 
'5 .. port 
.5 ANLD Pp,A And A to expander port 1 2 9C-9F 

ORLD Pp,A Or A to expander port 1 2 SC-SF 

c MOV T,A Load timer J counter 1 1 62 ~ 
0 

STRT T Start timer 1 1 55 ~ 
~ STRT CNT Start counter 1 1 45 

~ STOP TCNT Stop timer J counter 1 1 65 

~ RAO Move conversion resuli. 1 2 SO 

~ 
register to A 

c SEL ANO Select analog input 1 1 S5 
0 
(J zero 

!! 
.! INC Rr Increment register 1 1 IS-IF 
'~ INC@R Increment data memory 1 1 10-11 
0: 

c SEL ANI Select analog input one 1 1 95 ;-; 

ENI Enable external 1 1 05 
interrupt 

JMP addr Jump unconditional 2 2 04,24,44,64, 
S4,A4,C4,E4 

JMPP@A Jump indirect 1 2 83 
.c DJNZ R,addr Decrement register and 2 2 ES-EF u 
c 

jump on R not zero ~ JC addr Jump on carry= 1 2 2 F6 
JNC add. Jump on carry::::;O 2 2 E6 

DIS I Disable external 1 1 15 

i interrupt 

j EN TCNTI Enable timer I counter 1 1 25 
interrupt 

.5 DIS TCNTI Disable timer I counter 1 1 35 
interrupt 

RET I Return from interrupt 1 2 93 

JZ addr Jump on A zero 2 2 C6 
JNZ addr Jump on A not zero 2 2 96 

NOP No operation 1 1 00 

SYMBOLS AND ABBREVIATIONS USED 

A 
addr 
ANO, AN1 
CNT 
data 
I 

Accumulator 
11-Bit Program Memory Address 
Analog Input 0, Analog Input 1 
Event Counter 
a-Bit Number or Expression 
Interrupt 

P 
Pp 
Rr 
T 
TO, T1 
# 
@ 
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Mnemonic for "in-page" Operation 
Port Designator (P=O, 1, 2 or 4 -7) 
Register Designator (r=O-7) 
Timer 
Test 0, Test 1 
Immediate Data Prefix 
Indirect Address Prefix 
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8022H 
HIGH PERFORMANCE 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP AID CONVERTER 

8-Bit CPU, ROM, RAM, 1/0 in Single 40-Pin • 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines 
Package • 5 j.lsec Cycle; All Instructions 1 or 2 
On-Chip 8-Bit AID Converter; Two Input Cycles (6 MHz Clock) 
Channels 

Instructions-8048 Subset • 8 Comparator Inputs (Port 0) • Interval TimelEvent Counter 
Zero-Cross Detection Capability 

Clock Generated with Single Inductor or • Single 5V Supply (4.5V to 6.5V) Crystal 

Two Interrupts-External and Timer • Easily Expanded 1/0 

The Intel@ 8022H is designed to satisfy the requirements of low cost, high volume applications which involve 
analog signals, capacitive touchpanel keyboards, and/or large ROM space. The 8022H addresses these 
applications by integrating many new functions on-chip, such as A/D conversion, comparator inputs and 
zero-cross detection. 

The features of the 8022H include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 
I/O lines, an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for 
interfacing to low voltage capacitive touchpanels or other non-TTL interfaces, external timer interrupts, and 
zero-cross detection capability. In addition, it contains the 8-bit interval timer/event counter, on-board 
oscillator and clock circuitry, single 5V power supply requirement, and easily expandable I/O structure 
common to all members of the MCS-48 family. 

The 8022H is designed to be an efficient controller as well as an arithmetic processor. It has bit handling 
capability plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
using the MCS-48 instruction set which consists mostly of single byte instructions and has extensive 
conditional jump and direct table lookup capability. Program memory usage is further reduced via the 8022H's 
hardware implementation of the A/D converter which simplifies interfacing to analog signals. 

Figure 1. 
Block Diagram 
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Logic Symbol 
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8031/8051/8751 
SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

• 8031 - Control Oriented CPU With RAM and I/O 
• 8051 - An 8031 With Factory Mask-Programmable ROM 
• 8751 - An 8031 With User Programmable/Erasable EPROM 

4K x 8 ROM/EPROM • Boolean Processor 
128x8 RAM • MCS-48® Architecture Enhanced witt.: 
Four 8-Bit Ports, 321/0'Lines • Non-Paged Jumps 
Two 16-Bit Timer/Event Counters • Direct Addressing 
High-Performance Full-Duplex • Four 8-Register Banks 
Serial Channel • Stack Depth Up to 128-Bytes 
External Memory Expandable to 128K • Multiply, Divide, Subtract, Compare 
Compatible with MCS-80®/MCS-85® • Most Instructions Execute in 1jJs 
Peripherals • 4J,1s Multiply and Divide 

The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel's 
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin 
DIP, It provides the hardware features, architectural enhancements and new instructions that are necessary to 
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory 
and/or up to 64K bytes of data storage, 
The 8051/8751 contains a non-volatile 4K x 8 read-only program memory; a volatile 128 x 8 read/write data 
memory; 32 I/O lines; two 16-bit timer/counters; a five-source, two-priority-Ievel, nested interrupt structure; a 
serial I/O port for either multi-processor communications, I/O expansion, or full duplex UART; and on-chip 
oscillator and clock circuits, The 8031 is identical, except that it lacks the program memory, For systems that 
require extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte 
oriented MCS-80 and MCS-85 peripherals, 
The 8051 microcomputer, like its 8048 predecessor, is efficient both as' a controller and as an arithmetic 
processor. The 8051 has extensive facilities for binary and BCD arithmetic and excels in bit-handling capa
bilities. Efficient use of program memory results from an instruction set consisting of 44% one-byte, 41% 
two-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute in 1!L5, 40% 
in 2p.s and multiply and divide require only 4p.s. Among the many instructions added to the standard 8048 
instruction set are multiply, divide, subtract and compare. 
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INTRODUCTION 
This data sheet provides an introduction to the 80.51 
family. A detailed description of the hardware re
quired to expand the 80.51 with more program mem
ory, data memory, I/O, specialized peripherals and 
into multiprocessor configurations is described in 
the 80.51 Family User's Manual. 

The 8051 Family 
The 80.51 is a stand-aloAe high-performance single
chip computer intended for use in sophisticated 
real-time applications' such as instrumentation, 
industrial control and intelligent computer periph
erals. It provides the hafdware features, architectural 
enhancements and netil instructions that make it a 
powerful and cost effedive controller for applications 
requiring up to 64K-bytes of program memory and/or 
up to 64K-bytes of dat.' storage. A Block Diagram is 
shown in Figure 1. { 

The 80.31 is a control-oriented CPU without on-chip 
program memory. It (can address 64K-bytes of 
external Program Memory in addition to 64K-bytes 
of External Data Memory. For systems requiring extra 
capability, each member of the 80.51 family can be 
expanded using standard memories and the byte 
oriented MCS-8o. and MCS-85 peripherals. The 80.51 
is an 80.31 with the lower 4K-bytes of Program 
Memory filled with on-chip mask programmable 
ROM while the 8751 has 4K-bytes of UV-light
erasable/electrically-programmable ROM. 
The three pin-compatible versions of this com
ponent reduce development problems to a minimum 
and provide maximum flexibility. The 8751 is well 
suited for development, prototyping, low-volume 
production and applications requiring field updates; 
the 80.51 for low-cost, high volume production; and 
the 80.31 for applications desiririg the flexibility of 
external Program Memory which can be easily 

1 
64K 

EXTERNAL 

modified and updated in the field. 

MACRO-VIEW OF THE 8051 
ARCHITECTURE 
On a single die the 80.51 microcomputer combines 
CPU; non-volatile 4K x 8 read-only program memory; 
volatile 128 x 8 read/write data memory; 32110 lines; 
two 16-bit timer/event counters; a five-source, two
priority-level, nested interrupt structure; serial 110 
port foreither multi-processor communications, I/O 
expansion, or full duplex UART; and on-Chip oscilla
tor and clock circuits. This section will provide an 
overview of the 80.51 by providing a high-level de
scription of its major elements: the CPU architecture 
and the on-Chip functions peripheral to the CPU. 
The generic term "80.51" is used to refer collectively 
to the 80.31, 80.51, and 8751. 

8051 CPU Architecture 
The 80.51 CPU manipulates operands in four memory 
spaces. These are the 64K-byte Program Memory, 
64K-byte External Data Memory, 384-byte Internal 
Data Memory and 16-bit Program Counter spaces. 
The Internal Data Memory address space is further 
divided into the 256-byte Internal' Data RAM and 
128-byte Special Function Register (SFR) address 
spaces shown in Figure 4. Four Register Banks 
(each with eight registers), 128 addressable bits, 
and the stack reside in the Internal Data RAM. The 
stack depth is limited only by the available Internal 
Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program 
Counter and the four 8-Register Banks reside in the 
Special Function Register address space. These 
memory mapped registers include arithmetic regis
ters, pointers, I/O ports, interrupt system registers, 
timers and serial port. 128 bit locations in the SFR 
address space are addressable as bits. The 80.51 con
tains 128 bytes of Internal Data RAM and 20. SFRs. 

64K 

OVERLAPPED SPACE 

I '-,----A 4095 

INTERNAL 255 I I 255 Il t 12: I I 128 I I 
'--..---' 

PROGRAM 
COUNTER 

0 

'--..---' 
PROGRAM 
MEMORY 

'--..---' 
INTERNAL 
DATA RAM 

~ 
SPECIAL 
FUNCTION 
REGISTERS 

INTERNAL DATA MEMORY 

Figure 4. 8051 Family Memory Organization 
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The 8051 provides a non-paged Program Memory 
address space to accommodate relocatable code. 
Conditional branches are performed relative to the 
Program Counter. The register-indirect jump permits 
branching relative to a 16-bit base register with an 
offset provided by an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location 
in the contiguous 64K Program Memory address 
space. 
The 8051 has five methods for addressing source 
operands: Register. Direct. Register-Indirect. Im
mediate and Base-Register- plus Index-Register
Indirect Addressing. The first three methods can be 
used for addressing destination operands. Most 
instructions have a "destination. source" field that 
specifies the data type. addressing methods and 
operands involved. For operations other than 
moves. the destination operand is also a source 
operand. 

Registers in the four 8-Register Banks can be 
accessed through Register. Direct. or Register
Indirect Addressing; the 128 bytes of Internal Data 
RAM through Direct or Register-Indirect Addressing; 
and the Special Function Registers through Direct 
Addressing. External Data Memory is accessed 
through Register-Indirect Addressing. Look-Up
Tables resident in Program Memory can be accessed 
through Base-Register- plus Index-Register-Indirect 
Addressing. 
T~e 8051 is classified as an 8-bit machine since the 
internal ROM. RAM. Special Function Registers. 
ArithmeticlLogic Unit and external data bus are each 
8-bits wide. The 8051 performs operations on bit. 
nibble. byte and double-byte data types. 
The 8051 has extensive facilities for byte transfer. 
logic. and integer arithmetic operations. It excels at 
bit handling since data transfer. logic and condi
tional branch operations can be performed directly 
on Boolean variables. 
The 8051's instruction set is an enhancement of 
the instruction set familiar to MCS-48 users. It is 
enhanced to allow expansion of on-chip CPU 
peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add 
new high-power operations and to permit new 
addressing modes which make the old operations 
more orthogonal. Efficient use of program memory 
results from an instruction set consisting of 49 
single-byte. 45 two-byte and 17 three-byte instruc
tions. When using a 12 MHz oscillator. 64 instructions 
execute in 1/.1s and 45 instructions execute in 2/.1s. 
The remaining instructions (multiply and divide) 
execute in only 4 JJ. s. The number of bytes in each 
instruction and the number of oscillator periods 
required for execution are listed in the appended 
8051 Instruction Set Summary. 
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On-Chip Peripheral Functions 
Thus far only the CPU and memory spaces of the 
8051 have been described. In addition to the CPU 
and memories. an interrupt system. extensive 1/0 
facilities. and several peripheral functions are inte
grated on-Chip to relieve the CPU of repetitious. 
complicated or time-critical tasks and to permit 
stringent real-time control·of external system inter
faces. The extensive 1/0 f/:!'cilities include the 1/0 
pins. parallel 1/0 ports, biGlrectional addressldata 
bus and the serial port for 110 expansion. The CPU 
peripheral functions integrah,\d on-chip are the two 
16-bit counters and the serial port. All of these work 
together to greatly boost systllm performance. 

INTERRUPT SYSTEM 
External events and the real-time-driven on-chip 
peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. 
To tie the asynchronous activities of these functions 
to normal program execution, a sophisticated mul
tiple-source, two-priority-Ieveli. nested interrupt sys
tem is provided. Interrupt response latency ranges 
from 3JJs to 7/.1s when using a 12 MHz crystal. 

The 8051 acknowledges interrupt requests from 
five sources: Two from external sources via the INTO 
and INT1 pins. one from each of the two internal 
counters and one from the serial 110 port. Each 
interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five 
sources can be assigned to either of two priority 
levels and can be independently enabled and dis
abled. Additionally all enabled sources can be globally 
disabled or enabled. Each external interrupt is pro
grammable as either level- or transition-activated 
and is active-low to allow the "wire or-ing" of several 
interrupt sources to the input pin. The interrupt 
system is shown diagrammatically in Figure 5. 

1/0 FACILITIES 

The 8051 has instructions that treat its 32 1/0 lines 
as 32 individually addressable bits and as four 
parallel 8-bit ports addressable as Ports 0.1.2 and 3. 
Ports 0, 2 and 3 can also assume other functions. 
Port 0 provides the multiplexed low-order address 
and data bus used for expanding the 8051 with 
standard memories and peripherals. Port 2 provides 
the high-order address bus when expanding the 
8051 with external Program Memory or more than 
256 bytes of External Data Memory. The pins of 
Port 3 can be configured individually to provide ex
ternal interrupt request inputs. counter inputs. the 
serial port's receiver input and transmitter output. 
and to generate the control signals used for reading 
and writing External Data Memory. The generation 
or use of an alternate function on a Port 3 pin is 
done automatically by the 8051 as long as the pin 

AFN-Q1462B-03 
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INPUT LEVEL AND INTERRUPT ENABLE 
INTERRUPT REQUEST REGISTER: 
FLAG REGISTERS: SOURCE GLOBAL 

ENABLE ENABLE 

EXTERNAL V - INTERRUPT 
REQUEST 0 

INTO 

INTERNAL V 
TIMER 0 

EXTERNAL V - INTERRUPT 
REQUEST 1 

tNT1 

INTERNAL V 
TIMER 1 

INTERNAL~ V 
SERIAL 
PORT R 

• FIVE INTERRUPT SOURCES 
• EACH INTERRUPT CAN BE INDIVIDUALLY ENABLED/DISABLED 

INTERRUPT 
PRIORITY 
REGISTER: 

0- -

~1 

POLLING 
HARDWARE 

~ 
----
SOURCE 

1.0. 

~ 

f----

~ 

I--

HIGH 
PRIORITY 
INTERRUPT 
REQUEST 

VECTOR 

LOW 
PRIORITY 
INTERRUPT 
REQUEST 

• ENABLED INTERRUPTS CAN BE GLOBALLY ENABLED/DISABLED ----
• EACH INTERRUPT CAN BE ASSIGNED TO EITHER OF TWO PRIORITY LEVELS 

=> • EACH INTERRUPT VECTORS TO A SEPARATE LOCATION IN PROGRAM MEMORY SOURCE VECTOR 
• INTERRUPT NESTING TO TWO LEVELS 1.0. 
• EXTERNAL INTERRUPT REQUESTS CAN BE PROGRAMMED TO BE LEVEL- OR 

TRANSITION-ACTIVATED 

Figure 5. 8051 Interrupt System 

is configured as an input. The configuration of the 
ports is shown on the 8051 Family Logic Symbol 
of Figure 2. 
Open Drain I/O Pins 

Each pin of Port 0 can be configured as an open 
drain output or as a high impedance input. Resetting 
the microcomputer programs each pin as an input by 
writing a one (1) to the pin. If a zero (0) is later written 
to the pin it becomes configured as an output and 
will continuously sink current. Re-writing the pin 
to a one (1) will place its output driver in a high
impedance state and configure the pin as an input. 
Each 1/0 pin of Port 0 can sink two TTL loads. 

Quasi-Bidirectional I/O Pins 

Ports 1, 2 and 3 are quasi-bidirectional buffers. 
Resetting the microcomputer programs each pin as 
an input by writing a one (1) to the pin. If a zero (0) 
is later written to the pin it becomes configured as 
an output and will continuously sink current. Any 
pin that is configured as an output will be recon
figured as an input when a 0(19 (1) is written to the 
pin. Simultaneous to this reconfiguration the output 
driver of the quasi-bidirectional port will source 
current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero 
(0) is updated to a one (1), a pin programmed as an 
input will not source current into the TTL gate that 
is driving it if the pin is later written with another one 
(1). Since the quasi-bidirectional output driver sources 
current for only two oscillator periods, an internal 
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pull up resistor of approximately 20K- to 40K-ohms 
is provided to hold the external driver's loading at a 
TTL high level. Ports 1, 2 and 3 can sinklsource one 
TTL load. 

Microprocessor Bus 
A microprocessor bus is provided to permit the 8051 
to solve a wide range of problems and to allow the 
upward growth of user products. This multiplexed 
address and data bus provides an interface com
patible with standard memories, MCS-80 peripherals 
and the MCS-85 memories that include on-chip 
programmable 1/0 ports and timing functions. These 
are summarized in the 8051 Microcomputer Expan
sion Components chart of Figure 6. 
When accessing external memory the high-order 
address is emitted on Port 2 and the low-order 
address on Port O. The ALE signal is provided for 
strobing the address into an external latch. The 
program store enable (PSEN) signal is provided for 
enabling an external memory device to Port 0 during 
a read from the Program Memory address space. 
When the MOVX instruction is executed Port 3 auto
matically generates the read (AD) signal for enabling 
an External Data Memory device to Port 0 or gener
ates the write(WA) signal for strobing the external 
memory device with the data emitted by Port O. Port 
o emits the address and data to the external memory 
through a push/pull driver that can sinklsource two 
TTL loads. At the end of the read/write bus cycle 
Port 0 is automatically reprogrammed to Its high 
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Program Crystal 
Or Data Frequency 

Category 1.0. Description Comments Memory MHz (Max) 
110 Expander 8 Line I/O Expander Low Cost I/O Expander 12 

(Shift Register) 

Standard EPROMs 2758 1 K x 8 450 ns Light User programmable and P 9 
Erasable erasable. 

2716-1 2K x 8 350 ns Light P 11 
Erasable 

2732 4K x 8 450 ns Light P 9 
Erasable 

2732A 4K x 8 250 ns Light P 12 
Erasable 

Standard RAMs 2114A 1 K x 4 100 ns RAM Data memory can be 0 12 
2148 1 K x 4 70 ns RAM easily expanded using 0 12 
2142-2 1 K x 4 200 ns RAM standard NMOS RAMs. 0 12 

en 
C Multiplexed Address/ 8185A 1 K x 8 300 ns RAM 0 12 
OJ Data RAMs c 
0 
Q. 

E Standard I/O 8212 8-Bit I/O Port Serves as Address Latch 0 12 
0 8282 8-Bit I/O Port or I/O port. 0 12 U 
l[) 8283 8-Bit I/O Port 0 12 
~ 8255A Programmable Three 8-bit programmable 0 12 
0 
en Peripheral Interface I/O ports. 
JJ 8251A Programmable Com- Serial Communications 0 12 
U munications Interface Receiver/Transmitter. ~ 
OJ 
:0 Standard Peripherals 8205 1 of 8 Binary Decoder MCS-80 and MCS-85 0 12 
~ 8286 Bi-directional Bus Driver peripheral devices are 0 12 
Q. 8287 Bi-directional Bus Driver compatible with the 8051 0 12 E 
0 (Inverting) allowing easy addition of 
U 8253A Programmable Interval specialized interfaces. 0 12 

Timer Future MCS-80/85 
8279 Programmable devices will also be 0 12 

Keyboard/Display compatible. 
Interface (128 Keys) 

8291 GPIB Talker/Listener 0 12 
8292 GPIB Controller 0 11.7 

Universal Peripheral 8041A ROM Program Memory User programmable to DIP 12/11.7 
Interfaces 8741A EPROM Program perform custom I/O and DIP 12/11.7 

Memory control functions. 

Memories with 8155-2 256 x 8 330 ns RAM 0 12 
on-chip I/O and 8355-2 2K x 8 330 ns ROM P 11.6 
Peripheral Functions. 8755-2 2K x 8 330 ns EPROM I P 11.6 

Figure 6. 8051 Microcomputer Expansion Components 

impedance state and Port 2 is returned to the state 
it had prior to the bus cycle. The 8051 generates 
the address, data and control signals needed by 
memory and 110 devices in a manner that minimizes 
the requirements placed on external program and 
data memories. At 12 MHz, the Program Memory 
cycle time is 500ns and the access times required 
from stable address and PSEN are approximately 
320ns and 150ns respectively. The External Data 
Memory cycle time is 1j.Js and the access times 
required from stable address and from read (RD) 
or write (WR) command are approximately 600ns 
and 250ns respectively. 

TIMER/EVENT COUNTERS 
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The 8051 contai ns two 16-bit counters for measuring 
time intervals, measuring pulse widths, counting 
events and generating precise, periodic interrupt re
quests. Each can be programmed independently to 
operate si milar to an 8048 8-bittimerwith divide by 32 
prescaler or as an 8-bit counter with divide by32 pre
scaler (Mode 0), as a 16-bit time-interval or event 
counter (Mode 1), or as an 8-bit time-interval or 
event counter with automatic reload upon over
flow (Mode 2). 
Additionally, counter 0 can be programmed to a 
mode that divides it into one 8-bit time-interval or 
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event counter and one 8-bit time-interval counter 
(Mode 3). When counter 0 is in Mode 3, counter 1 can 
be programmed to any of the three aforementioned 
modes, although it cannot set an interrupt request 
flag or generate an interrupt. This mode is useful 
because counter 1 's overflow can be used to pulse 
the serial port's transmission-rate generator. Along 
with their multiple operating modes and 16-bit pre
cision, the counters can also handle very high input 
frequencies. These range from 0.1 MHz to 1.0 MHz 
(for 1.2 MHz to 12 MHz crystal) when programmed 
for an input that is a division by 12 of the oscillator 
frequency and from 0 Hz to an upper limit of 50 KHz 
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when 
programmed for external inputs. Both internal and 
external inputs can be gated to the counter by a 
second external source for directly measuring 
pulse widths. 
The counters are started and stopped under software 
control. Each counter sets its interrupt request flag 
when it overflows from all ones to all zeros (or auto
reload value). The operating modes and input sources 
are summarized in Figures 7 and 8. The effects of 
the configuration flags and the status flags are shown 
in Figures 9 and 10. 

SERIAL COMMUNICATIONS 
The 8051 has a serial I/O port that is useful for 
serially linking peripheral devices as well as multiple 
8051s through standard asynchronous protocols with 
full-duplex operation. The serial port also has a 
synchronous mode for expansion of I/O lines using 
CMOS and TTL shift registers. This hardware serial 
communications interface saves ROM code and 
permits a much higher transmission rate than could 
be achieved through software. In response to a serial 
port interrupt request the CPU has only to read/write 
the serial port's buffer to service the serial link. 
A block diagram of the serial port is shown in Figures 
11 and 12. Methods for linking UART (universal 
asynchronous rec;eiver/transmitter) devices are 

GATE COUNTERITIMER RUN 

TO------+...J 

XTAL1 

• MODE 0: 8-BIT TIMER/COUNTER WITH PRESCALER 
-MODE 1: 16-81T TIMER/COUNTER 
• MODE 2: 8-BIT AUTO-RELOAD TIMER/COUNTER 

Figure 7. Timer/Event Counter 
Modes 0, 1 and 2 

OVERFLOW 
(INTERRUPT 
REQUEST) 
fLAG 0 

PULSE 
TO 
SERIAL 
PORT 

OVERFLOW 
(INTERRUPT 
REQUEST) 

'-___ oJ _FLAG 1 

~OVERFLOW 

• MODE 3:8-8IT TIMER/COUNTER _MODE 3: 8-BIT TIMER ~~~~~:~rT 
FLAG 0 

PULSE 
TO 
SERIAL 
PORT 

Figure 8. Timer/Event Counter 0 in Mode 3 

INTERRUPT REQUEST 

COUNTER 0 

MODE 0: 8-BIT TIMER WITH 5-81T PRESCALERI 
8-BIT COUNTER WITH 5-81T PRESCALER 

MODe 1: 16-81T TIMER/COUNTER 
MODE 2: 8-BIT AUTO-RELOAD TIMER/COUNTER 
MODE 3: 8-BIT TIMER/COUNTER (TLO) 

Figure 9. Timer/Counter 0 Control and Status Flag Circuitry 
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GATE COUNTER/TIMER RUN 

TIMER! COUNTER 0 IN MODE 3 

I 

COUNTER 1 

MODE 0: a-BIT TIMER WITH PRESCALERI 
8-BIT COUNTER WITH PRESCALER 

MODE 1: 16-BIT TIMER/COUNTER 
MODE 2: a-BIT AUTO-RELOAD TIC 
MODE 3: PREVENTS INCREMENTING OF T/C 1 

COUNTER 0 

L~:=-__ J:=~=====I=}----------'( 8-BIT TIMER (THO) 

Figure 10. Timer/Counter 1 Control and Status Flag Circuitry 

CONTROL & 
TIMING CIRCUITRY 

INTERRUPT REQUEST 

PULSE TO 
SERIAL PORT 

L ________ '-_--_--_--_--_--_--_--_--_--_--...... ....J. ... CLOCK 

Figure 11. Serial Port-Synchronous Mode 0 

• 1QQR11 BIT FRAME r- - --- ------- --~R~S;;;T-;;-----l 
• BAUD RATE I INTERRUPT 

GENERATION FROM 
OSCILLATOR OR 
TIMER 1 I I-____ ..,., ... ~~~~SMIT 

• ADDRESS FRAME I 
RECOGNITION 

CRYSTAL 
OSCILLATOR 

TIMER 1 
OVERFLOW 

I 
I 
I 
I 
I 

I..----,~---' 

Figure 12. Serial Port-UART Modes 1, 2, and 3 
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I 1 
TXD RXD TXD RXD TXD RXD RXD TXD TXD RXD TXD RXD 

8051 8051 8051 8051 8051 8051 

A. MULTI-8051 INTERCONNECT -HALF DUPLEX B. MULTI-8051 INTERCONNECT -FULL DUPLEX 

Figure 13. UART Interfacing Schemes 

shown in Figure 13 and a method for I/O expansion 
is shown in Figure 14. 1051 

A. 110 INPUT 
EXPANSION 

1051 

DATA 

CLOCK 

PORT PIN 

B. I/O.OUTPUT 
EXPANSION 

TXD 

~ 
RXD 

RXD TXD 
PORT PIN r---- CTS 

8051 8251 

C. 8051-8251 INTERFACE 

Q$ 

EN 

The full-duplex serial I/O port provides asyn
chronous modes to facilitate communications with 
standard UART devices, such as printers and CRT 
terminals, or communications with other 80518 in 
multi-processor systems. The receiver is double 
buffered to eliminate the overrun that would occur if 
the CPU failed to respond to the receiver's interrupt 
before the beginning of the next frame. Double buffer
ing of the transmitter is not needed since the 8051 
can generally maintain the serial link at its maximum 
rate without it. A minor degradation in transmission 
rate can occur in rare events such as when the servic
ing of the transmitter has to wait for a lengthy inter
rupt service program to complete. In asynchronous 
modes, false start-bit rejection is provided on re
ceived frames. For noise rejection a best two-out-of
three vote is taken on three samples near the center 
of each received bit. 

Figure 14. I/O ExpanSion Technique 

When interfacing with standard UART devices the 
serial channel can be programmed to a mode (Mode 
1) that transmits/receives a ten-bit frame or pro
grammed to a mode (Mode 2 or 3) that transmits/ 
receives an eleven-bit frame as shown in Figure 15. 
The frame consists of a start bit, eight or nine data 
bits and a stop bit. I n Modes 1 and 3, the transm ission
rate timing circuitry receives a pulse from counter 1 
each time the counter overflows. The input to counter 
1 can be an external source or a division by 12 of the 
oscillator frequency. The auto-reload mode of the 
counter provides communication rates of 122 to 
31,250 bits per second (including start and stop bits) 
for a 12 MHz crystal. In Mode 2 the communication 
rate is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per 
second (including start and stop bits) for a 12 MHz 
crystal. 
Distributed processing offers a faster, more power
ful system than can be provided by a single CPU 
processor. This results from a hierarchy of intercon
nected processors, each with its own memories and 

6-31 

MoDe 

TTY I~ 
START 7~BIT DATA PARITV~ 

25TOP 

i" TYPICAL ,START 7·8ITO"T" MARK STOP 

CRT 

I I 
STAAT 8-BIT DATA PARITY STOP 

i" 2&. 
MUL TI- STAAT 8-BfT DATA AOOR STOP 
PROCESSOR DATA 
COMMUNICA-

TIONS I I 2&. 
STAAT 9-BIT DATA STOP 

YO 8-BITS ~DATA 
EXPANSION 

-..- elK 

Figure 15. Typical Frame Formats 
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1. Slaves-Configure serial port to interrupt 
CPU if the received ninth data bit 
is a one (1). 

2. Master-Transmit frame containing address 
in first 8 data bits and set ninth data 
bit (I.e. ninth data bit designates 
address frame). 

3. Slaves-Serial port interrupts CPU when 
address frame·is received. Interrupt 
s,ervice program compares received 
address to its address. The slave 
which has been addressed recon
figures its serial port to interrupt 
the CPU on all subsequent trans
missions. 

4. Master-Transmit control frames and data 
frames (these will be accepted only 
by the previously addressed slave). 

Figure 16. Proto.col for Multi-Processor 
Communications 

1/0. In multiprocessing, a host 8051 microcomputer 
controls a multiplicity of 8051s configured to operate 
simultaneously on separate portions of the program, 
each controlling a portion of the overall process. 
The interconnected 8051s reduce the load on the 
host processor and result in a low-cost system of 
data transmission. This form of distributed process
ing is especially effective in systems where controls 
in a complex process are required at physically 
separated locations. 
In Modes 2 and 3 the automatic wake-up of slave 
processors through interrupt driven address-frame 
recognition is provided to facilitate interprocessor 
communications. The protocol for interprocessor 
communications is shown in Figure 16. 
In synchronous mode (Mode 0) the high speed serial 
port provideS an efficient, low-cost method of expand
ing 1/0 lines using standard TTL and CMOS shift 
registers. The serial channel provides a clock output 
for synchronizing the shifting of bits tolfrom an 
external register" The data rate is a division by 12 
of the oscillator frequency and is 1 M bits per second 
at 12 MHz. 

8051 Family Pin Description 

VSS 
Circuit ground potential. 

VCC 
+5V power supply during operation, programming 
and verification. 

PORTO 

Port 0 is an 8-bit open drain bidirectional 1/0 port. 

It is also the multiplexed low-order address and data 
bus when using external memory. It is used for data 
input and output during programming and verifi
cation. Port 0 can sinklsource two TTL loads. 

PORT 1 
Port 1 is an 8-bit quasi-bidirectional 1/0 port. It is 
used forthe low-order address byte during program
ming and verification. Port 1 can sink/source one 
TTL load. 

PORT 2 
Port 2is an 8-bit quasi-bidirectional 110 port. It also 
emits the high-order address byte when accessing 
external memory. It is used for the high-order 
address and the control signals during programming 
and verification. Port 2 can sink/source one TTL 
load. 
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PORT 3 
Port 3 is an 8-bit qUasi-bidirectional 1/0 port. Italso 
contains the interrupt, timer,serial port andRD and 
WR pins that are used by various options. The 
output latch corresponding to asecondary function 
must be programmed to a one(1) forthatfunction to 
operate. Port 3 can sink/sourc.eone TTL load. The 
secondary functions are assigned to the pins of Port 
3, as.follows: 
- RXD/data (P3.0). Serial port's receiver data input 

(asynchronous) or data input/output (synchro
nous). 

-TXD/clock (P3.1). Serial port's transmitter data 
output (asynchronous) or clock output (synchro
nous). 

-INTO (P3.2). Interrupt 0 input or gate control input 
for counter O. 

-INT1 (P3.3).lnterrupt 1 input orgate control input 
for counter 1. 

- TO (P3.4). Input to counter O. 
- T1 (p3.5). Input to counter 1. 
-WR (P3.6). The write control signal latches the 

data byte from Port 0 into the External Data 
Memory. 

-RD (P3.7). The read control signal enables 
External Data Memory to Port O. 

RST/VPD 
Alow to high transition on this pin (at approximately 
3V)resets the 8051. If VPD is heldwithin. its spec 
(approximately +5V),while VCC drops below spec, 
VPD will.provide standby power to the RAM. When 
VPD is low, the RAM's current is.drawn from VCC. A 
small internal resistor permits powereon reset using 
only a capacitor connected to VCC. 

ALE/PROG 
Provides Address Latch Enable output used for 
latching the address into external memory during 
normal operation. Receives the program pulse 
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input during EPROM programming. 

PSEN 
The Program Store Enable output is a control signal 
that enables the external Program Memory to the 
bus during normal fetch operations. 

EAlVDD 
When held at a TTL high level, the 8051 executes 
instructions from the internal ROM/EPROM when 
tt:1e PC is less than 4096. When held at a TTL low 
level, the 8051 fetches all instuctions from external 
Program Memory. The pin also receives the 21V 
EPROM programming supply voltage. 

XTAL1 

Input to the oscillator's high gain amplifier. A crystal 
or external source can be used. 

XTAL2 

Output from the oscillator's amplifier. Required when 
a crystal is used. 

8051 FAMILY DEVELOPMENT SYSTEM 
AND SOFTWARE SUPPORT 
The 8051 is supported by a total range of Intel de
velopment tools. This broad range of support 
shortens th.e product development cycle and thus 
brings the product to market sooner. 

• ASM51 Absolute macro assembler for the 8051. 
• CONV51 8048 assembly language source code 

to 8051 assembly source code conver-

• EM-51 

• ICE-51 T• 

• SDK-51 

• UPP-551 

• 

sion program. 
8051/8751 emulator board that uses a 
modified 8051 and an EPROM. 
Real-time in-circuit emulator. 
System design kit for developing user 
Prototype around the 8051. 
8751 personality card for UPP-103 
Universal PROM Programmer. 
8051 Workshop. 

8051 Software Development Package 
(ASM51 and CONV51) 
The 8051 software development package provides 
development system support for the powerful 8051 
family of single-chip microcomputers. The package 
contains a symbolic macro assembler and a 8048 
to 8051 source code converter. This diskette-based 
software package runs under ISIS-II on any Intellec® 
Microcomputer Development System with 64K 
bytes of memory. 

8051 Macro Assembler (ASM51) 
The 8051 macro assembler translates symbolic 8051 

assembly language instructions into machine exe
cutable object code. These assembly language 
mnemonics are easier to program and are more 
readable than binary or hexidecimal machine in
structions. Also, by allowing the programmer to 
give symbolic names to memory locations rather 
than absolute addresses, software design and 
debug are performed more quickly and reliably. 

ASM51 provides symbolic access for the many use
ful addressing methods in the 8051 architecture 
which reference bit, nibble and byte locations. 

The assembler supports macro definitions and 
calls. This provides a convenient means of program
ming a frequently ,used code sequence only once. 
The assembler also provides conditional assembly 
capabilities. Cross referencing is provided in the 
symbol table listing, which shows the user the lines 
in which each symbol was defined and referenced. 

If an 8051 program contains errors, the assembler 
provides a comprehensive set of error diagnostics, 
which are included in the assembly listing. 

The object code generated may be used to program 
the 8751 EPROM version of the chip or sent to 
Intel for fabricating the 8051 ROM version. The 
assembler output can also be debugged using the 
ICE-51 in-circuit emulator. 

8048 to 8051 Assembly Language 
Converter Utility Program (CONV51) 
The 8048 to 8051 assembly language converter is 
a utility to help users of the MCS-48 family of micro
computers upgrade their designs to the high per
formance 8051 architecture. By converting 8048 
source code to 8051 source code, the investment in 
software developed for the 8048 is maintained when 
the system is upgraded. 

8051 Emulation Board (EM-51) 
The EM-51 8051 emulation board is a small (2.85" x 
5.25") board which emulates an 8031/8051/8751 
microcomputer using standard PROMs or EPROMs 
in place of the 8051's on-chip program memory. The 
board includes a modified 8051 microcomputer, 
supporting circuits, and two sockets for program 
memory. The user may select two 2716 EPROMs, a 
2732 EPROM, or two 3636 bipolarPROMs depend
ing on crystal frequency and power requirements. 

8051 In-CircuitEmulator (ICE-51™) 
The 8051 In-Circuit Emulator resides in the Intellec 
development system. The development system 
interfaces with the user's 8051 system through an 
in-cable buffer box with the cable terminating in an 
8051 pin-compatible plug. Together these replace 
the 8051 device in the system. With the emulator 
plug in place, the designer can exercise the system 
in real-time while collecting up to 255 instruction 
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cycles of real-time data. In addition, he can single 
step the system program. 
Static RAM memory is available in the ICE-51 buffer 
box to emulate the 8051's internal and external pro
gram memories and external data memory. The 
designer can display and alter the contents of the 
replacement memory in the ICE-51 buffer box, 
internal 8051 registers, internal data RAM, and 
Special Function Registers. Symbolic reference 
capability allows the designer to use meaningful 
symbols provided by ASM51 rather than absolute 
values when examining and modifying these mem
ory, register, flag, and 1/0 locations in his system. 

Personality Card for Universal 
PROM Programmer (UPP-551) 
The UPP-551 is a personality care Tor the UPP-103 
Universal PROM Programmer. The Universal PROM 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias .......... 0" C to 70" C 
Storage Temperature .................. -6SoC to +1SO"C 
Voltage on Any Pin With 

Respect to Ground (VSS) ................ -O.SV to +7V 
Power DiSSipation ............................. 2 Watts 

Programmer is an Intellec system peripheral cap
able of programming and verifying the 8751 when 
the UPP-551 is inserted. Programming and verfica
tion operations are initiated from the Intellec de
velopment system console and are controlled by the 
Universal PROM Mapper (UPM) program. 

8051 Workshop 
The workshop provides the design engineer or 
system designer hands-on experience with the 8051 
microcomputers. The course includes explanation 
of the Intel 8051 architecture, system timing and 
input/output design. Lab sessions will allow the 
attendee to gain detailed familiarity with the 8051 
family and support tools. 
INSITE™ Library 
The INSITE Library contains 8051 utilities and 
applications programs. 

·NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (T A = O°C to 70°C; VCC = SV ± S%; VSS = OV) 

Symbol Parameter Min Typ Max Units Test Conditions 

VIL Input Low Voltage (All except XTAL 1) -O.S 0.8 V 

VIL1 Input Low Voltage (XTAL 1) -O.S TBD V 

VIH Input High Voltage 2.0 VCC+O.S V 
(All Except XTAL1. RSTIVPD) 

VIH1 Input High Voltage (XTAL 1) TBD VCC+O.S V 

VIH2 Input High Voltage (RST) 3.0 VCC + 0.5 V 

VIH3 Input High Voltage (VpD) 4.S 5.5 V Power Down Only 

(VCC = 0) 

VOL Output Low Voltage 0.45 V 10L =2 mA 
(All Outputs Except Port 0) 

VOL1 Output Low Voltage (Port 0) 0.45 V 10L =4 mA 

VOH Output High Voltage (All Outputs 2.4 V IOH=-100jJA 
Except Port 0, ALE and PSEN) 

VOH1 Output High Voltage (ALE and PSEN. 2.4 V IOH=-400jJA 
Port 0 in External Bus Mode) 

ILO Pullup Resistor Current (P1, P2, P3) SOO jJA .45Vs VIN sVCC 

IL01 Output Leakage Current (PO) :t10 J.1A .45VSVIN sVCC 

ICC Power Supply Current 
(All Outputs Disconn~cted) 

150 mA TA=25°C 

IpD Power Down Supply Current 20 mA TA=25°C, VpD=5V, 
VCC=OV 

CIO Capacitance Of 1/0 Buffer 10 pF fc=1MHz 

AFN.o1462B·ll 
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A.C. CHARACTERISTICS (TA = O°C to 70°C; VCC = 5V ± 5%; VSS = OV; CLforPortO,ALE 
and PSEN Outputs = 150 pF; CL for All Other Outputs = 80 pF) 

Program Memory Characteristics 

Variable Clock 
12 MHz Clock 1/TCLCL=1.2 MHz to 12 MHz 

Symbol Parameter Min Max Units Min Max Units 

TCLCL Oscillator Period 83 ns ns 

TCY Min Instruction Cycle Time 1.0 Jis 12TCLCL 12TCLCL ns 

TLHLL ALE Pulse Width 140 ns 2TCLCL-30 ns 

TAVLL Address Set Up To ALE 60 ns TCLCL-25 ns 

TLLAX Address Hold After ALE 50 ns TCLCL-35 ns 

TPLPH PSEN Width 230 ns 3TCLCL-20 ns 

TLHLH PSEN, ALE Cycle Time 500 ns 6TCLCL ns 

TPLIV PSEN To Valid Instruction In 150 ns 3TCLCL-l00 ns 

TPHDX Input Data Hold After PSEN 0 ns 0 ns 

TPHDZ Input Data Float After PSEN 75 ns TCLCL-10 ns 

TAVIV Address To Valid Instr In 320 ns 5TCLCL-100 ns 

TAZPL Address Float To PSEN 0 ns 0 ns 

External Data Memory Characteristics 

12 MHz Clock Variable Clock 

Symbol Parameter Min Max Units Min Max Units 

TRLRH RD Pulse Width 400 ns 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 ns 6TCLCL-l00 ns 

TRLDV RD To Valid Data In 250 ns 5TCLCL-170 ns 

TRHDX Data Hold After RD a ns a ns 

TRHDZ Data Float After RD 100 ns 2TCLCL-70 ns 

TAVDV Address To Valid Data In 600 ns 9TCLCL-150 ns 

TAVWL Address To WR or RD 200 ns 4TCLCL-130 ns 

TDVWX Data Valid To WR Transition ns ns 

TQVWH Data Setup Before WR 400 ns 7TCLCL-180 ns 

TWHQX Data Held After WR 80 ns 2TCLCL-90 ns 

NOTE: 
There are 2 to 8 ALE cycles per instruction. Clocks and state timing are shown on the timing diagram for reference purposes only. They are 
not accessible outside the package. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles. 

Address setup and hold time from ALE are the same for data and program memory. 
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T12 T1 T2 T3 T4 T5 T8 T7 T8 T9 T10 

OSC 

ALE 

RD. WR 

PORT 2 

PORTO 

Program Memory Read Cycle 

ALE 

TRLRH 

RD 

PORT 2 ADDRESS A15-Aa 

t----TAYWL 
TRLDY- I--

TAYDY 

PORTO (,NSTR IN IFLOAT) A7-Ao 
I 

FLOAT )< DATA IN 

Data Memory Read Cycle 

ALE 

PSEN / 
TWLWH 

PORT 2 ADDRESS A15-Aa 

TAVW~ 
II--TDVWX 

TOVWH 

PORTO (INSTR IN IFLOAT)< A7-Ao )< DATA OUT 

Data Memory Write Cycle 
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T11 T12 

TRHDX-

T1 T2 

~TRHDZ ___ 

OR 

ADDR ESSOR 
P2 SFR 

r--
I ~ FLOAT 

~ 
RESS 
LOAT 

TWHQX---j 

ADDR 
SFR P 

ESSOR 
2 

ADDR ESS 
OAT ORFL 
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Table 1" 8051 Instruction Set Summary 

Notes on instruction set and addressing modes: 
An -Register R7-RO 01 the currently selected Register Bank. 
data -8-l)it internal data location's address. This could be an 

Internal Data Ram location (0"127) or a SFR (Le. 1/0 
port, control register, status register, etc. (128-255). 

@Ri -8-bit Internal Data RAM location (0-255) addressed in-
directly through register R1 or RO. 

#data -8-bit constant included in instruction. 
#data16 -16-bit constant included in instruction. 
addr16 -16-bit destination address. Used by LCALL & LJMP. A 

branch can be anywhere within the 64K-byte Program 
Memory address space. 

addr11 -11-bit destination address. Used by ACALL &AJMP. The 
branch will be within the same 2K-byte page of program 
memory as the first byte of the following instruction. 

rei -Signed (two's complement) 6-bit offset byte. Used by 
SJMP and all conditional jumps. Range is -128 to +127 
bytes relative to first byte of the following instruction. 

bit -Direct Addressed bit in Internal Data RAM or Special 
Function Register. 

- New operation not provided by 8048/8049. 

Data Transfer 

Oscillator 
Mnemonic r;>escription Bytes Periods 

MOV A,Rn Move register to A 1 12 
"MOV A,data Move direct byte to A 2 12 
MOV A,@Ri Move indirect RAM to A 12 
MOV A,#data Move immediate data to A 12 
MOVRn,A Move A to register 12 

"MOV Rn,data Move direct byte to register 24 
MOV Rn,#data Move immediate data to 12 

register 
"MOV data,A Move A to direct byte 12 
'MOV data,Rn Move register to direct byte 24 
'MOV data,data Move direct byte to direct 24 

byle 
"MOV data,@Ri Move rndirect RAM to direct 24 

byte 
'MOV data,#data Move immediate data to 24 

direct byte 
MOV@Ri.A Move A to indirect RAM 12 

"MOV @Ri,data Move direct byte to indirect 24 
RAM 

MOV @Ri,#data Move immediate data to 12 
indirect RAM 

"MOV DPTR. Move l6-bit constant to Data 24 
#data16 Pointer 

"MOV C,bit Move direct bIt to carry 12 
"MOV bit,C Move carry to direct bit 24 
" MOVC A,@A+ Move Program Memory byte 24 

DPTR addressed by A+DPTR to A 
" MOVC A,@A+PC Move Program Memory byte 24 

addressed by A+PC to A 
MOVX A.@Ri Move External Data (8-bit 24 

address) to A 
'MOVX A,@DPTR Move External Data (16-bit 24 

address) to A 
MOVX @Ri.A Move A to External Data 24 

(S-bit address) 
"MOVX @DPTR,A Move A to External Data 24 

(16-blt address) 
"PUSH data Move direct byte to stack 24 

and inc. SP 
"POP data Move direct byte from stack 24 

and dec. SP 
XCH A,Rn Exchange register with A 12 

"XCH A,data Exchange dIrect byte with A 12 
XCH A.@Ri Exchange indirect RAM 12 

with A 
XCHD A.@Ri Exchange indirect RAM's 12 

least sig nibble with A's LSN 

Interrupt Response Time: To finish execution of current instruction, 
respond to the interrupt request, push the PC and to vector to the first 
instruction of the interrupt service program requires 38 to 81 oscillator 
periods (3 to 7 /1S @12MHz). 

INSTRUCTIONS THAT AFFECT FLAG SETTINGS' 

INSTRUCTION FLAG INSTRUCTION FLAG 
C OV AC C OV AC 

ADD X X X CLR C 0 
AD DC X X X CPL C X 
SUBB X X X ANL C, bit X 
MUL 0 X ANL C,/bit X 
DIV 0 X ORL C, bit X 
DA X ORL C,/bit X 
RRC X MOV C, bit X 
RLC X CJNE X 
SETB C 1 

'Note that operations on SFR byte address 208 or bit addresses 209-
215 (Le. the PSW or bits in the PSW) will also affect flag settings. 

Logie 

Oscillator 
Mnemonic Description Bytes Periods 

ANL A.Rn AND register to A 1 12 
"ANL A,data AND direct byte to A 2 12 
ANL A,@Ri AND indirect RAM to A 12 
ANL A,#data AND immediate data to A 12 

"ANL data.A AND A to direct byte 12 
* ANL data,#data AND immediate data to direct 24 

byte 
"ANL C.bit AND direct bit to carry 24 
"ANL C,/bit AND complement of direct bit 24 

to carry 
ORL A,Rn OR reg ister to A 12 

"ORL A,data OR direct byte to A 12 
ORL A,@Ri OR indirect RAM to A 12 
ORL A,#data OR immediate data to A t 2 

"ORL data.A OR A to direct byte 12 
"ORL data,#data OR immediate data to direct 24 

byte 
'ORL C,bl! OR direct bit to carry 24 
'ORL C,Ibit OR complement of direct bit 24 

to carry 
XRL A,Rn ExclUSIve-OR register to A t 2 

"XRL A,data Exclusive-OR direct byte to A 12 
XRL A.@Ri Exclusive-OR indirect RAM 12 

to A 
XRL A,#data Exclusive-OR immediate 12 

data to A 
~ XRL data,A Exclusive-OR A to direct byte 12 
'XRL data,#data Exclusive-OR immediate 24 

data to direct byte 
"SETS C Set carry 12 
"SETB bit Set direct bit 12 

CcR A Clear A 12 
CLR C Clear carry 12 

"CLR bit Clear direct bIt 12 
CPL A Complement A 12 
CPL C Complement carry 12 

"CPl. bit Complement direct bIt 12 
RL A Rotate A Left 12 
RLC A Rotate A Left through carry 12 
RR A Rotate A Right 12 
RRC A Rotate A Right through carry 12 
SWAP A Rotate A left four (exchange 12 

nibbles wlthm A) 

All mnemonics copyrighted© Intel Corporation 1980" 
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ArIthmetic Control Tranl'er (Branch) 
OICIII.tor OlClllator 

Mnemonic DelCrlplion By'" Period. Mnemonic Deocrlptlon Byt .. Periods 
ADD A,Rn Add register to A , '2 AJMP addr" Absolute Jump 2 24 

"ADD A,data Add direct byte to A 2 '2 "LJMP addr'6 Long Jump 3 24 
ADDA,@Ri Add indirect RAM to A , 

'2 "SJMP rei Short Jump 2 24 
ADD A,#data Add immediate data to A 2 '2 "JMP@A+DPTR Jump indirect relative to , 24 
ADDCA,Rn Add register and carry lIag to A , 

'2 the DPTR 
"ADDC A,data Add direct byte and carry lIag 2 '2 JZ rei Jump II A is zero 2 24 

toA JNZ rei Jump i. A Is not zero 2 24 
ADDCA,@Ri Add indirect RAM and carry '2 JC rei Jump II carry is set 2 24 

lIag to A JNC rei Jump if carry Is not set 2 24 
ADDC A,#data Add immediate data and carry '2 "JB bit,rel Jump relative if direct bit 3 24 

flag to A is set 
"SUBB A,Rn Subtract regi~ter and carry lIag '2 "JNB blt,rel Jump relative if direct bit 3 24 

from A Is not set 
"SUBB A,data Subtract direct byte and carry 2 '2 "JBC bit,rel Jump relative If direct bit 3 24 

flag from A is set, then clear bit 
"SUBBA,@RI Subtract indirect RAM and '2 "CJNE A,data,rel Compare direct byte to A 3 24 

carry flag from A & Jump if not Eq. 
"SUBB A,#data Subtract immediate data and '2 See Note a. 

ca.ry flag from A "CJNE A,#data,rel Compare immed. to A & Jump 3 24 
INCA Increment A '2 i!"not Eq. See Note a. 
INC Rn Increment register '2 "CJNE Rn,#data, Compare I'l"'med. to reg & 3 24 

"INC data . Increment direct byte '2 rei Jump if not Eq. See Note a . 
INC@Ri Increment Indirect RAM '2 "CNJE@Ri, Compare immed. to indirect 3 24 
DEC A Decrement A '2 #data,rel RAM & Jump II not Eq. 
DEC Rn Decrement register , '2 Sea Note a. 

"DEC data Decrement direct byte 2 '2 DJNZ Rn,rel Decrement register & Jump 2 24 
"DEC@RI Decrement indirect RAM '2 II not zero 
"INC DPTR Increment Data Pointer 24 "DJNZ data,rel Decrement direct byte & 3 24 
"MUL AB Multiply A times B 46 Jump if not zero 
"DIVAB Divide A by B 48 Note a) Set C if the first operand is less than the second operand; 
DAA Decimal add Adjust of A '2 else clear 

Control Tranafer (SUbrouUne) 
Otclllator 

Mnemonic Deocrlpllon Bytes Periods 
Other ACALL addr" Absolute Subroutine Call 2· 24 

OlClllator LCALL addr'6 Long Subroutine Call 3 24 
Mnemonic DeocrlpUon Byte. Perloda RET Return from Subroutine Call 24 

NOP No Operation , '2 RETI Return from Interrupt Call 24 

All mnemonics copyrlghted@ Intel CorporaUon 1980" 
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S04SH/S04SH-1/S035HLlS035HL-1 
HMOS SINGLE COMPONENT S-BIT MICROCOMPUTER 

• 8048H/8048H·1 Mask Programmable ROM 
• 8035HLl8035HL·1 CPU Only with Power Down Mode 

• 8·BIT CPU, ROM, RAM, I/O in Single • 1Kx8 ROM 
Package 64x RAM 

• High Performance HMOS 271/0 Lines 

• Reduced Power Consumption • Interval Timer/Event Counter 

• 1.4 J,lsec and 1.9 J,lsec Cycle Versions • Easily Expandable Memory and I/O 
All Instructions 1 or 2 Cycles • Compatible with 8080/8085 Series 

• Over 90 Instructions: 70% Single Byte Peripherals 

• Two Single Level Interrupts 

The Intel@ 8048H/8048H-1/8035HU8035HL-1 are totally self·sufficient, 8·bit parallel computers fabricated on single 
silicon chips using Intel's advanced N·channel silicon gate HMOS process. 

The 8048H contai ns a 1 K X 8 program memory, a64 X8 RAM data memory, 271/0 I ines, and an 8·bit timer/counter i n addition 
to on·board oscillator and clock circuits. For systems that require extra capability the8048H can be expanded using stan· 
dard memories and MCS-80® /MCS·85® peripherals. The 8035H L is the equivalent of the 8048H without program memory 
and can be used with external ROM and RAM. 

To reduce development problems toa minimum and provide maximum flexibility, a logically and functionally pin compati· 
bleversion ofthe8048H with UV·erasable user·programmable EPROM program memory isavailable. The 8748 will emulate 
the 8048H up to 6 MHz clock frequency with minor differences. 

The 8048H is fully compatible with the 8048 when operated at 6MHz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 

Figure 1. 
Block Diagram 

8048H 
8035HL 
8048H~1 

8035HLM1 

Figure 2. 
Logic Symbol 

PORT 
, 1 

PORT 
, 2 

TO Vee 
XTALl Tl 

XTAL2 P27 

ii3n P26 

ss P25 

INT P2. 

EA P17 
iiij P16 

PSEN P15 

WR Pl. 

ALE P13 

DBO Pl. 

DB, Pll 

DB2 Pl0 

DB3 VDD 

DB. PROG 

DB5 P23 

DB6 P22 

DB7 P., 

Vss P20 

Figure 3. Pin 
Configuration 

(top view) 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
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Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

VSS 20 Circuit GND potential Also testable with conditional 

VDD 26 low power standby pin jump instruction. (Active low) 

VCC 40 Main power supply; +5V during 
operation. 

RD 8 Output strobe activated during a 
BUS'read. Can be used to enable 
data .onto the bus from an 

PROG 25 Output strobe for 8243 I/O external device. 
expander. 

Used as a read strobe to external 
P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 

data memory. (Active low) 

RESET 4 Input which is used to initialize 
the processor. (Active low) 
(Non TTL VIH) 

35-38 P20-P23 contain the four high 
order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 

-
10 Output strobe during a bus write. WR 

(Active low) 

Used as write strobe to external 
data memory. 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

synchronously using the RD, WR 

ALE 11 Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

strobes. The port can also be The negative edge of ALE strobes 
statically latched. address into external data and 

Contains the 8 low order pro- program memory. 

gram counter bits during an PSEN 9 Program store enable. This out-
external program memory fetch, put occurs only during a fetch to 
and receives the add ressed external program memory. 
instruction under the control of (Active low) 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 

SS 5 Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

TO 1 Input pin testable using the 
c.onditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

EA 7 External access input which 
forces all program me'mory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 

T1 39 Input pin testable using the JT1, testing and program verification. 
and JNT1 instructions. Can be (Active high) 
designated the timer/counter 
input using the STRT CNT 
instruction. 

-

XTAL1 2 One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VI H) 

6 Interrupt input. Initiates an INT 
interrupt if interrupt is enabled. 

XTAl2 3 Other side of crystal input. 

Interrupt is disabled after a reset. 

AFN-D14918-02 
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Table 2. Instruction Set 

Accumulator Subroutine 

Mnemonic De.crlpUon Byte. Cycl .. Mnemonic De.crlptlon Byte. Cycle. 

ADD A, R Add regisler to A , , CALL addr Jump to subroutine 2 2 

ADD A, @R Add data memory to A , , RETR Return , 2 

ADD A, # data Add immediate to A 2 2 RETR Return and restore status , 2 

ADDCA, R Add register with carry , , 
ADDCA,@R Add data memory with carry , , 
ADDC A, # data Add immediate with carry 2 2 Flag. 

ANL A, R And register to A , , 
ANL A,@R And data memory to A , , 
ANL A, # data And immediate to A 2 2 
ORLA, R Or register to A , , 
ORLA@R Or data memory to A , , 
ORL A, # data Or immediate to A 2 2 
XRL A, R Exclusive or register to A , , 
XRL A,@R Exclusive or data memory to A , , 

Mnemonic Description By tel Cycles 
CLR C Clear carry , , 
CPL C Complement carry , , 
CLR FO CLear flag 0 , , 
CPL FO Complement flag 0 , , 
CLR F' Clear flag' , , 
CPL F, Complement flag' , , 

XRL, A, # data Exclusive or immediate to A 2 2 
INCA Increment A , , 

Data Moves 
DECA Decrement A , , 
CLR A Clear A , , Mnemonic Description Byles Cycles 

CPL A Complement A , , 
DAA Decimal adjust A , , 
SWAP A Swap nibbles of A , , 
RLA Rotate A left , , 

MOVA, R Move register to A , , 
MOVA,@R Move data memory to A , , 
MOV A, # data Move immediate to A 2 2 
MOV R, A Move A to register 1 1 

RLCA Rotate A left through carry , , 
RR A Rotate A right , , 
RRCA Rotate A right through carry , , 

MOV@R,A Move A to data memory , , 
MOV R, # data Move immediate to register 2 2 
MOV @R, #data Move immediate to data memory 2 2 
MOVA, PSW Move PSW to A , , 
MOV PSW, A Move A to PSW , , 

Input/Output 

Mnemonic Description Bytes Cycle. 
IN A, P Input port to A , 2 
OUTL P, A Output A to port , 2 
ANL p, # data And immediate to port 2 2 
ORL P, # data Or immediate to port 2 2 
INS A, BUS Input BUS to A , 2 
OUTL BUS, A Output A to BUS , 2 

XCH A, R Exchange A and register , , 
XCH A,@R Exchange A and data memory , , 
XCHDA,@R Exchange nibble of A and , 

register 
MOVXA,@R Move external data memory to A , 2 
MOVX@R,A Move A to external data memory , 2 
MOVPA,@A Move to A from current page , 2 
MOVP3A, @ Move to A from page 3 , 2 

ANL BUS, # data And immediate to BUS 2 2 
OAL BUS, # data Or immediate to BUS 2 2 
MOVD A,P Input expander port to A , 2 

Timer/Counter 

MOVD p, A Output A to expander port , 2 Mnemonic De.crlptlon Byles Cycles 

ANLD P, A And A to expander port , 2 MOVA, T Read timer/counter , , 
ORLD P, A Or A to expander port , 2 MOVT, A Load timer/counter , , 

STRT T Start timer , , 
STRT CNT Start counter , , 

Registers STOP TCNT Stop timer/counter , , 
Mnemonic Delcrlptlon Byles Cycles 

INC R Increment register , , 
EN TCNT' Enable timer/counter interrupt , , 
DIS TCNT' Disable timer/counter interrupt , , 

INC@R Increment data memory , , 
DEC R Decrement register , , 

Control 

Mnemonic Description Byles Cycl .. 

Branch EN' Enable external interrupt , , 
Mnemonic Description Bytes Cycles 
JMP addr Jump unconditional 2 2 

JMPP@I'. Jump indirect , 2 

DJNZ R, addr Decrement register and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on car(y = 0 2 2 

DIS' Disable external interrupt 
SEL RBO Select register bank 0 
SEL RB' Select r~gister bank 1 
SEL MBO Select memory bank 0 
SEL MB' Select memory bank 1 
ENT 0 CLK Enable clock output on TO 

JZ addr Jump on A iero 2 2 
JNZ addr Jump on A not zero 2 2 
JTO addr Jump on TO = 1 2 2 
JNTO~addr Jump on TO = 0 2 2 

Mnemonic Description Byte. Cycles 

NOP No operation , 1 

JTt addr Jump on T' = , 2 2 
JNTt addr Jump on T, = 0 2 2 

JFO addr Jump on FO = , 2 2 
JF, addr Jump on F' = , 2 2 

JTF addr Jump on timer flag 2 2 

IN' addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias .•.•... O°C to 70°C 
Storage Temperature ................ -65°C to +150°C 
Voltage On Any Pin With Respett 

to Ground ........................... -0.5V to +7V 
Power Dissipation .......................... 1.5 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 

D.C. CHARACTERISTICS (TA = O°C to 70°C. VCC = VDD = 5V + 10%. VSS = OV) 

Limits 
Symbol Parameter Unit Test Conditions 

Min Typ Max 

Vil Input low VOlta~e -.5 .8 V 
(All Except RES T. Xl. X2) 

VIl1 Input low Voltage -.5 .6 V 
(RESET. Xl. X2) 

VIH Input High Voltage 2.0 VCC V 
(All Except XTAll. XTAl2. RESET) 

VIHl Input High Voltage (Xl. X2. RESET) 3.8 VCC V 

VOL Output low Voltage (BUS) .45 V 10l = 2.0 mA 

VOl1 Output low Voltage .45 V 10l = 1.8 mA 
(RD. WR. PSrn. ALE) 

VOl2 Output Low Voltage (PROG) .45 V 10l = 1.0 mA 

VOl3 Output low Voltage 
(All Other Outputs) 

.45 V 10l = 1.6 mA 

VOH Output High Voltage (BUS) 2.4 V 10H = -400f-LA 

VOHl Outp~igh Voltage 2.4 V 10H = -100f-LA 
(RO. WR. PSEN. ALE) 

VOH2 Output High Voltage 2.4 V 10H =-40f-LA 
(All Other Outputs) 

1L1 Input leakage Current (Tl. INT) ±10 f-LA VSS';;;VI N';;;VCC 

ILil Input leakage Current _ -500 f-LA VSS + .45';;;VIN';;;VCC 
(P10-P17. P20-P27. EA. SS) 

IlO Output Leakage Current (BUS. TO) 
(High Impedance State) 

±10 f-LA VSS + .45';;;VIN';;;VCC 

100 VOO Supply Current 4 8 mA 

100 + Total Supply Current 40 80 mA 
ICC 

VOO RAM Standby Pin Voltage 2.2 5.5 V Standby Mode. Reset ';;;0.6V 

-SOmA 
BUS P1. P2 

50 mA 
BUS. P1. P2 

·500 ~A 

~ :t 
·30 mA :t ·300 I' 9 30mA 

9 

~ 
9 

~ ·10 mA .100/lA 10 mA ~ 
OV 2V 4V OV 2V 4V OV 2V 4V 

VOH VOH VOL 
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A.C. CHARACTERISTICS (TA = o·c to 70·C, vcc = VDD = 5V ± 10%,VSS = OV) 

Symbol Parameter 

tLL ALE Pulse Width 

tAL Addr Setup to ALE 

tLA Addr Hold from ALE 

tCC1 Control Pulse Width 
(RD, WR) 

tCC2 Control Pulse Width (PSEN) 

tow Data Setup before WR 

two Data Hold after WR 

tOR Data Hold (RD, PSEN) 

tRD1 RD to Data in 

tRD2 PSEN to Data in 

tAW Addr Setup to WR 

tAD1 Addr Setup to Data (RD) 

tAD2 Addr Setup to Data (PSEN) 

tAFC1 Addr Float to RD, WFf 

tAFC2 Addr Float to PSEN 

tLAFC1 ALE to Control (RD, WR) 

tLAFC2 ALE to Control (PSEN) 

tCA1 Control to ALE 
(RD, WR, PROG) 

tCA2 Control to ALE (PSEN) 

tcp Port Control Setup to PROG 

tpc Port Control Hold to PROG 

tpR PROG to P2 Input Valid 

tPF Input Data Hold from PROG 

top Output Data Setup 

tPD Output Data Hold 

tpp PROG Pulse Width 

tPL Port 2 1/0 Setup to ALE 

tLP Port 2 1/0 Hold to ALE 

tpv Port Output from ALE 

tCY Cycle Time 

tOPRR TO Rep Rate 

Notes: 
1. Control Outputs CL = 80pF 

BUS Outputs CL = 150pF 
2. BUS High Impedance Load 20pF 

F (tCY) 
7/30 tCY -170 

1/5 tCY -110 

1/15 tCY -40 

1/2 tCY -200 

2/5 tCY -200 

13/30 tCY -200 

1/15tCy-50 

1/10 tCY -30 

2/5 tCY -200 

3/10 tCY -200 

2/5 tCY -150 

23/30 tCY -250 

3/5 tCY -250 

2/15 tCY -40 

1/30 tCY -40 

1/5 tCY -75 

1/10 tCY -75 

1/15 tCY -40 

4/15 tCY -40 

2/15tCy-80 

4/15 tCY -200 

6/10tCy-120 

1/10 tCY 

2/5 tCY -150 

1/10 tCY -50 

7110 tCY -250 

4/15 tCY -200 

1/10 tCY -100 

3/10 ICY +100 

3/15 tCY 

8048H 8048H-1 
8035HL 8035HL-1 

6 MHz 8 MHz 11 MHz 
Min Max Min Max Min Max 

410 260 150 

390 260 160 

120 80 50 

1050 730 480 

800 550 350 

880 610 390 

350 220 40 

0 220 0 160 0 110 

800 550 350 

550 360 210 

850 600 300 

1670 1190 750 

1250 880 480 

290 210 140 

40 20 10 

420 300 200 

170 110 60 

120 80 50 

620 460 320 

210 140 100 

460 300 700 

1300 940 650 

250 0 190 0 140 

850 600 400 

200 130 90 

1500 1060 700 

460 300 160 

150 80 40 

850 660 510 

2:5 1.875 1.36 

500 370 270 
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WAVEFORMS 

ALE J L 
I- ICCl -I teAl I--

AD -------II I 
IAFClj bATING -1 t_ID_R ____ _ 

BUS ~ FLOATING 

t:=== IAD1S
lRDl 

Instruction Fetch From External Program Memory Read From External Data Memory tLAFC1n 
ALE Jr----I L 

--I lCAl 1---
2.4Y ----...., ,.----

O.4SY ___ -'-..... X:::::: TEST POINTS ~:::X,, ___ ___ 
BUS 

Write to External Data Memory 

PORT 2 TIMING 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

\I.------~ 

PCH 

PCH 
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Input and Output for A.C.Tests. 

\I..-___ --..,.....JI 
--1ICAlr 

rIDP-rIPDl 

PORT CONTROL 
I 

OUTPUT DATA 

I-I-----IPR ----

I 
PORT CONTROL 
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I/O PORT TIMING 

1ST CYCLE 

ALE J \ 

PSEN 

S04SH/S04SH-1/S035HL/S035HL-1 

2ND CYCLE 

r'PL1r-~ 

I I 

r-'PV1 \ 
I 

\'---~/ 
I I 

I 
/ L 

'-
PCH 

~~~!3UT -:J,------P-C-H-----....,Xr----p-O-RT-20--2-3-D-A-TA----...... X NEW P20-23 DATA X 
~ ______________ _J~ ________________ _JI'__ __________ ~~ ______ __ 

P24-27 ____________________________ -JX P10-17 PORT 24-27, PORT 10-17 DATA OUTPUT ~ ______________ __ NEW PORT DATA 

Crystal Oscillator Mode 

C1 = 5pF ± 1/2pF ~ STRAY < 5pF 
C2 '" CRYSTAL + STRAY < 8pF 
C3 = 20pF ± 1 pF + STRAY < 5pf 

Driving From External Source 

+5V 

4702 

Jo---<~-----l XTAL 1 

OPEN COLLECTOR 

TTL GATES 

+5V 

470Q 

'--.... --; XTAL2 

6-45 

I 

LC Oscillator Mode 

1 

XTAL1 
C ~ 3Cpp m f""21n!lC' 

d: L C:~~5_102pF 
':' 3 PIN-TO-PIN 

XTAL2 CAPACITANCE 

L 

45.uH 
120,..H 

C 

20pF 
20pf 

NOMINAL f 

5.2 MHz 
3.2 MHz 

EACH C SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STRAY CAPACITANCE 

AFN-014918-07 



SOC4S/SOC35 
CHMOS SINGLE-COMPONENT S-BIT MICROCOMPUTER 

• SOC4S Low Power Mask Programmable ROM 

• SOC35 Low Power,CPU only 

• Pin-to-pin compatible with Intel's 
S04SH/S035HL 

• 1.36 ~sec Instruction Cycle. All 
instructions 1 or 2 cycles 

• Ability to maintain operation during AC 
power line interruptions 

• Exit Idle mode with an external or 
internal interrupt signal 

• Battery Operation 

• 3 power consumption selections 
-Normal Operation: 

15mA@11 MHz@6V 
-Idle Mode: 500 ~A @ 11 MHz @ 6V 
-Power down: 1 0 ~A @ 2.0V 

• 11 MHz, TTL compatible operation; 
VCC =5V±10% 
CMOS compatible operation; 
VCC = 5V±20% 

Intel's 80C48/80C35 are low power, CHMOS versions ofthe popular MCS-48 HMOS family members. CHMOS 
is a technology built on HMOS II and features high resistivity P substrate, diffused N well, and scaled Nand P 
channel devices. The 80C48/80C35 have been designed to provide low power consumption and high 
performance. 

The 80C48 contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 271/0 lines, and an 8-bit timerl 
counter in addition to an on-board oscillator and clock circuits. For systems that require extra capability, 
the 80C48 can be expanded using CMOS external memories and MCS-80® and MCS-85® peripherals. 
The 80C35 is the equivalent of the 80C48 without program memory on-board. 

The CHMOS design of the 80C48 opens new application areas that require battery operation, low power 
standby, wide voltage range, and the ability to maintain operation during AC power line interruptions. These 
applications include portable and hand-held instruments, telecommunications, consumer, and automotive. 

Figure 1. 
Block Diagram 

6'46 

Figure 2. 
logic Symbol 

PORT 
1 

PORT 
2 

TO Vee 
XTAL 1 

P27 

RESET 4 P2. 

ss P25 

.NT P24 

EA P17 

iili Pl. 

P15 

Pl0 

VDD 

PROG 

P23 

P22 

DB7 P2l 

Vss P20 

Figure 3. 
Pin Configuration 



80C48/80C35 

Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

VSS 20 Circuit GND potential RD 8 Output strobe activated during a 

VDD 26 low power standby pin 

VCC 40 Main power supply; +5V during 

BUS read. Can be used to enable 
data onto the bus from an 
external device. 

operation. 

PROG 25 Output strobe for 8243 I/O 
expander. 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

Used as a read strobe to external 
data memory. (Active low) 

RESET 4 Input which is used to initialize 
the processor. (Active low) 
(Non TTL VI H) 

P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 35-38 P20-P23 contain the four high 

order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 

WR 10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

expander bus for 8243. ALE 11 Address latch enable. This signal 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

occurs once during each cycle 
and is useful as a clock output. 

synchronously using the RD. WR The negative edge of ALE strobes 
strobes. The port can also be address into external data and 
statically latched. program memory. 

Contains the 8 low order pro- PSEN 9 Program store enable. This out-
gram counter bits during an put occurs only during a fetch to 
external program memory fetch. external program memory. 
and receives the addressed (Active low) 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction. under 
control of ALE. RD. and WR. 

SS 5 Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

TO 1 Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

EA 7 External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug. and essential for 
testing and program verification. 

T1 39 Input pin testable using the JT1. (Active high) 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 
instruction. 

XTAL1 2 One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL VIH) 

INT 6 Interrupt input. Initiates an 
XTAl2 3 Other side of crystal input. 

interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
Also testable with conditional 
jump instruction. (Active low) 
Interrupt pin must remain low for 
at least 3 tcy to ensure proper 
operation. 

IDLE MODE DESCRIPTION 

The 80C48, when placed into Idle mode, keeps the oscillator, the internal timer and the external interrupt and 
counter pins functioning and maintains the internal register and RAM status. 

To place the 80C48 in Idle mode, a command instruction (op code 01 H) is executed. To terminate Idle mode, 
interrupts must be enabled and an interrupt Signal generated. There are two interrupt sources that can 
restore normal operation. One is an external signal applied to the interrupt pin. The other is from the overflow 
of the timer/counter. When either interrupt is invoked the CPU is taken out of Idle mode and vectors to the 
interrupt's service routine address. A reset signal will also take the processor outof Idle mode. Along with the 
Idle mode, the standard MCS-48 power-down mode is still maintained. . 
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Accumulator 

Mnemonic OelCriptlon 
ADD A. A Add reg'ister to A 
ADDA.@A Add data memory to A 
ADD A. # data Add immediate to A 
ADDC A. A Add register with carry 
ADDCA.@A Add data memory with carry 
ADDC A. # data Add immediate with carry 
ANlA. A And register to A 
ANlA •. @A And dala memory to A 
ANl A. # data And immediate to A 
OAlA. A Or register to A 
OAlA@A Or data memory to A 
OAl A. # data Or immediate to A 
XAl A. A Exclusive or register to A 
XAlA.@A Exclusive or data memory to A 
XAl. A. # data Exclusive or immediate to A 
INCA Increment A 
DECA Decrement A 
ClA A Clear A 
CPlA Complement A 
DAA Decimal adjust A 
SWAP A Swap nibbles of A 
Al A Aolate A left 
AlC A Rotate A left through carry 
AA A Rotate A right 
AACA Rotate A right through carry 

Input/Output 

Mnemonic Description 
IN A. P Input po,t to A 
OUTl p. A Output A to port 
ANL p, # data And immediate to port 
ORL p, # data Or immediate to port 
INS A. BUS Input BUS to A 
OUTl BUS. A Output A 10 BUS 
ANl BUS. # data And immediate to BUS 
OAl BUS. # data 0, immediate to BUS 
MOVD A,P Input expander port to A 
MOVD P. A Output A to expander po,t 
ANLD p, A And A to expander port 
OAlD P. A 0, A 10 expande, port 

Reglslers 

Mnemonic DelCrlplion 

INC A Increment register 
INC@A Increment ~ata memory 
DEC R Decrement register 

Branch 

Mnemonic Description 
JMP add, Jump unconditional 
JMPP@A Jump indirect 
DJNZ A. add, Decrement register and skip 
JC add, Jump on carry = 1 
JNC add, Jump on carry = 0 
JZ add, Jump on A zero 
JNZ add, Jump on A not zero 
JTO add, Jump on TO = 1 
JNTO add, Jump on TO = 0 
JT1 add, Jump on T1 = 1 
JNT1 add, Jump on T1 = 0 
JFO add, Jump on FO = 1 
JF1 add, Jump on F1 = 1 
JTF add, Jump on timer flag 
JN1 add, Jump on INT = 0 
JBb add, Jump' on accumulator bit 

80C48/80C35 

Table 2. Instruction Set 

Subroutine 

Bytes Cycle. Mnemonic DelCriptlon Bytes Cycl •• 
1 1 CAll add, Jump to subroutine 2 2 

AETA Return 1 2 
AETA Return and restore status 1 2 

Flag. 

Mnemonic Deocrlpllon Byte. Cycles 
ClA C Clear carry 1 1 
CPlC Complement carry 1 1 
ClA FO Clea, flag 0 1 1 
CPl FO Complement flag 0 1 1 
ClA F1 Clea' flag 1 1 1 
CPl F1 Complement flag 1 1 1 

Data Movn 

Mnemonic DelCrlptlon Byte. Cycle. 
MOVA. A Move register to A 1 1 
MOVA.@A Move data memory to A 1 1 
MOV A. # data Move immedia-te to A 2 2 
MOV A.A Move A to register 1 1 
MOV@A.A Move A to data memory 1 1 
MOV A. # data Move immediate to register 2 2 
MOV @A. #dala Move immediate to data memory 2 2 
MOVA. PSW Move PSW to A 1 1 
MOV PSW. A Move A to PSW 1 1 
XCH A. A Exchange A and register 1 1 

Bytes Cycle. 
1 2 

2 

XCH A.@R Exchange A and data memory 1 1 
XCHDA.@A Exchange nibble of A and 1 1 

register 
MOVXA.@A Move external data memory to A 1 2 
MOVX@A.A Move A to external data memory 1 2 
MOVPA.@A Move to A from current page 1 2 
MOVP3A. @ Move to A from page 3 1 2 

Timer/Counter 

Mnemonic Descrlpllon Bytes Cycles 
MOVA. T Read timer/counter 1 1 
MOVT. A Load timer/counter 1 1 
STAT T Start timer 1 1 
STAT CNT Start counter 1 1 
STOP TGNT Stop timer/counter 1 1 

Bytes Cycles 

1 

EN TCNT1 Enable timer/counter interrupt 1 1 
DIS TCNT1 Disable timer/counter interrupt 1 1 

Control 

Mnemonic Delcrlptlon Bytes Cycle. 
EN 1 Enable external interrupt 1 1 

Byte. Cycles 
2 2 

DIS 1 Disable external, interrupt 
SEl ABO Select register bank 0 
SEl AB1 Select register bank 1 
SEl MBO Select memory bank 0 
SEl MB1 Select memory bank 1 
ENTO ClK Enable clock output on TO 

Mnemonic Description Bytes Cycles 
NOP No operation 1 1 
tDl Seled Idle operation 1 1 
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inter SOC4S/S0C35 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ....... ooe to 700 e 
Storage Temperature .............. -6Soe to + 1S0oe 
Voltage On Any Pin With Respect 

to Ground ........................... -O.SV to +7V 
Voltage on Any Pin with Respect 

to Vee ..................................... Vee + O.SV 
Max Package Power Dissipation ................ 1.S Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D,C. CHARACTERISTICS (TA = ooe to 70oe, Vee = VDD = sv ± 10%, VSS = OV) 

Symbol 
Limits 

Parameter Unit Test Conditions 
Min Typ Max 

VIL Input Low Voltage -.S .8 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 2.0 Vec V 
(All Except XTAL 1, XTAL2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) .45 V 10L = 2.0 mA 

VOL1 Outp~ow Voltage .4S V 10L = 1.8 mA 
(RD, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) .45 V 10L = 1.0 mA 

VOL3 Output Low Voltage .45 V 10L = 1.6 mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH=-400 /lA 

VOH1 Outp~igh Voltage 
(RD, WR, PSEN, ALE) 

2.4 V IOH=-100 /lA 

VOH2 Output High Voltage 
(All Other Outputs) 

2.4 V 10H =-40 /l A 

1L1 Input Leakage Current (T1, INT) :': 10 fJ-A VSS'SVIN'SVCC 

ILl1 Input Leakage Current _ 
(P10-P17, P20-P27, EA, SS) 

-SOO fJ-A VSS + .45 ~ VIN :5 Vec 

ILl2 Input leakage Current -300 /lA VSS';;VIN';;VIL1 
(RESET) 

ILO Output Leakage Current (BUS, TO) :<:10 fJ-A VSS + .45:5 VIN :5 Vee 
(High Impedance State) 

IDD VDD Supply Current 10 /lA VDD = 2.0V 

ICC Supply Current 15 mA f = 11 MHz 
8.S mA f = 6 MHz 
1.5 mA f = 1 MHz 

IIDLE Idle Mode Current SOO /lA f = 11MHz 
300 /lA f = 6 MHz 
60 /lA f = 1 MHz 
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80C48/80C3.5 

A.C. CHARACTERISTICS (TA = O°C to 70°C, VCC = VDD = 5V ± 10%, VSS =OV) 

Symbol Parameter f (tCY) (Note 3) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5tCy-ll0 

tLA Addr Hold from ALE 1115 tCY -40 

tCCl Control Pulse Width (RD, WR) 1/2 tCy-200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30 tCY -200 

two Data Hold after WR 1/15 tCY -50 

tOR Data Hold (RD, PSEN) 1/10 tCY -30 

tRDl RD to Data in 2/5 tCY -200 

tRD2 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 

tADl Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

tAFC1 Addr Float to RD, WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFCl ALE to Control, (RD, WR) 1/5 tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCAl Control to ALE (RD, WR, PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

top Output Data Setup 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time 15/(fXTAL) 

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150pF 
2. BUS High Impedance Load 20pF 

6-50 

11 MHz Conditions 
Min Max Unit (Note 1) 

150 ns 

160 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns 

0 110 ns 

350 ns 

210 ns 

400 ns 

800 ns 

570 ns 

140 ns (Note 2) 

10 ns (Note 2) 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

1.36 '1.15 

270 ns 

3. f (tCY) assumes 50% duty cycle on 
Xl and X2. 
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intJ SOC4S/S0C35 

WAVEFORMS 

ALE 

I-r--'LL-_-I- 'CY -----·1 r- tLAFC2 ~ 
J ,-I _I __ -----'Ir-----,L 

'AFd2 ~ teA2 

BUS 

Instruction Fetch From External Program Memory 

--I tLAFC1 ~ 
ALE J....----;IL..--_1_'---.-------' L 

BUS 

Write to External Data Memory 

PORT 2 EXPANDER TIMING 

ALE 

EXPANDER 
PORT 

OUTPUT PCH 

EXPANDER 
PORT 

INPUT PCH 

PROG 

6-51 

---l 'LAFC' L 
ALE J I I L 

r- tCC1 -1 teA1 I~ 
-------II I 

'AFC'j ~ --I t'DR 
1 FLOATING _____ _ 

BUS FLOATING 

~ 'AD. I· =1 'RD. 

Read From External Data Memory 

2,4V ----.....,. ,.-----_____ .JX :::~ TEST POINTS ~:::X'--___ _ 
O.4SV • • -

A,C, TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 
''1'' AND 0.4SV FOR A LOGIC "0". TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC "'" AND O.BV FOR A LOGIC "0". 

Input and Output for A.C. Tests 

PORT CONTROL 
I 

OUTPUT DATA 

!"".-----'PR -----I 

PORT CONTROL 
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inter 80C48/80035 

1/0 PORT TIMING 

1ST CYCLE 2ND CYCLE 

r'PVI / L \ 
I I 

i 'PL1 
I I 

J \ ALE 

I 
\.. \'--_--.-1/ 

I 

PSEN 

~~~~~T~~----------P-C-H------------,)(r--------P-O-R-T-2-0.-2-3-D-AT-A--------~~~ ____ N_EW __ P_20_._23_D_A_T_A ____ J)(~ ______ PC_H ____ __ 

P24·21 ____________________________ -Jx .. _______________ _ P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA 
OUTPUT 

OSCILLATOR MODE 

C3 

C1 = SpF ± 1/2pF + (STRAY < SpF) 
C2 = (CRYSTAL $HUNT CAPACITANCE + STRAY) <- IpF 
C3 = 20pF ± 1pF + (STRAY < SpF) 

CRYSTAL SERIES RESISTANCE SHOULD 
BE lESS THAN 75 U AT 6MHz; LESS THAN 
180 II AT 3.6MHz. 

I 

LC OSCILLATOR MODE 

I 

XTAL1 

f·--
21njLC' 

d c C.~ C~3C •• 

L 2 

C CPP"" 5-10 pF U1 ':' 3 PIN-TO-PIN 
XTAl2 CAPACITANCE 

C 

20pF 
20pF 

NOMINAL t 

5.2 MHz 
3.2 MHz 

EACH C SHOULD BE APPROXIMATELY 20pF. 
INCLUDING STRAY CAPACITANCE. 

6-52 

DRIVING FROM 
EXTERNAL SOURCE 

+5V 

470 !J 

l>--t----------\XTAL1 
+5V 

OPEN 
COLLECTOR 410 Q 
TTL GATES 

1---..... ----=-jXTAL2 

FOR THE 8OC48, XTAL 1 MUST BE HIGH 
35-65% OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-65% OF THE PERIOD. 

RISE AND FALL TIMES·MUST 
NOT EXCeED 20ns 
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intJ 
8748H/8035H 

HMOS SINGLE-CHIP EPROM MICROCOMPUTER 

• 8748H 
• 8035H 

11 MHz User Programmable EPROM 
11 MHz CPU Only with RAM and I/O 

• 8-BIT CPU, EPROM, RAM, I/O in Single 
Package 

• High Performance HMOS 
• 1.36 Instruction Cycle 

All Instructions 1 or 2 Cycles 
• Over 90 instructions: 70% Single Byte 
• Compatible with 8080/8085 Series 

Peripherals 

• 1Kx 8 EPROM 
64x8 RAM 
271/0 Lines 

• Interval Timer/Event Counter 

• Easily Expandable Memory and I/O 

• Two Single Level Interrupts 

The Intel 8748H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using 
Intel's advanced N-channel silicon gate HMOS process. 

The 8748H contains on-chip a 1 K X 8 UV-erasable, user-programmable program memory, a 64 X 8 RAM data 
memory, 27 I/O lines, 2 interrupt sources, and an 8-bit timer/counter in addition to on-board oscillator and 
clock circuits. For systems that require extra capability the 8748H can be expanded using standard 
memories and MCS-80®/MCS-85® peripherals. The 8035H is the equivalent ofthe 8748H without program 
memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable 
pin-compatible versions of this single component microcomputer exist: the 8748H with user-programmable 
and erasable EPROM program memory, the 8048H with factory-programmed mask ROM program memory 
for low cost, high volume production, and the 8035H without program memory for use with external program 
memories. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no 
instructions over 2 bytes in length. 

BUS 

Figure 1. 
Block Diagram 
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8748H 
603SH 

Figure 2-
Logic Symbol 

PORT 
I 

PORT 
2 

Vee 
XTAL 1 TI 

XTAL2 

REm 4 

P2S 
P24 

PI7 

ii6 PI6 

PIS 
PI4 
PI3 
PI2 

OB, Pl1 

DB2 PIO 

VDO 

DB4 PROG 
P23 
P22 

DB7 P21 

Vss P20 

Figure 3-
Pin Configuration 



8748H/8035H 

Table;::FIl" Descriptio,", 

Symbol PinHo Functlo,n Symbol, PinHo: Function 
Vss 20 Circuit GND Potential RD ,8 Output, strobe activated during a 

VDD 26 Programming power supply; +21V 
during program, +5V during 
operation. 

BUS read. Can be used to enable 
data onto the bus from an external 
device: 

Vee 40 Main power supply; +5V during 
operation and prog'ramming. 

PROG 25 Program pulse (+18V) input pin 
during 8749H programming. 

OutPlJt strobe for 8243 I/O " , 
expander. 

Used as a read strobe to external 
data memory. ,(A<;tj)/e low) 

RESET 4 Input which is used to initialize the 
processor. Also used during PROM 
programminlt verification:, and 
power down. (Active low) 
(Non TTL V'H) 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

WR 10 Output strobe during Ii bus write. 
(Active low) 

P20-P27 21-24 8-bit quasi-bidirectional port. Used as write strobe to external 
Port 2 35-38 P20-P23 contain the four high order data memory. 

program counter bits during an 
external program memory fetch and 
serve as a 4-bit I/O expander bus 
for 8243. 

DBo-DB7 12-19 True bidirectional port which can be 
BIjS written or read synchronously, using 

the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch"and 
receives the addressed instruction 
under the controi of PSEN. Also 
contains the address' and' data 

ALE 11 Address latch enable. This signal 
occurs onc,e during each ~ycle and 
is useful' as a clock output. 

The negative edge of ALE strobes 
address into external data'and pro-
gram memory. 

PSEN ,9 Program store,enable. This output 
occur!l only during a fetch to exter-
nal program memory. (Active low) 

SS 5 Single step input can be used in 
conjunction with ALE to "single 
step" ,the processor through each 
instruction. (Active low) 

during an external RAM data store EA 7 External access input which forces 
instructiQ!1..under control of ALE, 
RD, and WR. 

all program memory fetches to 
reference external memory. Useful 

TO 1 Input pin testable using the condi-
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO CLK 

for emulation and debug, and 
essential fortesting and program 
verification. (Active high) 

XTAL1 2 One,side of crystal input for interne,1 
instruction. TO is also used during oscillator. Also input for external 
programming. source. (Non TTL V'H) 

T1 39 Input pin testable using the JT1, XTAL2 3 Other side of crystal input. 
and JNT1 instructions. Can be.des-
ignated the timer/counter input 
using the STRTCriiT instruction. 

INT 6 Interrupt input. Initiates an inter-
rupt if interrupt is enabled. Interrupt 
is disabled after a reset. Also test" 
.able with cO,nditional jump instruc-
tion. (Active low) 
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intJ 8748H/8035H 

Table 2. Instruction Set 

Accumul8lor SUbroulln. 

M ...... onlc Deecrlpllon Byte. CycIft Mnemonic DelCrlplion Byl .. Cye'" 
ADD A, R Add register to A I I CALL addr Jump to subroutine 2 2 
ADDA,@R Add data memory to A I I RETR Return I 2 
ADD A, _data Add immediate to A 2 2 RETR Return and restore status I 2 
ADDCA, R Add register with carry I I 
ADDCA,@R Add data memory with carry I I 
ADDC A, • data Add immediate with carry 2 2 ,leg. 

ANL A, R And register to A I I 
ANLA,@R And data memory to A I I 
ANL A, # data And immediate to A 2 2 
ORLA, R Or register to A I I 
ORLA@R Or data memory to A I I 
ORL A, # data Or immediate to A 2 2 
XRLA, R Exclusive or register to A I I 
XRLA,@R Exclusive or data memory to A I I 

Mnemonic Deecrlpllon Brteo Cydeo 
CLRC Clear carry I I 
CPLC Complement carry I I 
CLR FO CLear flag 0 I I 
CPL FO Complement flag 0 I I 
CLR FI Clear flag 1 I I 
CPL FI Complement flag I I I 

XRL, A, # data Exclusive or immediate to A 2 2 
INCA Increment A I I Da .. _ .. 

DEC A Decrement A I I 
CLRA Clear A I I 
CPL A Complement A I I 
DAA Decimal adjust A I I 
SWAP A Swap nibbles of A I I 
RLA Rotate A left I I 

Mnemonic D8ICrlpUon Byl .. Cyciel 
MOVA, R Move register to A I I 
MOVA,@R Move data memory to A I I 
MOV A, _ data Move immediate to A 2 2 
MOVR, A Move A to register I I 

RLCA Rotate A left through carry I I 
RRA Rotate A right I I 
RRCA Rotate A right through carry I I 

MOV@R,A Move A to data memory I I 
MOV R,. data Move immediate to register 2 2 
MOV @R, _data Move immediate to data memory 2 2 
MOVA, PSW Move PSWto A I I 
MOVPSW, A Move A to PSW I I 

Input/OUtput 

MnemoniC D ...... pUon Byt •• Cycl .. 
INA,P Input port to A I 2 
OUTL P, A Outpul A to port I 2 
ANL p, # data And immediate to port 2 2 
ORL p, # data Or immediate to port 2 2 
INS A, BUS Inpul BUS to A I 2 
OUTL BUS, A Output A to BUS I 2 

XCH A, R Exchange A and register I I 
XCHA,@R Exchange A and data memory I I 
XCHDA,@R Exchange nibble of A and I I 

register 
MOVXA,@R Move external data memory to A I 2 
MOVX@R,A Move A to external data memory I 2 
MOVPA,@A Move to A from curre,:,t page I 2 
MOVP3A, @ Move to A from page 3 I 2 

ANL BUS, # data And immediate to BUS 2 2 
ORL BUS, # data Or immadiate to BUS 2 2 
MOVDA,P Input expander port to A I 2 

Tlmer/Counler 

MOVD P, A Output A to expander port I 2 Mnemonic Deecrlpllon Byl •• Cyciel 

ANLD p, A And A to expander port 1 2 MOVA, T Read timer/counter I I 
ORLD p, A Or A to expander port I 2 MOVT, A Load timer/counter I I 

STRTT Start timer I I 
STRT CNT Start counter I I 

Regl ..... STOP TCNT Stop timer/counter I I 

Mnemonic D8ICriptlon Brteo Cycle. 

INCR Increment register I I 

EN TCNTI Enable timer/counter interrupt I I 
DIS TCNTt Disable timer/counter interrupt I I 

INC@R Increment data memory I I 
DI<CR Decrement register I I Conlrol 

Mnemonic Deecrlpllon Byl •• Cycle. 
Branch EN I Enable external interrupt I I 

Mnemonic D ...... pUon Byt .. Cyc'" 
JMP addr Jump unconditional 2 2 
JMPP@A Jump indirect I 2 
DJNZ R, addr Decrement register and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on carry = 0 2 2 

DIS I Disable external interrupt I I 
SEL RBO Select register bank 0 I I 
SEL RBI Select register bank I I I 
SEL MBO Select memory bank 0 I I 
SEL MBI Select memory bank I I 1 
ENTOCLK Enable clock output on TO I I 

JZ addr Jump on A zero 2 2 
JNZ addr Jump on A not zero 2 2 
JTO addr Jump on TO = I 2 2 
JNTOaddr Jump on TO = 0 2 2 

Mnemonic D8ICrlpUon B,I .. C'C ... 
NOP No operation I I 

JTt addr Jump on Tt = I 2 2 
JNTt addr Jump on Tt = 0 2 2 
JFO addr Jump on FO = I 2 2 
JFI addr Jump on FI = I 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 

Mnemornca@ Intet Corporation, 1981. 
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intJ 8748H/8035H 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ....... O°C to 70°C 

Storage Temperature .............. -65°C to + 150°C 

Voltage On Any Pin With Respect 
to Ground ........................... -O.5V to +7V 

Power Dissipation .......................... 1.5 Watt 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C, VCC = VDD = 5V ± 10%, VSS = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

VIL Input Low Voltage -.5 .8 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 2.0 VCC V 
(All Except XTAL 1, XTAL2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) .45 V IOL = 2.0 mA 

VOL1 Outp~ow Voltage .45 V IOL=1.8mA 
(RO, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) .45 V IOL = 1.0 mA 

VOL3 Output Low Voltage .45 V IOL = 1.6 mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH=-400 JJ.A 

VOH1 Outp~High Voltage 
(RO, WR, PSEN, ALE) 

2.4 V IOH=-100 JJ.A 

VOH2 Output High Voltage 
(All Other Outputs) 

2.4 V IOH =-40 I-' A 

1L1 Input Leakage Current (T1, INT) :!:. 10 f-LA VSS $ VIN $ VCC 

IU1 Input Leakage Current _ 
(P10-P17, P20-P27, EA, SS) 

-500 f-LA VSS + .45 $VIN $VCC 

ILO Output Leakage Current (BUS, TO) 
(High Impedance State) 

.:':10 f-LA VSS + .45 $ VIN :::;VCC 

IDD VDO Supply Current 5 10 mA 

IOD + Total Supply Current 50 110 mA 

ICC 
L 

BUS P1, P2 BUS, Pi, P2 
-50 mA -500./1A 50 mA 

~ l: 
-300 J.l 930 mA 

l: 
9 9 

-100 IJA 10 mA ~ 
4V OV OV 2V 4V 

VOH VOH VOL 
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intJ 8748H/8035H 

A.C. CHARACTERISTICS (TA = O"C to 70"C. vcc = Voo = 5V ± 10%. VSS = OV) 

Symbol Parameter f (tCY) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15 tCY -40 

tCCl Control Pulse Width (RD. WR) 1/2 tCY -200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30 tCY -200 

two Data Hold after WR 1115 tCY -50 

tOR Data Hold (RD. PSEN) 1/10 tCY -30 

tR01 RD to Data in 2/5 tCY -200 

tRD2 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 

tADl Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

tAFC1 Addr Float to RD. WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFCl ALE to Control, (RD, WR) 1/5tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCAl Control to ALE (RD, WR, PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

top Output Data Setup 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time 1/( fXTAL x 15) 

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 2. BUS High Impedance Load 20pF 

BUS Outputs CL = 150pF 

When driven by an ext. clock, 
AC specs are based on 50% 
duty cycles. 6-57 

11 MHz Conditions 
Min Max Unit (Note 1) 

150 ns 

160 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns (Note 2) 

0 110 ns 

350 ns 

210 ns 

400 ns ... 

800 ns 

570 ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

1.36 I.lS 

270 ns 

The 8748H exhibits some sensitivity to light. 
The RAM storage area can be altered when 
exposed to light. When operating the 8748H, 
the window must be covered with an opaque 
material. AFN-02082A 



8748H/8035H 

WAVEFORMS 

ALE J 
--1 ~AFCI L 

1 1 L 
1-- 'cc, --l 'CAl I--

----;1 1 

BUS 

'AFC. j koAT'NG -1 t_'D_R ____ _ 

~FLOAT'NG 

t:= 'AD. i· :1 'RD. 

Instruction Fetch From External Program Memory Read From External Data Memory 

--1 'LAFC! I--
Jr----., I ALE _ ... ________ --' L 

2.4V ----__. ,.----

0.45V ____ --'X !::!; TEST PO'NTS ~:::X'" ____ _ 
BUS 

Write to External Data Memory Input and Output lor A.C. Tests 

PORT 2 EXPANDER TIMING 

ALE 

EXPANDER 
PORT 

..... 14----'LA --...... "'1 ... - ,,-I~,-
I r------i\. 

-I r'CA' 

r-'DP-t'PD1 
OUTPUT 

EXPANDER 
PORT 

'NPUT 

PROG 

PCH PORT CONTROL 
I 

OUTPUT DATA 
I~ ______________ --? ~ ______ -J~ ______ ~ __ ~ 

I"" .......... ---'PR ---...., 

I 
PCH PORT CONTROL 
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intJ 8748H/8035H 

WAVEFORMS 

COMBINATION PROGRAMNERIFY MODE (EPROM's ONLY) 

18V / EA 5V 
PROGRAM ---------1--- VERIFY ---+---- PROGRAM 

hw_ 5V 
TO 

DB,-DB, J---
LAST 

P20·P22 ADDRESS ------' 

DATA TO BE PROGRAMMED VALID - - -< ~EXT ADDR v---
• VALID "---

NEXT ADDRESS 

VO:::==================u-uw=t'="w=mt._~ _______________ _ 

·,8-----------
PROG :~.--- - - - - - - - - ___ -1 __________ ::.::.:-"''''' ____________ _ 

VERIFY MODE (ROM/EPROM) 

EA 18V ___ -JI"-----------------------------------
TO, RESET \'-__________ ...1/ 

=>---
NOTES: 

ADDRESS (0-7) VALID 

ADDRESS (8-10) VALID 

1. PAOG MUST FLOAT IF EA IS LOW (i.e .. "" l8V). 
2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5~sec tCY' 

The 8748H EPROM can be programmed by: 

Universal PROM Programmer (UPP series) peri-
pheral of the Intellec@ Development System with a 
UPP-848 Personality Card and a UPP-549 adapter socket. 

\------
- - -<'\,, ____ A_DN_~_t_Js_S_....JX'\,, __ ~E_U~_T_V~_tT_I~_)- - - - - - -

NEXT ADDRESS VALID 
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8748H/8035H 

CRYSTAL OSCILLATOR MODE 
C1 

1·11 MHz 

C2 ....... -, .......... ~ __ L_ 

~ ~(--~I----_~----~ 
C3 

C1 = 5 pF ± 'h pF + (STRAY < 5 pF) 
C2 = (CRYSTAL ± STRAY) < 8 pF 
C3 = 20 pF ± 1 pF ± (STRAY < 5 pF) 

XTAL 1 

XTAL 2 

CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 750 AT 6 MHz; LESS 
THAN 1800 AT 3.6 MHz 

L ~ 
4SJ1H 20 pF 

120,uH 20pF 

LC OSCILLATOR MODE 

NOMINALf 
S.2MHz 
3.2 MHz 

r-----.----iXTAL1 

'--~---i XTAL2 

C,=C+3Cpp 
2 

Cpp = 5 - 10 pF PIN~TO-P(N 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE. 

DRIVING FROM EXTERNAL SOURCE 
+ 5V 

4700 

Jo--t------,------1XTAL1 

TTL OPEN 
COLLECTOR 
GATES 

+ 5V 

4700 

'--_--' __ -1 XTAL2 

FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

PROGRAMMING, VERIFYING, AND 

ERASING THE 8748H EPROM 

Programming Verification 

In brief, the programming process consists of: activat

ing the program mode, applying an address, latching 
the address, applying data, and applying a program
ming pulse. Each word is programmed completely 

before moving on to the next and is followed by a 
verification step. The following is a list of the pins used 
for programming and a description of their functions: 

Pin Function 

XTAL1 Clock Input (1 to 3M Hz) 
Reset Initialization and Address Latching 
Test 0 Selection of Program or Verify Mode 
EA Activation of ProgramiVerify Modes 
BUS Address and Data Input 

Data Output During Verify 
P2a-22 Address Input 
Voo Programming Power Supply 
PROG Program Pulse Input 

FOR THE 8748H, XTAL 1 MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD 
RISE AND FALL TIMES MUST NOT EXCEED 20 ns 

6-60 

WARNING: 

An attempt to program a missocketed 8748H will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The Program/Verify sequence is: 

1. Voo = SV. Clock applied or internal oscillator operating, 
RESET = av, TEST a = SV. EA = SV, BUS and PROG 
floating. PIa and Pll must be tied to ground. 

2. Insert 8748Hin programming socket. 

3. TEST a = OV (select program mode) 

4. EA = 18V (activate program mode) 

S. Address applied to BUS and P20-22 

6. RESET = SV (latch address) 

7. Data applied to BUS 

8. Voo = 21 V (programming power) 

9. PROG = OV followed by one SOms pulse to 18V 

10. Voo = SV 

11. TEST 0 = SV (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = OV 

14. RESET = OV and repeat from step 5 

IS. Programmer should be at conditions of step 1 when 8748H is 
removed from socket. 

AFN-D2082A 



inter 8748H/8035H 

A.C. TIMING SPECIFICATION FOR PROGRAMMING (TA = 25°C ± 5°C, Vee = 5V ± 5%, Voo = 20V ± 1V) 

Symbol Parameter Min Max Unit Test Conditions 

lAw Address Setup Time to RESET! 4tcy 

tWA Address Hold Time After RESET I 4tcy 

tow Data in Setup Time to PROG I 4tcy 

two Data in Hold Time After PROG I 4tcy 

tPH RESET Hold Time to Verify 4tcy 

tvoow Voo 4tcy 

tVOOH Voo Hold Time After PROG I 0 

tpw Program Pulse Width 50 60 .. mS 

trw Test 0 Setup Time for Program Mode 4tcy 

tWT Test 0 Hold Time After Program Mode 4tcy 

too Test 0 to Data Out Delay 4tcy 

tww RESET Pulse Width to Latch Address 41cy 

t"I. Voo and PROG Rise and Fall Times 0.5 2.0 liS 

tCY CPU Operation Cycle Time 5.0 liS 

tRE RESET Setup Time before EAt 4tcy 

NOTE: If Test 0 is high 100 can be triggered by RESET 1 

D.C. SPECIFICATION FOR PROGRAMMING (T A = 25° C ± 5° C, Vee = 5V ± 5%, Voo = 21 V ± .5V) 

Symbol Parameter Min Max Unit Test Conditions 

VooH Voo Program Vqltage High Level 20.5 2.1.5 V 

VOOL Voo Voltage Low Level 4.75 5.25 V 

VPH PROG Program Voltage High Level 17.5 18.5 V 

VPL PROG Voltage Low Level 0.2 V 

VEAH EA Program or Verify Voltage High Level 17.5 18.5 V 

100 Voo High Voltage Supply Currenl 30.0 mA 

IPROG PROG High Voltage Supply Currenl 16.0 mA 

lEA EA High Voltage Supply Currenl 1.0 mA 
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• 
• 
• 
• 

'S049H/S039HL 
HMOS SINGLE COMPONENT S-BIT MICROCOMPUTER 

, , 

• 8049H Mask Programmable ROM 
.S039HL CPU Only with Power Down Mode 

S;'BIT CPU, ROM, RAM, I/O in Single • 2Kx8ROM 
Package 12SxS RAM 

27 I/O Lines 
High Performance HMOS 

• Interval Timer/Event Counter ' 
Reduced Power Consumption 

1.4 psec and 1.9psec Cycle Versions • Easily Exparidable Memory and 1/0 

All Instructions 1 or 2 Cycles. • Compatible with SOSO/SOS5 Series 

Over 90 instructions: 70% Single Byte 
Peripherals 

• Two Single Level Interrupts 

The Intel® S049 H/S039 HL are totally self-sufficient, S-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS process. 

The S049H contains a 2K X S program memory~ a 12S X S RAM data memory, 27 I/O lines, and an S-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability 
the S049H can be expanded using standard memories and MCS-80®/MCS-85® peripherals. The S039HL is 
the equivalent of the S049H without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin compatible version of the S049H with UV-erasable user-programmable EPROM program memory will 
soon be available. The S749 will emulate the 8049H up to 1).MHzclo9k frequency with', minor differences. 

The S049H is fully compatible with the 8049. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors.,They ,have 
extensive bit handling capability as well as ,facilities for both binary and BCDar.ithmetic. Efficient use of 
program memory results from an instruction S!:lt consisting mostly of single byte instructions arid no 
instructions over 2 bytes in length. 

PORT 
Vee 

1 XTAL1 T1 

XTAL2 P27 

IiEft'i' P26 
PORT Si P25 

2 
P24 

804IH EA P17 
8038HL lII5 P16 

PSEN P15 

P13 

P12 

DBI Pll 

DB2 Pl0 

VDD 

PROG 

P23 

BUS P22 

DB7 P21 

Vss P20 

Figure 1. Figure 2. Figure 3-
Block Diagram logic Symbol Pin Configuration 

Intel Corporation Assumes No Reaponaibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

·INTEL CORPORATION, 1980 6-62 AFN-Q1784A-Ql 



inter 8049H/8039HL 

Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

VSS 20 Circuit GND potential RD 8 Output strobe activated during a 

VDD 26 Low power standby pin BUS read. Can be used to enable 
data onto the bus from an 

VCC 40 Main power supply; +5V during external device. 
operation. 

Used as a read strobe to external 
PROG 25 Output strobe for 8243 I/O 

expander. 
P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

data memory. (Active low) 

RESET 4 Input which is .used to initialize 
the processor. (Active low) 
(Non TTL VIH) 

P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 

WR 10 Output strobe during a bus write. 
(Active low) 

35-38 P20-P23 contain the four high Used as write strobe to external 
order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

synchronously using the RD. WR 
strobes. The PClrt can also be 

data memory. 

ALE 11 Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and 
program memory. 

statically latched. PSEN 9 Program store enable. This out-

Contains the 8 low order pro-
gram counter bits during an 
external program memory fetch. 

put occurs only during a fetch to 
external program memory. 
(Active low) 

and receives the addressed SS 5 Single step input can be used 
instruction under the control of in conjunction with ALE to "single 
PSEN. Also contains the address step" the processor through each 
and data during an external RAM instruction. (Active low) 
data store instruction. under 
control of ALE. RD. and WR. 

EA 7 External access input which 
forces all program memory 

TO 1 Input pin testable using the fetches to reference external 
conditional transfer instructions memory. Useful for emulation 
JTO and JNTO. TO can be and debug. and essential for 
designated as a clock output testing and program verification. 
using ENTO CLK instruction. (Active high) 

T1 39 Input pin testable using the JT1. XTAL1 2 One side of crystal input for 
and JNT1 instructions. Can be internal oscillator. Also input for 
designated the timer/counter 
input using the STRT CNT 
instruction. 

external source. (Non TTL VIH) 

XTAL2 3 Other side of crystal input. 

INT 6 Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled attera reset. 
Also testable with conditional 
jump instruction. (Active low) 
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Accumulator 

MnemonIC on.,;'paOn 
ADDA. R Add ragister to A 
ADDA.@R Add data memory to A 
ADD A. # data Add immediate to A 
ADDCA. R Add ragister with carry 
ADDCA.@R Add data memory, witl! carry 
ADDC A,. # data Add immediate with carry 
ANLA. R- And register to A 
ANLA.@R And, data memory to A 
ANL A. # data And immediate to A 
ORLA. R Or register to A 
ORLA@R Or data me'!'o,.y to A 
ORL A •• data Or Immediate to A 
,XRLA. R Exclusive 0; register to A 
XRLA.@R exclusive or data'memory to A 
XRL. A. # data ExclusiYe or Immediate to A 
INCA Increment A 
DEC A Decrement A 
CLRA Clear A 
'CPLA Complement A 
DAA Decimal adjust A 
SWAP A Swap nibbles of A 
RLA Rotate A left 
RLCA Rotate A left through carry 
RRA Rotate A right 
RRCA Rotate A right through carry 

Input/OUtput 

MnemoniC Ducrlpllon 
INA. P Input port to A 
OUTL p. A Output A to port 
ANL P.1I data And immediate to port 
ORL p. II data Or immediate to port 
INS A. BUS Input BUS to A 
OUTL BUS. A Output A to BUS 
ANL BUS. II data And immediate to BUS 
ORL BUS. # data Or Immediate to BUS 
MOVDA.P Input expander port to A 
MOVD P.A Output A to expander port 
ANLDP.A And A to expander port 
ORLD P. A Or A to expander port 

Registers 

Mnemonic D_pIIon 

INCR Increment register 
INC@R Increment data mem~ry 
DECR D~rement register 

8ranch 

Mnemonic _pHon 
JMP eddr Jump unconditional 
JMPP@A Jump Indirect 
DJNZ R. addr Decrement register and skip 
JC addr Jump on carry = 1 
JNC addr, Jump on carry = 0 
JZ addr Jump on A zero 
JNZ addr Jump on A not zero 
JTO addr Jump on TO = 1 
JNTO addr Jump on TO = 0 
JTl addr Jump on Tl = 1 
JNT! addr Jump on Tl = 0 
JFO addr Jump on FO = 1 
JFl addr Jump on Fl = 1 
JTF addr Jump on timer flag 
JNl addr Jump on INT = 0 
JBb addr Jump on accumulator bit 

S049H/S039HL 

Table 2. Instruction Set 

ByIee~ 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

8y1ee C,-
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
1 2 
1 2 

Byta Cyclea 
1 1 
1 1 
1 1 

Bylee Cyclea 
2 2 
1 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
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Subroutine 

Mnemonic 
CALLaddr 
RETR 
RETR 

""'III 

MnemoniC 
CLRC 
CPLC 
CLR FO 
CPL FO 
CLRFI 
CPL Fl 

Data Me ... 

Mnemonic 
MOVA. R 
MOVA.@R 
MOVA. lIdata 
MOVR.A 
MOV@R.A 
MOVR.lIdata 
MOV @R. lIdata 
MOVA.PSW 
MOVPSW.A 
XCHA. R 
XCHA.@R 
XC,HDA.~R 

MOVXA.@R 
MOVX@R.A 
MOVPA.@A 
MOVP3A. @ 

Tlmar/CCllI"ter 

Mnemonic 
MOVA.T 
MOVT.A 
STRTT 
STRT CNT 
STOP TCNT 
EN TCNTI 
DIS TCNT! 

Control 

Mnemonic 
'EN 1 
DISI 
SEL RBO 
SEL RBt 
SEL MBO 
SEL MBI 
ENTOCLK 

Mnemonic 
NOP 

DHcripHon 
Jump to subroutine 
Return 
Return, and restore stetus 

DacrlpUon 
Clearearry 
Complement carry 
CLear flag 0 
Complement flag 0 
Clear flag 1 
Complement flag 1 

DeKrIplion 
Move register to,A 
Move data memory to A 
Move Immediate to A 
Move A to register 
MoveAto data memory 
Move immediate to ragister 
Move imme<liate to data memory 
Move PSWlo A 
MoveAto PSW 
Exchange A and, register 
Exchange A and data memory 
Exchange nibble of A and 
register 
Move external dala memory to A 
Move A to external ,data memory 
Move to A from currant page 

, Move to A from page 3 

Ducrlptlon 
Read timer/counter 
Load timer/counter 
Start timer 
Start counter 
Stop timer/counter 
.Enable '!mer/counter interrupt 
Disable timer/counter Interrupt 

Ducrlptlon 
Enable external interrupt 
Disable external interrupt 
Select register bank 0' 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output on TO 

DeKrIption 
No operation 

liylee Cycles 
2 2 
1 2 
1 2 

BYtes Cycl .. 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

8y1ee Cycles 
1 1 
1 1 
2 2 
1 1 
1 1 
2 2 
2 2 
1 1 
1 1 
1 1 
1 1 
1 1 

1 2 
1 2 
1 2 
1 2 

ByleeCycles 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1, 1 

'Byleec,-
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
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inter S049H/S039HL 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ....... O°C to 70°C 
Storage Temperature .............. -65°C to + 150°C 
Voltage 'On Any Pin With Respect 

to Ground ........................... -0.5V to +7V 
Power Dissipation .......................... 1.5 Watt 

*NQTlCE:Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 

D.C. CHARACTERISTICS (TA = O°C to 70°C. VCC = VDD = 5V ± 10%. VSS = OV) 

Symbol Parameter 
limits 

Unit Test Conditions 
Min Typ Max 

VIL Input Low Voltage -.5 .8 V 
(All Except RESET. X1. X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET. X1. X2) 

VIH Input High Voltage 
(All Except XTAL 1. XTAL2. RESET) 

2.0 VCC V 

VIH1 Input High Voltage (X1. X2. RESET) 3.8 VCC V 

VQL 'Output Low Voltage (BUS) .45 V IOL = 2.0 mA 

VQL1 'Output Low Voltage 
(RD. WR. PSEN. ALE) 

.45 V IQL = 1.8 mA 

VQL2 'Output Low Voltage (PRQG) .45 V IQL = 1.0 mA 

VQL3 'Output Low Voltage 
(All 'Other 'Outputs) 

.45 V laL = 1.6 mA 

VOH 'Output High Voltage (BUS) 2.4 V laH =-400 Jl A 

VQH1 Qutp':!!.!iigh Voltage 
(RD. WR. PSEN. ALE) 

2.4 V laH =-100 Jl A 

VQH2 'Output High Voltage 
(All ather 'Outputs) 

2.4 V IQH =-40 Jl A 

1L1 Input Leakage Current (T1. INT) ±. 10 fl-A VSS 'S VIN S VCC 

ILl1 Input Leakage Current _ 
(P10-P17. P20-P27. EA. SS) 

-500 fl-A VSS +.45 SVIN SVCC 

ILO 'Output Leakage Current (BUS. TQ) 2:10 fl-A VSS +.45 SVIN SVCC 
(High Impedance State) 

100 VDD Supply Current 5 10 mA 

100 + Total Supply Current 50 100 mA 

ICC 

BUS P1, P2 BUS. p'. P2 
-SOmA ·500/1A SOmA 

~ :t ::t -300 IJ. 930 mA 

9 9 

·'00 /1A 10mA 

4V ov 2V 4V 

VOH VOH VOL 

6-65 AFN-d1784A-04 
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A.C. CHARACTERISTICS (TA = o·c to 70·C. vcc = VDD = 5V ± 10%. VSS =OV) 

f (ICV) 
Symbol Parameter (Note 3) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15 lCY -40 

tCCl Control Pulse Width (RD. WR) 1/2 tCy-200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30 tCY -200 

two Data Hold after WR 1/15 tCY -50 

tOR Data Hold (RD. PSEN) 1/10 tCY -30 

tRDl RD to Data in 2/5 tCY -200 

tRD2 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 

tADl Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 ~CY -250 

tAFCl Addr Float to RD. WR 2/15 ICY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFCl ALE to Control. (RD. WR) 1/5 tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCAl Control to ALE (RD. WR. PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

top Output Data Setu p 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 t CY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port OutpuUrom ALE 3/10 tCY +100 

tCY Cycle Time 1/( fXTAL x 15) 

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150pF 
2. BUS High Impedance Load 20pF 

4. Interrupt pin must remain low for at 
least 3 tcy to ensure proper operation. 6-66 

11.MHz CondHIona 
Min Max Unit (Note 1) 

150 ns 

160 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns (Note 2) 

0 110 ns 

350 ns 

210 ns 

400 ns 

800 ns 

570 ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

1.36 I.ls 

270 ns 

3. Calculated values will be equal to 
or better than published 8049 values. 
f(tcy) assumes 50% duty cycle on Xl. X2. 

AFN-017B4A-05 
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WAVEFORMS 

ALE J 
----...1'LAFc''L 

I I L 
~ tCC1 -..j tCA1 ~ 

------II I 
'AFC'j f- --I t'D" I FLDAT'NG _____ _ 

FLOATING BUS 

~ 'AD' i· :1'"01 
Instruction Fetch From External Program Memory Read From External Data Memory 

~ 'LAFC' \+-
Jr----il I ALE _ L. ________ --' L 

tCA1 r---
2,4V -------, r-----

MSV ____ -JX:::~ TEST PO'NTS ~:::X,-' ____ _ 
BUS 

Write to External Data Memory Input and Output for A.C. Tests 

PORT 2 EXPANDER TIMING 

ALE ~ l ____ ~v 
"1- ·,Ji 

\ I 
'------1~r--'CA' 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

itAL 'LA 

PCH 

PCH 

r-------:.. 

6-67 

PORT CONTROL 

r-'DP-t'Pj 
I 

OUTPUT DATA 

r-I·>-----'P" ----I 
I 

PORT CONTROL 

AFN-Q1784A-06 
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1/0 PORT TIMING 

1ST CYCLE 2ND CYCLE 

I'PL~ ~IPv1 
ALE J \ I \ 

I I I I 
PSEN \ / 

I I 
P20-23 -y.,. 
OUTPUT 

PCH X PORT 20-23 DATA X 
I I 

P24-27 
P1D-17 PORT 24-27, PORT 10-17 DATA X OUTPUT 

OSCILLATOR MODE 

Cl 

~ 
2 

1---:--.... ---1XTAL1 

C2;t~ 
~ ~~!--~-~3 XTAU 

C3 

C1 =; 5pf ± 1/2pF + STRAY < SpF 
C2;:: CRYSTAL + STRAY < 8pF 
C3 = 20pF ± 1pF + STRAY < SpF 

CRYSTAL SERIES RESISTANCE SHOULD 
BE lESS THAN 75 n AT 6MHz; LESS THAN 
laO n AT 3.6MHz. 

I I 

LC OSCILLATOR MODE 

1 

XTAL1 
C ~ 3Cpp 

JC C'~--2-m f"27n,fLC' 

~C L Cipp~ 5-10 pF 

-= 3 IXTAL2 ~~~!g;:!~CE 

C 

20pF 
200F 

NOMINAL f 

5.2 MHz 
3.2 MHz 

EACH C SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STRAY CAPACITANCE. 

6-68 

/ L 

NEW P20-23 DATA X PCH 

NEW PORT DATA 

DRIVING FROM 
EXTERNAL SOURCE 

+5V 

470J] 

J:>---<~-----IXTAL1 

+5V 

OPEN 
COLLECTOR 470 J] 
TTL GATES 

'--.... --"-jXTAL2 

FOR THE 8049. XTAL 1 MUST BE HIGH 
35-65% OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-65% OF THE PERIOD. 

RISE AND FALL TIMES MUST 
NOT ExceeD 20ns. 

'-
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SOC49/S0C39 
CHMOS SINGLE-COMPONENT S-BIT MICROCOMPUTER 

• SOC49 Low Power Mask Programmable ROM 

• SOC39 Low Power, CPU only 

• Pln-to-pln compatible with Intel's 
S049H/S039HL 

• 1.36 fJ.sec Instruction Cycle. All 
instructions 1 or 2 cycles 

• Ability to maintain operation during AC 
power line interruptions 

• Exit Idle mode with an external or 
internal Interrupt signal 

• Battery Operation 

• 3 power consumption selections 
-Normal Operation: 

15 mA@11 MHz@6V 
-Idle Mode: 500 fJ.A @ 11 MHz @ 6V 
-Power down: 10 fJ.A @ 2.0V 

• 11 MHz, TTL compatible operation; 
VCC = 5V±10% 
CMOS compatible operation; 
VCC = 5V±20% 

Intel's SOC49/S0C39 are low power, CHMOS versions of the popular MCS-4S HMOS family members. CHMOS 
is a technology built on HMOS II and features high resistivity P substrate, diffused N well, and scaled Nand P 
channel devices. The SOC49/S0C39 have been designed to provide low power consumption and high 
performance. 

The SOC49 contains a 2K x S program memory, a 12S x S RAM data memory, 27 1/0 lines, and an S-bit 
timer/counter in addition to an on-board oscillator and clock circuits.For systems that require extra capability, 
the SOC49 can be expanded using CMOS external memories and MCS-SO and MCS-S5 peripherals. The SOC39 
is the equivalent of the SOC49 without program memory on-board. 

The CHMOS design of the SOC49 opens new application areas that require battery operation, low power 
standby, wide voltage range, and the ability to maintain operation during AC power line interruptions. These 
applications include portable and hand-held instruments, telecommunications, consumer, and automotive. 

Vcc 
PORT 

T1 1 
P27 

.2. 
PORT P25 

2 
P2. 

80C49 EA P17 
BOCl9 Ail P1. 

P15 

ViR P1' 

ALE P13 

DBO P12 

DB1 P11 

DB2 P10 

DB3 VDD 

DB. PROG 

DB5 P23 

BUS DB. P22 

OB7 P21 

VSS P20 

Figure 1. Figure 2. Figure 3. 
Block Diagram Logic Symbol Pin Configuration 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel, INTEL, tNTELLEC, MCS, 1m, iCS, ICE, UPI, BXP, iSBC, iSBX, 
Insite, iAMX, System 2000, CREDIT, iRMXlBO. MULTI BUS, PROMPT, Promware, Megachassis, UbraryManager, MAIN MULTIMOOULE, a"d the combination of MeS, ICE, iSBC, iRMX or 
iCS and a numerical suffix. © INTEL CORPORATION, 1981. AFN-01985A 
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Table 1. Pin Description 

Symbol Pin No. Function Sy~bol Pin No. FU!"ctlon 

VSS 20 Circuit GND potential 

VDD 26 Low power: standby pin 

RD 8 Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 

VCC 40 Main power supply; +5V during external device. 
operation. 

Used as a read strobe to external 
PROG 25 Output strobe for 8243 I/O 

expander, 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

data memory. (Actjve low), 

RESET 4 Input wh'ichis used to initialize 
the processor. (Active loW) 
(Non TTL VIH) 

P20-P27 21-24 8-bit quasi-bidirectional port. 
Port 2 

WR 10 Output st~obe during a bus write: 
(Active low) 

35-38 P20-P2,3 ,contain the four high Used as write strobe to external 
order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus, for 8243. 

DBO-DB7 12-19 True bidirectional port which 
BUS can be written or read 

'synchronously using the RD, WR 
strobes. The port can also be 

data memory, 

ALE 11 Address latch enable. This'signal 
occurs once during each cycle 
and is useful as a clock output. 

The negative edge of ALE strobes 
address 'into external data and 
program memo~y. 

statically latched. PSEN 9 Program store enable. This out-

Contains the 8 low order pro-
gram counter bits during' an 
external program memor}detch, 

put occurs' only during a fetch to 
external program memory. 
(Active low) 

and receives the addressed SS 5 Single step input can be used: 
instruction under the control of in conjunction with ALE to "single 
PSEN. Also contains the address step" the process,or,through each 

, , and data during an external RAM 
data store instruction~ under ' 
control of ALE, RD, and WR. 

instructio~. (Active low) 

EA 7 External a,ccess input which 
forces all program memory 

TO 1 Input pin testable using the fetches to reference external 
conditional transfer instructions 
JTO and jNTO~TO can be 

memory. Useful for emulation 
and debug, and e,ssential for 

designated as a clock output 
using ENTO CLK instruction. 

testing and proqram verification. 
(Active high) 

T1 39 Input pin testable using the JT1, XTAL1 2 One side of crystal input for 
and JNT1 instructions. Can be internal oscillator. Also input for 
designated the timer/counter 
input using the STRT CNT 
instruction. 

external source. (Non TTL VIH) 

XTAL2 3 Other side'of crystal input. 

INT 6 Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
Also testable with conditional 
jump instruction. (Active low) 

IDLE MODE DESCRIPTION 

The BOC49, when placed into Idle mode, keeps the oscillator, the internal timer and the external interrupt and 
counter pins functioning and maintains the internal register and RAM status. 

To place the BOC49 in Idle mode, a command instruction (op code 01 H) is executed. Toterminate Idle mode, 
interrupts must be enabled and an interrupt signal generated. There are two interrupt sources that can restore 
normal operation. One is an external Signal applied to the interrupt pin. The other is from the overflow of the 
timer/counter. When either interrupt is invoked the CPU is taken out of Idle mode and vectors to the interrupt's 
service routine address. A reset signal will also take the processor out of Idle mode.Along with the Idle mode, 
the standard MCS-4B power-down mode is still maintained. 
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Table 2. Instruction Set 

Accumul8lor SubrOuUne 

Mnemonic _rlpllon 8ytee CycIH Mnemonic _rlpllon a,m CyctH 
ADD A, R Add register to A 1 1 CALL addr Jump to subroutine 2 2 
ADDA,@R Add data memory to A 1 1 RETR Return 1 2 
ADD A, 'data Add immediate to A 2 2 RETR Return and restore status 1 2 
ADDCA, R Add register with carry 1 1 
ADDCA,@R Add data memory with carry 1 1 
ADDC A, , data Add immediate with carry 2 2 F .... 
ANLA, R And register to A 1 1 
ANLA,@R And data memory to A 1 1 
ANL A,' data And immediate to A 2 2 
ORLA, R Or register to A 1 1 
ORLA@R Or data memory to A 1 1 
ORL A,' data Or immediate to A 2 2 
XRLA, R Exclusive or register to A 1 1 
XRLA,@R Exclusive or data memory to A 1 1 

Mnemonic _rlpllon a,mCJCIH 
CLRC Clear ca"y 1 1 
CPLC Complement carry 1 1 
CLR FO Clear lIag 0 1 1 
CPL FO Complement flag 0 1 1 
CLRFI Clear lIag 1 1 1 
CPLFI Complement lIag 1 1 1 

XRL, A, • data Exclusive or immediate to A 2 2 
INCA Increment A 1 1 O ... Mo_ 
DECA Decrement A 1 1 
CLR A Clear A 1 1 Mnemonic O_lpIIon a,lfte,etH 

CPLA Complement A 1 1 
DAA Decimal adjust A 1 1 
SWAP A Swap nibbles 01 A 1 1 
RLA Rotate A left 1 1 

MOVA, R Move register to A 1 1 
MOVA,@R Move data memory to A 1 1 
MOVA, # data Move immediate to A 2 2 
MOVR, A Move A to register 1 1 

RLCA Rotate A left through carry 1 1 
RRA Rotate A right 1 1 
RRCA Rotate A right through carry 1 1 

MOV@R,A Move A to data memory 1 1 
MOV R, # data Move immediate to register 2 2 
MOV @R, #data Move immediate to data memory 2 2 
MOVA, PSW Move PSWtoA 1 1 
MOVPSW, A MoveAtoPSW 1 1 

InputlOUtput XCHA, R Exchange A and register 1 1 

Mnemonic O_rlpllon a,m C",tH 
INA,P Input port to A 1 2 
OUTL p, A Output A to port 1 2 
ANL P, # data And immediate to port 2 2 
ORL P,' data Or immediate to port 2 2 
INS A, BUS Input BUS to A 1 2 
OUTL BUS, A Output A to BUS 1 2 

XCHA,@R Exchange A and data memory 1 1 
XCHDA,@R Exchange nibble 01 A and 1 1 

register 
MOVXA,@R Move external data memory to A 1 2 
MOVX@R,A Move A to external data memory 1 2 
MOVPA,@A Move to A Irom current page 1 2 
MOVP3A, @ Move to A from page 3 1 2 

ANL BUS, # data And immediate to BUS 2 2 
ORL BUS, , data Or immediate to BUS 2 2 
MOVDA,P Input expander port to A 1 2 

TI ...... /Count .. 

MOVDP, A Output A to expander port 1 2 Mn-nic o-rJpIIon a,me",tH 
ANLD P, A And A to expander port 1 2 MOVA, T Read timer/counter 1 1 
ORLD P, A Or A to expander port 1 2 MOVT,A Load timer/counter 1 1 

STRTT Start timer 1 1 
STRT CNT Start counter 1 1 

Regl ..... STOP TCNT Stop timer/counter 1 1. 

Mnemonic O_rlplion a,m C",," 
INCR Increment register 1 1 

EN TCNTI Enable timer/counter interrupt 1 1 
DIS TCNTI Disable timer/counter interrupt 1 1 

INC@R Increment data memory 1 1 
DECR Decrement register 1 1 Control 

Mnemonic O_pIIon a,m c",," 
arench EN 1 Enable external interrupt 1 1 

Mnemonic o-rJpllon a,m C,ctH 
JMP addr Jump unconditional 2 2 
JMPP@A Jump Indirect 1 2 
DJNZ R, addr Decrement registe, and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on carry = 0 2 2 

DIS 1 Dissble external Interrupt 1 1 
SEL RBO Select register bonk 0 1 1 
SEL RBI Select register bank 1 1 1 
SEL MBO Select memory bank 0 1 1 
SEL MBI Select memory bank 1 1 1 
ENTOCLK Enable clock output on TO 1 1 

JZ addr Jump on A zero 2 2 
JNZ addr Jump on A not zero 2 2 Mnemonic Deecrlplion a,...c,ct. 
JTO addr Jump on TO = 1 2 2 
JNTO addr Jump on TO = 0 2 2 

NOP No operation 1 1 
IDL Seiect Idle operation 1 1 

JTl addr Jump on TI = 1 2 2 
JNTI addr Jump on TI = 0 2 2 
JFO addr Jump on FO = 1 2 2 
JFl addr Jump on Fl = 1 2 2 
JTF addr Jump on timer lIag 2 2 
JNl addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ....... O°C to 70°C 
Storage Temperature .............. -65° C to + 150° C 
Voltage On Any Pin With Respect 

to Ground ........................... -0.5V to +7V 
Power Dissipation .......................... 1.5 Watt 

*NbTlCE:$tresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 

D.C. CHARACTERISTICS (TA= O°C to 70°C, VCC = VDD = 5V ± 10"10, VSS = OV) 

Symbol 
Limits 

Parameter Unit Test Conditions 
Min Typ Max 

VIL Input Low Voltage -.5 .8 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 
(All Except XTAL 1, XTAL2, RESET) 

2.0 VCC V 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) .45 V IOL = 2.0 mA 

VOL1 Output Low Voltage 
(RD, WR, PSEN, ALE) 

.45 V IOL = 1.8 mA 

VOL2 Output Low Voltage (PROG) .45 V IOL = 1.0 mA 

VOL3 Output Low Voltage 
(All Other Outputs) 

.45 V IOL = 1.6 mA 

VOH Output High Voltage (BUS) 2.4 V IOH =-400 J.l.A 

VOH1 Outp~igh Voltage 
(RD, WR, PSEN, ALE) 

2.4 V IOH=-100 J.l.A 

VOH2 Output High Voltage 
(All Other Outputs) 

2.4 V IOH =-40 J.I. A 

1L1 Input Leakage Current (T1, INT) :t. 10 f'oA VSS ~ VIN ~ VCC 

ILl1 Input Leakage Current _ 
(P10-P17, P20-P27, EA, SS) 

-500 f'oA VSS + .45 ~ VIN S VCC 

ILO Output Leakage Current (BUS, TO) ±10 f'oA VSS + .45 S VIN S VCC 
(High Impedance State) 

100 VDD Supply Current 10 IJA VDD = 2.0V 

ICC Supply Current 15 mA f = 11 MHz 
8.5 mA f = 6 MHz 
1.5 mA f = 1 MHz 

IIDLE Idle Mode Current 500 IJA f = 11MHz 
300 IJA f = 6 MHz 
60 IJA f = 1 MHz 
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A.C. CHARACTERISTICS (TA =0°Cto70°C. vcc =vDD =5V± 10%. VSS =OV) 

. Symbol Parameter f (tCY) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15 tCY -40 

tCCl Control Pulse Width (RD. WR) 112 tCy-200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30 tCY -200 

two Data Hold after WR 1/15 tCY -50 
---

tOR Data Hold. (RD. PSEN) 1/10 tCy~30 

tRDl RD to Data in 2/5 tCY -200 

tR02 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 

tADl Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

tAFC1 Addr Float to RD. WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

. tLAFCl ALE to Control .• (RD. WR) 1/5 tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCAl Control to ALE (RD. WR. PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hc;>ld to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

top Output Data Setup 2/5 tCY -150 

tpo Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time l/(fXTAL x 15) 

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150pF 
2. BUS High Impedance Load 20pF 

6-73 

11 MHz Conditions 
Min. Max Unit (Note 1) 

150 ns 

160 ns 

50 ns 

480 niS 

350 ns 

390 ns 

40 ns (Note 2) 

0 110 [1s. 

350 ns 

210 ns 

400 ns 

800 ns 

I 570 ns 

140 ns 

10 ns 

200 . (1S 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

·400 ns 

90 ns 

700 ns 

160 ns 

40 .. ns 

510 ns 

1.36 Ils 

270 ns 

3. Interrupt pin must remain low for at 
least 3.tcy to ensure proper operation. 
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WAVEFORMS 

--..l'LAFC1 L 
ALE J .... ---.L.I _..;.1 ___ ---11 L 

~ tCC1 --...J tCA1 j.-
------01 1 

'AFC1 j t-AT'NG -1 t_'D_R ____ _ 

~FLOAT'NG 

\::=='AD1t=:i'RD1 

BUS 

Instruction Fetch From External Program Memory Read From External Data Memory 

--I 'LAfOC1 f.-
J"'-' -----il I ALE I.. _________ ~ L 

2.4Y ----___. .-----

O.4SY ____ ~X~:::::: TEST PD'NTS ~:::Xl. ____ _ 
BUS 

Write to External Data Memory Input and Output for A.C. Tests 

PORT 2 EXPANDER TIMING 

ALE ..I \ I =+ r-'" EXPANDER 'LA r'DPp, PORT 

I 
OUTPUT PCH PORT CONTROL DUTPUT DATA 

EXPANDER I- 'PR 
PORT 

I 
'NPUT PCH PORT CONTRDL 

PROG 

AFN·01985A 



SOC49/S0C39 

1/0 PORT TIMING 

1ST CYCLE 2ND CYCLE 

J \ 
ItPL~ r- tpv1 

ALE I \ 
I I I I 

PSEN \ / 
I I 

P20-23 ~ 
OUTPUT 

PCH X PORT 20-23 DATA X 
1 1 

P24-27 
P10-17 PORT 24-27, PORT 10-17 DATA X OUTPUT 

OSCILLATOR MODE 

rtf). 2 XTAL' 

"t 11:2' 
I ::dl::HZ 

c2;T~ Tc::J 
'=' II! ,,1--"--"'--:'13 XTAL2 

(:3 
C1 : 5pF ± 1/2pF + STRAY < SpF 

C2: CRYSTAL + STRAY < 8pF 
C3: 20pF ± 1pF + STRAY < 5pF 

CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 75 !l AT SMHz; LESS THAN 
180!l AT 3.6MHz. 

I 

LC OSCILLATOR MODE 

L 

45,u.H 
12010lH 

c 
20pF 
20pF 

NOMINAL f 

5.2 MHz 
3.2 MHz 

EACH C SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STAAY CAPACITANCE. 

6-75 

I 

/ L 

NEW P20-23 DATA X PCH 

NEW PORT DATA 

DRIVING FROM 
EXTERNAL SOURCE 

+5V 

470$1 

P-.,-+--___ -"-l2 XTAL' 

XTAL2 

FOR THE 8049, XTAL 1 MUST BE HIGH 
35-65% OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-65% OF THE PERIOD. 

RISE AND FALL TIMES MUST 
NOT EXCeeD 20ns. 

'L 

AFN-01985A 



inter 
S749 H/S749 H-S/S039 H/S039H-S 

HMOS SINGLE-CHIP EPROM MICROCOMPUTER 

• 8749H 11MHz User Programmable EPROM 
• 8749H-8 6MHz User Programmable EPROM 
• 8039H 11 MHz CPU Only with RAM and 1/0 
• 8039H-8 6MHz CPU Only with RAM and 1/0 

• 8-BIT CPU, EPROM, RAM, 1/0 in Single • 2K x 8 EPROM 
Package 128 x 8 RAM 

• High Performance HMOS 27 I/O Lines 
• 1.4 JLsec and 2.5 JLsec Cycle Versions 

All Instructions 1 or 2 Cycles. 
• Over 90 instructions: 70% Single Byte 
• Compatible with 8080/8085 Series 

Peripherals 

• Interval Timer/Event Counter 

• Easily Expandable Memory and I/O 

• Two Single Level Interrupts 
The Intel® 8749H/8749H-8 are totally self-sufficient, 8-bit parallel computers fabricated on singlesilicon chips 
using Intel's advanced N-channel silicon gate HMOS process. 

The 8749H/8749H-8 contains on-chip a 2K X 8 UV-erasable, user-programmable program memory, a 128 X 8 
RAM data memory, 27 liD lines, 2 interrupt sources, and an 8-bit timer/counter in addition to on-board 
oscillator and clock circuits. For systems that require extra capability the 8749H/8749H-8 can be expanded 
using standard memories and MCS-80®/MCS-85® peripherals. The 8039H is the equivalent of the 8749HI 
8749H-8/8049H without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, three interchangeable 
pin-compatible versions of this single component microcomputer exist: the 8749H with user-programmable 
and erasable EPROM program memory, the 8049H with factory-programmed mask ROM program memory 
for low cost, high volume production, and the 8039H without program memory for use with external program 
memories. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic .. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no 
instructions over 2 bytes in length. 

TO Vee 
PORT 

XTAL 1 Tl 1 
XTAL2 3 P27 

RESET P26 
PORT 55 P2S 

2 iNi' P2. 
8749H EA P17 

8749H.a AD P16 
B039H 

PSEN 9 PIS 
8039H~8 

WFi Pl. 

ALE P13 

OBO P12 

P11 

Pl0 

VOO 

DB. PROG 

DBS P23 

BUS DB6 .22 

OB7 P21 

Vss P20 

Figure 1. Figure 2- Figure 3. 
Block Diagram Logic Symbol Pin Configuration 

Intel Corporation Assumes No Responsibility forthe Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

INTEL CORPORATION, 1981 6-76 AFN-01930A-1 



8749H/8749H-8/8039H/8039H-8 

Table 1. Pin Description 

Symbol Pin No Function Symbol Pin No. Function 

Vss 20 Circuit GND Potential RD 8 Output strobe activated during a 

Vee 26 Programming power supply; +20V 
during program, +5V during 
operation. 

BUS read. Can be used to enable 
data onto the bus from an external 
device. 

Vee 40 Main power supply; +5V during 
operation and programming. 

Used as a read strobe to external 
data memory. (Active low) 

PROG 25 Program pulse (+18V) input pin 
during 8749H programming. 

Output strobe for 8243 I/O 
expander. 

RESET 4 Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 
(Non TTL V,H) 

P10-P17 27-34 8-bit quasi-bidirectional port. 
Port 1 

WR 10 Output strobe during a bus write. 
(Active low) 

P20-P27 21-24 8-bit quasi-bidirectional port. Used as write strobe to external 
Port 2 35-38 P20-P23 contain the four high order data memory. 

program counter bits during an 
external program memory fetch and 
serve as a 4-bit I/O expander bus 
for 8243. 

DBa-DB7 12-19 True bidirectional port which can be 
BUS written or read synchronously using 

the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external 
program memory fetch, and 
receives the addressed instruction 
under the control of PSEN. Also 
contains the address and data 

ALE 11 Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro-
gram memory. 

PSEN 9 Program store enable. This output 
occurs only during a fetch to exter-
nal program memory. (Active low) 

SS 5 Single step input can be used in 
conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

during an external RAM data store EA 7 External access input which forces 
instructiQ!!.....under control of ALE, all program memory fetches to 
RD, and WR. reference external memory. Useful 

TO 1 Input pin testable using the condi-
tional transfer instructions JTO and 
JNTO. TO can be deSignated as a 

for emulation and debug, and 
essential for testi ng and prog ram 
verification. (Active high) 

clock output using ENTO ClK XTAL1 2 One side of crystal input for internal 
instruction. TO is also used during oscillator. Also input for external 
programming. source. (Non TTL V,H) 

T1 39 Input pin testable using the JT1, XTAl2 3 Other side of crystal input. 
and JNT1 instructions. Can be des-
ignated tile timer/counter input 
using the STRT CNT instruction. 

INT 6 Interrupt input. Initiates an inter-
rupt if interrupt is enabled. Interrupt 
is disabled after a reset. Also test-
able with conditional jump instruc-
tion. (Active low) 

6-77 AFN-01930A-2 



inter 8749H/8749H-8/8039H/8039H-8 

Table 2. Instruction Set 

Accumulator Subroullne 

Mnemonic O .... rlptlon Iy'" Cyc'" 
ADDA. R Add register to A I I 

Mnemonic Deocrlpllon lyle. Cyc'" 
CALL addr Jump to subroutine'" 2 2 

ADDA.@R Add data memory 10 A I I RETR Return I 2 
ADD A. # data Add immediate to A 2 2 RETR Return and restore status I 2 
ADDCA. R Add r~gi.ter with carry I I 
ADDCA.@R Add data memory with carry I I 
ADDC A. # data Add immediate with carry 2 2 Flag. 

ANL A. R And register to A I I 
ANLA.@R And data memory to A I I 
ANL A. # data And immediate to A 2 2 
ORL A. R Or register to A I I 
ORLA@R Or data memory to A I I 
ORL A. # data· Or immediate to A 2 2 
XRL A. R Exclusive or register to A I I 
XRLA.@R Exclusive or data memory to A I I 

Mnemonic Deocrlpllon Iyte. Cye'" 
CLR C Clear carry I , 
CPLC Complement carry I , 
CLR FO CLear flag 0 I I 
CPL FO Complement flag 0 I I 
CLR FI Clear flag' I I 
CPL FI Complement flag I I I 

XRL. A. # data Exclusive or immediate to A 2 2 
tNCA Increment A I I Data Mov •• 
DECA Decrement A I I 
CLR A Clear A I I Mnemonic Descrlpllon lyt"Cyc'" 

CPLA Complement A I I 
DAA Decimal adjust A I I 
SWAP A Swap nibbles of A , I 
RL A Rotate A left I I 

MOVA. R Move register to A I I 
MOVA.@R Move data memory to A I I 
MOV A. # data Move immediate to A 2 2 
MOVR. A Move A to register I I 

RLCA Rotate A left through carry I I 
RR A Rotate A right I I 
RRCA Rotate A right through carry I I 

MOV@R.A Move A to data memory I I 
MOV R. # data Move immediate to register 2 2 
MOV @R. #data Move immediate to data memory 2 2 
MOVA. PSW Move PSWto A I I 
MOV PSW. A Move A to PSW , I 

Input/Outpul 

Mnemonic D .... rlpllon Iyl" Cycl" 
IN A. P Input port to A I 2 
OUTL P. A Output A to port I 2 
ANL p. # data And im"!1ediate to port 2 2 
ORL P. # data Or immediate to port 2 2 
INS A. BUS Input BUS to A I 2 
OUTL BUS. A Output A to BUS I 2 

XCH A. R Exchange A and register I I 
XCH A.@R Exchange A and data memory I I 
XCHDA.@R Exchange nibble of A and I I 

register 
MOVXA.@R Move external data memory to A I 2 
MOVX@R.A Move A to external data memory I 2 
MOVPA.@A Move to A from curre~.t page I 2 
MOVP3A. @ Move to A from page 3 I 2 

ANL BUS. # data And immediate to BUS 2 2 
ORL BUS. # data Or immediate to BUS 2 2 
MOVDA.P Input expander port to A , 2 

Timer/Counter 

MOVD P. A Output A to expander port I 2 Mnemonic Deocrlpllon lyle. Cye'" 
ANLD p. A And A to expander port , 2 MOVA. T Read timer/counter , I 
ORLD P. A Or A to expander port 1 2 MOVT. A Load timer/counter I I 

STRTT Start timer I I 
STRT CNT Start counter I I 

Regl.I ... STOP TeNT Stop timer/counter I I 

Mnemonic OeocrlpUon Iyl" Cycl" 
INCR Increment register I I 

EN TCNT1 Enable timer/counter interrupt I I 
DIS TCNT, Disable timer/counter interrupt I I 

INC@R Increment data memory , I 
DiC R Decrement register , I Conlrol 

Mnemonic Descrlpllon lyle.:Cycl" 
Iranch ENI Enable external interrupt , I 

Mnemonic OeocrlpUon Iyl" Cycles 
JMP addr Jump unconditional 2 2 
JMPP@A Jump indirect I 2 
DJNZ R. addr Decrement register and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on carry = 0 2 2 

DIS I Disable external interrupt , I 
SEL RBO Select register bank 0 I I 
SEL RBI Select register bank I I I 
SEL MBO Select memory bank 0 I I 
SEL MBI Select memory bank I , , 
ENT 0 CLK Enable clock output on TO I , 

JZ addr Jump on A zero 2 2 
JNZ addr Jump on A not zero 2 2 
JTO addr Jump on TO = I 2 2 
JNTOaddr Jump on TO = 0 2 2 

Mnemonic Deocrlpllon Byt" Cycle. 
NOP No operation I , 

JT1 addr Jump on T1 = , 2 2 
JNTI addr Jump on T1 = 0 2 2 
JFO addr Jump on FO = I 2 2 
JF, addr Jump on FI = I 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 

Mnemonics© Inlel Corporation, 1976. 

6-78 AFN-o, 930A-3 



S749H/S749H-S/S039H/S039H-8 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ....... O°C to 70°C 
Storage Temperature .............. -65° C to + 150° C 
Voltage On Any Pin With Respect 

to Ground ........................... -0.5V to +7V 
Power Dissipation ..........•............... 1.5 Watt 

*NOTlCE:Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 

D.C. CHARACTERISTICS (TA = O°C to 70°C, VCC = VOO = 5V ± 10%, VSS = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

VIL Input Low Voltage -.5 .8 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 
(All Except XTAL 1, XTAL2, RESET) 

2.0 VCC V 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) .45 V 10L = 2.0 mA 

VOL1 Output Low Voltage .45 V IOL = 1.8 mA 
(RO, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) .45 V IOL = 1.0 mA 

VOL3 Output Low Voltage 
(All Other Outputs) 

.45 V 10L = 1.6 mA 

VOH Output High Voltage (BUS) 2.4 V IOH=-400 J.l.A 

VOH1 Output High Voltage 2.4 V IOH=-100 J.l.A 
(RO, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V 10H =-40 J.l. A 
(All Other Outputs) 

1L1 Input Leakage Current (T1, INT) !. 10 fLA VSS $ VIN $ VCC 

IU1 Input Leakage Current _ -500 fLA VSS + .45 ~VIN ::;;VCC 
(P10-P17, P20-P27, EA, SS) 

ILO Output Leakage Current (BUS, TO) 
(High Impedance State) 

.:!: 10 fLA VSS +.45 ::;;VIN ~VCC 

100 VOO Supply Current 5 10 mA 

100 + Total Supply Current 50 110 mA 

ICC 

BUS Pl, P2 BUS, Pl, P2 
·50mA ·500 /lA SOmA 

~ :z: %-300 II 9 30mA 
9 9 

~ ·100 pA 10mA 

OY 2Y 4Y 

YOH YOH VOL 
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8749H/8749H-8/8039.H/8039H~ 

A.C. CHARACTERISTICS (TA = O"C to 70"C. Vee = VDD = 5V ± 10%. Vss =OV) 

Symbol Parameter f (tCY) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15 tCY -40 

tCCl Control Pulse Width (RD. WR) 1/2 tCY -200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30,tCY -200 

two Data Hold after WR 1/15 tCY -50 

tDR Data Hold (RD. PSEN) 1/10 tCY -30 

tRDl RD to Data in 2/5 tCY -200 

tRD2 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 

tADl Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

tAFC1 Addr Floatto RD, WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFCl ALE to Control. (RD. WR) 1/5 tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCAl Control to ALE (RD. WR. PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 t(;:y-80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

tDP Output Data Setup 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time 1/(fXTALx15) 
--

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 2. BUS High Impedance Load 20pF 

BUS Outputs CL = 150pF 

When driven by an ext. clock. 
AC specs are based on 50% 
duty cycles. 6-80 

11 MHz ,', Condition. 
Min Max Unit (Note 1)' 

150 ns 

160 ns 

50 ns 

480 ns 

350 ns 

390 hs 

40 ns (Note 2) 

0 110 ns 

350 ns 

210 ns 

400 ns 

800 ns 

570 ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

1.36 ~s 
2.51'8 tCyMIN. 
FOR 8749H-8 

270 ns 

The 8749H exhibits some sensitivity to light. 
The RAM storage area can be altered when 
exposed to light. When operating the 8749H, 
the window must be covered with an opaque 
material. AFN-01930A-5 



inter 8749H/8749H·8/8039H/8039H·8 

WAVEFORMS 

ALE 

j.r-.-ll- _I-·cv----·I r iILAFC2 ~ 
JI !-_I __ ~r-I ---'L 

'AFJ2 f-- 'CA2 

BUS 

Instruction Fetch From External Program Memory 

-----I 'lAFC. f--
J ..... ------.I I ALE _ L. ________ --1 L 

ICA11'---

BUS 

Write to External Data Memory 

PORT 2 EXPANDER TIMING 

ALE 

-l"'AFC,L 
ALE J .... ---...IL.. __ 1 ____ ..... 1 L 

I-- 'cc. --I 'CA' I---------II 1 

BUS 

. 'AFC' j bAT.NG -1 t_·D_A ____ _ 

FLOATING 

t= 'AD. i· :1 'ADt 

Read From External Data Memory 

2.4V ----_ ~-----

O.45V ____ -'X:::::: TEST PO.NTS ~:::Xl-___ _ 

Input and Output for A.C. Tests 

EXPANDER 
PORT "I" "J..., 

I ~----!.. 

-----1 r'CA• 
i'D• -t.PDl 

OUTPUT 

EXPANDER 
.DRT 

INPUT 

.ROG 

'CH PORT CONTROL 
I~ ______________ --{ ~ ______ -J 

pCH 

6-81 
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inter 8749H/8749H-8/8039H/8039H-8 

WAVEFORMS 

COMBINATION PROGRAMNERIFY MODE (EPROM's ONLY) 

18V / EA 
5V 

---------t--- VERIFY --•• t-I'~--- PROGRAM PROGRAM 
t~_ 

18V 

TO 

DBo-DB, J--
LAST 

ADDRESS 

DATA TO BE 
PROGRAMMED VALID 

,--------.. 

---< NE~dgDR C 
NEXT 

ADDRESS 

VO::: t=trTI.'-mt-~----------------
+18---------,----

PROG 
~~----------- ___ J ________ --=,'-_______ _ 

VERIFY MODE (ROM/EPROM) 

EA !~--~-------------------------

TO, RESET ~ / 
\\..-. __ ----J \"'--__ --J/ \------

=>--- ADDRESS 
(£>.7) VALID 

DATA OUT 
VALID ---< ... __ A_t_~_~E_TS_S_...JX ... _~_~X_TT_V~_t_T~...J)- - - - - or-

ADDRESS (8-10) VALID 

NOTES; 
1. PROG MUST FLOAT IF EA IS LOW (Le., "t:. leV). 
2. -Xl AND X2 ORIVEN BY 3 MHz CLOCK WILL GIVE 5,:.tsec tCY' THIS IS ACCEPTABLE FOR-8 

PARTS AS WELL AS STANDARD PAf7ITS, 

The 8749H EPROM can be programmed by;: 

Universal PROM Programmer (UPP series) peri-
pheral of the Intellec@ Development System with a 
UPP-848 Personality Card and a UPP-549 adapter card. 

6-82 

NEXT ADDRESS VALID 
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8749H/8749H-8/8039H/8039H-8 

CRYSTAL OSCILLATOR MODE 
C1 
f-_--, ___ -r-___ 2-j XTAL 1 

~ __ L __ 
C2 ....... -'1-...... 

I -=- I 

1-11 MHz 

r---~-----4----~ 
C3 

C1 =5pF ± 1hpF + STRAY<5 pF 
C2 :::: CRYSTAL ± STRAY < a pF 
C3 = 20pF ± 1pF ± STRAY < 5 pF 

XTAL2 

CRYSTAL SEAlES RESISTANCE SHOULD BE LESS THAN 750 AT 6 MHz; LESS 
THAN 1800 AT 3.6 MHz. 

L C 
4S.uH 20 pF 

120pH 20 pF 

LC OSCILLATOR MODE 

NOMINALf 
5.2 MHz 
3.2 MHz 

XTAL1 

riC 

-=- C 

'---_~_--/ XTAL2 

f= 2"JLC' 

C,=C+3Cpp 
2 

Cpp=5 -10 pF PIN-TO-PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 

DRIVING FROM EXTERNAL SOURCE 
+5V 

4700 

Jr>--+-------I XTAL 1 

TTL OPEN 
COLLECTOR 
GATES 

+5V 

4700 

L-_--'-_----I XTAL2 

FOR XTAL 1 AND XTAL 2 DEFINE "HIGH" AS VOLTAGES ABOVE 1.6V AND "LOW" 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS, 

PROGRAMMING, VERIFYING, AND 

ERASING THE 8749H EPROM 

Programming Verification 

In brief, the programming process consists of: activat
ing the program mode, applying an address, latching 
the address, applying data, and applying a program
ming pulse. Each word is programmed completely 
before moving on to the next and is followed by a 
verification step. The following is a list of the pins used 
for programming and a description of their functions: 

Pin Function 

XTAL1 Clock Input (1 to 3M Hz) 
Reset Initialization and Address Latching 
Test 0 Selection of Program or Verify Mode 
EA Activation of ProgramlVerify Modes 
BUS Address and Data Input 

Data Output During Verify 
P20-22 Address Input 
Voo Programming Power Supply 
PROG Program Pulse Input 

FOR THE 8749H, XTAL 1 MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD. 
RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 

6-83 

WARNING: 

An attempt to program a missocketed 8749H will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The ProgramNerify sequence is: 

1. Voo = 5V, Clock applied or internal oscillator operating, 
RESET = OV, TEST 0 = 5V, EA = 5V, BUS and PROG 
floating. Pl0 and Pll must be tied to ground. 

2. Insert 8749H in programming socket. 

3. TEST 0 = OV (select program mode) 

4. EA = 18V (activate program mode) 

5. Address applied to BUS and P20-22 

6. RESET = 5V (latch address) 

7. Data applied to BUS 

8. Voo = 20V (programming power) 

9. PROG = OV followed by one 50ms pulse to 18V 

10. Voo=5V 

11. TEST 0 = 5V (verify mode) 

12. Read and verify data on BUS 

13. TEST 0 = OV 

14. RESET = OV and repeat from step 5 

15. Programmer should be at conditions of step 1 when 8749H is 
removed from socket. 

AFN-01930A-8 



inter 8749H/8749H-8/8039H/8039H-8 

A.C. TIMING SPECIFICATION FOR PROGRAMMING (TA = 25°C ± 5°C, Vee = 5V ± 5%, Voo = 20V ± 1V) 

Symbol Parameter Min Max Unit Test Conditions 
tAW Address Setup Time to RESET! 4tcy 

tWA Address Hold Time After RESET t 4tcy 

tew Data in Setup Time to PROG t 4tcy 

two Data in Hold Time After PROG I 4tcy 

tPH RESET Hold Time to Verify 4tcy 

tVDDW Vee 4tcy 

tVDDH Veo Hold Time After PROG I 0 

tpw Program Pulse Width 50 60 mS 

hw Test 0 Setup Time for Program Mode 4tcy 

tWT Test 0 Hold Time After Program Mode 4tcy 

too Test 0 to Data Out Delay 4tcy 

tww RESET Pulse Width to Latch Address 4tcy 

tr,tf VeD and PROG Rise and Fall Times 0.5 2.0 ps 

tCY CPU Operation Cycle Time 5.0 ps 

tRE RESET Setup Time before EAt 4tcy 

NOTE: If Test 0 is hi9h too can be triggered by RESET 1 

D.C. SPECIFICATION FOR PROGRAMMING (TA = 25"C ± 5°C, Vee = 5V ± 5%, Voo = 20V ± .5V) 

Symbol Parameter Min Max Unit Test Conditions 

VeoH Voo Program Voltage High Level 19.5 20.5 V 

VODL Voo Voltage Low Level 4.75 5.25 V 

VPH PROG Program Voltage High Level 17.5 18.5 V 

VPL PROG Voltage Low Level 0.2 V 

VEAH EA Program or Verify Voltage High Level 17.5 18.5 V 

100 Veo High Voltage Supply Current 30.0 mA 

IPROG PROG High Voltage Supply Current 16.0 mA 

lEA EA High Voltage Supply Current 1.0 mA 
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8243 
MCS-48® INPUT/OUTPUT EXPANDER 

• Low Cost 
• Simple Interface to MCS-48@ 

Microcomputers 

• Four 4-81t 1/0 Ports 
• AND and OR Directly to Ports 

• 24-Pln DIP 
• Single 5V Supply 
• High Output Drive 
• Direct Extension of Resident 8048 1/0 

Ports 

The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O 
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 
combines low cost, single supply voltage and high drive current capability. 

The 8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to 
the MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for 110 
expansion, and also allows multiple 8243's to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 

PORT 2 

Figure 1. 8243 
Block Diagram 

PORT 4 

PORTS 

PORT 6 

PORT 7 

P50 vee 
P5l 

1'41 P52 

P42 P5l 

P43 P60 

cs P61 

PROG P62 

P23 P63 

P22 P73 

P21 P72 

P20 P71 

GNO P70 

Figure 2. 8243 
Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

·,NTEL CORPORATION, 1980 6-85 AFN-Q0214A-ol 
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Table 1. Pin Description 

Symbol Pin No. Function 

PROG 7 Clock Input. A high to low transi-
tion on PROG signifies that ad-
dress and control are available on 
P20-P23, and a low to high transi-
tion signifies that data is available 
on P20-P23. 

CS 6 Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 

P20-P23 11-8 Four (4) bit bi-directional port con-
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran-
sition contains the data for a sel-
ected output port if a write .opera-
tion, or the data from a.selected 
port before the low to high transi-
tion if a read operation. 

GND 12 o volt supply. 
P40-P43 2-5 Fouf (4) bit bi-directionall/O ports. 
P50-P53 1,23-21 May be programmed to be input 
P60-P63 20-17 (during read), low impedance 
P70-P73 13-16 latched output (after write), or a tri-

state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 

VCC 24 +5 volt supply. 

FUNCTIONAL DESCRIPTION 
General Operation 
The 8243 contains four 4-bit 1/0 ports which serve 
as an extension of the on-chip 1/0 and are ad. 
dressed as ports 4-7. The following operations may 
be performed on these ports: 

• Transfer Accumulator to Port. 
• Transfer Port to Accumulator. 
• AND Accumulator to Port. 
• OR Accumulator to Port. 

All communication between the 8048 and the 8243 
occurs over Port :1 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/87481 
8035. 

Power On Initialization 
Initial application .of pOWer to the device forces 
inpuVoutput ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power 'on sequence is 
initiated if vee drops below 1V. 

Address Instruction 
P21 P20 Code P23 P22 Code 

0 0 Port 4 0 0 Read 
0 1 Port 5 0 1 Write 
1 0 Port 6 1 0 ORLD 
1 1 Port 7 1 ANLD 

Write Modes 
. The device has three write modes. MOVD Pi, A dir
ectly wrjtes new data into the selected port and old 
data is lost. ORLD Pi,A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes it to the port. Operation code and port ad
dress are latched from the input port 2 on the high 
to low transition ofthe PROG pin. On the low to high 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 

6-86 

After the logic manipulation is performed, the data 
is latched .and outputed. The old data remains 
latched until new valid outputs are entered. 

Read Mode 
The device has one read mode. The operation code 
and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation andport address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina
ted by a Ipw to high transition of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 

AFN-00214A-02 . 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .•.•.... o· C to 70· C 
Storage Temperature •..•.•.•••••••• -65· C to +150· C 
Voltage on Any Pin 

With Respect to Ground ..•..•.••.••••• -0.5 V to +7V 
Power Dissipation ••..•.••..•.••••..•.•.•.•... 1 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS TA = o·c to WC, VCC = 5V 10% 

Symbol Parameter Min Typ Max Units 
Test 

Conditions 
VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC+0.5 V 

VOL1 Output Low Voltage Ports 4-7 0.45 V IOL = 4.5 mAo 

VOL2 Output Low Voltage Port 7 1 V IOL = 20 mA 

VOH1 Output High Voltage Ports 4-7 2.4 V IOH = 240l'A 

11L1 Input Leakage Ports 4-7 -10 20 I'A Vin = VCC to OV 

IIL2 Input Leakage Port 2, CS, PROG -10 10 I'A Vin = VCC to OV 

VOL3 Output Low Voltage Port 2 45 V IOL=0.6 mA 

ICC VCC Supply Current 10 20 mA 

VOH2 Output Voltage Port 2 2.4 IOH = 1OOl'A 

IOL Sum of alilOL from 16 Outputs 72 mA 4.5 mA Each Pin 

'See following graph for additional sink current capability 

A.C. CHARACTERISTICS TA = o·c to 70·C, VCC = 5V 10% 

Symbol Parameter Min Max Units Test Conditions 

tA Code Valid Before PROG 100 ns 80 pF Load 

tB Code Valid After PROG 60 ns 20 pF Load 

tc Data Valid Before PROG 200 ns 80 pF Load 

to Data Valid After PROG 20 ns 20 pF Load 

tH Floating After PROG 0 150 ns 20 pF Load 

tK PROG Negative Pulse Width 700 ns 

tCs CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG 700 ns 100 pF Load 

tLP1 Ports 4-7 Valid Before/After PROG 100 ns 

tACC Port 2 Valid After PROG 650 ns 80 pF Load 

2.4 ---'X 02"8
0 > TEST POINTS 

G.4S--_J 
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WAVEFORMS 

PROG 

~ _______________ 'K ______________ ~ 

PORT 2 FLOAT FLOAT 

'~'=>1 ~'x PORT 2 OUTPUT . 
VALID 

IpO 

PORTS ..... 7 PREVIOUS OUTPUT VALID OUTPUT 
VALID 

',P - ',P 

PORTS 4-7 INPUT VALID 

ICS 'CS 
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125 

100 

1 
~ 
9 
~ 75 .. z .. .. .. GUARANTEED WORST CASE 

'" U CURRENT SiNKING CAPABILITIES .. OF ANT VO PORT PIN .0. TOTAL z 
;;; .. 50 SINK CURR~NT ~F ALL PINS 

;! 
0 .. 

25 

10 11 12 13 

MAXIMUM SINK CURRENT ON ANY PIN @ AS¥ 
MAXIMUM 10L WORST CASE PIN (onA) 

'Figure 3' 

Sink Capability 

The 8243 can sink 5 mA@ .4SV on each of its 161/0 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any indivic;tual line 
increases as is shown by the accompanying curve. 

For example, i,f only 5 of the 16 lines are to sink 
current 'at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are to sink 9 mA the total IOL must not 
exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TTL loads (1.6 rnA) 
assuming remaining pins are unloaded? 

10l = 5 x 1.6 rnA = 8 rnA 
EIOl = 60 rnA from curve 
# pins = 60 rnA + 8 rnA/pin = 7.5 = 7 ' 

In this case, 7 lines can sink 8 rnA for a total of 
56mA. This leaves 4 rnA sink current capability 
which can be divided In any way among the 
remaining 8 1/0 lines of the 8243., ' 

Example: This example shows how,the use of the 20 rnA 
sink capability of Port 7 affects the sinking 
capability of the other 1/0 Ii nes. 

An 8243 will drive the following loads simul-
taneously. ' 

2 loads-20 rnA @ 1V (port 7 only) 
8 loads-4 rnA @ .45V 
6 lOads-3.2 rnA @ .45V 
Is this within the specified limits? 

EIOl = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 rnA. 
From the curve: for 10l = 4 rnA, EIOl ~ 93 rnA. 
since 91.2 rnA < 93 rnA the loads are within ' 
specified limits. 

Although the 20 rnA @ 1V loads are used in ; 
calculating EiOl, it is the largest current re., 
quired @ .45V which determines the maximum 

,allqwable EIOl. 

NOTE: A 10 to 50K,O pull up resistor to +5V should ISe added to 8243 outputs when driving to 5V CMOS directly. 
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PORT 1 
8048 

PORT 2 

8243 

0:-

I/O cs 
P4 

PROG 

TEST P5 

8048 INPUTS 8243 

P5 

DATA IN 
P2 

f'7 

Figure 4. Expander Interface 

P20-P23 --{'-_......JX'-___ ...J)r---
ADDRESS I4-BITS) DATA (4-BITS) 

4 

BITS 3,2 

GO} READ 
01 WAITE 
10 OR 
11 AND 

Figure 5. Output Expander Timing 

I/O 

I/O 

I/O 

I/O 

SITS 1,0 

DO} 01 PORT 
10 ADDRESS 
11 

PROG~--------------~------------------~----------------+-----------------~ 

Figure 6. Using Multiple 8243's 
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S050H/S040H 
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 

• S050H 11MHz Mask Programmable ROM 

• S040H 11MHz CPU Only with Power Down Mode 

• S-Blt CPU, ROM, RAM, I/O In Single • 4KxSROM 
Package 256xS RAM 

271/0 Lines 

• High Performance HMOS 
• Interval Timer/Event Counter 

• Reduced Power Consumption • Easily Expandable Memory and I/O 

• 1.36 psec Cycle Version • Compatible with SOSO/SOS5 Series 
All Instructions 1 or 2 Cycles. Peripherals 

• Over 90 Instructions: 70% Single Byte • TWo Single Level Interrupts 

The Intel 8050H is a totally self-sufficient, 8-bit parallel computer fabricated on single silicon chips using Intel's 
advanced N-channel silicon gate HMOS process. 

The 8050H contains a 4Kx 8 non-volatile program read-only memory, a 256 x 8 RAM data memory, 27110 lines, and 
an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability, 
the 8050H/8040H can be expanded using MCS-80®/MCS-85® peripherals. The 8040H is the equivalent of the 8050H 
without program memory and can be used with external ROM and RAM. 

To minimize development problems and provide maximum flexibility, a logically and functionally pin-compatible 
version of the 8050H with UV-erasable user-programmable EPROM program memory will be available. The 8750H 
emulates the 8050H to 11 MHz with minor differences. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 

PORT 
Vee 

1 T1 

XTAL 2 3 P27 

RESET P26 
PORT liS P2. 

2 
P24 

SOSOH P17 
8040H P16 

PIS 

WR P14 

ALE P13 

P12 

OB, P11 

oB2 Pl0 

oB3 Voo 

oB4 PROG 

oBS P23 

BUS oB6 P22 

oB7 P21 

VSS P20 

Figure 1. Figure 2- Figure 3-
Block Diagram Logic Symbol Pin Configuration 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel. INTEL. INTELLEC, MCS, 1m, ICS, ICe, UPI, BXP, ISBC, isex, 
Insite, iRMX, System 2000, CREDIT, iRMXJ80, MUL TIBUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MULTIMOOULE, aAd the combination of MOS, ICE, ISBC, iRMX or 
JOS and a numerical suffix. © INTEL CORPORATION, 1981. AFN~02030A 
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Symbol Pin No. 

VSS 20 

VDD 26 

VCC 40 

PROG 25 

P10-P17 27-34 
Port 1 

P20-P27 21-24 
Port 2 35-38 

DBO-DB7 12-19 
BUS 

TO 1 

T1 39 

INT 6 

S050H/S040H 

Table 1. Pin Description 

Function Symbol Pin No. Function 

Circuit GND potential RD 8 Output strobe activated during a 

low power standby pin 

Main power supply; +5V during 

BUS read. Can be used to enable 
data onto the bus from an 
external device. 

operation. 
Used as a read strobe to external 

Output strobe for 8243 1/0 
expander. 

8-bit quasi-bidirectional port. 

data memory. (Active low) 

RESET 4 Input which is used to initialize 
the processor. (Active low) 
(Non TTL V, H) 

8-bit quasi-bidirectional port. 
P20-P23 contain the four high 
order program counter bits dur-
ing an external program memory 
fetch and serve as a 4-bit 1/0 

WR 10 Output strobe during a bus write. 
(Active low) 

Used as write strobe to external 
data memory. 

expander bus for 8243. ALE 11 Address latch enable: This signal 

True bidirectional port which 
can be written or read 

occurs once during each cycle 
and is useful as a clock output. 

synchronously using the RD, WR The negative edge of ALE strobes 
strobes. The port can also be address into external data and 
statically latched. program memory. 

Contains the 8 low order pro- PSEN 9 Program store enable. This out-
gram counter bits duri ng an put occurs only during a fetch to 
external program memory fetch, external program memory. 
and receives the addressed (Active low) 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 

SS' 5 Single step input can be used 
in conjunction with ALE to "single 
step" the processor through each 
instruction. (Active low) 

Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO ClK instruction. 

EA' 7 External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 

Input pin testable using the JT1, (Active high) 
and JNT1 instructions. Can be • 
designated the timerlcounter 
input using the STRT CNT 
instruction. 

XTAL1 2 One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL V,H) 

Interrupt input. Initiates an 
XTAl2 3 Other side of crystal input. 

'interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
Also testable with conditional 
jump instruction. (Active low) 

'Note: Unused input pins should be connected to Vee or VSS as 
appropriate (e.g., SS tied to Vee, EA tied to VDD). 
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Table 2. Instruction Set 

Aceumuteto, Subroutine 

Mnemonic Desc,lptlon 8yte. Cyel .. MnemoniC Description Bytes Cycles 
ADD A, R Add register to A 1 1 CALL addr Jump to subroutine 2 2 
ADDA,@R Add data memory to A 1 1 RETR Return 1 2 
ADD A, # data Add immediate to A 2 2 RETR Return and restore status 1 2 
ADDCA, R Add register with carry 1 1 
ADDCA,@R Add data memory with carry 1 1 
ADDC A, # data Add immediate with carry 2 2 Flag. 

ANL A, R And register to A 1 1 
ANL A,@R And data memory to A 1 1 
ANL A, # data And immediate to A 2 2 
ORLA, R Or register to A 1 1 
ORLA@R Or data memory to A 1 1 
ORL A, # data Or immediate to A 2 2 
XRL A, R Exclusive or register to A 1 1 
XRL A,@R Exclusive or data memory to A 1 1 

MnemoniC Description 8yte. Cycle. 
CLR C Clear carry 1 1 
CPLC Complement carry 1 1 
CLR FO CLear flag 0 1 1 
CPL FO Complement flag 0 1 1 
CLR Fl Clear flag 1 1 1 
CPL Fl Complement flag 1 1 1 

XRL" A, # data Exclusive or immediate to A 2 2 
INCA Increment A 1 1 Data Moves 
DEC A Decrement A 1 1 
CLRA Clear A 1 1 Mnemonic D •• crlptlon Byte. Cycle. 

CPL A Complement A 1 1 
DAA Decimal adjust A 1 1 
SWAp·A Swap nibbles of A 1 1 
RL A Rotate A left 1 1 

MOVA, R Move register to A 1 1 
MOVA,@R Move data memory to A 1 1 
MOV A, # data Move immediate to A 2 2 
MOVR, A Move A to register 1 1 

RLC A Rotate A left through carry 1 1 
RRA Rotate A right 1 1 
RRCA Rotate A right through carry 1 1 

MOV@R,A Move A to data memory 1 1 
MOV R. # data Move immediate to register 2 2 
MOV @R. #data Move immediate to data memory 2 2 
MOVA, PSW Move PSWto A 1 1 
MOV PSW, A Move A to PSW 1 1 

InpuliOutput 

Mnemonic De.crlptlon Byte. Cycl .. 
INA, P Input port to A 1 2 
OUTL P, A Output A to port 1 2 
ANL P, # data And immediate to port 2 2 
ORL p, # data Or immediate to port 2 2 
INS A, BUS Inpul BUS to A 1 2 
OUTL BUS, A Output A to BUS 1 2 

XCH A, R Exchange A and register 1 1 
XCHA,@R Exchange A and data memory 1 1 
XCHDA,@R Exchange nibble of A and 1 1 

register 
MOVXA,@R Move external data memory to A 1 2 
MOVX@R,A Move A to external data memory 1 2 
MOVPA,@A Move to A from cu rrent page 1 2 
MOVP3A, @ Move to A from page 3 1 2 

ANL BUS, # data And immediate to BUS 2 2 
ORL BUS, # data Or immediate to BUS 2 2 
MOVDA,P Input expander port to A 1 2 

TImer/Counter 

MOVD p, A Output A to expander port 1 2 Mnemonic Description Byt .. Cycle. 

ANLD P, A And A to expander port 1 2 MOVA, T Read timer/counter 1 1 
ORLD p, A Or A to expander port 1 2 MOVT, A Load timer/counter 1 1 

STRTT Start timer 1 1 
STRT CNT Start counter 1 1 

Regis"" STOP TeNT Stop timer/counter 1 1 

Mnemonic Description Byt •• Cyel •• 

INC R Increment register 1 1 

EN TeNT1 Enable timer/counter interrupt 1 1 
DIS TCNTI Oisable timer/counter interrupt 1 1 

INC@R Increment data memory 1 1 
DEC R Decrement register 1 1 Control 

MnemoniC Description Byt .. Cycle. 
Branch EN 1 Enable external interrupt 1 1 

Mnemonic Description 8yt •• Cycles 
JMP addr Jump unconditional 2 2 
JMPP@A Jump indirect 1 2 
DJNZ R. addr Decrement register and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on carry = 0 2 2 

DIS 1 Disable external interrupt 1 1 
SEL RBO Select register bank 0 1 1 
SEL RBI Select register bank 1 1 1 
SEL MBO Select memory bank 0 1 1 
SEL MBI Select memory bank 1 1 1 
ENTO CLK Enable clock output on TO 1 1 

JZ addr Jump on A zero 2 2 
JNZ addr Jump on A not zero 2 2 
JTO addr Jump on TO = 1 2 2 
JNTO addr Jump on TO = 0 2 2 

Mnemonic Description 8yte. Cycles 
NOP No operation 1 1 

JT1 addr Jump on Tl = 1 2 2 
JNTI addr Jump on T1 = 0 2 2 
JFO addr Jump on FO = 1 2 2 
JFl addr Jump on Fl = 1 2 2 
JTF addr Jump on timer flag 2 2 
JNl addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ..•..•..•• ooe to 70°C 
Storage Temperature •••.•.•.•...•••.•• -65°C to +150° e 
Voltage On Any Pin With Respect 

to Ground .............................. -0.5V to +7V 
Power Dissipation ............................ 1.5 Watt 

*NO nCE: Stresses above those listed under "Absolute Max
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of device 
at these or any other conditions aqove those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = ooe to looe, Vee = Voo = 5V ± 10%, VSS = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

Vil Input low Voltage -.5 .8 V 
(All Except RESET, Xl, X2) 

VIL1 Input low Voltage -.5 .6 V 
(RESET, Xl, X2) 

VIH Input High Voltage 
(All Except XTAll, XTAl2, RESET) 

2.0 Vee V 

VIHl Input High Voltage (Xl, X2, RESET) 3.8 Vee V 

VOL Output low Voltage (BUS) .45 V 10l =2.0 mA 

VOL1 Output low Voltage .45 V IOl = 1.8 mA 
(Ro, WR, PSEN, ALE) 

VOl2 Output low Voltage (PROG) .45 V 10l = 1.0 mA 

VOl3 Output low Voltage 
(All Other Outputs) 

.45 V 10l = 1.6 mA 

VOH Output High Voltage (BUS) 2.4 V 10H = -400 pA 

VOHl Output High Voltage 2.4 V IOH=-100pA 
(Ri5, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V 10H = -40pA 
(All Other Outputs) 

1L1 Input leakage Current (Tl, INT) ± 10 pA VSS :5 VIN :5 Vec 

ILil Input leakage Current -500 pA VSS + .45:5 VIN :5 VCC 
(plD-P17, P20-P27, EA, SS) 

IlO Output leakage Current (BUS, TO) 
(High Impedance State) 

± 10 pA VSS + .45:5 VIN:5 VCC 

100 VOO Supply Current 10 20 mA 

100+ Total Supply Current 40 80 mA 
ICC 

VOO RAM Standby Voltage 2.2 Vce V Standby Mode, 
Reset:5 VIl1 

BUS Pl, P2 BUS, Pl, P2 
-SOmA ·500 /lA SOmA 

(i .§ -30 mA 

'~ 
x·300 11 

~ 
..9 30 mA 

9 

~ -10mA ·100 /lA 10mA 

OV 2V 4V OV 2V 4V OV 2V 4V 

VOH VOH VOL 
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A.C. CHARACTERISTICS (TA ~·C to 70·C. vcc = VDD = 5V ± 10%. VSS = OV) 

Symbol Parameter 

ILL ALE Pulse Width 

tAL Addr Setup to ALE 

tLA Addr Hold from ALE 

tCCl Control Pulse Width (RD. WR) 

tCC2 Control Pulse Width (PSEN) 

tow Data Setup before WR 

two Data Hold after WR 

tOR Data Hold (RD. PSEN) 

tRDl RD to Data in 

tRD2 PSEN to Data in 

tAW Addr Setup to WR 

tADl Addr Setup to Data (RD) 

tAD2 Addr Setup to Data (PSEN) 

tAFC1 Addr Float to RD. WR 

tAFC2 Addr Float to PSEN 

tLAFCl ALE to Control. (RD. WR) 

tLAFC2 ALE to Control (PSEN) 

tCAl Control to ALE (RD, WR, PROG) 

tCA2 Control to ALE (PSEN) 

tcp Port Control Setup to PROG 

tpc Port Control Hold to PROG 

tpR PROG to P2 Input Valid 

tpF Input Data Hold from PROG 

top Output Data Setup 

tpD Outpui Data Hold 

tpp PROG Pulse Width 

tPL Port 2 1/0 Setup to ALE 

tLP Port 2 I/O Hold to ALE 

tpv Port Output from ALE 

tCY Cycle Time 

tOPRR TO Rep Rate 

Not .. : 
1. Control Outputs CL = 80 pF 2. BUS High Impedance 

BUS Outputs CL = 150 pF Load 20pf 

f (ICY) 11 MHz Conditions 
(Nole 4) Min, 

7/30 tCY -170 150 

1/5 tCY -110 160 

1/15 tCY -40 50 

1/2 tCY -200 480 

2/5 tCY -200 350 

13/30 tCY -200 390 

1/15 tCY -50 40 

1/10 tCY -30 0 

2/5 tCY -200 

3/10 tCY -200 

2/5 tCY -150 400 

23/30 tCY -250 

3/5 tCY -250 

2/15 tCY -40 140 

1/30 tCY -40 10 

1/5 tCY -75 200 

1/10 tCY -75 60 

1/15 tCY -40 50 

4/15 tCY -4~ 320 

2/15 tCY -80 100 

4/15 tCY -200 160 

6/10 tCY -120 

1/10 tCY 0 

2/5 tCY -150 400 

1/10 tCY -50 90 

7/10 tCY -250 700 

4/15 tCY -200 160 

1/10 tCY ~100 40 

3/10 tCY +100 

1/(15IfXTAL) 1.36' 

3/15 tCY 270 

3. Interrupt pin must remain low for at 
least 3 Icy to ensure proper operation. 

6-95 

Max Unit (Note 1) 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

110 ns 

350 ns 

210 ns 

ns 

800 ns 

570 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

700 ns 

140 ns 

ns 

ns 

ns 

ns 

ns 

510 ns 

J.ls (Note 3) 

ns 

4. f(tcy) assumes 50% duty cycle 
on Xl and X2. 
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WAVEFORMS 

Instruction Fetch From External Program Memory 

----..j tLAFC1 ~ 
ALE J'---~I _I __ ~ L 

tCAl r---

BUS 

Write to External Data Memory 

PORT 2 EXPANDER TIMING 

ALE 

ALE 

~. ....AFCIL J ..... --:..I __ 1 __ ----11 L 
r-"tCC1 -1 teAl ~ 

--------'I 1 
'AFCI j koATING -1 t_'O_R ____ _ 

BUS FLOATING 

~ 'AD 1 I· :I'RDI 

Read From External Data Memory 

2,4V ------,. ,....----

O,4SV _____ .IX ::;; TEST POINTS ~:::Xl.. ____ _ 
A.C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A LOGIC "1" AND O.45V FOR A 
LOGIC"O." OUTPUT TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 
"'" AND 0,8V FOR A LOGIC "0," 

Input and Output for A.C. Tests 

EXPANDER 
PORT ~---'LA-~·~I-·--,~j'l 

I ,....-------:.. 
OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

PCH 

~----------------? 

PCH 

PORT CONTROL 
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1/0 PORT TIMING 

1ST CYCLE 2ND CYCLE 

J \ 
i'PL-1 r'Pv1 

ALE I \ 
I I I I 

PSEN \ / 
I I 

P20-23 -y.. 
OUTPUT 

PCH X PORT 20-23 DATA X 
1 1 

P24-27 
P10-17 PORT 24-27. PORT 10-17 OATA X OUTPUT 

OSCILLATOR MODE 

rC". 1-11 2 XTALI 

: I~~* 
C2;T~ ~. 

'=' II! 1 
,,1-"':'--~-"'3 XTAL2 

(:3 
C1 = SpF ± 112pF + STRAY < SpF 
C2 = CRYSTAL + STRAY < IpF 
C3 :: 20pF ± 1pF + STRAY < SpF 

CRYSTAL SERIES RESISTANCE SHOULD 
BE LESS THAN 75 n AT 6MHz; LESS THAN 
180n AT 3.6MHz. 

I I 

SUGGESTED CIRCUITS 

LC OSCILLATOR MODE 

1 

C 0 3Cpp JC L 'C'0_-2 -mXTALl '-2ITYLC' 

~C 3 CPfl·;~~~:~_PIN 
XTAL2 CAPACITANCE 

L 

45 ~H 
120J.lH 

C 

20pF 
20pF 

NOMINAL t 

5.2 MHz 
3.2 MHz 

EACH C SHOULD BE APPROXIMATELY 2OpF, 
INCLUDING STRAY CAPACITANCE. 

/ L 

NEW P20-23 DATA X PCH 

NEW PORT DATA 

DRIVING FROM 
EXTERNAL SOURCE 

+5V 

470.0 

2 »-t------I XTALI 

XTAL2 

FOR THE 8050H, XTAL 1 MUST BE HIGH 
35-65'11> OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-85'110 OF THE PERIOD. 

RISE AND FALL TIMES MUST 
NOT EXCEED 2000. 

\. 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied In an Intel Product. No Other Circuit Patent Licenses are Implied. 
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8080Al8080A·1/8080A·2 
8·BIT N·CHANNEL MICROPROCESSOR 

• TTL Drive Capability 

• 2 /AS ( - 1 :1.3 /AS, - 2:1.5 /As) Instruction 
Cycle 

• Powerful Problem Solving Instruction 
Set 

• 6 General Purpose Registers and an 
Accumulator 

• 16·Blt Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory 

• 16·Bit Stack Pointer and Stack 
Manipulation Instructions for Rapid 
Switching of the Program Environment 

• Decimal, Binary, and Double Precision 
Arithmetic 

• Ability to Provide Priority Vectored 
Interrupts 

• 512 Directly Addressed I/O Ports 
The Intel iIP 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel's n-channel silicon gate MOS process. This offers the user a, high performance solution to control and processing 
applications. . 

The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. . 

This microprocessor has been designed to simplify systems design. Separate 16-line addres!l and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 

NOTE: 
The 8OS0A is functionally and electrically compatible with the Intel iIP BOBO. 

0, 00 
BIDIRECTIONAL 

Figure 1. Block Diagram 

7-1 

AS 
A, 

As ,. 8080A 

" RESET '2 A3 
HOLD '3 +12V 

INT ,. A, 

'5 A, 

'6 A. 

" WAIT 

WR ,. READY 

SYNC ,. 0, 

+5V 20 21 HLOA 

Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Type Name and Function 

AIS-Ao 0 Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices. Ao is the least significant address bit. 

DrDo I/O Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 
8080A outputs a status word on the data bus that describes the current machine. cycle. Do is the least 
significant bit. 

SYNC 0 Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 

DBIN 0 Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O. 

READY I Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending 
an address out the 8080A does not receive a READY input, the 8080Awill enter a WAITstate for as long as 
the READY line is low. READY can also be used to single step the CPU. 

WAIT 0 Wait: The WAIJsignal acknowledges that the CPU is in a WAIT state. 

WR 0 Write: The WR signal is used for memory WRITE or I/O output control. The data on the data bus is stable 
while the WR signal is active low (WR = 0). 

HOLD I Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 
device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of 
these busses for the current machine cycle. It is recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 

the CPU ADDRESS BUS (AIS-Ao) and DATA BUS (DrDo) will be in their high impedance state. The CPU 
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin. 

HLDA 0 Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates thatthe data 
and address bus will go to the high impedance state. The HLDA signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of <1>2' 

INTE 0 Interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction 
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal. 

INT I Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is reset it will 
not honor the request. 

RESET1 I Reset: While the RESETsignal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the 
flags, accumulator, stack pOinter, and registers are not cleared. 

Vss Ground: Reference. 

Voo Power: +12 ±5% Volts. 

Vee Power: +5 ±5% Volts. 

Vss Power: -5 ±5% Volts. 

<1>1, <1>2 Clock Phases: 2 externaHy supplied clock phases. (non TTL compatible) 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ O°C to +70° C 
Storage Temperatu re ............. _65° C to + 150° C 
All Input or Output Voltages 

With Respect to VBB ........... -0.3V to +20V 

VCC, Voo and VSS With Respect to VBB -0.3V to +20V 
Power Dissipation ............... ....... 1.5W 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = ooe to 7OCe, VOO = +12V ±S%, 

Vee = +SV ±5%, Vee = -SV ±5%, Vss =OV; unless otherwise noted) 

Symbol Parameter Min. Typ. Max. 

VILC Clock Input Low Voltage Vss-l Vss+0.8 

VIHC Clock Input High Voltage 9.0 Voo+l 

VIL Input Low Voltage Vss-l Vss+0.8 

VIH Input High Voltage 3.3 Vcc+l 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 3.7 

100 (AV) Avg. Power Supply Current (Voo) 40 70 

ICC (AV) Avg. Power Supply Current (VeC) 60 80 

IBB (AV) Avg. Power Supply Current (VBB) .01 1 

IlL Input Leakage ±10 

ICL Clock Leakage ±10 

10L [2] Data Bus Leakage in Input Mode -100 
-2.0 

IFL 
Address and Data Bus Leakage +10 

During HOLD -100 

CAPACITANCE (TA = 25°C, Vee = VDO =Vss = OV, Vee = -SV) 

Symbol Parameter Typ. Max. Unit Test Condition 

C¢ Clock Capacitance 17 25 pt tc = 1 MHz 

CIN I nput Capacitance 6 10 pf Unmeasured Pins 

COUT Output Capacitance 10 20 pt Returned to Vss 

NOTES: 

1. The RESET signal must be active for a minimum of 3 clock cycles. 
2. dI I dT supp V / A = -D.45%fc. 

7-3 

Unit Test Condition 

V 

V 

V 

V 

V } IOL = 1.9mA on all outputs, 

V IoH =-l50!LA. 

mA 

mA } 0",,,,,," 
T Cy = .48 !Lsec 

mA 

!LA Vss < VIN < VCC 

p.A Vss < VCLOCK < Voo 

!LA VSS <VIN <VSS + 0.8V 
mA 

Vss +0.8V <VIN <VCC 

p.A VAOOR/OATA = VCC 

V AOORIDATA = VSS + 0.45V 

1.5 

1.01---

-----r--
0.5 

0 +25 +50 

AMBIENT TEMPERATURE (OC) 

Typical Supply Current vs. 
Temperature, Normalized[3] 

+75 
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A.C. CHARACTERISTICS (80S0A) (TA= O"C to 70"C, Voo = +12V ±s%,vcc '= +sv ±S%, 
VBB = -sv ±S%, Vss =OV; unless otherwise noted) 

·1 :1 ·2 ·2 
Symbol' Parameter Min. Max. Min. Max. Min. Max. Unit T •• t Condition 

tCy[3J Clock Period 0.48 2.0 0.32 2.0 0.38 2.0 ,.sec 

tr tf Clock Aise and Fall Time 0 50 0 25 0 50 nsec 

t",1 "'1 Pulse Width ao 50 80 nsec 

t",2 "'2 Pulse Width 220 145 175 nsec 

tD1 Delay "'t to "'2 0 0 0 nsec 

tD2 Delay "'2 to "'1 70 60 70 nsec 

tD3 Delay "'t to "'2 Leading ,Edges 80 60 70 nsec 

tDA Address Output Delay From "'2 200 150 175 nsec 
} CL=100 pF 

tDD Data Output Delay From "'2 220 180 200 nsec 

tDC Signal Output Delay From "'2 or"'2 (SYNC, WA, WAIT, HLDA) 120 110 120 nsec 
} CL=50 pF 

tDF DBIN Delay From "'2 25 140 25 130 25 140 nsec 

tOl[1J Delay for Input Bus to Enter Input Mode tDF tDF tDF nsec 

tDS1 Data Setup Time During "'1 and DBIN 30 10 20" nsec 

tDS2 Data Setup Time to "'2 During DBIN 150 120 130 nsec 

tDH[1) Data Holt time From "'2 During [lBIN [1J [1J [1J nsec 

tiE INTE Output Delay From "'2 200 200 200 nsec CL=50 pF 

tAS AEADY Setup Time During "'2 120 90 90 nsec 

tHS HOLD Setup Time to "'2 140 120 120 nsec 

tiS INT Setup Time During 02 120 100 100 nsec 

tH Hold Time from "'2 (AEADY, INT, HOLD) 0 0 0 nsec 

tFD Delay to Float During Hold (Address and Data Bus) 120 120 120 nsec 
1-

tAW Address Stable Prior to WA [5J [5J [5J nsec 

tDW Output Data Stable Prior to WA [6J [6J [6J nsec 

tWD Output Data Stable From WA [7J [7J 17J nsec 

tWA Address Stable From WA [7] 17J [7J nsec 
CL = 100 pF: Address, Data 
CL = 50 pF: WA,HLDA,DBIN 

tHF HLDA to Float Delay [8J [8J [8J nsec 

tWF WA to Float Delay [9J [9J [9J nsec 

tAH Address Hold Time After DBIN During HLDA -20 -20 -20 nsec 1-

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER rrccel00PF TEST 

-=-
CL = 100pF 
CllNCLUDES JIG CAPACITANCE 
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WAVEFORMS 

", 
----...... r---~ 

A,,· ... --------+-;-,:-oA-_iJ'-I--- -~ ==--~.::: -;::-w--. ---- '--- ~ 
I::tOD-j - tOI 1- - toHI_ f.-tDD....,'~JI:.P;,.-+_+_++-!--_++_-f 

0,.0, ________ +-_J.Ii""-. ____ --+':":-t~t-'~ ~ .. ~ --- _fl:A.!.A_Do!:T_1 

- tos1 1- -tow -- i 

SYNC ________ f--J11 -\."1"-___ -_'0.:,:':..'--+ __ +1-_+-___ --++_-+--+--1+-....:..._1+---1 
- '0:1- - 'ocl- I 

DBIN 11------4-..... 1' 
---------------+--:",.0-,-'-:11 _.o,_1_1+-+-------+f--+-++--+f; i--< 

I 
! Wit __________ _ 

READY ~® Y ...,kQ.illLl 
'AS I--- -I - ,"r- T - tRSi--==t toe _I I' 

WAIT 'H - - 11 11. 
--------------------------------~~~,II- ~--~ 

toc- 1-- tM --, J ... -
HOLD ________________________________ -_~I,®#II~I-_++_~ 

~r~:l2--
HLDA 

---------~----------------------------------~--------~ 
INT 

INTE 

NOTE: 
Timing measurements are made at the following referenCe voltages: CLOCK "1" = S.OV, 
"0" = 1.0V; INPUTS "1" = 3.3\1."rt = O.SV; OUTPUTS "1" = 2.0\1. "fY' = O.S\I. 
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WAVEFORMS (Continued) 

8080Al8080A·1/8080A·2 

NOTES: (Parenthesis gives· I, ·2 specifications, respectively) 
1. Data input should be enabled with DBIN status. No bus con· 

flict can then occur and data hold time is assured. 
tOH = 50 ns or tOF, whichever is less. 

2.,tCY = tD3 't t'</>2 +tq,2 + tf</>2 + t02 + t'</>1 ,., 480 ns ( - 1 :320 
ns, - 2:380 ns). 

TYPICAL A OUTPUT OELAY VS. A CAPACITANCE 

c 

>-
~ 
0 ,.. 
~ 
::> 
0 
<l 

+20 

+'0 
/ 

/ 
·'0 V ~SPEC 

'/ ·20 
·'00 -50 

Ll. CAPACITANCE (pf) 

(CACTUAL - CSPEC ) 

+50 +100 

3. The followihg are relevant when interfacing the 8080A to 
devices having VIH = 3.3V: 
a) Maximum output rise time from .8V to 3.3V = 100ns@ CL 
= SPEC. 
b) Output delay when measured to 3.0V = SPEC +60ns @CL 
= SPEC. 
c) If CL = SPEC, add .6ns/pF if CL > CSPEC, subtract .3ns/pF 
(from modified delay) ifCL < CSPEC' 

4. tAW = 2 tCY- t03 - t,</>2 - 140 ns ( - 1 :110 ns, - 2:130 ns). 
5. tow = tCY - t03 - t,</>2 - 170 ns ( - 1 :150 ns, - 2:170 ns). 
6. If not HLDA, two = tWA = t03 + t'</>2 + IOns. If HLDA, two 

= tWA = tWF' 
7. tHF = t03 + t'</>2 -50 ns). 
8. tWF = t03 + t,</>2 - IOns. 
9. Data in must be stable for this period during DBIN T3. 

Both tOS1 and tOS2 must be satisfied. 
10. Ready signal must be stable for this period during T2 or Tw. 

(Must be externally synchronized.) 
11. Hold signal must be stable for this period during T 2 or Tw 

when entering hold mode, and during T3, T4 , Ts and TWH 
when in hold mode. (External synchronization is not re
quired.) 

12. Interrupt Signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re· 
quired.) 

13. This timing diagram shows timing relationships only; it does 
not represent any spe~ific machine cycle. 

AFN·OQ735B 
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INSTRUCTION SET 

Th!l accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad· 
dressing modes. 

Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in· 
direct, and immediate addressing modes. 

The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub· 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 

Data and Instruction Formats 

increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre· 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or arou nd the carry bit. 

Input and output may be accomplished using memory ad· 
dresses as I/O ports or the directly addressed I/O provided 
for in the 8080A instruction set. 

The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro· 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di· 
rectly set, and the CMC instruction allows it to be comple· 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16·bit register 
pairs directly. 

Data in the 8080A is stored in the form of 8·bit binary integers. All. data transfers to the system data bus will be in the 
same format. 

ID7 D6 D5 D4 D3 D2 D, Dol 

DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 

One Byte Instructions 

I D7 D6 0 5 D4 D3 D2 

Two Byte Instructions 

I D7 D6 0 5 D4 D3 D2 

I D7 D6 D5 D4 D3 D2 

Three Byte Instructions 

I D7 06 D5 D4 03 D2 

I D7 D6 D5 D4 D3 D2 

I D7 D6 D5 D4 D3 D2 

D;=ooJ OP CODE 

D, Do I OPCODE 

D, Do I OPERAND 

D, DO I OPCODE 

D, Do I LOW ADDRESS OR OPERAND 1 

D, DO I HIGH ADDRESSOR OPERAND 2 

TYPICAL INSTRUCTIONS 

Register to register, memory refer· 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 

. Interrupt instructions 

Immediate mode or I/O instructions 

Jump, call or direct load and store 
instructions 

For the 8080A a logic "I" is defined as a high level and a logic "0" is defined as a low level. 
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Table 2. Instruction Set Summary 

Clock Clock 
Instruction Code [1] Operations Cycle. Instruction Code [1] Operations Cycle. 

Mnemonic 0., D6 DS D4 D3 D2 Dl Do Description [2] Mnemonic 0., D6 DS D4 OJ D2 Dl DO Description [2] 

MOVE, LOAD, AND STORE JPO i 1 1 0 0 0 1 0 Jump on parity odd 10 
MOVr1,r2 0 1 0 0 0 S S S Move register to register 5 PCHL 1 1 1 0 1 0 0 1 H & L to program 5 
MOVM,r 0 1 1 1 0 S S S Move register to counter 

memory 7 CALL 
MOVr,M 0 1 0 0 0 1 1 0 Move memory to regis-:- CALL 1 1 0 0 1 1 0 1 Call unconditional 17 

ter 7 CC 1 1 0 1 1 1 0 0 Call on carry 11/17 
MVI r 0 0 0 0 0 1 1 0 Move immediate regis~ CNC 1 1 0 1 0 1 0 0 Call on no carry 11/17 

ter 7 CZ 1 1 0 0 1 1 0 0 Call on zero 11/17 
MVIM 0 0 1 1 0 1 1 0 Move'irllmediate CNZ 1 1 0 0 0 1 0 0 call on no zero 11/17 

memory 10 CP 1 1 1 1 0 1 0 0 Call on positive 11/17 
LXI B 0 0 0 0 0 0 0 1 Load immediate register 10 CM 1 1 1 1 1 1 0 0 Call on minus 11/17 

Pair B & C CPE 1 1 1 0 1 1 0 0, Call on parity even 11/17 
LXI 0 0 0 0 1 0 0 0 1 Load immediate register 10 CPO 1 1 1 0 0 1 0 0 Call on parity odd 11/17 

PairO& E RETURN 
LXI H 0 0 1 0 0 0 0 1 Load immediate register 10 RET 1 1 0 0 1 0 0 1 Return 10 

PairH & L RC 1 1 0 1 1 0 0 0 Return on carry 5/11 
STAXB 0 0 0 0 0 0 1 0 Store A indirect 7 RNC 1 1 0 1 0 0 0 0 Return on no carry 5111 
STAXO 0 0 0 1 0 0 1 0 Store A indirect 7 RZ 1 1 0 0 1 0 0 0 Return on zero 5/11 
LOAXB 0 0 0 0 1 0 1 0 Load A indirect 7 RNZ 1 1 0 0 0 0 0 0 Return on no zero 5111 
LDAXO 0 0 0 1 1 0 1 0 Load A indirect 7 RP 1 1 1 1 0 0 0 0 Return on positive 5/11 
STA 0 0 1 1 0 0 1 0 Store A direct 13 RM 1 1 1 1 1 0 0 0 Return on minus 5111 
LOA 0 0 1 1 1 0 1 0 Load A di rect 13 RPE 1 1 1 0 1 0 0 0 Return on parity even 5111 
SHLO 0 0 1 0 0 0 1 0 Store H & L direct 16 RPO 1 1 1 0 0 0 0 0 Return on Darity odd 5111 
LHLO 0 0 1 0 1 0 1 0 Load H & L direct 16 RESTART 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E, H & L 4 RST 1 1 A A A 1 1 1 Restart 11 

Registers INCREMENT AND DECREMENT 
STACKOPS INR r 0 0 0 0 0 1 0 0 Increment register 5 
PUSHB 1 1 0 0 0 1 0 1 Push register Pair B & 11 OCRr 0 0 0 0 0 1 0 1 Decrement register 5 

Con stack INRM 0 0 1 1 0 1 0 0 Increment memory 10 
PUSH 0 1 1 0 1 0 1 0 1 Push register Pair 0 & 11 OCRM 0 0 1 1 0 1 0 1 Decrement memory 10 

E on stack INXB 0 0 0 0 0 0 1 1 Increment B & C 5 
PUSHH 1 1 1 0 0 1 0 1 Push register Pair H & 11 registers 

L on stack INXO 0 0 0 1 0 0 1 1 Increment D & E 5 
PUSH 1 1 1 1 0 1 0 1 Push A and Flags 11 registers 
PSW on stack INXH 0 0 1 0 0 0 1 1 Increment H & L 5 
POPB 1 1 0 0 0 0 0 1 Pop register Pair B & 10 registers 

C 011 stack OCXB 0 0 0 0 1 0 1 1 Decrement B & C 5 
POP 0 1 1 0 1 0 0 0 1 Pop register Pair 0.& 10 DCXO 0 0 0 1 1 0 1 1 Decrement 0 & E 5 

E 011 stack OCXH 0 0 1 0 1 0 1 1 Decrement H & L 5 
POPH 1 1 1 a 0 0 0 1 Pop register Pair H & 10 ADD 

L oil stack AOOr 1 0 0 0 0 S S S Add register to A 4 
POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 10 AOCr 1 0 0 0 1 S S S Add register to A 4 

all stack with carry 
XTHL 1 1 1 0 0 0 1 1 Exchange top of 18 AOOM 1 0 0 0 0 1 1 0 Add memory to A 7 

stack, H & L AOCM 1 0 0 0 1 1 1 0 Add memory to A 7 
SPHL 1 1 1 1 1 0 0 1 H & L to stack poi oter 5 with carry 
LXI SP 0 0 1 1 0 0 0 1 Load immediate stack 10 AOI 1 1 0 0 0 1 1 0 Add immediate to A 7 

pOinter ACI 1 1 0 0 1 1 1 0 Add immediate to A 7 
INXSP 0 0 1 1 0 0 1 1 Increment stack pOinter 5 with carry 
OCXSP 0 0 1 1 1 0 1 1 Decrement stack 5 OAOB 0 0 0 0 1 0 0 1 AddB&CtoH&L 10 

pOinter DADO 0 0 0 1 1 0 0 1 AddO&EtoH&L 10 
JUMP OAOH 0 0 1 0 1 0 0 1 AddH&LtoH&L 10 
JMP 1 1 0 0 0 0 1 1 Jump unconditional 10 OAOSP 0 0 1 1 1 0 0 1 Add stack pOinter to 10 
JC 1 1 0 1 1 0 1 0 Jump on carry 10 H&L 
JNC 1 1 0 1 0 0 1 0 Jump on no carry 10 
JZ 1 1 0 0 1 0 1 0 Jump on zero 10 
JNZ 1 1 0 0 0 0 1 0 Jump on no zero 10 
JP 1 1 1 1 0 0 1 0 Jump on positive 10 
JM 1 1 1 1 1 0 1 0 Jump on minus 10 
JPE 1 1 1 0 1 0 1 0 Jump on parity even 10 
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Summary of Processor Instructions (Cont.) 

Clock 
Instruction Code [1 J Operations Cycles Instruction Code 111 

Mnemonic D7 DS DS D4 D3 D2 Dl DO Description [2J Mnemonic D7DsDsD4D3D2D, D 

SUBTRACT ROTATE 
SUBr 1 0 0 1 0 S S S Subtract register 4 RLC 0 

from A RRC 0 
SBBr 1 0 0 1 1 S S S Subtract register from 4 RAL 0 

A with borrow 
SUBM 1 0 0 1 0 1 1 0 Subtract memory 7 RAR 0 

from A 
SBBM 1 0 0 1 1 1 1 0 Subtract memory from 7 SPECIALS 

A with borrow CMA 0 
SUI 1 1 0 1 0 1 1 0 Subtract immediate 7 STC 0 

from A CMC 0 
SBI 1 1 0 1 1 1 1 0 Subtract immediate 7 DAA 0 

from A with borrow INPUT/OUTPUT 
LOGICAL IN 
ANAr 1 0 1 0 0 S S S And register with A 4 OUT 
XRAr 1 0 1 0 1 S S S Exclusive Or register 4 CONTROL 

with A EI 
ORAr 1 0 1 1 0 S S S Or register with A 4 01 
CMPr 1 0 1 1 1 S S S Compare register with A 4 NOP 
ANAM 1 0 1 0 0 1 1 0 And memory with A 7 HLT 
XRAM 1 0 1 0 1 1 1 0 Exclusive Or memory 7 

with A 
ORAM 1 0 1 1 0 1 1 0 Or memory with A 7 
CMPM 1 0 1 1 1 1 1 0 Compare memory with 

A 7 
ANI 1 1 1 0 0 1 1 0 And immediate with A 7 
XRI 1 1 1 0 1 1 1 0 Exclusive Or immediate 7 

with A 
ORI 1 1 1 1 0 1 1 0 Or immediate with A 7 
CPI 1 1 1 1 1 1 1 0 Compare immediate 7 

with A 

NOTES: 
1. DOD orSSS: B=Ooo, C=ool, 0=010, E=O", H=100, L=101, Memory=110, A="'. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
'All mnemonics copyright ©Intel Corporation 1977 
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1 
1 

1 
1 
0 
0 

0 0 0 0 1 1 1 
0 0 0 1 1 1 1 
0 0 1 0 1 1 1 

0 0 1 1 1 1 1 

0 1 0 1 1 1 1 
0 1 1 0 1 1 1 
0 1 1 1 1 1 1 
0 1 0 0 1 1 1 

1 0 1 1 0 1 1 
1 0 1 0 0 1 1 

1 1 1 1 0 1 1 
1 1 1 0 0 1 1 
0 0 0 0 0 0 0 
1 1 1 0 1 1 0 

Clock 
Operations Cycles 
Description 12J 

Rotate A left 4 
Rotate A right 4 
Rotate A left through 4 
carry 
Rotate A right through 4 
carrv 

Complement A 4 
Set carry 4 
Complement carry 4 
Decimal ad'ust A 4 

Input 10 
Output 10 

Enable Interrupts 4 
Disable Interrupt 4 
No-operation 4 
Halt 7 
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8-BIT HMOS MICROPROCESSORS 
• Single +5V Power Supply with 10% 

Voltage Margins 
• 3 MHz, 5 MHz and6 MHz Selections 

Available 
• 20% Lower Power Consumption than 

8085A for 3 MHz and 5 MHz 
• 1.3 /-LS Instruction Cycle (8085AH)j 0 .. 8 

/-LS (8085AH-2)j 0.67 /-LS (8085AH-1) 
• 100% Compatible with 8085A 
• 100% Software Compatible with 8080A 
• On-Chip Clock Generator (with 

External Crystal, LC or RC Network) 

• On-Chip System Controllerj Advanced 
Cycle Status Information Available for 
Large System Control 

• Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 
8080A-Compatible Interrupt 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision 
Arithmetic 

• Direct Addressing Capability to 64K 
Bytes of Memory 

The Intel® 8085AH is a complete 8 bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A 
microprocessor, and it is designed to improve the present 8080A's performance by higher system speed. Its 
high level of system integration allows a minimum system of three IC's [8085AH(CPU), 8156H (RAM/IO) and 
8355/8755A (ROM/PROM/IO)l while maintaining total system expandability. The 8085AH-2 and 8085AH-1 are 
faster versions of the 8085AH. 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 

The 8085AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 

"""R{_"V 
SUPPLY _GND 

x, 
x, 

RST6.6 

* ::: * :: }REGISTER REG REG ARRAY 

STACK POINTER 116) 

PROGRAM COUNTER 116) 

INCREMENTER/DECREMENTER 
ADDRESS LATCH 1161 

A,s.-Aa 
ADDRESSeUs 

AD7·ADII 
ADDRESSIOATABUS 

Figure 1. 8085AH CPU Functional Block Diagram 

x, Vee 
X2 HOLD 

RESET OUT 3 HLDA 
SOD elK {OUT) 

SID RESET IN 
READY 

RST 7.5 , 101M 
S, 

RSTS.5 AD 
INTR iVA 
INTA ALE 

So 
A,S 
A,. 

A'3 
AD. A12 
ADS All 
ADS AlO 
AD, Ag 

As 

Figure 2. 8085AH Pin 
Configuration 

Inte. Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ar8 Implied. 

"INTEL CORPORATION. 1981. 
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r-;;::::;:-:;-_-r.:::=-r-_-:-:-__ -:-::-_.,,--_T::.8:::b:::l=e_1:.:....;Pin Description 
Symbol Type Name and Function Symbol 

ADo_7 

ALE 

o Address Bus: The most significant 
8 bits of the memory address or the 
8 bits of the I/O add ress, 3-stated 
during Hold and Halt modes and 
during RESET. 

I/O Multiplexed AddresslDeta Bus: 
Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (Tstate) 
of a machine cycle. It then becomes 
the data bus during the second and 
third clock cycles. 

o Address Letch Enable: It occurs 
during the first clock state of a ma
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa
tion. The falling edge of ALE can 
also be used to strobe the status 
information. ALE is never 3-stated. 

So, S" and 10/~ 0 Machine Cycle Status: 

RD o 

WR o 

101M s, So Status 
0 0 1 Memory write 
0 1 o Memory read 
1 0 1 1/0 write 
1 1 o I/O read 
0 1 1 Opcode fetch 
1 1 1 Opcode fetch 
1 1 1 Interrupt 

Acknowledge 

· 0 0 Halt 

· X X Hold 

· X X Reset 
• = 3-state (high impedance) 
X = un~pecified 

S, can be used as an advanced R/IN 
status. 101M, SO and S, become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these Ii nes. 

Read Control: A low level on RD 
indicates the selected memory or 
1/0 device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET. 

Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or I/O location. Data is set 
up at the trailing edge of WR. 3-
stated during Hold and Halt modes 
and during RESET. 

READY 

HOLD 

HLDA 

INTR 

INTA 

RST 5.5 
RST 6.5 
RST 7.5 
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Type 

I 

I 

0 

I 

0 

I 

Name and Function 

Ready: If READY is high during a 
read or write cycle, it indicates that 
the memory or peripheral is ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycles for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 

Hold: Indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur-
rent bus transfer. Internal process-
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the Address 
Data RD, WR, and 101M lines ar~ 
3-stated. 

Hold Acknowledge: Indicates that 
the cpu has received the HOLD re-
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 

. removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 

Interrupt Request: Is used as a 
general purpose interrupt. It is 
sampled only during the next to the 
last clock cycle of an instruction 
and during Hold and Halt states. If it 
is active, the Program Counter (PC) 
will be inhibited from incrementing 
·and an INTA will be issued. During 
this cycle a RESTART or CALL in-
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software. It is disabled by Reset and 
immediately after an interrupt is ac-
cepted. 

Interrupt Acknowledge: Is used in-
stea!!...of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 

Restart Interrupts: These three in-
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted. 

The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually masked out using the 
SIM instruction. 
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Table 1. Pin Description (Continued) 
r--------r----~-----------------------, 

I 

Symbol Type Name and Function Symbol Type Name and Function 

TRAP 

Name 

TRAP 

RST 7.5 

RST 6.5 

RST 5.5 

INTR 

NOTES: 

I Trap: Trap interrupt is a non
maskable RESTART interrupt. It is 
recognized at the same time as 
INTR or RST 5.5-7.5. It is unaffected 
by any mask or Interrupt Enable. It 
has the highest priority of any inter
rupt (See Table 2.) 

RESET OUT 0 Reset Out: Reset Oul indicates cpu 

Reset In: Sets the Program 
Counter to zero and resets the Inter
rupt Enable and HlDA flip-flops. 
The data and address buses and the 
control lin.es are 3-stated during 
RESET and because of the asyn
chronous nature of RESET, the pro
cessQr's internal registers and flags 
may be altered by RESET with un
predictable results. RESET IN is a 
Schmitt-triggered input,allowing 
connection to an R-C network for 
power-on RESET delay (see Figure 
3). Upon power-up, RESET IN must 
remain low for at least lams after 
minimum Vee has been reached. 
For 'proper' reset operation after the 
power-up duration, RESET IN 
should be kept Iowa minimum of 
three clock periods. The CPU is held 
in the reset condition as long as 
RESET IN is applied. 

X1, X2 

ClK 

SID 

SOD 

Vee 

Vss 

I 

0 

I 

0 

is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an integral number 
I)f clock periods. 

X1 and X2: ·Are connected to a 
crystal, le, or RC network to drive 
the internal clock generator. X1 can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor's 
internal operating frequency. 

Clock: Clock output for use as a sys-
tem cl.ock. The period of ClK is 
twice the X1, X2 input period. 

Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 

Serial Output Data Line: The out-
put SO.O is set or reset as specified 
by the SIM instruction. 

Power: +5 volt supply. 

Ground: Reference. 

Table 2. Interrupt Priority, Restart Address,.and Sensitivity 

Address Branched To (1) 
Priority When Interrupt Occurs Type Trigger 

1 24H Rising edge AND high level until sampled. 

2 3CH Rising edge (latched). 

3 34H High level until sampled. 

4 2CH High level until sampled. 

5 See Note 12). High level until sampled. 

1. The. processor pushes the. PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 

Vee 0 L~ f 
c, 

I~ 
TYPICAL POWER-ON RESET RC VAWES' 
R, ~75K!l 
C1 =1 Jl-F 

'VALUES MAY HAVE TO VARY DUETO 
APPLIED POWER SUPPLY RAMP UPTIME. 

Figure 3. Power-On Reset Circuit 

7-12 AFN-018358 



8085AH/8085AH-2/8085AH-1 

FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central pro
cessor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single +5 volt supply. Its basic clock speed is 
3 MHz (8085AH), 5 MHz (8085AH-2), or 6 MHz 
(8085AH-1), thus improving on the present 8080A's 
performance with higher system speed. Also it is 
designed to fit into a minimum system of three IC's: 
The CPU (8085AH), a RAM/IO (8156H), and a ROM or 
EPROM/IO chip (8355 or 8755A). 

The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 8085AH 
register set is as follows: 

Mnemonic Register Contents 

ACC or A Accumulator 8 bits 

PC Program Counter 16-bit address 

BC,DE,HL General-Purpose 8 bits x 6 or 
Registers; data 16 bits x 3 
pointer (HL) 

SP Stack Pointer 16-bit address 

Flags or F Flag Register 5 flags (8-bit space) 

The 8085AH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address 
Bus and the lower 8-bit AddresslData Bus. During 
the first T state (clock cycle) of a machine cycle the 
low order address is sent out on the Address/Data 
bus. These lower 8 bits may be latched externally by 
the Address Latch Enable signal (ALE). During the 
rest of the machine cycle the data bus is used for 
memory or I/O data. 

The 8085AH provides RD, WR, So, S1, and 10iM 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 
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The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter
nal execution of a RESTART vector independent 
of the state of the interrupt enable or masks. (See 
Table 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high leve/
sensitive like INTR (and INT on the 8080) and are 
recognized with the same timing as INTR. RST 7.5 is 
rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter
nal flip-flop which generates the internal interrupt 
request (a normally high level signal with a low 
going pulse is recommended for highest system 
noise immunity). The RST 7.5 request flip-flop 
remains set until the request is serviced. Then 
it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a 
RESET IN to the 8085AH. The RST 7.5 internal flip
flop will be set by a pulse on the RST 7.5 pin even 
when the RST 7.5 interrupt is masked out. 

The status of the three RST interrupt masks can only 
be affected by the SIM instruction and RESET IN. 
(See SIM, Chapter 5 of the MCS-80/85 User's 
ManuaL) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP
highest priority, RST 7.5, RST 6.5, RST 5.5, INTR
lowest priority. This priority scheme does not take 
into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interr~pt 
an RST 7.5 routine if the interrupts are recenabled 
before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events 
such as powerfailure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. The 
TRAP input must go high and remain high until it is 
acknowledged. It will not be recognized again until it 
goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 
illustrates the TRAP interrupt request circuitry 
within the 8085AH. Note that the servicing of any 
interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts (except TRAPs) until an 
EI instruction is executed. 
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EXTERNAL 
TRAP 
INTERRUPT 
ReaUEST 

INSIDE THE 
IICIIWt 

TRAP 

SCHMITT 
TRIGGER 

INTERNAL TRAP F,F. 
TRAP 

ACKNOWLEDGE 

Figure 4. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables inter
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction follow
ing a TRAP interrupt allows you to determine 
whether interrupts were enabled or disabled prior to 
the TRAP. All sUbsequent RIM instructions provide 
current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5.5-7.5 will 
provide current Interrupt Enable status, revealing 
that Interrupts are disabled. See the description of 
the RIM instruction in the MCS-80/85 Family User's 
Manual. 

The serial I/O system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 

DRIVING THE X1 AND X2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5MHz clock), and the 8085AH-1 can 
be operated with a 12 MHz crystal (for 6 MHz clock). 
If a crystal is used, it must ,have the following 
characteristics: 
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Parallel resonance at twice the clock frequency 
desired 
CL (load capacitance) ~ 30 pF 
Cs (shunt capacitance) ~ 7, pF 
Rs (equivalent shunt resistance) ~ 75 Ohms., 
Drive level: 10 mW 
Frequency tolerance: ±.OO5% (suggested) 

Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre~ 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency 
tolerance of approximately ±1 ()oil> is acceptable. The 
components are chosen from the formula: 

f = ___ l.--__ 

To minimize variations in frequency, it is recom
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An RC circuit may be used as the frequency
determining network forthe 8085AH if maintaining a 
precise clock frequency is of no importance. Var
iations in the on-chip timing generation can cause a 
wide variation in frequency when using the RC 
mode. Its advantage is its. low component cost. The 
driving frequency generated by the circuit shown is 
approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be 
attempted. 

Figure 5 shows'the recommended clock driver cir
cuits. Note in 0 and E that pullup resistors are. re
quired, to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal. to X1 and leave X2 
open-circuited (Figure 50). If the driving fr.equency 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X1 and X2 
with a push-pull source (Figure 5E). To prevent 
self-oscillation of the 8085AH, be sure that X2 is not 
coupled back to X1 through the driving circuit. ' 
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x, 8085AH 
----, 

I 
I 
I C'NT 

..L -15pF ..,.. 
I 

2 X I 
'--'---+------1 2 ___ ....J 

'20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY", 4 MHz ONLY. 

a. Quartz Crystal Clock Driver 

x, 8085AH 

-----, 
I 
I C'NT 

...I... -15pF ..,.. 
I 
I 

x' ___ ..J 

b. LC Tuned Circuit Clock Driver 

8085AH 
x, 

120PF 

L--_

6K

_---i 

c. RC Circuit Clock Driver 

+5V 

LOW TIME> 80 na 
4700 

TO / 1KO 

)0---4--'---1 X, 

'x, lEFT FLOATING 

d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 

+5V 

LOW TIME > 40 na 

)0-+-470_0....:../_-1 X, 

4700 

'------Ix, 

e. 1-12 MHz Input Frequency External Clock 
Driver Circuit 

Figure 5. Clock Driver Circuits 

GENERATING AN 8085AH WAIT STATE 

If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 

The 0 flip-flops should be chosen so that 
• ClK is rising edge-triggered 
• CLEAR is low-level active. 
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r----
~ CLEAR 8085AH 

ALE"--' elK CLKOUTPUr- -. eLK TO 
8085AH 

"0" '·0" READY 
F/F 

Q 
F/F Q INPUT 

+5V-D 0 

'AlE AND ClK (OUT) SHOULD BE BUFFERED IF ClK INPUT OF LATCH 
EXCEEDS 8085AH IOl OR IOH. 

Figure 6. Generation of a Wait State for 8085AH 
CPU 
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As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU to 
relinquish the bus when it is through with it by float
ing the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H, and 8355 will have the following 
features: 

• 2K Bytes ROM 
• 256 Bytes RAM 
• 1 Timer/Counter 
• 4 8-bit I/O Ports 
• 1 6-bit I/O Port 
• 4 Interrupt Levels 
• Serial In/Serial Out Ports 

This minimum system, using the standard I/O tech
nique is as shown in Figure 7. 

In addition to standard I/O, the memory mapped I/O 
offers an efficient I/O addressing technique. With 
this technique, an area of memory address space is 
assigned for I/O address, thereby, using the memory 
address for I/O manipulation. Figure 8 shows the 
system configuration of Memory Mapped I/O using 
8085AH. 

The 8085AH CPU can also interface with the stan
dard memory that does not have the multiplexed 
address/data bus. It will require a simple 8212 (8-bit 
latch) as shown in Figure 9. 
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r1Df-, vrvr I 
- TRAP 

X, X, RESET IN 
HOLD -- RST7,S HLDA f-- AST6,5 

8085AH SOD I--- RST5,5 SID !--- INTR 5, r--- = RESET 5,1--ADCRI our 
ADDR DATA ALE AD WFi 101M ROY elK 

181 181 Vr Vr 
In- ~ POR~W 

WR ~ _ PORT {s} 
RD 8156H B 

ALE PORr~ 
DATAl c (6) 

AODR 

IN 
101M TIMER -;-t-t- RESET ourl--

iOW 
-RD 

ALE 
PORT ~ It- eE A 

11= 
Ag. 10 

v 83551 
8755A 

DATA! 
ADOR 

101M PORT ~ ~t-I- RESET B 

.-- . v" -- ROY 

t- elK iOR-.J 

vs! v!c V~D tROG 

V" 

V" 

"v 

~NOTE: OPTIONAL CONNECTION 

Figure 7. 8085AH Minimum System (Standard I/O 
Technique) 
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A8-15 r--

ADO·7 

ALE :". 
-

II085AII 00 -
Wft -10/M -
elK -RESET au, -
READY -I 

I. 
:TIMER AD AB-

7~~ 
_101 

RilliOii RESET I IN WARD ALE eE 1>7 101M < Al. eE itt ALE 

T6~;R_ 

8158H 8355 [ROM + UO) 

[RAM + UO + COUNTERITIMER] OR 
8755A [PROM + UO] 

*NOTE: OPTIONAl. CONNECTION BB B B B 
Figure 8. MCS-85® Minimum System (Memory Mapped 1/0) 

Vss Vee 

j j 

- x, x, RESET IN -TRAP HOLD - RST7 HLDA r-- RSTO SOD r-- RSn; II085AII 810_ - INTR S, r--- INTA RESET 
S,r--ADDR/ OUT 

ADDR DATA ALE AD WR 101M RDYCLK 

IBI IBI 

101M fes) 

Wi< 

8212 f- RO 

DATA 

STANDARD 

~ MEMORY 

/ ADOR les) 

y 
,16} 

..- elK 

l-e-- RESET 

101M ICS) 

WR 

Ril 

DATA 

STANDARD 
I/O 

I ADOR 

0DI liT v" 
v" 
v" 

I/O POR TS, 
lS 

~ 

Figure 9. MCS-8511!l System (Using Standard Memories) 

7-17 

I 
I· 
I 

CLKRS1RDV 

- vee 

Vee 

Vee 

AFN-Ol835B 



8085AH/8085AH·218085AH·1 

BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on 
the Data Bus. Figure 10 shows an instruction fetch, 
memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the I/O write and read cycle that the I/O port 
address is copied on both the upper and lower half 
of the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (IO/Ktl, S1, So) and the 
three control signals (RD, WR, and INTA). (See Table 
3.) The status lines can be used as advanced con
trols (for device selection, for example), since they 
become active at the T1 state, at the outset of each 
machine cycle. Control lines RD and WR become 
active later, at the time when the transfer of data is to 
take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 4. 

PCH (HIGH ORDER ADDRESS) 

ADO_7 PC L <::i::)-----
(LOW ORDER DATA FROM 

ADDRESS) MEMORY 
(INSTRUCTION) 

ALE 

WR 

STATUS 

Table 3. SOS5AH Machine Cycle Chart 

MACHINE CYCLE 
STATUS CONTROL 
101M S1 so RO WR 

OPCODE FETCH (OF) 0 1 1 0 1 
MEMORY READ IMR) 0 1 0 0 1 
MEMORY WRITE (MW) 0 0 1 1 0 
1/0 READ (lOR) 1 1 0 0 1 
1/0 WRITE (lOW) 1 0 1 1 0 
ACKNOWLEDGE 
OFINTR (INA) 1 1 1 1 1 
BUS IDLE IBII, DAD 0 1 0 1 1 

ACK. OF 
RST,TRAP 1 1 1 1 1 
HALT TS 0 0 TS TS 

Table 4.S0S5AH Machine State Chart 

Machine 
State S1,SO 

T1 

T2 

TWA IT 

T3 

T4 

Ts 

T6 

TRESET 

THALT 

T HOLD 

0= Logic "0" 
1 = Logic ", .. 

X 

X 

X 

X 

1 

1 

1 

X 

0 

X 

Status & Buses, 

101M As-A 1• ADo-AD7 

X X X 

X X X 

X X X 

X X X 

o t X TS 

o t X TS 

0' X TS 

TS I TS TS 

TS I TS TS 

TS ) TS TS 

TS" High Impedance 
X = Unspecified 

Control 

Ri5,Wi\ INTA ALE 

1 1 l' 

X X 0 

X X 0 

X X 0 

1 1 0 

1 1 0 

1 1 0 

TS 1 0 

TS 1 0 

TS 1 0 

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 

t 101M'" 1 during T4-T6 of INA machine cycle. 

10 (READ) 01 WRITE 11 

Figure 10. SOS5AH.Basic System Timing 

INTA 

1 
1 
1 
1 
1 

0 
1 

1 
1 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... O°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground .............. -0.5V to +7V 
Power Dissipation ........................... 1.5 Watt 

D.C. CHARACTERISTICS 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

8085AH,8085AH-2: (TA = O°C to 70°C, Vee = 5V ±10%, Vss =OV; unless otherwise specified) 
8085AH-1: (TA = O°C to 70°C, Vee = 5V ±5%, Vss = OV; unless otherwise specified) 

Symbol Parameter Min. Max. 

VIL Input low Voltage -0.5 +0.8 

VIH Input High Voltage 2.0 Vee +0.5 

VOL Output low Voltage 0.45 

VOH Output High Voltage 2.4 

135 

lee Power Supply Current 
200 

IlL Input leakage ±10 

ILO Output leakage ±10 

VILR Input Low level. RESET -0.5 +0.8 

VIHR Input High level, RESET 2.4 Vee +0.5 

VHY Hysteresis, RESET 0.25 

A.C. CHARACTERISTICS 
8085AH,8085AH-2: (TA = O°C to 70°C, Vee = 5V ±10%, Vss = OV) 
8085AH-1: (TA = O°C to 70°C, Vee = 5V ±5%, Vss = OV) 

8085AH[2] 

Symbol Parameter (Final) 

Min. Max. 

teye ClK Cycle Period 320 2000 

t1 ClK low Time (Standard ClK loading) 80 

t2 ClK High Time (Standard ClK loading) 120 

t r , tf ClK Rise and Fall Time 30 

tXKR X1 Rising to ClK Rising 25 120 

tXKF X1 Rising to ClK Falling 30 150 

tAe Aa-15 Valid to leading Edge of Control[1] 270 

tAeL AO-7 Valid to leading Edge of Control 240 

tAD AO-15 Valid to Valid Data In 575 

tAFR 
Address Float After leading Edge of 

0 READ (INTA) .. 

tAL AS-15 Valid Before Trailing Edge of ALE [1] 115 

7-19 

Units Test Conditions 

V 

V 

V IOL = 2mA 

V IOH = -400/LA 

mA 8085AH,8085AH-2 

mA 8085AH-1 (Preliminary) 

/LA 0", VIN '" Vee 

/LA 0.45V '" VOUT '" Vee 

V 

V 

V 

8085AH-2[2] 8085AH-1 
(Final) (Preliminary) 

Units 
Min. Max. Min. Max. 

200 2000 167 2000 ns 

40 20 ns 

70 50 ns 

30 30 ns 

25 100 20 100 ns 

30 110 25 110 ns 

115 70 ns 

115 60 ns 

350 225 ns 

0 0 ns 

50 25 ns 
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A.C. CHARACTERISTICS (Continued) 

BOB5AH[2] BOB5AH-2[2J BOB5AH~1 

Symbol Parameter 
(Final) (Final) (Preliminary) 

Units 
Min. Max. Min. Max. Min. Max. 

tAll AO-7 Valid Before Trailing Edge of ALE 90. 50. 25 ns 

tARY READY Valid from Address Valid 220. 10.0. 40 ns 

tCA Address (Aa-1S) Valid After Control 120. 60 3D ns 

tcc 
Width of Control low (RD, WR, INTA) 

400. 230 150. ns 
Edge of ALE 

tCl 
Trailing Edge of Control to leading Edge 

50 25 0 ns 
of ALE 

tow Data Valid to Trailing Edge of WRITE 420 230. 140 ns 

tHABE HlDA to Bus Enable 210. 150. 150. ns 

tHABF BuS Float After HlDA 210 150 150 ns 

tHACK HLDA Valid to Traili~g Edge of ClK 110. 40. 0. ns 

tHOH HOLD Hold Time 0 0. 0. ns 

tHOS HOLD Setup Time to Trailing Edge of ClK 170 120 120. ns 

tlNH INTR Hold Time 0. 0. 0. ns 

tiNS 
INTR, RST, and TRAP Setup Time to 

160. 150 150. ns 
Falling Edge of ClK 

tlA Address Hold Time After ALE 10.0. 50. 20. ns 

tlC 
Trailing Edge of ALE to leading Edge 

130. 60. 25 ns 
of Control 

tlCK ALE low During ClK High 10.0. 50. 15 ns 

tLDR ALE tq Valid Data Duril;1g Read 460. 270. 175 ns 

tLDW ALE to Valid Data During Write 200. 120. 110 ns 

tLL ALE Width 140. 80. 50. ns 

tlRY ALE to READY Stable 110. 3D 10. ns 

tRAE 
Trailing Edge of READ to Re-Enabling 

150. 90. 50 ns 
of Address . 

tRO READ (or INTA) to Valid Data 30.0 150. 75 ns 

tRY 
Control Trailing Edge to leading Edge 

40.0. 220. 160. ns 
of Next Control 

tROH Data Hold Time After READ iiiiiA 0 0 0 ns 

, tRYH READY Hold lime 0 0 5 ns 

tRYS 
READY Setup Time to'leading Edge 

110. 10.0. 10.0. ns 
ofClK 

two Data Valid After Trailing Edge of WRITE 10.0. 60 30 ns 

tWOL lEADING Edge of WRITE to Data Valid 40. 20. 3D ns 
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NOTES: 
1. Aa-A'5 address Specs apply IO/fVl. So. and S, except Aa-A'5 

are undefined during T4-T6 of OF cycle whereas IO/M. So. and 
S, are stable. 

3. For all output timing where CL '" 150 pF use the following 
correction factors: 

25 pF '" CL < 150 pF: -0.10 ns/pF 
150 pF < CL '" 300 pF: +0.30 ns/pF 

2. Test Conditions: teye = 320 ns (8085AH)/200 ns (8085AH-2);/ 
167 ns (8085AH-1); CL = 150 pF. 

4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of teye use 

Table 5. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

"=X )C 2.0 2.0 > TEST POINTS < . 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC --1" AND O.4SV FOR 
A LOGIC "0:' TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND O.BV FOA A LOGIC "0 .. 

DEVICE 
UNDER 'Icc. TEST 

-=-
CL = 150 pF 
CL INCLUDES JIG CAPACITANCE 

Table 5. Bus Timing Specification as a TCYC Dependent 

Symbol 8085AH 8085AH-2 8085AH-1 

tAL (1/2) T - 45 (1/2) T - 50 (1/2) T - 58 

tlA (1/2) T - 60 (1/2) T - 50 (1/2) T - 63 

tll (1/2) T - 20 (1/2) T - 20 (1/2) T - 33 

tlCK (1/2) T - 60 (1/2) T - 50 (1/2) T - 68 

tlC (1/2) T 30 (1/2) T - 40 (1/2) T - 58 

tAD (5/2 + N) T - 225 (5/2 + N)T -150 (5/2 + N)T - 192 

tRO (3/2 + N) T - 180 (3/2 + N)T - 150 (3/2 + N) T - 175 

tRAE (1/2) T - 10 (1/2) T - 10 (1/2) T - 33 

tCA (1/2) T - 40 (1/2) T - 40 (1/2) T - 53 

tow (3/2 + N) T - 60 (3/2 + N) T - 70 (3/2 + N)T - 110 

two (1/2) T - 60 (1/2) T - 40 (1/2) T - 53 

tcc (3/2 + N) T - 80 (3/2 + N)T -70 (3/2 + N)T -100 

tCl (1/2)T-110 (1/2) T - 75 (1/2) T - 83 

tARY (3/2) T - 260 (3/2) T - 200 (3/2) T - 210 

tHACK (1/2) T - 50 (1/2) T - 60 (1/2) T - 83 

tHABF (1/2) T + 50 (1/2) T + 50 (1/2) T + 67 

tHABE (1/2) T + 50 (1/2) T + 50 (1/2) T + 67 

tAC (2/2) T - 50 (2/2) T - 85 (2/2) T - 97 

t1 (1/2) T - 80 (1/2)T- 60 (1/2) T - 63 

t2 (1/2) T - 40 (1/2) T - 30 (1/2) T - 33 

tRY (3/2) T - 80 (3/2) T- 80 (3/2) T - 90 

tLDR (4/2) T - 180 (4/2) T - 130 (4/2) T - 159 

NOTE: N is equal to the total WAIT states. T = teye. 
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150 pF 

Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 

Maximum 

Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 

Minimum 

Maximum 

Maximum 

Minimum 

Minimum 

Minimum 

Minimum 

Maximum 
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WAVEFORMS 

CLOCK 

X, INPUT 

ClK 
OUTPUT 

READ 

WRITE 

HOLD 

ClK\ 

HOLD 

" HLOA 

808$AH/808SAH-21808SAtt-1. 

" 

I-------'eve --------1 
t)(KF-

1 T, 1 T, 1 T, 1 T, 

elK\ / } r-\ / \ I 
f--tLCK- -fcA-

As-A,s )l ADDRESS 

t AO-_ t RDH ..... "'l4-tRAE 
--

1,.--ADo-A07 ). ADDRESS '1111 ff&~ DATA IN 

1'--
r f---tlL- r--tLA-

. tAFR ........ .- -'el-I, 
ALE ILOR 1 

.!-tAl _ , r------ tRO
-

,I 
RO/INTA 

_ILC --. 

~- tcc 
J 

~tAC_ 

I T, I T, I T, I T, 

eLK\ I J / \ / \ I 

r-- tlCK 

As-A,s ) ADDRESS X 
I---tLDW -

l'eA-1 

ADo-AD7 ADDRESS ) DATA OUT X 
1- .:.....tlL_ 4-- tLA -----j - 'OW , ..-two-I 

AlEJ ~ ~twDl 

_t
AL

_ 

WR -'ee 

~~ -~CL-
-'AC , 

T, Ta THOLD T HOLD 

/ , / j \ j , 
t \ :~ 

t HOS " ~tHDH r-tHACK'" 

t \ 
t HABF -

1---1HABE-

BUS IADDR ESS. CONTROlSI H 
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WAVEFORMS (Continued) 

READ OPERATION WITH WAIT CYCLE (TYPICAL) - SAME READY TIMING APPLIES 
TO WRITE 

T, T, TWAIT T, 

r----\ .-----. ,....-----. 
elK 

_ILCK·_I' _ICA_ 

)! ADDRESS 

'AO - tADH .... T .. tAAE
-

)I AQDRESS III//'. DATA IN :>--
c: 

i..-tLL _ f--tLA-
_'cL-1 - IAFR_ - tLDA ALE 

I 
'AL <. . ',. . 

! _tLC 
,1- -----·CC J 

I.==.;--.,"V, 
_tAR'I_ tAYS tAYH tAVS IRYH 

RD/INTA 

READV Yml!17lA. J 
NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 

INTERRUPT AND HOLD 

11------ BUS FLOATING' ------1 

T, 

K= 
~ 

~,-------------r----~----------~----~~--~----------

HOL:D 

HlDA 

'Ioilii IS ALSO FLOATING DURING THIS TIME. 
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Table 6. Instruction Set Summary 

I Instrucllon Cede Operations' . 
Mnemonic Iry Os Ds D4 D3 D2 D, Do Description 

Instruction Cede Operations 
Mnemonic Iry D6 Ds D4 OJ D2 D, Do Description 

MOVE, lOAD, ANO STORE CZ 1 1 0 0 1 1 0 0 Call on zero 

MOVrl r2 0 1 0 0 0 S S S Move register to register 
MOVM.r 0 1 1 1 0 S S S Move register to memory 
MOVr.M 0 1 0 0 0 1 1 0 Move memory to register 
MVI r 0 0 0 0 0 1 1 0 Move immediate register 
MVIM 0 0 1 1 0 1 1 0 Move immediate memory 
lXIB 0 0 0 0 0 0 0 1 Load i~mediate register 

Pair B & C 
lXIO 0 0 0 1 0 0 0 1 load immediate register 

Pair 0 & E 
lXIH 0 0 1 0 0 0 0 1 Load immediate register 

Pair H & l 
STAXB 0 0 0 0 0 0 1 0 Store A indirect 
STAXO 0 0 0 1 0 0 1 0 Store A indirect 
lOAXB 0 0 0 0 1 0 1 0 load A indirect 
lOAXO 0 0 0 1 1 0 1 0 load A indirect 
STA 0 0 1 1 0 0 1 0 Store A direct 
lOA 0 0 1 1 1 0 1 0 load A direct 
SHlO 0 0 1 0 0 0 1 0 Store H & L direct 
LHLO 0 0 1 0 1 0 1 0 load H & L direct 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E, H & l 

Registers 
STACK OPS 
PUSH B 1 1 0 0 0 1 0 1 Push register Pair B & 

C on stack 
PUSH 0 1 1 0 1 0 1 0 1 Push register Pair 0 & 

E on stack 
PUSH H 1 1 1 0 0 1 0 1 Push register Pair H & 

L on stack 
PUSH PSW 1 1 1 1 0 1 0 1 Push A and Flags 

on stack 
POPB 1 1 0 0 0 0 0 1 Pop register Pair B & 

Coil stack 
POP 0 1 1 0 1 0 0 0 1 Pop register Pair 0 & 

E off stack 

CNZ 1 1 0 0 0 1 0 0 Call on no zero 
CP 1 1 1 1 0 1 0 0 Call on positive 
CM 1 1 1 1 1 1 0 0 Call on minus 
CPE 1 1 1 0 1 1 0 0 Call on parity even 
CPO 1 1 1 0 0 1 0 0 Call on Daritv odd 
RETURN 
RET 1 1 0 0 1 0 0 1 Retum 
RC 1 1 0 1 1 0 0 0 Return on carry 
RNC 1 1 0 1 0 0 0 0 Return on no carry 
RZ 1 1 0 0 1 0 0 0 Return on zero 
RNZ 1 1 0 0 0 0 0 0 Return on no zero 
RP 1 1 1 1 0 0 0 0 Return on positive 
RM 1 1 1 1 1 0 0 0 Return on minus 
RPE 1 1 1 0 1 0 0 0 Return on parity even 
RPO 1 1 1 0 0 0 0 0 Return on parity odd 
RESTART 
RST 1 1 A A A 1 1 1 Restart 
INPUT/OUTPUT 
IN I ~ 1 0 1 1 0 1 1 Input 
OUT 1 0 1 0 0 1 1 Output 
INCREMENT AND DECREMENT 
INR r 0 0 0 0 0 1 0 0 Increment register 
OCR r 0 0 0 0 0 1 0 1 Decrement register 
INRM 0 0 1 1 0 1 0 0 Increment memory 
OCRM 0 0 1 1 0 1 0 1 Decrement memory 
INX B 0 0 0 0 0 0 1 1 Increment B & C 

registers 
INXO 0 0 0 1 0 0 1 1 Increment 0 & E 

registers 
INXH 0 0 1 0 0 0 1 1 Increment H & L , registers 
OCX B 0 0 0 0 1 0 1 1 Decrement B & C 
OCXO 0 0 0 1 1 0 1 1 Decrement 0 & E 
OCX H 0 0 1 0 1 0 1 1 Decrement H & L 

POPH 1 1 1 0 0 0 0 1 Pop register Pair H & 
loll stack 

POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 
off stack 

XTHL 1 1 1 0 0 0 1 1 Exchange top 01 
stack, H & L 

SPHL 1 1 1 1 1 0 0 1 H & l to stack pointer 
lXI SP 0 0 1 1 0 0 0 1 Load immediate stack 

pointer 
INX SP 0 0 1 1 0 0 1 1 Increment stack pointer 
OCXSP 0 0 1 1 1 0 1 j Decrement stack 

pointer 
JUMP 
JMP 1 .. 1 0 0 0 0 1 1 Jump unconditional 
JC 1 1 0 1 1 0 1 0 Jump on carry 
JNC 1 1 0 1 0 0 1 0 Jump on no carry 
JZ 1 1 0 0 1 0 1 0 Jump on zero 
JNZ 1 1 0 0 0 0 1 0 Jump on no zero 
JP 1 1 l' 1 0 0 1 0 'Jump' on positive 
JM 1 1 1 1 1 0 1 0 Jump on minus 
JPE 1 1 1 0 1 0 1 0 Jump on parity even 
JPO 1 1 1 0 0 0 1 0 Jump on parity odd 
PCHl 1 1 1 0 1 0 0 1 H & L to program 

counter 
CAll 
CAll 1 1 0 0 1 1 0 1 Call unconditional 

ADD 
ADD r 1 0 0 0 0 S S S Add register to A 
ADCr 1 0 0 0 1 S S S Add register to A 

with carry 
ADOM 1 0 C 0 0 1 1 0 Add memory to A 
AOCM 1 0 0 0 1 1 1 0 Add memory to A 

with carry 
ADI 1 1 0 0 0 1 1 0 Add immediate to A 
ACI 1 1 0 0 1 1 1 0 Add immediate to A 

with carry 
DADB 0 0 0 0 1 0 0 1 AddB&CtoH&L 
DADO 0 0 0 1 1 0 0 1 AddD&EtoH&L 
OAOH 0 0 1 0 1 0 0 1 AddH&LtoH&L 
OAOSP 0 0 1 1 1 0 0 1 Add stack pointer to 

H&L 
SUBTRACT 
SUBr 1 0 0 1 0 S S S Subtract register 

IromA 
SBB r 1 0 0 1 1 S S S Subtract register from 

Awith borrow 
SUBM 1 0 0 1 0 1 1 0 Subtract memory 

IromA 
SBBM 1 0 0 1 1 1 1 0 Subtract memory lrom 

A'with borrow 
SUI 1 1 0 1 0 1 1 0 Subtract immediate 

from A 

CC 1 1 b 1 1 1 0 0 Call on carry SBI 1 1 0 1 1 1 1 0 Subtract immediate 
CNC 1 1 0 1 0 1 0 0 Call on no carry from A with borrow 
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Table 6, Instruction Set Summary (Continued) 

Instruction Code Operations Instruction Code Operations 
Mnemonic 07 Os 05 04 03 02 0, 00 Description Mnemonic 0 7 Os 05 04 03 02 0, 00 Description 

LOGICAL SPECIALS 
ANAr 1 0 1 0 0 S S S And register with A CMA 0 0 1 0 1 1 1 1 Complement 
XRA r 1 0 1 0 1 S S S Exclusive OR register A 

with A STC 0 0 1 1 0 1 1 1 Set carry 
ORAr 1 0 1 1 0 S S S OR register with A CMC 0 0 1 1 1 1 1 1 Complement 
CMPr 1 0 1 1 1 S S S Compare register with A carry 
ANAM 1 0 1 0 0 1 1 0 And memory with A DM 0 0 1 0 Q 1 1 1 Decimal adjust A 
XRAM 1 0 1 0 1 1 1 0 Exclusive OR memory CONTROL 

with A EI 1 1 1 1 1 0 1 1 Enable Interrupts 
ORAM 1 0 1 1 0 1 1 0 OR memory with A DI 1 1 1 1 0 0 1 1 Disable Interrupt 
CMPM 1 0 1 1 1 1 1 0 Compare NOP 0 0 0 0 0 0 0 0 No-operation 

memory with A HLT 0 1 1 1 0 1 1 0 Halt 
ANI 1 1 1 0 0 1 1 0 And immediate with A 
XRI 1 1 1 0 1 1 1 0 Exclusive OR immediate 

with A 
ORI 1 1 1 1 0 1 1 0 OR immediate with A 

NEW 808SA 'iSTRUCTIONS 
RIM 0 0 1 0 0 0 0 a Read Interrupt Mask 
9M 0 a 1 1 a a a a Set Interrupt Mask 

CPI 1 1 1 1 1 1 1 0 Compare immediate 
with A 

ROTATE 
RLC 0 0 0 0 0 1 1 1 Rotate A left 
RRC 0 0 0 0 1 1 1 1 Rotate A rig ht 
RAL 0 0 0 1 0 1 1 1 Rotate A left through 

carry 
RAR 0 0 0 1 1 1 1 1 Rotate A right through 

carry 

NOTES: 
1. DDS or SSS: BODO, COOl, 0010, EO", H 100, L 101, Memory 110, AlII. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 

'All mnemonics copyrighted ©Intel Corporation 1976. 
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8085A/8085A-2 

SINGLE CHIP 8-BIT N-CHANNELMICROPROCESSORS 

• Single +sv Power Supply • Four Vectored Interrupt Inputs (One is 

• 100% Software Compatible with 8080A Non-Maskable) Plus an 8080A-

' .. 1.3 p's Instruction Cycle (808SA); 
Compatible Interrupt 

0.8 p's (808SA-2) • Serial In/Serial Out Port 

• On-Chip Clock Generator (with External 
Decimal, Binary and Double Precision Crystal, LC or RC Network) • 
Arithmetic 

• On-Chip System Controller; Advanced 
Cycle Status Information Available for • Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 

The Intele 8085A Is a complete 8 bit parallel Central Processing Unit (CPU). Its Instruction set Is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 80BoA's performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC's [8085A (CPU), 8156 (RAM/IO) and 8355/8755A 
(ROM/PROM/lOll while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 

The 80S5A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 !;lit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 

POWER {_"'v 
Sl.J99LV -GND . 

x, 
x, 

RST6.5 TRAP 

TIMINO AND CONTROL 

* ::: * ::: JREGtSTER FlEG REO ARRAY 

STACK POINTER Ill) 

PROGRAM COUNTER III. 

INCREMENTERfDECREMENTER 
ADDRESS LATCH 1111 

A11-Ae 
ADDRESS BUS 

AD7-ADO 
ADDRESS/DATA Bua 

Figure 1. 8085A CPU Functional Block Diagram 
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x, Vee 
X2 HOLD 

I RESET OUT HLDA 
SOD elK (OUT) 
SID iiESEfiN 

TRAP REAOY 
RST7.5 101M 
RST 6.5 8, 
RST 5.5 iii5 

INTR WR 
iNTA. ALE 

ADO SO 
AD1 A1S 
AD2 A14 
AD3 A'3 
AD4 A12 
ADS An 
ADS A'0 
AD7 AS 

Vss -";;;_""";;J'" As 

Figure 2. 808SA Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... oOe to 70°C 
Storage Temperature .............. -65°e to +150o e 
Voltage on Any Pin 

With Respect to Ground ............ -O.5V to + 7V 
Power Dissipation. . . . . . . . . . . . . . . . . . 1.5 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

D.C. CHARACTERISTICS (TA = ooe to 7ooe, Vee = ov ±5%, vss = OV; unless otherwise specified) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 VCC·+O.5 V 

VOL Output Low Voltage 0.45 V IOL = 2mA 

VOH Output High Voltage 2.4 V IOH = -400J.lA 

Icc Power Supply Current 170 mA 

IlL Input Leakage ±10 J.lA 0 .. VIN "Vce 

ILO Output Leakage ±10 J.lA 0.45V';;; Vout ';;; Vcc 

VILR Input Low Level, RESET -0.5 +0.8 V 

VIHR Input High Level, RESET 2.4 VCC +0.5 V 

VHY Hysteresis, RESET 0.25 V 
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A.C. CHARACTERISTICS (TA = O"C to 70"C, vee = OV ±50/0, vss = OV) . 

Symbol Paremeter 
8085AI2I 8085A.:z121 

Units. 
Min. Max. Min. Max. 

tcvc ClK Cycle Period 320 2000 200 2000 ns 
t1 vLK low nme (5lanaard vlK Loaalng) 80 40 ns 

t2 ClK High Time (Standard ClK loading) 120 70 ns 

t"t, ClK Rise and Fall Time 30 30 ns 
IXKR x1HIsing to vLK RISing 31) .1ZO 31). 100 ns 
tllKI' . X Rising to ClK Failing 30 150 30 110 ns 
tAc AA-1O. Valid to leading Edge of Controll') 270 115. ns 
tAcL Ao-7 Valid to leading Edge of Control 240. 115 nli 
lAO Ao-15 valla 10 valla Data In 575 350 ns 
IAFR Aa~ess. F..!.oa,.! Aner LeaDIng Eage OT 

REAPdNT~ . 0 0 ns 
tAL A8-15 Valid Before Trailing Edge of AlEI') 115 50 ns 
tALL Ao-7 Valid seTore Trailing Edge OT ALE 90 l)() ns 
tARy READY valla rromA~aress valla zzO 100 ns 
I"A Aaaress (As. til) valla After ontro 121l 60 ns 
tcc • Width of Control low. (RD, WR, INTA) 

Edae of ALE . 400 230 ns 
tCl· Trall1ng Edge of Control to leading Edge 

of ALE 50 25 ns 
tow. Data Valid to Trailing Edge of WRITE 420 230 ns 
tHABE HlDA to Bus Enable 210 150 ns 
tHABF Bus Float After HlDA 210 150 ns 
t HACK HlDA Valid to Trailing Edge of ClK 110 40 ns 
tHOH HOLD Hold Time 0 0 ns 
tHOS HolD 5etup Time to Trailing Eage Of elK 170 120 ns 
llNH INIH MOlD lime 0 0 ns 
tiNS INTR, R5T, ana TRAP 5etup Time to 

Falling Edge of ClK 160 150 ns 
tLA Address Hold Time After ALE 100 50 ns 
t LC Trailing Edge of ALE to leading Edge 

of Control 130 60 ns 
tLCK ALE low During ClK High 100 50 ns 
lLDR ALE to Valid Data DUring Read 460 270 ns 
tLOW ALE to Valid Data During Write 200 120 ns 
tLl ALEWldtn 140 80 ns 
t LRy ALE to READY Stable 110 30 ns 

7-28 AFN-01242C 



intJ 8085A18085A·2 

A.C. CHARACTERISTICS (Continued) 

.;. 

Symbol Parameter 8085A[2] 8085A·2[2] 
Min. Max. Min. 

tRAE Trailing Edge of READ to Re·Enabling 150 90 
of Address 

tRD READ (or INTA) to Valid Data 300 . 

tRV Control Trailing Edge to Leading Ed.ge 400 220 
of Next Control 

tRDH Data Hold Time After READ INTAtri 0 0 

tRY,H READY Hold Time 0 0 

tRYS READY Setup Time to Leading Edge 110 100 
of CLK 

tWO· Data Valid After Trailing Edge of WRITE 100 60 

tWDL LEADING Edge of WRITE to Data Valid 40 

NOTES: 
1. As-A15 address Specs apply to 10iM. So. and 51 except As-A15 are undefined during T 4-T 6 of OF cycle 

wtlereas 101M .. So. andS1 are stable: 

2. Test conditions: teye = 320 ns (8085A)/200 ns (8085A-2); CL = 150 pF. 

3. For all output timing where CL = 150pF use the following correction factors: 
25pF" CL < 150pF: -0.10ns/pF 
150 pF < CL .. 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

Max. 

150 

20 

5. All timings are measured at output votage VL = C.BV. VH = 2.0V. and 1.5V with 20ns rise and fall time on inputs. 

6. To calculate timing specifications at other values of teye use Table 7. 
7. Data hold time is guaranteed under all loading conditions. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

M=X :c 2.0 . 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC •• , .. ANO O.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "'" 
AND O.BV FOR A LOGIC "0:' 
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A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

'lCL ='50 PF 

TEST 

-= 
CL =150pF 

. CL INCWOES JIG CAPACITANCE 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 
WITH 1/0 PORTS AND TIMER 

Single +5V Power Supply with 10% • 2 Programmable 8-Bit I/O Ports 
Voltage Margins • 1 Programmable 6-Bit I/O Port 
30% Lower Power Consumption than • Programmable 14-Bit Binary Counter/ 
the 8155 and 8156 Timer 
100% Compatible with 8155 and 8156 • Compatible with 8085AH, 8085A and 
256 Word x 8 Bits 8088 CPU 
Completely Static Operation • Multiplexed Address and Data Bus 
Internal Address Latch 

The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate technology 
(HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU. The 
8155H-2 and 8156H-2 have maximum access times of 330 ns for use with the 8085AH-2 and the 5 MHz 8088 CPU. 

The 110 portion consists of three general purpose 110 ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14·bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 

PC, Vee 

PC. PC2 

IDiM 

~ ADo 7 256 X 8 

TIMER IN PC, 

RESET PC. 

PC. PB7 

nMEROUT PB. 
STATIC 

RAM 

~ * 
ALE 

RD 

WR 

G RESET TIMER 

101M PBs 

CE OR CE* PB. 

AD PB, 

WR PB2 

ALE PB, 

AD. PB. 

AD, PA7 

AD2 PAs 

AD, PAs 

TIMERCLK~ ~veel+5V) 
TIMER OUT Vss (OV) 

AD, PA. 

AD. PA, 

AD. PA2 

AD7 PA, 

'8155H/8155H·2 = CE, 8158H18158H·2 = CE 
Vss PA. 

Figure 1. Block Diagram Figure 2. Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent licenses ale Implied. 

© INTEL CORPORATION. 1981. 7-30 
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Table 1. Pin Description 
Symbol Type Name and Function 

RESET I A ••• t: Pulse provided by the 8085AH to initialize the system (connecllo 8085AH RESET OUT). Input 
high on this line resets the Chip and initializes the three I/O ports to input mode. The width 01 RESET 
pulse should typically be two 8085AH clock cycle times. 

ADO_7 I/O Addre.S/Data: 3-state Address/Data lines that interlace with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the 8155H/56H on the lalling edge oIALE. The 
address can be either lor the memory section orthe I/O section depending on the 10/M input. The 8-bit 
data is either written Into the chip or read Irom the chip. depending on the WR or RD input signal. 

CE oreE: I Chip Enable: On the 8155H. this pin is CE and is ACTIVE LOW. On the 8156H. this pin is CE and is 
ACTIVE HIGH. 

RD I Read Control: Input Iowan this line with the Chip Enable active enables and ADO_7 bullers. II 10/M pin 
is low. the RAM content will be read out to the AD bus. Otherwise the content 01 the selected I/O port or 
command/status registers will be read to the AD bus. 

WR I Write Control: Input low on this line with the Chip Enable active causes the d.ata on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register. depending on 10/M. 

ALE I Address Latch Enable: This control signal latches both the address on the ADO_7 lines and the state 
of the Chip Enable and 101M into the chip at the falling edge of ALE. 

10/M I 1/0 Memory: Selects memory if low and I/O and command/status registers if high. 

PAO_7(8) I/O Port A: These 8 pins are general purpose I/O pins. The in/out direclion is selected by programming 
the command register. 

PBO_7(8) I/O Port B: These 8 pins are general purpose I/O pins. The in/out direction is selected by programming 
the command register. 

PCo_s(6) I/O Port C: These 6 pins can function as either input port. output port. or as control signals for PA and PB. 
Programming is done through the command register. When PCo- s are used as control signals. they 
will provide the following: 
PCo - A INTR (Port A Interrupt) 
PCl - ABF (Port A Buffer Full) 
PC2 - A STB (Port A Strobe) 
PC3 - B INTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PCs - B STB (Port B Strobe) 

TIMER IN I Timer Input: Input to the counter-timer. 

TIMER OUT a Timer Output: This output can be either a square wave or a pulse. depending on the timer mode. 

Vee Voltage: + 5 volt supply. 

Vss Ground: Ground reference. 

FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

• 2k Bit Static RAM organized as 256 x 8 
• Two 8-bit I/O ports (PA & PB I and one6-bit I/O port (PC I 
• 14-bit timer-counter 

The 10/M (IO/Memory Selectl pin selects either the five 
registers (Command. Status. PAO-7. PBO-7. PCO-51 or 
the memory (RAMI portion. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The 8-bit address on the Address/Data lines. Chip Enable 
input CE or CEo and 10iM are all latched on-chip at the 
falling edge of ALE. 

L ____ _ _________ ...1 

Figure 3. 8155H/8156H Internal Registers 
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\ / '\ 
DR 

/ ~ / 

IDiiil \ / \ 

AD0-7 X ADDRESS '\. / X DATA VALID 

Al E 

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS. 

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 

PROGRAMMING OF THE 
COMMAND REGISTER 
The command register consists of eight latches. Four 
bits 10-31 define the mode of the ports, two bits 14-51 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits 16-71 are forthe timer. 

The command register contents can be altered at any 
time by using the 1/0 address XXXXXOOO during a WRITE 
operation with the Chip Enable active and 101M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 

READING THE STATUS REGISTER 
The status register consists of seven latches, one for each 
bit; six 10-5) for the status of the ports and one (6) for the 
status of the timer. 

The status of the timer and the 1/0 section can be polled 
by reading the Status Register (Address XXXXXOOO). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same 1/0 address and the command 
register is selected when a write to that address is issued. 
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7 5 4 3 

ITM2ITM'IIEBI'EAI pc21 PC,' PB' PA I 
'----' 

0"" INPUT 

DEFINES PB0-7 1 '" OUTPUT r= DEFINES PAo., } 

OO=ALTl 
. 11" ALT 2 

DEFINES PC0-5 { 01 '" ALi 3 
10=AlT4 

~-----. ~:~RL:U~RT A 

L-_______ ~;:EBRL:u~RT B 
} 

los ENABLE 

0= DISABLE 

00 = NOP - DO NOT AFFECT COUNTER 
OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING If THE TIMER IS 
RUNNING 

'----"TIMER COMMAND-

10 = STOP AFTER Te - STOP IM~EDIATELY 
AFTER PRESENT Te IS REACHED (NOP 
IF TIMER HAS Nor STARTED) 

11 .. START - LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 

Figure 5. Command Register Bit Assignment 
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PORT A INTERRUPT REQUEST LS PORT A BUFFER FULL/EMPTY 
{I NPUT fOUTPUTI 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REOUEST 

'---------_ PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

'----------_ PORT B INTERRUPT ENABLED 

'------------- TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED .. AND IS RESET TO 
LOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESET). 

Figure 6. Status Register Bit Assignment 

INPUT/OUTPUT SECTION 
The I/O section of the 8155H/8156H consists of five regis
ters; (See Figure 7.) 

• Command/Status Register (C/S) - Both registers are 
assigned the address XXXXXOOO. The CIS address 
serves the dual purpose. 

When the CIS registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the'pins. ' 

When the CIS (XXXXXOOO) is selected during a READ 
operation, the status information of the 1/0 ports and 
the timer becomes available on the ADo-7 lines. 

• PA Register - This register can be programmed to be 

interrupt that the 8155H sends out. The second is an 
output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) , 

When the 'C' port is programmed to either AL T3 or AL T4, 
the control signals for PA and PB are initialized as follows: 

CONTROL INPUT MODE OUTPUT MODE 

BF Low Low 

INTR Low High 

STB Input Control Input Control 

110 ADORESS' 
SELECTION 

A7 A6 A5 A4 A3 A2 A1 AU 

X X X X X 0 0 0 Interval Command/Status Register 
X X X X X 0 0 1 General Purpose 1/0 Port A 

X X X X X 0 1 0 General Purpose I/O Port B 
X X X X X 0 1 1 Port C - General Purpose tlO or Control 
X X X X X 1 0 0 Low-Order B bIts of Timer Count 
X X X X X 1 0 1 High 6 bits of Timer Count and 2 bits 

of Timer Mode 

X: Don't Care. 

t: I/OAddress must be qualified by CE = 1 (8156H) or CE = 0 (8155H) and 101M = 1 in 
order to select the appropriate register. 

Figure 7. I/O Port and Timer Addressing Scheme 

Figure 8 shows how I/O PORTS A and B are structured 
within the 8155H and 8156H: 

81&6H18156H 
ONE BIT OF PORT A OR PORT B 

either input or output ports depending on the status of ~, 
the contents of the CIS Register. Also depending on .. 
the command, this port can operate in either the basic ~ 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PAO-7. 
The address of this register is XXXXX001. 

• PB Register - This register functions the same as PA 
Register. The 1/0 pins assigned are PBO-7. The address 
of this register is XXXXX010. 

• PC Register - This register has the address XXXXX011 
and contains only 6 bits, The 6 bits can be program
med to be either input ports, output ports or as control, 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the CIS register. 

When PCO-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 

7-33 

NOTES: 

(2) SIMPLE INPUT MULTIPLEXER 
111 OUTPUT MODE } 

131 STROBED INPUT CONTROL 

STB 

141 = 1 FOR OUTPUT MODE 
'" 0 FOR INPUT MODE 

READ PORT = IIOm-,) _ (RD=O) -ICE ACTIVE) _ ,(PORT ADDRESS SELECTED) 
WRITE PORT = (lO/M=1IoIWII=O! 0 ICE ACTIVE! 0 IPORt ADDRESSSELECTEDI 

Figure 8. 815SH/8156HPort Functions 
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Table 2. Port Control Assignment 

Pin ALT 1 ALT2 ALT3 ALT4 
PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
PCl Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
PC3 Input Port Output Port 
PC4 Input Port Output Port 
PC5 Input Port Output Port 

Note in the diagram that when the 1/0 ports are pro
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro
priately addressed. 

The outputs of the 8155H/8156H are "glitch-free" meaning 
that you can write a "1" to a bit position that was previ
ously "1" and the level at the output pin will not change. 

Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a pqrt mode is changed from input 
to output, the output pins will go low. When the 8155H/56H 
is RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 

When in the AL T 1 or AL T 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 

Reading from an input port with nothing connected tothe 
pins will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H I/O ports might be 
configured in a typical MCS-85 system. 

TO 8085AH RST INPUT 

PORT A OUTPUT PORT A J 
A INTR (SIGNALS DATA RECEIVED) --'-l """'~"M"""'" } I A STB (ACKNOWL. DATA RECEIVED) TO/FROM 

PORT C B STB (LOADS PORT B LATCH) PERIPHERAL 

• B SF (SIGNALS BUFFER IS FULL) , INTERFACE 

B INTR (SIGNALS BUFFER .1 
A.. REAOY FOR READING) .l 

PORT B l'r INPUT ---' TO INPUT PORT (OPTIONAL) 

TO 8085AH RST INPUT 

Figure 9. Example: Command Register = 00111001 

Output Port B INTR(Port B Interrupt) 
Output Port B BF (Port B Buffer Full) 
Output Port B STB (Port B Strobel 

TIMER SECTION 
The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TCI is reached. 

The timer has the 1/0 address XXXXX100forthe low order 
byte of the register and the 1/0 address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 

6 4 3 2 0 

M2 M1 I T131 T121 T11 I T10 I T91 Tal 

I 
J1 

I 
I 

TIMER MODE MSB OF CNT LENGTH 

6 5 4 3 o 

I 
LSB OF CNT LENGTH 

Figure 10. Timet Format 

There are four modes to choose from: M2 and Ml define 
the timer mode, as shown in Figure 11. 

MODE 
BITS 

TIMER OUT WAVEFORMS: 

START 
COUNT 

TERMINAL (TERMINAL) 
COUNT COUNT 

1. SINGLE 
S~UARE WAVE 

2. CONTINUOUS 
SQUARE WAVE 

3. SINGLE 
PULSE ON 
TERMINAL COUNT 

4. CONTINUOUS 
PULSES 

+ + + 
~-----------

---\.J-.,.--.,..-----

Figure 11. Timer Modes 

7-34 AFN-01960B 



intJ 8155H/8156H/8155H-218156H-2 

Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 

TM2 TM1 

o 0 NOP - Do not affect counter operation. 

o STOP - NOP if timer has not started; 
stop counting if the timer is running. 

o STOP AFTER TC - Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

START - Load mode and CNT length 
and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 

Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 

In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (lOW) half-cycle, as shown in 
Figure 12. 

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 

Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 

7-35 

The counter in the 8155H is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does8top the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via the 
CIS register. 

Please note thatthe timer circuit on the 8155H/8156H chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 bits 
through carry 

5. If carry is set, add 1/2 of the full original count (1/2 full 
count - 1 if full count is odd). 

Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155H/56H always 
counts. out the right number of pulses in generating the 
TIMER OUT waveforms. 
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SOSSA MINIMUM SYSTEM CONFIGURATION 

Figure 13a shows a minimum system using three chips, 
containing: 

• 256 Bytes RAM 
• 2K Bytes ROM 
• 38 I/O Pins 
• 1 Interval Timer 
• 4 Interrupt Levels 

8085 MINIMUM SYSTEM CONFIGURATION 

A8-15 

~O.7 
~lE I. 

8085AH AD 

WA 

101M 

elK 

RESET OUT 

READY 

TIMER 
RESET IN WARD ALE eE" ~ 101M < 

~ 
C-L LATCHES J 

8 '--~ I I T6~~A _ I 
CONTROL 

256 It 8 
RAM 

8156H '----- 1 

~$~~ 
B B B 

0-
t--
t--
t--
t--

t--
t--
t--

7~~~< ~~~ 
_10/ 
CE M ALE RiJI;ow 

83551ROM + 1/01 
OR 

8755A [PROM + 1/01 

B B 
Figure 13a. 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM • 38110 Pins' 

Figure l3b shows a five chip system containing: • 1 Interval Timer 

• 1.25K Bytes RAM • 2 Interrupt Levels 

• 2K By1es ROM 

Vee 

l4 I "', GND 
MANUAL 

GND RESET 

IVss) 

r01 
X, X, 

ClK 

READY 

RES 
8284 

RESET 

RDY1 

/' /' 
.,. 

Vss vc~·,· 
; 

I I 
'~~ CE POR!~ 

O-~_WR ~ 
AD PORT 181 

81111102 B 

ALE PORTW DATAl C 18) 
ADDR 

IN_ 
101M TIMER 

RESET 
OUT I---

As-A19 ADDR 
-~ lOW 

V AD 
/1 P', 

,--
ADo-AD7 ADDRIDATA - ALE W ClK 

" ~~ 
PORT 

CE A 

~ ,... A._,. 
8088 1/ 835$02/ 

r- READY 875~A-~ , 

MN/MX t--Vcc DATAl 

~ 
-v ADDR 

ALE I-- 101M PORT ~ ~ RST® AD ~ f--~ RESET' B ~-
WR I-- I READY Vee 

I-- 101M I-- iOR .-J 

.---- I-- II I LROG 
I-- Vss Vee Voo 

Vee 

WR 
.... AD 

CD CE, 
8185-2 

ALE 

\1-- CS. 

IS-I-- CE, 

I \-1- As. Ag 

',,\ AD._, 

J 1 
v •• Vee 

, 7' 

Figure 13b. 8088 Five Chip System Configuration 
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8155H/8156H/8155H~2/8156H-2 

ABSOLUTE MAXIMUM RATINGS* 

TemperatureUnderBias .......•........ O°Cto+70·C 
Storage Temperature ............... -65·Cto+150·C 
Voltage on Any Pin 

With Respect to Ground ............... -0.5V to +7V 
Power Dissipation ..............•.............. 1.5W 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" milY cause permanent damage to .the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections ,of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = o·c to 70·C, Vee = 5V ± 10%) 

Symbol Parameter Min. Max. 'Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH "Input High Voltage 2.0 Vcc+O·5 V 

VOL Output Low Voltage 0.45 V ioL = 2mA 

VOH Output High Voltage 2.4 V ioH = -4001lA 

IlL I n put Lea kage ±10 IlA OV.;; VIN';; Vee 

ILO Output Leakage Current ±10 IlA 0.45V .;;; VOUT .;;; Vcc 

Icc Vcc Supply Current 125 mA 

IldCE) Chip Enable Leakage 
8155H +100 p.A OV.;; VIN';; Vee 
8156H ' -100 p.A 

A.C. CHARACTERISTICS (TA = o·c to 70·C, vee = 5V ±10%) 

8155H/8156H 8155H-218156H-2 

Symbol Parameter Min. Max. Min. Max. Units 

tAL Address to Latch Set Up Time 50 30 ns 

tLA Address Hold Time after Latch 80 30 ns 

tLC Latch to R EAD/wR ITE Control 100 40 ns 

tRO Valid Data Out Delay from READ Control 170 140 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

tll Latch Enable Width 100 70 ns 

tROF Data 8us Float After READ 0 100 0 80 ns 

tCl READ/WRITE Control to Latch Enable 20 10 ns 

tcc READ/WR ITE Control Width 250 200 ns 

tow Data In to WR ITE Set Up Time 150 100 ns 

two Data In Hold Time After WR ITE 25 25 ns 

tRY Recovery Time 8etween Controls 300 200 ns 

twp WRITE to Port Output 400 300 ns 

tPR Port Input Setup Time 70 50 ns 

tRP Port Input Hold Time 50 10 ns 

tSBF Strobe to 8uffer Full 400 300 ns 

tss Strobe Width 200 150 ns 

tRBE READ to Buffer Empty 400 300 ns 

tSI Strobe to INTR On 400 300 ns 
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intJ 8155H/8156H/8155H-218156H-2 

A.C. CHARACTERISTICS (Continued) (TA = O°C to 70°C, Vee = 5V ±10%) 

Symbol Parameter 

tRDI READ to INTR Off 

tpss Port Setup rime to Strobe Strobe 

tpHS Port Hold Time After Strobe 

tSBe Strobe to Buffer Empty 

tWBF WR ITE to Buffer Full 

tWI WR ITE tOINTR Off 

tTL TlMER·IN to TlMER·OUT Low 

tTH TIMER·IN to TlMER·OUT High 

tRDE Data Bus Enable from READ Control 

t, TIMER·IN Low Time 

t2 TlMER·IN High Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT u=x x= 2.0 2.0 . > TEST POINTS < . . 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FDA A LOGIC --". AND OA5V FOR 
A lOGIC' 0." TIMING MEASUREMENTS ARE MADE AT 2.QY FOR A LOGIC "1" 
AND a.sv FOR A LOGIC "0 

WAVEFORMS 

READ 

ce (8155H ) 

OR 

CE (8156H ) ;f-

101M \ 

7 .x ADDRESS 

'AD 

-tAL _ 
-tLA -

ALE / 1\ 
_ t

lL
_ 

8155H/8156H 8155H-2/8156H-2 

Min. Max. Min. Max. 

400 300 

50 0 

120 100 

400 300 

400 300 

400 300 

400 300 

400 300 

10 10 

80 40 

120 70 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

lC'~150PF TEST 

-::-
CL "" 150pF 
CL INCLUDES JIG CAPACITANCE 

_\ 

\. / 

I \ 

.x DATA VALID ~ 

V 
... t ROE _ 

_tRDF_ 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I\-'RO- II I\-
-tLC- _tCL-

-'cc- _tRV -
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inter 8155H/8156H/8155H·2/8156H-2 

WAVEFORMS (Continued) 

WRITE 

CE(8155H ) \ .,V \ 
OR 

) I ~I\. / 
101M \ "V ~ 

~ 

ADo-7 ~ ADDRESS K ~ DATA VALID ~K 

r---- tAl - r---- tlA -- ----- tow ---. ----'" tel-

ALE I 1\ It 
~, tLL' ---+-

--- t Lc ---:-1 ~tWD-

STROBED INPUT 

BF 

INTR 

INPUT DATA 
FRQMPORT 

J 
tS8F - t----

\/ 
~tss-

..-c-tpss 

)~ 

~ 
I==""tcc - I----- tRV-

'~~ tRBE 

\ ~ 1 
\~7 J 1 \ 

.. tpHS 

~ 
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intJ 8155H/8156H/8155H-218156H-2 

WAVEFORMS (Continued) ',' 
, ... c 

STROBED OUTPUT ) "\ "'" BF -/ STROBE , . ~~ J~~ . ''waF 

INTR ~ / T 
'wI 

T j 
~) WR \ J 

~ -'wp 

OUTPUT OATA 
TO PORT 

BASIC INPUT 

_~-=-------,tRP J-b' " ' tPR·J..l _ 
INPUT ==:>¢'--_______ ___ 

RD 

OATABU~* --~ - - - ,--v' 
- - - - - - _/\_----'---

TIMER OUTPUT COUNTDOWN FROM 5 TO 1 

TIMER IN 

TIMER OUT 
(PULSEI 

nMER-6UT 
(SQUARE WAVE! 

LOAD COUNTER FROM CLR _I 
I 2 I 1 

" !NOTE 1) " '- ___ J 

" '(NOTE 11 " 

'---------..1 
NOTE 1 THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 

RELOAD MODE IM1 MOCE 81~, = 1) 

~ 

BASIC OUTPUT 

\ -_tvt=-"""--~,. ••. =.::-.::--=--=-_J< ~ 
OUTPUT 

·OATA BUSTIMU'.iG IS SHOWN IN FIGURE 7. 

RELOAD COUNTER FROM CLR -I 
I 2 I , 
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inter 
8155/8156/8155-2/8156-2 '" : ' 

2048S-iT STATIC MOS· RAM WITI-II/O PORTS AND TIMER 

• 256 Word x 8 Bits • 1 Programmable 6·Blt 1/0 Port 

• Single +5VPower Supply • Programmable 14·Blt Binary Counterl' 

• Completely Static Operation 
Timer 

• Compatible with 8085A and 8088 CPU 
• Internal Address Latch • Multiplexed Address and Data Bus 

• 2 Programmable 8 Bit 1/0 Ports • 40 Pin DIP 

" ' .." " ".'. . 

The 8155 and 8156 are RAM and 1/0 chips to be used In the 80asA and 8088 microprocessor systems. The RAM portion 
Is designed ,with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and the 
5 MHz 8088 CPU. 

The 1/0 portion consists of three general purpose 110 portsO'One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate In handshake mode. 

A 14-blt program'mable counter/timer Is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 

, pc. 'l' ee 

G 
pc. PC2 

101M 
TIMER IN 3 PC, 

PORT A 

8 P~7 
RESET PCo 

Pes' PB7 
ADO .... 7 256X8 TIMER OUT PB. 

STATIC 101M PB. 
RAM 

G 
* CE OR CEo, PB. 

PBo-7 RJj PB. 
ALE WR PB2 

AD ALE PB, 

ViR 

B 
ADo PBo 

PCo- s 
AD, PA7 

RESET TIMER AD2 PAa 

AD. PAs 

AD. PA., 

TIMER ClK Vee f+5V) ADs PA. 
TIMER OUT Vss IOV) AD. P~ 

AD, PA, 

': 8155/8155-2 = CE, 8156/8156-2 = C!, 
V .. PAa 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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8155/8156/8155-2/8156-2 

ABSOLUTE MAXIMUM RATINGS· 

TernperatureUnderBias ....•........... 0·Cto+70·C 
StorageTernperature ............... -65·Cto +150·C 
Voltage on Any Pin 

With Respectto Ground ............... -0.5V to +7V 
Power Dissipation .................•........... 1.5W 

·NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS ITA = O·C to. 70·C; Vee = 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee-!{)·5 V 

VoL Output Low Voltage 0.45 V IoL=2mA 

VoH Output High Voltage 2.4 V IoH =-400pA 

IlL Input Leakage ±10 fJ.A OV ... VIN'" Vce 

ILO Outpui: Leakage Current ±10 pA 0.45V '" VOUT '" Vee 

lee Vee Supply Current 180 rnA 

IILlCE) Chip Enable Leakage 
8155 +100 p.A OV",VIN "'Vee 
8156 -100 p.A 
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8155/8156/8155-2/8156-2 

A.C. CHARACTERISTICS (TA = o°c to 70°C; VCC = 5V ± 5%) 

8155/8156 :, 8105:2/8156-2 ',,! 

SYMBOl. PARAMETER MIN. MAX. MIN. MAX. 

, tAL Address to Latch Set Up Time 50 30 

tLA Address Hoill Time after Lirtch 80 30 

tLC Latch to R EADIWR ITEControl 100 40 

tRO Valid Data Out Delay from READ Control 170 140 

tAD Address Stable to Data Out Valid 400 330 

tLL Latch Enable Width 100 70 

tROF Data Bus Float After READ 0 100 0 80 

tCl ,R EADIWR ITE Control to Latch Enable 20 10 

tcc R EADIWR iTE Control Width 250 200 " 

tow Data In to WRITE Set Up Time 150 100 

two Data In Hold Time After WRITE 25 25 

tRY Recovery Time Between Controls 300 200 

twp WRITE to Port Output 400 300 

tpR Port Input Setup Time 70 50 

tRP Port Input Hold Time 50 10 
" 

tSBF Strobe to Buffer Full 400 300 

tss Strobe Width 200 150 

tRBE READ to Buffer Empty 400 300 

tSI Strobe to INTR On 400 300 

tROI READ to INTR Off 400 300 

tpss Port Setup Time to Strobe Strobe 50 0 

tpHS Port Hold Time After Strobe 120 100 

tSBE Strobe to Buffer Empty 400 300 

tWBF WR ITE to Buffer Full 400 300 

tWI WR ITE to I NTR Off 400 300 

tTL TlMER·IN to TIMER·OUT Low 400 300 

tTH TIMER·IN to TlMER·OUT High 400 300 

tROE Data Bus Enable from READ Control 10 10 

t1 TIMER·IN Low Time 80 40 

t2 TIMER·IN High Time 120 70 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

'.'=X lC 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

AC. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "'" AND 0.45V FOR 
A LOGIC "D." TIMING MEASUREMENTS ARE MADE AT 2.0V FOA A LOGIC "1" 
AND a.sv FOR A LOGIC "0 .. 

DEVICE 
UNDER 

'1CL~150PF TEST 

"::" 

CL = 150 pF 
CL INCLUDES JIG CAPACITANCE 

7-44 

UNITS 

ns , 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

AFN-00201D 



inter 
8185l8185-2 . 

1024 x 8-BIT STATIC RAM FOR MCS-85~ 

• Multiplexed Address and Data Bus 

• Directly Compatible with 8.085A 
and iAPX 88 Microprocessors 

• Low Operating Power Dissipation 

• Low Standby Power Dissipation 

• Single +5V Supply . 

• High Density 18-Pln Package 

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus aliowsthe 8185 to interface directly to the 8085A and 
iAPX 88 mi~roprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085A-2 ;ind theS MHz iAPX 88. 

cs 
CE, 
CE2 R/W 
RD LOGIC 
WR 

ALE 

DATA 1K x 8 
ADo-Ail? BUS RAM 

MEMORY BUFFER ARRAY 

As,Ag ="===L---1 ALE -

Figure 1: Block Diagram 

ADo 

AD, 

AD2 

ADa 

AD, 

ADs 

ADs 

Ail? 

Vss 

ADo-Ail? 
·As,Ag 
cs 
CE, 
CE2 
ALE 
WR 

Vee 

RD 

WR 

ALE 

CS 

CE, 

CE2 

Ag 

As 

ADDRESsIDATA LINES 
ADDRESS LINES 
CHIP SELECT 
CHIP ENABLE (ID/M) 
CHIP ENABLE 
ADDRESS LATCH ENABLE 
WRITE ENABLE 

Figure 2_ Pin Configuration 

Inte' Corporation Assumes No Reaponsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses ale Implied. 
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8185/8185-2 

FUNCTIONAL DESCRIPTION 
The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
808SA microprocessor. 

At the beginning of an 8185 memory access cycle, the 8-
bit address on ADo-i', As and Ag, and thestatusofCEl and 
CE2 are all latched internally in the818S by the falling edge 
of ALE. If the latched status of both CEl and CE2 are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal. input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CEl and CE2 are 
activated selectively to power down the 8185 when it is not 
in use. A possible connection would be to wire the 808SA's 
10/M line to the 818S's CEl input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 

Table 1. 
Truth Table for 

Power Down and Function Enable 

CEl CEz CS (CS*)12] , 8185 Status 

1 X X 0 Power Down and 
Function Disablell] 

X 0 X 0 Power Down and 
Function Disable!l] 

0 1 1 0 Powered Up and 
Function Disable!l] 

0 1 0 1 Powered Up and 
Enabled 

NOTES: 
X: Don't Care. 
1: Function Disable implies Data Bus in high impedance state 

and not writi ng. 
2: CS' = (CEl = 0) • (CE2 = 1) • (CS = 0) 

CS· = 1 signifies all chip enables and chip select active 

Table 2. 
Truth Table for 

Control and Data Bus Pin Status 

ADI).7 During Data 
(CS*) RD WR Portion of Cycle 8185 Function 

0 X X Hi-Impedance No Function 

1 0 1 Data from Memory Read 

1 1 0 Data to Memory Write 

1 1 1 Hi-Impedance Reading, but not· 
Driving Data Bus 

NOTE: 
X: Don't Care. 

------
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Vss Vee 

I I I 
TRAP 

X, X, RESEt 'NHOlO I-
RST7,5 HLDA r-
RST6.5 8085A SOD r-
RST5.5 SID I-
INTR S,r-
1IIITA RESET s"r-ADDR! OUT 

ADDR DATA ALE i!fij WR IO/~ ROvelK 

IS, IS' 11 
IH- ~ POR~~ 

WR ~ PORT 
iW 8156 B {Si 

~lE PORT~ 
DATAl C {61 

ADOR 

" IN 
IO/~i TIMER f:=: RESET OUT 

lOW 

iW 

ALE 

~ PORT Ih- OE A 

I ~;:: -" AsIO 
... 83551 

8755A 
DATAl 
ADOR 

101M 

~ PORT 

RESET B 

ROY 

~ elK 

vs~ v!c )00 tROG 

WR 

iW 

CE'8185 
ALE 

I ~t-- CS,CE2 

I ~t-- As.Ag 
Jj, 

ADo.7 

v!s v!c 

/' 

Figure 3. 8185 in an MCS·85 System 

4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 I/O Lines 
1 CounterlTimer 
2 Serial I/O Lines 
5 Interrupt Inputs 

Vee 

Vee 
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inter 8185/8185-2 

IAPX 88 FIVE CHIP SYSTEM: 

• 1.25 K Bytes RAM 
• 2 K Byt~s ROM 
• 38110 Pins 
• 1 Internal Timer 
• 2 Interrupt Levels 

, Vss Vee 

1 I 
~- ~ POR!~ 

~t--WR ~ iiii POR~ (8) 

.161-2 

ALE PORT~ 
DATAl C (6) 
ADDR ' , 
.. ', ,IN -loiM TIMER 

RESET 
OUT r-

Aa-A19 ADDR iOW 

iiii 
f-"-CLlDo-A07 ADDRIDATA ALE 'PORT ~ ,---
~~ CE, A 

~~ 
J-. AS_10 

8088 -V 836WI 
r- READY 

.Jo. 
871i&A-2 

MN/MX I--Vee DATAl 
ADDR 

rDl ALE i- r- fN 101M' PORT 

RST ® iiii i- t--t- -~---: RESET, B 
X, X2 

ClK WR i- 'or R'EADY 
Vee 

READY t-- 101M r- Illii ...J 

RES r----- r- LpROG - ' I II 
RESET r- Vss Vee VDO 

RDY1 Vee 

iNA .... iiii 

(j) CE, 81115-2 , 
ALE ., 

I ~r- cs. 
Ifr- CE2 " 

I~- AetAg 

V ADo_7 

-, 

J 
Vss L 

/' 

Figure 4. IAPX 88 Five Chip System Configuration 
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inter 818518185-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ....••........ o·c to +70·C 
Storage Temperature ............•. -65·C to +150·C 
Voltage on Any Pin 

with Respect to Ground ......•...•... -0.5V to +7V 
Power Dissipation. ........•••.......••.•....... 1.5W 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of.this specifi
cation is not implied. Exposure to absolute l7Jaximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS(TA = o·c to 70·C, Vcc = 5V ± 5%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+0.5 V 

VOL Output Low Voltage 0.45 V IOL = 2mA 

VOH Output High Voltage 2.4 IOH = - 400/LA 

IlL I nput Leakage ±10 /LA OV "VIN .. Vee 

ILO Output Leakage Current ±10 /LA 0.45V ~ VOUT ~ Vcc 

Icc Vcc Supply Current 
Powered Up 100 mA 
Powered Down 35 mA 

A.C. CHARACTERISTICS (TA = o·c to 70·C, Vcc = 5V ± 5%) 

8185 8185-2 

Symbol Parameter Min. Max. Min. Max. Units 

tAL Address to Latch Set Up Time 50 30 ns 

tLA Address Hold Time After Latch 80 30 ns 

tLC Latch to READ/WRITE Control 100 40 ns 

tRO Valid Data Out Delay from READ Control 170 140 ns 

tLO ALE to Data Out Valid 300 200 ns 

lLL Latch Enable Width 100 70 ns 

tROF Data Bus Float After READ 0 100 0 80 ns 

tCL READ/WRITE Control to Latch Enable 20 10 ns 

tcc READ/WRITE Control Width 250 • 200 ns 

tow Data In to WRITE Set Up Time 150 150 ns 

two Dat{lln Hold Time After WRITE 20 20 ns 

tsc Chip Select Set Up to Control Line 10 10 ns 

tes Chip Select Hold Time After Control 10 10 ns 

tALCE Chip Enable Set Up to ALE Falling 30 10 ns 

tLACE Chip Enable Hold Time After ALE 50 30 ns 
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inter 8185/8185-2 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2." =>(2.0 2.o)C 
0.8> TEST POINTS < 0.8 

0.45 - -

A.C. TESTING, INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC .. , .. AND O.45V FOR 
A LOGIC ··0:· TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC .. , .. 
AND 0.8V FOR A LOGIC ··0:· 

WAVEFORM 

ALE 

(CE1"'0). 

IC E2-1) 

WR,iffi 

ADO·AD-, 
(As.A91 

ADO-AD7 

----' 

\,--_~/_---J 
(SELECTED) 
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DEVICE 

i}CL='50PF UNDER 
TeST 

Cl "" 150pF 
CL INCLUDES JIG CAPACITANCE 

(READ CYCLE) 

(WA ITE CYCLE) 

F-----X-
(DESELECTED) 
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8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 

• I/O Port or Memory Selector 

• Simple Expansion - Enable Inputs 

• High Speed Schottky Bipolar 
Technology -18ns Max. Delay 

• Directly Compatible with TTL Logic 
Circuits 

• Low Input Load Current - .25 mA 
max., 1/6 Standard TTL Input Load 

• Minimum Line Reflection - Low 
Voltage Diode Input Clamp 

• Outputs Sink 10 mA min. 
• 16-Pin Dual-In-Line Ceramic or 

Plastic Package 

The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports; and memory 
components with active low chip select input. When the/8205 is enabled, one of its 8 outputs goes "low," thusasingle row 
of a memory system is selected. The 3-ch ip enable inputs on the '8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of O°C to + 75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 

AO 

A, Ao V.cc 

A, A, 0 0 

A2 0, 
8205 

E, °2 

E, E2 0 3 

E, E3 °4 

E, 0, Os 

GRD 0 6 

ADDRESS ENABLE OUTPUTS 

An A, A, E, E, EJ 0 , , 3 4 ; 6 I 

L L L L L H L H H H H H H H 
H L L l L H H L H H H H H H 
L H l L l H H H L H H H H H 
H H l L l H Ii Ii Ii l H H Ii H 
L L Ii L L Ii Ii H H H l H H Ii 
Ii L Ii L L H Ii H H Ii H l H H 
l Ii Ii l L H Ii Ii H H H H L H ADDRESS INPUTS 
Ii Ii Ii L L Ii Ii Ii Ii Ii Ii H H l 
X X X l L l H Ii H H f1 H H H ENABLE INPUTS 
X X X Ii L l H Ii H H H H Ii H DECODED OUTPUTS 
X X X l H l H H H H H H H H 
X X X Ii Ii l H H H H H H H H 
X X X Ii L Ii Ii H H H H H H H 
X X X l H Ii Ii H H Ii Ii " Ii Ii 
X X X Ii Ii Ii H Ii Ii Ii Ii Ii Ii H 

Figure 1. Logic Symbol Figure 2. Pin Configuration 
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8205 

FUNCTIONAL DESCRIPTION 

Decoder 

The 8205 coritains a one out of eight binary decoder. It ac· 
cepts a tl)ree bit binary code and by gating this input. creates 
an exclusive output that represents the value of the input 
code. . 

For example. if a binary code of 101 was present on the AO. 
A 1 and A2 address input lines. and the device was enabled. 
an active low signal would appear on'the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high. thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 

Enable Gate 

When using a decoder it is often necessary to gate the out· 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has',a built·in function for such gating. The three 
enable inputs (El. E2. E3) are, ANDed together and create 
a single enable signal. for the decoder. The combination of 
both active "high" and active "low" device enable inputs 
provides the designer with a powerfully flexible gating func· 
tion to help reduce package count in his system. 
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Au 

A, 

A, 

ENABLE GATE 
E,----<:r-..... r. E,----L.-' 

DECODER 

IEHH31 

Figure 3. Enable Gate 

ADDRESS ENABLE OUTPUTS 

Ao A, A2 E, E2 E3 0 1 2 3 4 

l l l l l H l H H H H 
H l l l l H H l H H H 
l H l l l H H H L H H 
H H l l l H H H H l H 
l l H L l H H H H 'H l 
H l H l l H H H H H H 
l H H l l H H H H H H 
H ... H L L H H H H H H 
X X X l L l H H H H H 
X X X H l l H H H H H 
X X X l H l H H H H H 
X X X H H l H H H H H 
X X X H l H H H H H H 
X X X l H H H H H H H 
X X X H H H H H H H H 

0-;; 

0; 

0. 

0. 

0. 

0. 

0; 

0, 

5 6 7 

H H Ii 
H H H 
H H H 
H H H 
H H H 
L H H 
H l H 
H H L 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 



inter 8205 

Applications of the 8205 

The 8205 can 'be used in a wide variety of applications in 
microcomputer syn.ems. tlO ports c~n be decoded from the 
,address bus, chip '~elect signals can be generated to select 
memory devices aOd the type of mac;!1ine state such as in 
8008 systems can 'be derived from a simple decoding of the 
state lines (SO, S1; 52) of the 8008 CPU. 

! 

1/0 PORT DECODER 
Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as· 
signed a value of 1 and is the lSB; A4 is assigned a value of 
16 and is the MSB~ By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
<the outputs of the 8205s. 

This circuit can be used to generate 'enable signals for I/O 
,ports or any other decoder related application. 

Note that no external gating is required to decode up to 24 
exclusive devices and that-aslmpIEi'iidc:iition of an inverter 
or two will allow expansion to even larger decoder net· 
works. 

C"IP SELECT'DECODER 
Using 'a very similar circuit to the I/O port decoder, an ar" 

Ao Ao , 0, :>--

A, A, 0, :>--

A, A, 0, :>--

0, :>--
8205 

0, :>--

A, E, 0, :>--

A, E, 0,D--

EN E, O,D--

_A, O,D--

_A, O,D--

-A, O,D-- 10 

8205 
O,D-- " PORT 

O,D-- 12 NUMBERS 

e; o,D-- 13 

EN E, 0,D--

E, o,~ " 

'--Ao o,~ 16 

-A~ o,~ 17 

~A2 o,~ 16 

82<1. 
o,~ 

o,~ 
" 
2. 

E, o,~ 21 

EN E, o,p-- 22 

E, o,~ 23 

Figure 4. 1/0 Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. . ,,: 

The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 2708s and 2114As are devices 
typically U!~edfor this application. This type of memo~y 
device h8!l tim (10) addre.ss inputs and an activ,e "low" 
,?hip select (CS). The- lower order adcii-ess bits AD-A9 
which come from the microprocesSor are "bu'Ssed" to all 
memory elements and the chip select to enable a specific 
device, or group of devices comes from the array of 8205s. 
The outpu, ofthe820f;iis active low so it is directly compat
ible with the memol¥ components. 

Basic operation is that the CPU issues an address to identify 
a specific memory loclltion in ~hich it wishes to ,"writ,," or 
"read" data. The mast signific,m, ad(jress bits A10-A14 are 
decoded by the ar~ay of 82055 and an exclusive, active low, 
chip select is generated that enables a specifi!; memory de
vice. The least significant address bits Ao-A9 identify a 
specific location, within the selected device. Thus, all ad' 
dresses throughout the entire memory, array are exclusive 
in nature 'and are nan-redundant. 

This technique can be expanded almost indefinitely to sup
port,even larger systemswith,the addition of,a few inverters 
and an extra'dec,oder (8205). 

An 

A" 

A" 

A" 

GNO 

Ao 
A, 

A, 

8205 

E, 

E, 
E, 

-Ao 
-A, 

-A, 

8205 

E, 

e; 
E, 

'---Ao 
'----- A, 

"------ A, 

82115 

E, 

e; 
E, 

0,D--

0,:>--

0,:>--

0,D--

0; D--

cs, 

cs, 

C,, 
C5.s 
CS; 0, D--' 

08P----' 

o,p--

0,:>--' 

0,:>--

0,:>--

0,:>--

O;D--

O,D--

0.D--

0,D--

o,p--
o,p--
o,p--
o,~ 

o.~ 
o,p--
o.p--
o,~ 

cs,o 

cs" CHIP 
a;; SELECTS 

OS;; 

es;. 
cs" 

Figure S. 24K Memory Interface 
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ABSOLUTE MAXIMUM RATINGS· 
Temperature. Under Bias: 

Ceramic ..................•...... :.~65?C to +125°C 
Plastic ............................ -65°C to + 75°C 

Storage Temperature ............... -65°C·to +160°C 
All Output or Supply Voltages ........ -0.5 to +7 Volts 
All Input Voltages .................. -1.0 to +5.5 Volts 
Output Currents ............................. 125 mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum R/itings" may C81lSe permanen~ ,damage to the 
device. This is a stress,rating only and fl)nctional opera
tion of the device at these or at any other condition above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA =O°C to +7$OC, VCC = 5V ±5%) 

Limit 
Symbol Parameter Min. Max. Unit Test C.ondltlons 

IF INPUT LOAD CURRENT .. -0.25 rnA Vee = 5.25V, V F = 0.45V 

IR INPUT LEAKAGE CURRENT 10 ~A Vee = 5.25V, VR = 5.25V 

Ve INPUT FORWARD CLAMP VOLTAGE -1.0 V Vee = 4.75V, Ie = -5.0 rnA 

VOL OUTPUT "LOW" VOLTAGE 0.45 V . Vee -4.75V,I OL - 10.0 rnA 

VOH OUTPUT HIGH VOLTAGE 2.4 V Vee = 4.75V, IOH = -1.5 rnA 

V,L INPUT "LOW" VOLTAGE 0.85 V Vee = 5.0V 

V,H INPUT "HIGH" VOLTAGE 2.0 V Vee = 5.0V 

'se OUTPUT HIGH SHORT -40 -120 rnA Vee = 5.0y,VouT = OV 
CIRCUIT CURRENT 

Vox OUTPUT "LOW" VOLTAGE 0.8 V Vee = 5.0V, lox = 40 rnA 
@ HIGH CURRENT I 

lee POWER SUPPL Y CURRENT 70 rnA Vee = 5.25V 

A.C. CHARACTERISTICS (TA = O°C to + 75°C, VCC = 5V ±5%; unless otherwise specified) 

Symbol Parameter Max. Limit Unit Test Condit.ions 

'++ 18 ns 

t -+ ADDRESS OR ENABLE TO 18 ns 
OUTPUT DELAY 

. 
t+ _ 18 ns 

t 18 ns 

C'N 
(1) INPUT CAPACITANCE' P8205 4(typ.) pF f = 1 MHz, Vee = ov 

C8205 5(typ.) pF VSIAS = 2.0V, T A = 250 e 

1. ThiS parameter IS periodically sampled and IS not 100°'0 tested 

TYPICAL CHARACTERISTICS 

OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT '"LOW" VOLTAGE OUTPUT'"HIGH"VOLTAGE DATA TRANSFER FUNCTION 

100 0 &0 

TA -; 75°C -. .V" r-- ~cc & o~ f{-. 
Vc "50\1 - c--

80 
TA '" 25 C __ r.... ~ 10 I VI/' i;; '2& C 

40 
Vee" S,OV ~ TA = OOC 

" 
1A " o°c-~'f/ 1A " 750C 

1# .5 I T -°rc .' ,."',',', " 

60 ~ -20 3.0 

J ~ [\ ~ 
'" 

.. 
f--\-~ il I 2.0 

1A " 25'C 
40 , ~ 

-30 , . \ ~ I T " 7 OC r--1 
T. 15oc~ ~ => j \ 20 0 -40 '0 

h r- t- 1.6,"00(: If 1\ \ 
H - TA '" 25 C ,4 \... ~ ~ 0 -&0 0 

0 2 4 6 8 10 0 10 2.0 3.0 4.0 &.0 0 2 4 6 8 1.0 , 2 1.4 1.6 1.8 2.0 

OUTPUT "LOW" VOL TAGE (VI OUTPUT "HIGH" VOL rAGE (V) INPUT VOL TAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 

ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 

20 r-------------, 

15 

Vcc = 5.DV 
TA = 25'C 

LOAD CAPACITANCE (PF) 

SWITCHING CHARACTERISTICS 

TEST LOAD 

CONDITIONS OF TEST: TEST LOAD: 

Input pulse amplitudes: 2.5V 

Input rise and fall times: 5 nsec 
between 1 V and 2V 

Measurements are made at 1.5V 

WAVEFORMS 

ADDRESS DR ENABLE 
INPUT PULSE --~L'''4 

OUTPUT 
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ADDRESS OR ENABLE TO OUTPUT 
DELAY vs. AMBIENT TEMPERATURE 

2Or--------------, 

4-.1--

--------L~-----~----

O~O---~2=5----~~----=75 

AMBIENT TEMPERATURE ("C) 

39011 

All Transistors 2N2369 or EqUIvalent. CL ,: 30 pF 

},'-
, , . 

~----------------
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8212 

8-BIT INPUT/OUTPUT PORT 

• F~lIy Parallel8-Blt Data Register and Buffer 

• Service Request Flip-Flop for 
Interrupt Generation 

• Low Input Load Current - .25mA Max. 

• Three State Outputs 

• Outputs Sink 15 mA 

• 3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 

• Asynchronous Register Clear 

• Replaces Buffers, Latches and 
Multiplexers In Microcomputer Systems 

• Reduces System Package qount 

The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

ITI> OS2 

[I> MO ---'-HH_" 

lIT> STB ~--+---t_J 

[E> 0 '4 ---~----I--H 

II9 DiS -------+-H 

~Ol7-------+_+t 

§> O'8-------'---I--H 

(g> ClR----....::::::::r),f--.L.-J 

Figure 1. Logic Diagram 
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os, vee 
MD INT 

01, 01. 

DO, DO. 

01, 017 

DO, 007 , 

Oi, 01. 

DO, DO. 

01. 01, 

DO. DO, 

STS CLR 

GND OS, 

Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

Data Latch 
the 8 flip-flops that make up the data latch are of a "0" 
type design. The output (0) of the flip-flop will follow the 
data input (0) while the cloCk input (C) i.s high-:Latching 
will occur when the clock (C) returns low. . 

The latched data is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 

Output Buffer 
The outputs of the data latch (0) are connected to 3-state, 
non-inverting output buffers. These buffers h8.ve a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (0) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 

The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 

Control Logic 
The 8212 has control inputs OSl, OS2, MO and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 

DS1, DS2 (Device Select) 
These 2 inputs are used for device selection. When OS1 is 
low and OS2 is high (OSl 'OS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip.-flop (SR) is asynchronously set. 

MD (Mode) 
This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 

When MO is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (OSl ' OS2). 

When MO is low (input mode) the output buffer state is 
determined by the device selection logic (E5S1' OS2) and 
the source of clock (C) to the'data latch is the STB 
(Strobe) input. 

STB (Strobe) 
This input is used as the clock (C) to the data latch for the 
input mode MO = 0) and to synchronously reset the 
service request flip-flop (SR). 

Note that the SR flip-flop is negative edge triggered. 

Service Request Flip-Flop 
The (SR) flip-flop is used to generate and control 
interrupts in microcomplJter systems. It is asynchron
ouslyset by the CLR input (active low). When the (SR) flip
flop is set it is in the non-interrupting state. 

Tlle'output of the (SR)flip"flop (O)is connected to an 
inverting input of a "NOR" gate. The other input to the 
"NOR" gate is non-inverting and ill connected to the 
device selection logic (OSl ' OS2). 'Ihe output of the 
""lOR'" gate .(INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 

IT> OSl 

I!]> DS2 

SERVICE REOUEST FF 

IT> MD ---+HL.....~ 

ID> STB ~---t_~ 
OUTPUT 
BUFFER 

DO, f3> 

DO, I!E> 

ISTB~D---·-iPS~-·Ds;I:-~DA·TA OUT ECi'liAlSl 
I 0 . 0 0 '3·STATE I ClR (~·0521' STB ·SR! INT I 

0: 0 ~ 0 ~ 1 1- --, 
O. 1 . 0 .' 0 
1 1 '- 0 I 0 
1 l' 0 . 1 0 

r ~ ~. ~ ~!::::Tl~TCH ; 
[ 1 : 1 0 DATA lATCH ' 

1 0 0 1 1 

_J 1 .INTE~Al ~R~P'FL~P 0 

i ~ . g ~ g:~: ~NATCH 
. 0 . 1 DATA IN 

L_'. L!_ DATA IN 
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CtJi - RESETS DATA LATCH 
SETSSR FlIP·FLOP 
(NO EFFECT ON OUTPUT BUFFER) 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias Plastic •..•••• O·C to +70·C 
Storage Temperature ........•..... -65·C to +160·C 
All Output or Supply Voltages ........ -0.5 to +7 Volts 
All Input Voltages .••.•..•.•.....•.. -1.0 to 5.5 Volts 
Output Currents .............................. 100mA 

8212 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functionalopera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA=O°C to +75°C. Vcc=+5V ± 5%) 

Symbol Parameter 

IF Input Load Current. ACK. 052. CR. 
011-018 Inpu'ts 

IF Input Load Current MO Input 

IF Input Load Current OS1 Input 

IR Input Leakage Current. ACK. OS. CR. 
011-018 Inputs 

IR Input Leakage Current MO Input 

IR Input Leakage Current OS1 Input 

Ve Input Forward Voltage Clamp 

V,l Input "Low" Voltage 

V,H Input "High" Voltage 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 

Ise Short Circuit Output Current 

1101 Output Leakage Current High 
Impedance State 

Icc Power Supply Current 

CAPACITANCE· (F = lMHz. VSIAS = 2.5V. 
Vee = +5V. TA = 25°C) 

Limits 
Symbol Test 

Typ. 

C'N 051 MO Input Capacitance 9pF 

C'N 052• CLR. STB. 011-018 
Input CapaCitance 5pF 

COUT 001-008 Output CapaCitance 8pF 

'This parameter is sampled and not 100% tested. 

A.C. TESTING LOAD CIRCUIT 

.,... Vee 

DEVICE 
UNDER 

TEST 

CL INCLUDES JIG CAPACITANCE 

R, 

Max. 

12pF 

9pF 

12pF 

Limits 
Unit Test Conditions 

Min. Typ. Max. 

-.25 mA VF = .45V 

-.75 mA VF = .45V 

-1.0 mA VF - .45V 
'. 

10 IJA VR ~ Vee 

30 IJA VR ~ Vee 

40 IJA VR ~Vee 

-1 V Ie = -5mA 

.85 V 

2.0 V 

.45 V 10l = 15mA 

3.65 4.0 V 10H = -lmA 

-15 

7-57 

-75 mA Vo = OV. Vee = 5V 

20 IJA Vo = .45V/5.25V 

90 130 . mA 

SWITCHING CHARACTERISTICS 
Conditions of Test 

Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times 5ns 
Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load 

NOTE: 
1 Test 

tPD. tWE. tR. ts. Ie 

tEo ENABLEI 

tEo ENABLE I 

tE, DISABLE! 

IE. DISABLEI 

CL' 

30pF 

30pF 

30pF 

5pF 

5pF 
.. 'Includes probe and Jig capacitance. 

R1 R2 

300n 600n 

10Kn 1Kn 

300n 600n 

300n 600n 

10Kn 1Kn 
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A.C. CHARACTERISTICS (TA = O·C to + 70·C, Vee = +5V ± 5%) 

Limits 
Symbol Parameter Unit Test Conditions 

Min. Typ. Max. 

tpw Pulse Width 30 ns 

tPD Data to Output Delay 30 ns Note 1 

tWE Write Enable to Output Delay 40 ns Note 1 

tSET Data Set Up Time 15 ns 

tH Data Hold Time 20 ns 

tR Reset to Output Delay 40 ns Note 1 

ts Set to Output Delay 30 ns Note 1 

tE Output Enable/Disable Time 45 ns Note 1 

te Clear to Output Delay 55 ns Note 1 

APPLICATIONS 

Basic Schematic Symbols 

Two examples of ways to draw the 8212 on system schematics-(1) the top being the detailed view showing pin numbers, 
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing 
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines. 

INPUT DEVICE 

16 ,. 

11 

STB 
01 DO 

8212 

INPUT 
STROBE----;::=L-, 

SYSTEM 
INPUT 

GNO 

10 
15 
17 I. 
21 
23 

mETAllEO~ 

(SYMBOLIC) 

DATA BUS 

OUTPUT DEVICE 

,., 
STB 

01 DO 

10 
16 8212 15 
18 17 

20 19 

22 lNT CLR 21 
23 MO 14 

SYSTEM 
OUTPUT 

Figure 3. Basic Schematic Symbols 

Gated Buffer (3-State) 
The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 
buffers lI.re then enabled from the device selection logic 
051 and- 052. 

When the device selection logic is false, the outputs are 3-
state. 

When the device selection logic is true, the input data from 
the system is directly transferred to the output. The input 
data load is 250 micro amps. The output data can sink 15 
milli amps. The minimum high output is 3.65 volts. 

Vee -..,-------..., 

INPUT 
DATA 
(250 pAl 

GATING { 
CONTROL 
(OSI.0S2) ____ --__ ..1 

Figure 4. Gated Buffer 

OUTPUT 
DATA 
(15mA) 
(~.65V MIN) 
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BI-Dlrectlonal Bus Driver 
A pair of 8212's wired (back-to-back) can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled by the data bus input control which is 
connected to OS1 on the first 8212 and to OS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in sma" system design. 

DATA 
BUS 

DATA BUS 
CONTROL 
10= L - RI 
(I '" R-l) 

1 
;. 

-

STB 

8212 ,1 
V r--r-

r CLR 

Y G~O L-. 

STB 

~ 8212 

L " 
CLR 

---.l f-5' 
GND 

Figure 5. Bidirectional Bus Driver 

Interrupting Input Port 

DATA 
BUS 

This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true - enabling the system input data 
onto the data bus. 

SYSTEM 
INPUT 

SYSTEM 
RESET 

SELECTION 

STB 

PORT { 

IOSl.0S21 -------' 

DATA 
BUS 

+--___ T~C~~~~R~6~)CKT 
OR 

TO CPU 
INTERRUPT INPUT 

Figure 6. Interrupting Input Port 

8212 
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Interrupt Instruction Port 
The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge Signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (OS1 could be used 
to multiplex a variety of interrupt instruction ports onto a 
common bus). 

RESTART 
INSTRUCTION 
(RST 0 - RST 7) 

STB 

DATA 
BUS 

(OSI) PORT SELECTION 

INTERRUPT ACKNOWLEDGE ____ --l 

Figure 7. Interrupt Instruction Port 

Output Port (With Hand-Shaking) 
The 8212 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand
shaking signal such as "reception of data" from the device 
that the system is outputting to. It in turn, can interrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.( OS1 • OS2) 

SYSTEM 
INTERRUPT 

DATA 
BUS 

r----- OUTPUT STROBE 

STB 

SYSTEM OUTPUT 

SYSTEM RESET 

} 
PORT SELECTION 

'-____ - :~~~~~2~ONTROl) 

Figure 8. Output Port 
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808A Status Latch 

Here the $212Js used as the status latch for an SOSOA 
mic;rocornputer .!lystem. The input to thelj212 latch is 
direc;tlyfrom the SOSOt\. data bus .. Timing shows that when 
the SYNC signalis true, whichJs connected to the .052 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the S212. . 

~ 10 
9 0, 
8 , O2 
7 

0 3 3 

8.080A 
0, 

4 
Os 5 
06 6 
0, 

SYNC 

DBIN 

.1 02. 

12V" .. 

ovJ . \.. . ....::: 

22 15 

~ 

CLOCK GEN. 
& ORIVER 

19 

r!Z---

--
~TL) 

I 

Note: The mode signal islied high so that the output on the 
latch. is active and enabled all the time. 

~ 
~ 7 

9 
16 
18 
20 
22 

r;1 

01 

,2 

SYNC 

'STATUS 1---f.'.J\.~-l 

STATUS 
LATCH 

0, Do 

8212 

CLR 
DS2 MD OS, 

13 12 '(, 

~ 
~ 
10 
"is 
iT 
"fg-
2r -=-

INTA 

we 
STACK 
HLTA 
OUT 
Ml 
IN~ 
MEMR 

DBIN 

DATA BUS 

BASIC 
CONTROL 
BUS 

It is shown that the two areas of concern are the bi
directional data bus of the microprocessor and the control 
bus. 
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TYPICAL CHARACTERISTICS 

INPUT CURRENT VS. INPUT VOLTAGE 

-50 

~ -100 

5 
~ -150 
::> 
u 

~ 
! -200 

-250 

-300 
-3 

Vee '!5.OV 

~ ~ 
"" 

TA • cre V VT. -25'C 
VTA -75"C 

V 

-2 ·1 +1 +2 

INPUT VOLTAGE (V) 

OUTPUT CURRENT VS. 
OUTPUT "HIGH" VOLTAGE 

OUTPUT "HIGH" VOLTAGE (V) 

DATA TO OUTPUT DELAY 
VS. 'TEMPERATURE 

+3 

22,-----,-----,-----,-----,-----, 
Vee -+5.0V 

2O~----+_----+_----+_----+_--__I 
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WAVEFORMS 
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8216/8226 

4·BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

• Data Bus Buffer Driver for 8080 CPU • 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 

• Low Input Load Current - 0.25 mA 
Maximum 

• 3·State Outputs 

• High Output Drive Capability for 
Driving System Bus • Reduces System Package Count 

The 821618226 Is a 4-blt bidirectional bus driver/receiver. All inputs are low power TIL compatible. For driving MOS, the 
DO outputs provide a high 3.65V VoH, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 rnA IOL capability. A non-Inverting (8216) and an inverting (8226) are available to meet a wide variety of applica· 
tions for buffering In microcomputer systems. 

'Note: The specifications for the 321613226 are identical with those for the 821618226. 

8216 8226 

D'o 01, 
a Vee 

DB, DB, DOo OlEN 

DO, DO, De, DO, 

D'o D8, 
DI, 01, , 

DB, DB, 
DO, D,> 

DO, DO, D8, DO, 

DI, 01, 
DI, DB, 

DB, DB, 
GND D~ 

DO, DO, 

DI, 01, 

DB, ~--oDB, 

DO, DO, 

oa,.DB, DATA SUS 
BI·DIRECTIONAL 

D'o.D,> DATA INPUT 

000.003 DATA OUTPUT 

'-----+_--_00 a '-----+_--~ a DIEN DATA IN ENABLE 
DIRECTION CONTROL 

OlEN <>--04-----' DIEN <>-_ ........ ___ ...J fI CHtPSELECT 

Figure 1. Block Diagrams Figure 2. Pin Configuration 
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821618226 

FUNCTIONAL DESCRIPTION 

Microprocessors like the 8080 are MOS devices and lire 
generally capable of driving a single TTL load. The same is', 

true for MOS rflerilory devices~ Whi:le this type of Clr.ille is" 
sufficient in small'systems with few corilpo~ents, quite often' 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi·board 
system:' .:-- " ' 

The 8216/8226 is a four bit bi-tt'irectionalbus driver specif· 
ically designed to buffer microcomputer system components. 

Bidirectional Driver 

Each buffered line of the four bit driver consists of two 
separate buffers that are tri·state in nature to achieve direct, 
bus interface arid bi-din!cticiillil capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories,l/O, etc., be· 
cause its interface is direct TTL compatible and'it has high 
driveJ50mAI. On the other side pf the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi·directional bus such as the 8080 
Data Bus. The DO outputs on 'this side 'of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case), 

Control Oat.n9' OlEN, CS 
The CS input is actually a device select. When it is "high" 
the o~tPut dri~ers are all forced to their high:impedance 
state. When it is at "zero" the 'device is selected (enabled) . 
and the direction, of the data ,flow is determined by the 
OlEN input. 

The OlEN il1l?ut controls the direction of data flow (see 
Figure 3) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and, allowing the other to transm it its 
data. A simple two gate circuit is used for this' function. 

The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance Ope 
eration. 
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ABSOLUTE MAXiMUM RATINGS· 

Temperature Under Bias ............. O·C to 70·C 

Storage Tempe.rature ............. -65°C to +150°C 

All Output and Supply Voltages. . . . . .. -0.6V to +7V 

All Input Voltages . . . . . . . . . . . . . .. -1.0V to +6.6V 

Output Currents . . . . . . . . . . . . . . . . . . . .. 126mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may caus~ permanent damage to the 
device. This Is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi-

. ·cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = 006 to +700C, VGc ,;, +5V ; 5%) . 

Limits 
Symbol Parameter Min. Typ. Max. Unit Conditions 

IF! Input Load Current OlEN, CS -0.16 -.5 mA VF =0.46 

IF2 Input Load Current All Other Inputs -0.08 -.25 mA VF =0.46 

IRI Input Leakage Current OlEN, .CS 80 IlA VR =5.26V 

IR2 Input Leakage Current 01 Inputs 40 IlA VR =5.25V 

Ve Input Forward Voltage Clamp -1 V le=-5mA 

Vil Input "Low" Voltage .95 V 

VIH Input "High" Voltage 2.0 V 

1101 
Output Leakage Current DO 20 IlA Vo =0.46V/5.25V 
(3-Statel DB 100 

8216 95 130 mA 
Icc Power Supply Current 

8226 86 120 mA 

VOLI Output"Low" Voltage 0.3 .45 V DO Outputs 10l=I5mA 
DB Outputs 10l =25mA 

8216 0.5 .6 V DB Outputs 10l =56mA 
VOl2 Output "Low" Voltage 

8226 0.5 .6 V DB Outputs 10l =50mA 

VOHI Output "High" Voltage 3.65 4.0 V DO Outputs 10H = -1 mA 

VOH2 Output "High" Voltage 2.4 3.0 V DB Outputs 10H = -10mA 

los Output Short Circuit Current -16 -35 -66 mA DO Outputs V09!OV, 
-30 -75 -120 mA DB Outputs Vee=5.0V 

NOTE: 

Typical value. are for TA • 25°C. Vee =5.0V. 
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CAPACITANCEISI (VBIAS-2.5V, Vee =5.0V, TA = 25°C, f = 1 MHz) 

Limits 
Symbol " hr.meter Min. Typ.ll1' " Max. tjilit' 

CIN Input Capacitance 4 8 pF 

COUTl Output ,CaPacitance 6 10 pF 

COUT2 Output Capacitance 13 18 pF 

A.C. CHARACTERISTICS (TA = O"C to +70~C, Vee = +5V ±5%) 

Limits 

Symbol hrameter Min. Typ.lll Max. Unit Conditions 

TpOl Input to Output Delay DO Outputs 15 25 , ns' CL =30pF;R 1 =3oon, 
R2=600n 

Tp02 Input to Output Delay DB Outputs 
8216 19 30 ns CL =30OpF, Rl =90n 

8226 

Te OutpUt Enable Time 
8216 

8226 

To Output Disable Time 

NOTE: 
Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns be~een 1 an,d 2 volts. 
Output loading is 5 mA and 1(j pF. 
Speed measurements are made al.l.5 volt levels. 

NOTES: 
1. Typical values are for TA· 2!:i°e, Vee ='S.OV. 

16 ,,25 os R2= 1800 

42 65 ns (Note 2) 

36 54 ns (Note 3) 

16 '35 " ns (Note 4), ' 

2. DO Outputl, CL· 3()pF, Rl ·300110 Kn, R2· 18011Kn; DB Outputs, CL· 3O()pF, Rl = 9OnO Kn, R2 =18011 KQ. 
3. DO OUtPUts, CL = 3()pF, Rl • 3OOl10Kn, R2 - BOO/.1K; DB Outputl, CL -3O()pF, Rl =90ll0KO, R2= 18011 KO, 
4. DO Outputs, CL = 5pF, Rl - 3OO110Kn, R2 =BOOI1 Kn; DB OUtputl,CL = 5pF, Rl = 90110 Kn,R2 -18011 Kn. 
S. This parameter is periocfically sampled and not 100% tested. 

A.C. TESTING LOAD, CIRCUIT 

DEVICE 
UNDER 

TEST 

A, 
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8218/8219 

BIPOLAR MICROCOMPUTER BUS 
CONTROLLE,RS,FOR"MCs-ao~"ANI)'MCS-85® FAMILIES 

" 

• 8218 for Use in MCS-80® Systems 
• 8219 for Use InMCS-85® Systems 

.. Reduces Component Count in 
Mul,timaster,Bus Arbitration Logic 

• Coordinates the Sharing of,& Common 
Bus Between Several 'CPU's 

• Single +5 Volt Power Supply 

i28Pin Package' 

The 8218 and 8219 Microcomputer BuaControliers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface wlth'other masters on a common bus, sharing memory and I/O devices. The 8218 and 8219 
consist of: 

1. Bus Arbitration Logic which ope;ates from the Bus Ciock (BCLK) and resolves bus contention between devicessharing 
a common bus. 

2. Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 
command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals 
to the bus arbitration logic when the current data transfer· is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 

An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold timeson the 
bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 
controller. 

TO THE ¢:J 
BUS 
MASTER 

BCRI 

ADEN 

OVRD 

DLYAOJ 

XSTR 

XCP 

XCV 

ANVR 

(AI 

(BI 

(CI 

(01 

ROD 

8US ARBITRATION 
lOGIC 

OUTPUT DRIVE LOGIC 

Figure 1. Block Diagram 

~TOTHE 
L-,/BUS 

iNi'i' 
N.C. 

XSTR 

ANVR 

MRDC 

IORC 

GND 
&..-_-~ 

m! !1m 
(A) iliWii 101M 
(B) MWTR iNA 
(C) IORR AD 
(D) MRDR ASiffi 
(E) iiCR2 BCR2 

N.C. ;; NO CONNECT 

Vee 

OVRD 

iiffi 
BCRI 

(E) 

I!Piffi 
BPRN 

BREQ 

BClK 

ADEN 

iiiJSv 
IOWC 

MWTC 

OLYADJ 

Figure 2. Pin Configuration 
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8218/8219 

Table 1. Pin Description 

Signals Interfllced Directly to the System Bus Signals Generated or Received by the Bus Master 

Symbol lYpe Name and Function (Continued) 

BREO 0 Bus Request: The Bus Request is used Symbol lYpe Name and Function 
with a central parallel priority resolution 
circuit. It indicates that the device needs to 
access the bus for one or more data trans-
fers. It is synchronized with the Bus Clock. 

ADEN 6 Address and Data Enable: Address and 
Data Enable indicates the Master has con-
trol of the bus. It is often ,used to enable 
Address and Data Buffers on the bus. It is 

BUSY 1/0 Bus Busy: Bus Busy indicates to all master synchronous with Bus Clock. 
devices on the bus that the bus is in use. It 
inhibits any other device from getting the 
bus. It is synchronized with Bus Clock. 

BCLK I Bus Clock: The negative edge of Bus Clock 

ROD 0 Read Data: Read Data controls the direc-
tion of the bi-directional data bus drivers. It 
is asynchronous to the Bus Clock. A high on 
ROD indicates a read mode by the master. 

is used to synchronize the bus contention 
resolution circuit asynchronously to the 
CPU clock. It has lOOns min. period, 35%-
65% duty cycle. It may be slowed, single 
stepped or stopped. 

BPRN I Bus Priority In: The' Bus Priority In indi-

OVRD I Override: Override inhibits automatic de-
select between transfers caused by a higher 
priority bus request. May be used for con-
secutive data transfers such as read-
modify-write operations. It is asynchronous 
to the Bus Clock. 

cates to a device that no device of a higher 
priority is requesting the bus. It is syn-
chronous with the Bus clock: 

XSTR I Transfer Start Request: Transfer Start Re-
quest indicates to the 8218/8219 that a new 
data transfer cycle is requested to start. It is 

BPRO 0 Bus Priority Out: The Bus Priority Out is 
used with serial priority resolution circuits. 
Priorify may be transferredlo the next lower 

raised for each new word transfer in a mul-
tiple data word transfer. It is asynchro~ous 
to the Bus Clock. 

in priority as BPRN. XCP I Transfer Complete: Transfer Complete in-

INIT I Initialize: The Initialize resets the 82181 
8219 to a known internal state. 

dicates to the 8218/8219 that the data has 
been received by the slave device in a write 
cycle or transmitted by the slave and re-

MRDC 0 Memory Read Control: The Memory Read 
Control indicates that the Master is request-

ceived by master in a read cycle. It is asyn-
chronous to the Bus Clock. 

ing a read operation from the addressed XCV 0 Data Transfer: Indicates that a data trans-
location. It is asynchronous to the Bus fer is in progress. It is asynchronous to the 
Clock. Bus Clock. 

--
MWTC 0 Memory Write Control: The Memory Write 

Control indicates that data and an address 
WR, RD, I Write, Read, 10/Memory: WRITE, READ, 
101M 10lMemory are the control request inputs 

have been placed on the bus by the Master used by the 8085 and are internally decoded 
and the data is to be deposited at that loca- by the 8219 to Jlroduce the request signals 
tion. It is asynchronous to the Bus Clock. MRDR, MWTR, 10RR, 10WR. They are asyn-

chronous to the Bus Clock. (8219 only) 
10RC 0 1/0 Read Control: The 1/0 Read Control in-

dicates that the Master is requesting a read 
operation from the 1/0 device addressed. It 
is asynchronous to the Bus Clock. ' 

ASRO I Asynchronous Bus Request: Can be used 
for interrupt status from the 8085. Acts like a 
level sensitive asynchronous bus 
request-no RSTB needed. It is asynchron-

10WC 0 1/0 Write Control: The 1/0 Write Control in- ous to the Bus Clock. (8219 only) 

dicates that Data and an 1/0 device address MRDR, I Memory Read Request, Memory Write 
has been placed on the bus by the Master MWTR, Request, 1/0 Read Request, or 1/0 Write 
and the data is to be deposited to the 1/0 10RR, Request: Indicate that address and data 
device. It is asynchronous to the Bus Clock. 10WR have been placed on the bus and the appro-

Signals Generated or Received by the Bus Master priate request is being made to the ad-
dressed device. Only one of these inputs 

BCRll I Bus Control Request: Bus Control Re- should be active at anyone time. They are 
BCR2 quest 1 or Bus Control Request 2 indicate to synchronous to the Bus Clock. (8218 only) 

the 8218/8219 that the Master device is mak-
ing a request to control the bus. BCR2 is 
active low in the 8218 (BCR2). BCR2 is ac-
tive high in the 8219. 

ANYR 0 Any Request: Any Request is the logical 
OR of the active state of MRDR, MWTR, 
10RR, IOWA. It may be tied to XSTR when 
the rising edge of ANYR is used to initiate a 

RSTB I Request Strobe: Request Strobe latches transfer. 

the status of BCRI and BCR2 into the DLYADJ I Delay Adjust: Delay Adjust is used for con-
8218/8219. The strobe is active low in the nection of an external capacitor and resis" 
8218 and negative edge triggered in the tor to ground to adjust the required set-up 
8219. and hold time of address to control signal. 
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8218/8219 

FUNCTIONAL DESCRIPTION 

The 8218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Maste~ device: 8080, 
8085, 8257 (DMAU 

The 8218 and 8219 serve three major functions: 

1. Resolve bus contention. 
2. Guarantee set-up and hold time of address/data lines 

to I/O and Memory read/write control signals 
(adjustable by external capacitor). 

3. Provide sufficient drive on all bus command lines. 

Bus Arbitration Logic 
Bus Arbitration logic activity begins when the Master 
makes a request for use of the bus on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clock (8ClK) the 8218/8219 
outputs a bus request (BREQ) and forces Bus Priority Out 
inactive (BPROl. See Figures 1a and 1b. 

BFiEQ is used for requesting the bus when priority is 
decided by a parallel priority resolver circuit. 

OVRIDE 

SCA1 

BeR2 

I, -I -
-.... I ./ 

-
~ 

SET 

BPFiO is used to allow lower priority devices to gain the 
bus when a serial priority resolving structure is used. 
BPRO would go to 1n5miI of the next lower priority Master. 

When priority is granted to the Master (a low on BPRIiI and 
a high on BiJm7) the Master outputs !!.BOSY signal on the 
next falling edge of BClK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 

At the same time BUSY goes active, Address and Data 
Enable (ADEN) goes active signifying that the Master has 
control of the bus. ADEN is often used to enable the bus 
drivers. 

The Bus will be released onlyifthe master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 

Provision has been made in the 8218 to allow bus
synchronous requests. This mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure 3a. 

-=u-

SET 

-I> ASVNCH. SVNCH. PRIORITY 

Q 
REQUEST 

D Q 
REOUEST AND 

REQUEST 
LOGIC 

FFI FF2 

,--c eLK 

eLR eLR 

('-1 
I ~ 

Figure 3a. 8218 Bus Arbitration Logic 
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ADEN 

OVRIDe 

ASRQ 

1 
SET 

ASVNCH. SYNCH. - PRIORITY 
BeA1 REQUEST REQUEST AND I 0 0 0 0 REQUEST BCR2 - LOGIC 

FF1 FF2 

RST. elK r--< elK 

CLR CLR 

I T 
1 

Figure 3b. 8219 Bus Arbitration Logic 

Timing Logic 

Timing Logic activity begins with the rising edge of XSTR 
(Transfer Start Request) or with ADEN going active, 
whichever occurs second. This action causes XCV 
(Transfer Cycle) to go active. 50-200ns later (depending on 
resistance and capacitance at DL Y ADJ) the appropriate 
Control Outputs will go active if the control input is active. 

XSTR can be raised after the command goes active in the 
current transfer cycle so .that a new transfer can be 
initiated immediately after the current transfer is 
complete. 

A negative gOing edge on XCP (Transfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive .. 
50-200ns later (depending on capacitance at DLYADJ) 
XCV will go inactive indicating the transfer cycle is 
completed. 

Additional logic within the 8218/8219 guarantees that if a 
transfer cycle is started (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (ANYR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus requests are generated 
but the processor enters a HALT mode. 

Control Logic 

The control outputs are generated in the 8219 bydecoding 
the 8085 system control outputs (i.e., RD, WR, 101M) or in 
the 8218 by directly buffering the control inputs to the 
control outputs for use in an 8080 or DMA system (see 
Figures 4a and 4bl. The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 

The Control Logic also has two other outputs, ANYR (Any 
Request) and ROD (Read Datal. ANYR goes high (active) if 
any control requests (lOWR, etc.) are active. ROD controls 
the direction of the Masters Bi-directional Datil Bus 
Drivers. The Bus Driver will always be in the Write mode 
(ROD = Low) except from the. start of a Read Control 
Request to 25 to 70ns·after XCP is activated. 

MADA 

iOliR OUTPUT 
CONTROL 

MWTR LOGIC 

IOWR 

ANYA 

CONTROL 
OUTPUT 
INACTIVE 

ROD 

Figure 4a. 8218 Control Logic 

la/M-~~--------l 

RD--~--~----~ 

WR-~~---f~---~ 

ANYR 

SET 

ROO-----Io 

ClR 

DECODING 
ANa 

OUTPUT 
CONTROL 

LOGIC 

CONTROL 
OUTPUT 
INACTIVE 

Figure 4b,8219 Control Logic 
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8218/8219 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ...... O°C to 70°C 
Storage Temperature .............. -65°Cto +150°C 
Supply Voltage (Vee) .. . . . . . . . . . . • . • . .. -0.5V to +7V 
Input Voltage ......••.......... -1.0V to Vee + 0.25V 
Output Current ............•................. 100mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C; Vee = 5V :t' 5%) 

Symbol 

Vc 

IF 

IR 

VTH 

Icc 

VOL 

VOH 

los 

10 (OFF) 

CIN 

Clo 

Limits 

Parameter Min. Typ. Max. 

Input Clamp Voltage -1.0 

Input Load Current 
MRDR/INT AlMWTR/WR 
IORR/RD, IOWR/IOiM -0.5 
Other -0.5 

Input Leakage Current 100 

Input Threshold Voltage 0.8 2.0 

Power Supply Current 200 240 

Output Low Voltage 

MRDC, MWTC, IORC, IOWC 0.45 
BREQ, BUSY 0.45 
XCY, ROD, ADEN 0.45 
BPRO,ANYR 0.45 

Output High Voltage 

MRDC, MWTC, IORC, IOWC 2.4 

All Other Outputs 2.4 

Short Circuit Output Current -10 -90 

Tri-State Output Current -100 

+100 

Input Capacitance Except Busy 10 20 

Input Capacitance Busy 25 35 

200 
~818219 XSTR TO OUTPUT DELAY (Tsco) 

17' 

,.0 

12. 

DELAY 

'00 

7. 

so 

300pF 
200pF 

100pF 

Unit 

V 

mA 
mA 

J.l.A 

V 

mA 

V 

V 
V 
V 

mA 

J.l.A 

J.l.A 

pF 

pF 

2·~0--'=OO~~200~~3=OO~~.OO~~~~-=~~~~=--8=OO~~_=--J 
OHMS 

Test Conditions 

Vee = O.OV, Ie = -5 mA 

Vee = 5.25V 
VF = 0.45V 

Vee = 5.25 
VR = 5.25 

Vee = 5V 

Vee = 5.25V 

Vee = 4.75 

10L = 32mA 
10L = 20m A 
10L = 16mA 
10L = 3.2mA 

Vee = 4.75V 

10H = -2mA 

10H = -400J.l.A 

Vee = 5.25V, Vo = OV 

Vee = 5.25V, Vo = 0.45V 

Vee = 5.25V, Vo = 5.25V 

One Shot DelayVersus Delay Adjust Capacitance And Resistance 
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intJ 8218/8219 

A.C. CHARACTERISTICS (TA = O"C to 70"C; vcc = 5V ± 5%) 

Limits 
Symbol Parameter Min. Typ. Max. Unit Test Conditions 

tBCY Bus Clock Cycle Time 100 ns 35% to 65% Duty Cycle 

tpw Bus Clock Pulse Width 35 0.65 tBCY ns 

tROS RSTB to BCLK Set-Up Time 25 ns 

tcss BCR1 and BCR2 to RSTB 15 ns 
Set-Up Time 

tCSH BCR1 and BCR2 to RSTB 15 ns 
Hold Time 

tROD BCLK to BREQ Delay 35 ns 

tpRNS BPRN to BCLK Set-Up Time 23 ns 

tBNO BRPN to BPRO Delay 30 ns 

tBYD BCLK to BUSY Delay 55 ns 

tCAD MRDR. MWTR. IORR. IOWR 30 ns 
to ANYR Delay 

tSXD XSTR to XCV Delay 40 ns 

tSCD XSTR to MRDC. MWTC. IORC. 50 200 ns Adjustable by External RIC 
IOWC Delay 

txsw XSTR Pulse Width 30 ns 

tXCD XCP to MRDC. MWTC. IORC. 50 ns 
IOWC Delay 

txcw XCP Pulse Width 35 ns 

tCCD XCP to XCV Delay 50 200 ns Adjustable by External RIC 

tCMD MRDR. MWTR. IORR. IOWR 35 ns 
to MRDC. MWi'C. IORC. IOWC 

tCRD MRDR. MWTR. IORR. IOWR 25 ns 
to RDD Delay 

tRW RSTB Min. Neg. Pulse Width 30 ns 

tCPD BCLK to BPRO Delay 40 ns 

tXRD XCP to RDD Delay 25 70 ns 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A.C TESTING: INPUTS ARE DRIVEN AT 2 4V FORA LOGIC "'" AND O.45V FOR 
A LOGIC 0."' TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC"1 AND '0," 

7-73 

DEVICE 
UNDER 

TEST 

YL = 2.4Y 

.., v, 

-
~L :::: rgg'\ ct INCLUD~S JIG CAPACITANCE 
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8218/8219 

WAVEFORMS 

SYNCHRONOUS BUS TIMING (System Bus Previously Not In Use) 

fiSTS -------,l 

laYD laVD· 

BVSY~N ___________________________ ~ 

CONTROL CYCLE (System Bus Previously Not In Use) 

MR5R MWTR 

IOAA IOWR -
-'CAO- _'CAO_ 

ANYR 
, / 

_'coo_ 

ADD . tXRD 
)J 

~"~1-
I 

~," __ ./r-b- XCP --, 

~---
I 

-----.,.. txsw I---tcco-

xcv ______ ~ ) 
J 

I--"XO- I-'xco-

M'ROC MWTC 1/ , 
IORC lowe ~ 

tSCD_ I--'CMO-
tcMO 
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intJ 8218/8219 

WAVEFORMS (Continued) 

BUS CONTROL EXCHANGE (Master No.1 Leaving Bus And Master No.2 Getting On Bus) 

MRCR MWTR 

IORR IOWR MASTER 1 GETS OFF BUS 1\ 
MASTER 1 ANYR OUT 
ANDXCP IN 

MASTER 1 XCV OUT 

MASTER 1 ADEN 

BUSY MASTER 1 HAS BUS 

MASTER 2 ADEN 

MASTER 2 
REaUESTS BUS 

ANYR ,-

XSTR ---' 

ONE SHOT ~ 
DELAY 

MASTER 2 HAS BUS 

DElAYEO BY 
ONE SHOT 
FOR ADDRESS SETUP '\ 

:~~ -------------------------------------------------------------------t\""\ , = OF MASTER 2 '-\."' ______ _ 

MASTER 2 \_----
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8218/8219 

AO.15 

···1···· 

rD~ 
8080A 

., 00-7 ., 
8228 

8224 READY 

,. READY MEMR 

STSB MEMW 
8TSB lOR 

RESIN lOW 

I 

"1 

MCS-80® CPU With 8218 

rD~ 
" Aa.15 

ADO_7 

B085A 

VIR WR MRDe 
AD RD MWTC 

101M 101M IORC 

READY 
INTA ASRQ lowe 
ALE RSTB 

80 BCRI SREa 

RESET 
8, seR2 $ BUSY 

FF 8219 
BClK -- ADEN BP"RN • 

'-.,1.. 

"1 c± 

DLYADJ 

E 
xc. SPAO 

XSTR 

ANYR IN IT 

1 

MC5-85® CPU With 8219 

7-76 

Do 

03 

±'E 

MROR MRDe I---
MWTR MWTC f==: 10RR IORC 
IOWR lowe I---
BCRI SREO r---
seR2 BUSY I--

8218 

RSTB 
ADEN 
DLYADJ 

xc. 
XSTR 

ANYR 

BClK +--

SPAN I--
BPRO I---

INIT 

t 

RESET 
XACK 

REseT 
XACK 
(TRANSFER 
ACKNOWLEDGE) 

(TRANSFER 
ACKNOWLEDGE) 

AFN-Q0208C 



8218/8219 

~ __________ USE FALLING EDGE OF ALE TO INITIATE DECODe . ......"'.~o .. m._\ 

80SSA 

MWTC 
IORC ALE 
lowe 

BRE9-

BUSY 
8219. 

BCLK 

SPRN 

BPRQ 

L~==============================::======================:RESET XACK . 
(TRANSFER 
ACKNOWLEDGE) 

MCS-85® CPU With 8219 Using Local Memory 

7-77 

EXAMPLE OF BUS 
ACCESS DeCODe LOGIC 

LEVEL ACTIVATED 
LATCH 
~TRAMSPARENT" 
FLIP FLOP 

TOBCR2 
ANDXSTR 
AND GATE 

AFN.()02()8C 



BUS CLOCK 

BUS CLOCK 

TO/FROM HIGHEST 
PRIORITY BUS MASTER 

821B 

U 1 
REOUEST ADEN 

8219 

iii1iiV aREO iPiiiii IC[j( 

I f 
I 

8218/8219 

8219 

"DAISY CHAIN" CONFIGURATION 

~J 1 
REOUesT ADEN 

8218 

iii1iiV aREO iPiiiii lICiJ( 

r : f 
I 

1 1 
PRIORITY 
RESOLVING 
LOGIC 

I I 

PARALLEL REQUEST CONFIGURATION 

TO/FROM LOWEST 
PRIORITY BUS MASTER 

821B 

~J t 
REOUEST ADEN 

8219 

liiiIY aREO fiN iiCiJ( 

f T 

lWo Methods of Connecting Multiple 8218/8219's To Resolve Bus Contention Among Multiple Masters 
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• 
• 
• 
• 

8224 
CLOCK GENERATOR AND DRIVER 

FOR SOSOA CPU 

Single Chip Clock Generator/Driver for • Oscillator Output for External System 
8080A CPU Timing 

Power-Up Reset for CPU • Crystal Controlled for Stable System 
Ready Synchronizing Flip-Flop Operation 

Advanced Status Strobe • Reduces System Package Count 

The Intele 8224 is a single chip clock g'enerator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 

RESET Vee 

RESIN XTAL1 
I!§> XTAL1 

13> DSC 
ij9 XTAL2 

RDYIN XTAL2 
jg> TANK 

READY TANK ., IE> 
SYNC osc 

'2 ff9 
'2 (TTL) 

., 
'2(TTLII9 

STSTB .2 

GND VDD 

[D SYNC STSTB [L> 

IV RESiIii 

RESET II> iiESIN" RESET INPUT 

IV RDYIN READY~ 
RESET RESET OUTPUT 

RDVIN READY INPUT 

XTAL 1 f CONNECTIONS 
XTAL2 FOR CRYSTAL 

READY READY OUTPUT TANK USED WITH OVERTONE XTAL 

SYNC SYNC INPUT OSC OSCILLATOR OUTPUT 

Sfifii STATUSSTB .2 (TTL) tP2 elK (TTL LEVEL) 
(ACTIVE LOW) Vee +5V 

~ 
I:KS .. I/oD +12V 

GND OV 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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inter 8224 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ......•........ O°C to 70°C 
Storage Temperature .............. _65°C to 150°C 
Supply Voltage, Vee ................ -0.5V to +7V 
Supply Voltage, Voo .............. -0.5V to +13.5V 
Input Voltage ..................... -1.5V to +7V 
Output Current .......................•. 100mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (T A = O°C to 70°C, Vee = +5.0V ±5%, Voo = + 12V ±5%) 

limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR Input Leakage Current 

Ve Input Forward Clamp Voltage 

VIL I~put "Low" Voltage 

VIH Input "High" Voltage 2.6 
2.0 

VIWVIL RESIN Input Hysteresis .25 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 

<1>1 , <1>2 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

Ise[11 Output Short Circu it Current -10 
(All Low Voltage Outputs Only) 

lee Power Supply Current 

100 Power Supply Current 

Note: 1. Caution, <P1 and cfJ2 output drivers do not have short circuit protection 

Crystal Requirements 

Tolerance: 0.005% at 0°C-70·C 
Resonance: Series (Fundamental)" 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min); 4 mW 

*With tank circuit use 3rd overtone mode. 

7-80 

Max. Units Test Conditions 

-.25 mA VF = .45V 

10 J.l.A VR = 5.25V 

1.0 V Ie = -5mA 

.8 V Vee = 5.0V 

V Reset Input 
All Other Inputs 

V Vee = 5.0V 

.45 V (<1>V"2), Ready, Reset, STSTB 
IOL =2.5mA 

.45 V All Other Outputs 
IOL = 15mA 

V IOH = -100J.l.A 
V IOH = -100J.l.A 
V IOH = -lmA 

-60 mA Vo =OV 
Vee =5.0V 

115 mA 

12 mA 

AFN-00732B 



i~ 8224 

A.C. CHARACTERISTICS (Vee = +5.0V ±5%, voo = +12.0V ±50/0, TA = o·c to 70·C) 

limits Test 
Symbol Parameter Min. Typ. Max. Units Conditions 

tq,1 <P1 Pulse Width 2tcy _ 20ns 
9 

t</>2 <P2 Pulse Width 5tcy _ 35ns 
9 

t01 <P1 to <P2 Delay 0 ns 

t02 <P2 to <P1 Delay 2tcy _ 14n5 
9 

CL = 20pF to 50pF 

t03 <P1 to <P2 Delay 
2tcy 2tcy + 20ns 

9 9 

tR <P1 and <P2 Rise Time 20 

tF <P1 and <P2 Fall Time 20 

to</>2 <P2 to <P2 (TTL) Delay -5 +15 ns <P2TTL,Cl=30 
R1=300n 
R2=600n 

toss <P2 to STSTB Delay 6tcy _ 30ns 6tcy 
9 9 

tpw STSTB Pulse Width tcy _ 15ns STSTB, Cl=15pF 
9 R1 = 2K 

tORS 
RDYIN Setup Time to 50ns _ 4tcy R2 = 4K 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 

After STSTB 9 

tOR 
RDYIN or RESIN to 4tcy _ 25ns Ready & Reset 

<P2 Delay 9 Cl=10pF 
R1=2K 
R2=4K 

tCLK ClK Period tcy 

9 

fmax 
Maximum Oscillating 

27 MHz 
Frequency 

Cin Input Capacitance 8 pF Vcc=+5.0V 
Voo=+12V 
VBIAS=2.5V 
f=lMHz 
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intJ 8224 

A.C. CHARACTERISTICS (Continued) (For tey = 488.28 ns)(TA = a'C tq 70"C, Vob = +5V ±5%, " 
VOO = +12V ±5%) 

Symbol Parameter Min. 

tq,1 rf>1 Pulse Width 89 

tq,2 rf>2 Pulse Width 236 

t01 Delay ¢1 to rf>2 O· 

t02 Delay ¢2 to rf>1 95 

t03 Delay ¢1 to rf>2 Leading Edges 109 

tr Output Rise Time 

tf Output Fall Time 

toss rf>2 to STSTB Delay 296 

tOt/>2 rf>2 to rf>2 (TTL) Delay -5 

tpw Status Strobe Pulse Width 40 

tORS RDYIN SetupTimeto STSTB -167 

tORH· RDYIN Hold Time after STSTB 217. 

tOR READY or RESET 192 
to rf>2 Delay 

fMAK Oscillator Frequency 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

M=X )C 2.0 2.0 > TEST POINTS < . 
0.8 0.8 

0.45 . 

A.C. TESTING: INPUTS ARE DRIVENAT2.4V FORA LOGIC "I" ANDO.45V FOR 
A LOGIC "D." TIMING MEASUREMENTS ARE MADE AT2.DV FOR A LOGIC "I" 
AND DIN FOR A LOGIC "0" (UNLESS OTI:IERWISE NOTED). 

Limits 
Typ. Max. Units Test Conditions 

ns tCY =488. 2&.s 

ns 

ns 

ns _ rf>1 &. ¢2 Loaded to 

129 ns CL = 20 to 50pF 

20 ns 

20 ns 

326 ns 

+15 ns 

ns 
Ready & Reset Loaded 

ns to 2mA/10pF 

ns All measurements 

ns referenced to 1.5V 
unless specified 
otherwise. 

18.432 MHz 

A.C. TESTING LOAD CIRCUIT 

7,.82 

DEVICE 
UNDER 
TEST 

-rVcc 

R, 

C, INCWDES JiG CAPACITANCE 
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inter 8224 

WAVEFORMS 

., \ 
., 

¢'2!TTLI 

SYNC 
(FROM 8080AI 

RDY1N OR R~SIN 

READY OUT 

------------------------,~ 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: ot>l. ot>2 Logic "0" = 1.0V. Logic "I" = a.ov. All other signals measured at 1.5V. 
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8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 

• Single Chip System Control for 
MCS-80® Systems 

• Bullt·ln Bidirectional Bus Driver for 
Data Bus Isolation 

• Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 

• User .Selected Single Level Interrupt 
Vector (RST 7) 

• 28·Pin Dual In· Line Package 

• Reduces System Package Count 

• 8238 Had Advanced IOW/MEMW for 
Large System Timing Control 

The Intel<l> 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and 1/0 components. 

A bidirectional bus driver is included to provide high system TIL fan-out. It also provides isolation of the 8080 data bus 
from memory and 110. This allows for the optimization of control Signals, enabling the systems designer to use slower 
memory and 110. The Isolation of the bus driver also provides for enhanced system noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify realtime, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable design of the MCS-80 systems. 

Note: The specllicalions lor the 3228/3238 are Identical with those for the 822818238 

r- -~l 
STSTB vee D,_ _DB, 

CPU °2- -082 HlDA I/OW 

DATA °3 - :: ~:! SYSTEM DATA aus MEMW BUS °4 -
WR D,_ -OBs D,- - DB, C81N IIOR 

0,_ -087 
084 MEMR 

D. INTA 

087 BUSEN 
~ 

07 06 ll~",,· MmW 
LATCH 083 086 

GATING 
i7lSR 03 OS 

ARRAY 
I/OW 082 O8S 

STSle 02 01 
OBIN 

__ ifiJffi 

WR 08/1 OBI 

HLDA iNn 
GND Of 

07·00 DATA BUS !8:>80 SIDE) INTA INTERRUPT ACKNOWL.EDGE 

Da7·DBO DATA 8US (SYSTEM SIDE) HlDA HLOA (FROM 80801 

I/OR 110 READ WA WR IFRDM 8080) 

I/OW I!OWRITE BUSEN BUS ENABLE INPUT 

MEMR MEMORY READ STSTa S1 ATuS STROBE (FROM 8224) - MEMORY WRITE Vee .. V 

OBIN CBIN (FROM 80801 GNo o VOLTS 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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inter 8228/8238 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .............. - O·C to 70·C 
Storage Temperature .............. -65·C to 150·C 
Supply Voltage, Vee ................. - 0.5V to + 7V 
Input Voltage ....................... -1.5Vto +7V 
Output Current. .......................... 100 mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not limited. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = o·c to 70·C, Vee = 5V ±5%) 

Limits 
Symbol Parameter Min. Typ.(1) Max. Unit Test Conditions 

Ve Input Clamp Voltage, All Inputs .75 -1.0 V Vec4.75V; le~-5mA 

IF I nput Load Current, 
STSTB 500 I1A Vee=5.25V 

02& Os 750 I1A VF=0.45V 

Do, 0" 0 4, 0 5, IlA 
& 0 7 250 

All Other Inputs 250 I1A 

IR I nput Leakage Cu rrent 
STSTB 100 p.A Vee=5.25V 

DBo·DB7 20 I1A VR =5.25V 

All Other Inputs '100 I1A 

VTH Input Threshold Voltage, All Inputs 0.8 2.0 V Vee = 5V 

Icc Power Supply Current 140 190 mA Vee=5.25V 

VOL Output Low Voltage, 
0 0.07 .45 V Vee=4.75V; 10L =2mA 

All Other Outputs .45 V 10L = 10mA 

VOH Output High Voltage, 
00.0 7 . 3.6 3.8 V Vee=4.75V; 10H=-lOf.1A 

All Other Outputs 2.4 V 10H = -lmA 

los Short Circuit Current, All Outputs 15 90 rnA Vee=5V 

10 (off) Off State Output Current, 
All Control Outputs 100 I1A Vee=5.25V; Vo=5.25 

-100 f.1A Vo=·45V 
.. ---

liNT I NT A Current 5 mA (See INTA Test Circuit) 

Note': Typical values are for T A = 250 e and nominal supply voltages. 
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intJ 8228'8~38 

CAPACITANCE (VBIAS = 2.5V, vee = 5.0V, TA = 25·e, f = 1 MHz) 

This parameter is periOdically sampled and not 100% tested. 

Limits 

Symbol Parameter . Min. Typ.(1) Max. Unit 

elN Input Capacitance 8 12 pF 

GoUT 
Output Capacitance 

7 15 pF 
Control Signals 

I/O 
I/O Capacitance 

8 15 pF 
(Dar DB) 

A.C. CHARACTERISTICS (TA = o·e to 70·e, Vee = 5V ±5%) 

Symbol Parameter 

tpw Width of Status Strobe 

tss Setup Time, Status Inputs 00.07 

tSH Hold Time, Status Inputs 00-07 

toc Delay from STSTB to any Control Signal 

tRR Delay from DBII\! to Control Outputs 

tRE Delay from DBIN to Enable/Disable 8080 Bus 

tRO Delay from System Bus to 8080 Bus during Read 

tWR Delay from WR to Control Outputs 

tWE Delay to Enable System Bus DBO·DB7 after STSTB 

two Delay from 8080 Bus Do·D7 to System Bus 
DBO·DB7 during Write 

tE Delay from System Bus Enable to System Bus DBo-DB7 

tHO HLDA to Read Status Outputs 

tos Setup Time, System Bus Inputs to HLDA 

tOH Hold Time, System Bus Inputs to HLDA 

A.C. TESTING LOAD CIRCUIT 

-

DEVICE 
UNDER 

Cli 

TEST 

~ 

For 00-07: RI = 4Kn, R2 = ~n, 
CL = 25pF. For all other outputs: 

Vee 

R, 

R, 

R, = soon, R2 = lKn, CL = lOOpF. 

7-86 

Limits 

Min. Max. Units Condition 

22 ns 

8 ns 

5 ns 

20 60 ns CL = 100pF 

30 ns CL = 100pF 

45 ris CL = 25pF 

30 ns CL = 25pF 

5 45 ns CL = 100pF 

30 ns CL = 100pF 

ns . CL = 100pF 
5 40 

30 ns CL - 100pF 

25 ns 

10 ns 

20 ns CL = 100pF 

+12V 

11228 

23 
INTA p--------' 

INTA Test Circuit (for RST 7) 

AFN-00213B 



WAVEFORM 

., 

., ___ ....J 

STATUS STROBE 

8080 DATA BUS 

ODIN 

HLOA 

INTA, lOR, MEMR 
DURING HLDA 

SYSTEM BUS DURING READ 

-'", 
'-' 

)I( 

IS:~ 

\ 
'De-' I~ 

\ 

--------
--------

822818238 

-
JI( 

- ts~-l 
\ 

--1 'AAJ= 

- l~tHD 

.fi 

-- ~1--tDS- ... tD~,.__ _____________ 

--- r-J I A- _____________ 
,"0-1- ..!:::::::! 'A' 

8080 BUS DURING READ ._--,------ -/---- -< )I( --------------
'A,- 1-

lOW OR MEMW 
"toc- r \ J twA --I .1- -II-IWA 

I~ - - - - - - - - - - - .J. J 

8080 BUS DURING WRITE 

SYSTEM BUS DURING WRITE 

--------- -
>t'WDl 

--------- -

--------- < - twE -

SVsTEMBUS'E'NABLE . J j 
"~r-SYSTEM BUS OUTPUTS - - - - - - - - - - - - - - - < ~ > _____________ _ 

VOLTAGE MEASUREMENT POINTS: 00-07 (when outputs) Logic "0" = 0.8V. Logic "'" = 3.0V. All other signals measured 
at '.5V. 

"ADVANCED IOW/MEMW FOR 8238 ONLY. 

7-87 AFN-oQ213B 



inter 
8237 A/8237 A-4/8237 A-5 
HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 

• Enable/Disable Control of Individual 
DMA Requests 

• Four Independent DMA Channels 

• Independent Autoinitialization of all 
Channels 

• Memory·to·Memory Transfers 

• Memory Block Initialization 

• Address Increment or Decrement 

• High performance: Transfers up to 1.6M 
Bytes/Second with 5 MHz 8237A·5 

• Directly Expandable to any Number of 
Channels 

• End of Process Input for Terminating 
Transfers 

• Software DMA Requests 

• Independent Polarity Control for DREQ 
and DACK Signals 

The 8237A Multimode Direct Memory Access (DMA) Controller Is a peripheral interface circuit for microprocessor sys
tems. It is designed to improve system performance by allowing external devices to directly transfer information from 
the system memory. Memory-ta-memory transfer capability Is also provided. The 8237A offers a wide variety of pro· 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura-
tlon under program control. . 

The 8237A Is designed to be used in conjunction with an externalS-bit address reglster such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 

Each channel has a full 64K address and word count capability. 

The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively . 

.... 
MEMW ... ... 

H'. 
DACKG- " 
DACKS 

COMMAND 
CONTROL 

Figure 1_ Block Diagram 

7-88 

HR. Ycc(+5Y) 

01 ... 
eLK .Bt 

RESET .B2 

Figure 2. 

Pin Configuration 



, Symbol Type 

Vee 
Vss 
ClK I 

CS I 

RESET I 

READY I 

HlDA I 

DREQO-DREQ3 I 

DBO-DB7 110 

8237A/8237~4/8237~ 

Table 1. Pin Description 
~---------.--~-----------------------, 

Name and Function 

Powr. + 5 volt supply. 

Ground: Ground. 

Clock Input: Clock Input controls 
the internal operations of the 
8237A and its rate of data trans-
fers. The input may be driven at up 
to 3 MHz for the standard 8237A 
and up to 5 MHz for the 8237A-5. 

Chip Select: Chip Select is an ac-
tive low Input used to select the 
8237A as an I/O device during the 
Idle cycle. This allows CPU com-
munication on the data bus. 

R.et: Reset Is an active high in-
put which clears the Command, 
StatuII, Request and Temporary 
registers. It also clears the 
flrstllast flip/flop and sets the 
Mask register. Following a Reset 
the device is in the Idle cycle. ".dy: Ready is an Input used to 
extend the memory read and write 
pulses from the 8237A to accom-
modate slow memories or 110 per-
Ipheral devices. Ready must not 
make transitions during its speci-
fied setup/hold time. 

Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU indicates that it has relin-
quished control of the system 
busses. 

DMA Requellt: The DMA Request 
lines are individual asynchronous 
channel request Inputs used by pe-
ripheral circuits to obtain DMA 
service. In fixed Priority, DREQO 
has the highest priority and 
DREQ3 has the lowest priority. A 
request is generated by activating 
the DREQ line of a channel. DACK 
will acknowledge the recognition 
of DREQ signal. Polarity of DREQ 
Is programmable. Reset Intlalizes 
these lines to active high. DREQ 
must be maintained until the corre-
sp,onding DACK goes active. 

Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro-
gram condition during the I/O Read 
to output the contents of an Ad-
dress register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out-
puts are disabled and the inputs 
are read during an I/O Write cycle 
when the CPU is programming the 
8237A control registers. During 
DMA cycles the most Significant 8 
bits of the address are output onto 
the data bus to be strobed Into an 
external latch by ADSTB. In mem-

Symbol 

lOR 

lOW 

EOP 

AO-A3 
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Type Name and Function 

ory-to-memory operations, data 
from the memory comes into the 
8237 A on the data bus during the 
read-from-memory transfer. In the 
wrlte-to-memory transfer, the data 
bus outputs place the data Into the 
new memory location. 

I/O 110 Rnd: I/O Read Is a bidirec
tional active low three-state line. In 
the Idla cycle, It Is an Input control 
signal used by the CPU to read the 
control registers. In the Active cy
cle, It Is an output control signal 
used by the 8237 A to access data 
from a peripheral during a DMA 
Write transfer. 

110 110 Write: 110 Write la a bidirec
tional active low three-state line. In 
the Idle cycle, It Is an Input control 
signal used by the CPU to load In
formation Into the 8237 A. In the Ac
tive cycle, it Is an output control 
signal used by the 8237A to load 
data to the peripheral during a 
DMA Read transfer. 

110 End 01 Proceaa: End of Process Is 
an active low bidirectional signal. 
Information concerning the com
pletion of DMA services Is avail
able at the bidirectional EOP pin. 
The 8237A allows an external sig
nal to terminate an active, DMA 
service. This is accomplished by 
pulling the EOP Input low with an 
external EOP signal. The 8237A al
so generates a pulse when the ter
minal count (TCI for any channel is 
reached. This generatea an EOP 
!!.!a!!al which la output through the 
EOP line. The reception of EOP, 
either Internal or external, will 
cause the 8237A to terminate the 
service, reset the request, an!!, If 
Autoinitialize Is enabled, to write 
the base registers to the current 
registers of that channel. The mask 
bit and TC bit in the status word 
will be set for the currentiy active 
channel by EOP unless the channel 
is programmed for Autoinitialize. In 
that case, the malik' bit remains 
clear. During memory-ta-memory 
transfers, EOP will be output when 
the TC for channell occurs. EOP 
should be tied high with a pull-up 
resistor If It Is not used to prevent 
erroneous end of process Inputs. 

110 Addreas: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cy
cle they are Inputs and are used by 
the 8237 A to address ttie control 
register to be loaded or read: In the 
Active cycle they are outputs and 
provide the lower 4 bits of the out
put address. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

A4-A7 0 Address: The four most significant 
address lines are three·state out-
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service. 

HAQ 0 Hold Request: This is the Hold Ae· 
quest to the CPU and is used to reo 
quest control of the system bus. If 
'the corresponding mask bit Is 
clear, . the presence of any valid 
DAEQ causes 8237 A to Issue the 
HAQ. After HAQ goes active at 
least one clock cycle (TCY) must 
occur before HLDA goes active. 

DACKO-DACK3 0 DMA Acknowledge: DMA Ac-
knowledge is used to notify the in-
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program-
mable. Aeset initializes them to ac-
tive low. 

FUNCTIONAL DESCRIPTION 

The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data inter
connection paths are also shown. Not shown are the 
various control signals between the blocks. The 8237A 
contains 344 bits of internal memory in the form of 
registers. Figure 3 lists these registers by name and 
shows the size of each. A detailed description of the 
registers and their functions can be found under 
Register Description. 

Name Size Number 

Base Address Registers 16 bits 4 
Base Word Count Registers 16 bits 4 
Current Address Registers 16 bits 4 
Current Word Count Registers 16bits 4 
Temporary Address Register 16bits 1 
Temporary Word Count Register 16 bits 1 
Status Register 8bits 1 
Command Register 8bits 1 
Temporary Register 8bits 1 
Mode Registers 6 bits 4 
Mask Register 4 bits 1 
Request Register 4bits 1 

Figure 3. 8237A Internal Registers 

The 8237A contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237 A. The Program 
Command Control block decodes the various com· 
mands given to the 8237A by the microprocessor prior 
to servicing a DMA Request. It also decodes the Mode 
Control word used to select the type of DMA during the 
servicing. The Priority Encoder block resolves priority 
contention between DMA channels requesting service 
simultaneously. 

The Timing Control block derives internal timing from 
the clock input. In 8237A systems this input will usually 

Symbol Type Name and Function 

AEN 0 Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 

ADSTB 0 Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 

MEMA 0 Memory Read: The Memory Aead 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Aead or a memory-to-memory 
transfer. 

MEMW 0 Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 
transfer. 

be the <1>2 TTL clock from an 8224 or ClK from an 
8085AH or 8284A. For 8085AH-2 systems above 3.9 MHz, 
the 8085 ClK(OUT) does not satisfy 8237A-5 clock lOW 
and HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 
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DMA Operation 

The 8237A is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device cy
cle is made up of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State I (SI) is the inactive state. It is 
entered when the 8237A has no valid DMA requests 
pending. While in SI, the DMA controller is inactive but 
may be in the Program Condition, being programmed by 
the pn;>cessor. State SO (SO) is the first state of a DMA 
service. The 8237 A has requested a hold but the pro
cessor has not yet returned an acknowledge. The 8237 A 
m'ay still be programmed until it receives HlDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with nor
mal timing, wait states (SW) can be inserted between S2 
or 83 and S4 by the use of the Ready line on the 8237A. 
Note that the data is transferred directly from the 1/0 
device to memory (or vice versa) with lOR and MEMW (or 
MEMR and lOW) being active at the same time. The data 
is not read into or driven out of the 8237A in I/O-to
memory or memory-to-I/O DMA transfers. 

Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re
quired for a single transfer. The first four states (811, 
S12, S13, S14) are used for the read-from-memory half 
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and the last four states (S21 , S22, S23, S24) for the write
to-memory half of the transfer. 

IDLE CYCLE 

When no channel Is requesting service, the 8237A will 
enter the Idle cycle and perform "SI" states. In this 
cycle the 8237A will sample the DREQ lines every clock 
cycle to determine if any channel Is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to write or read the inter
nal registers of the 8237A. When CS is low and HLDA is 
low, the 8237A enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini· 
tlon of the part by reading from or writing to the internal 
registers. Address lines AO-A3 are inputs to the device 
and select which registers will be read or written. The 
lOR and lOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis· 
ters, an Internal flip-flop is used to generate an addi
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-blt Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 

Special software commands can be executed by the 
8237A in the Program Condition. These commands are 
decoded as sets of addresses with the CS and lOW. The 
commands do not make use of the data bus. Instruc
tions Include Clear FirsULast Flip-FLop and Master 
Clear. 

ACTIVE CYCLE 

When the 8237A is in the Idle cycle and a non-masked 
channel requests a DMA service, the device will output 
an HRQ to the microprocessor and enter the Active cy
cle. It is in this cycle that the DMA service will take 
place, In one of four modes: 

Single Transfer Mode - In Single Transfer mode the 
device Is programmed to. make one transfer only. The 
word count will be decremented and the address dec
remented or incremented following each transfer. When 
the word count "rolls over" from zero to FFFFH, a Ter
minal Count (TC) will cause an Autoinitialize if the chan
nel has been programmed to. do so. 

DREQ must be held active until DACK becomes active In 
order to be recognized. If DREQ is held active through
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another Single tr~nsfer will be 
performed, In 8080A, B085AH, 8088, or 8086 system this 
will ensure one full machine cycle execution between 
DMA transfers. Detall$of timing between the 8237A and 
other bus control protocols will depend upon the char
acteristics of the microprocessor Involved. 

Block Transfer Mode - In Block Transfer mode the 
device Is activated by DREQ to continue making trans
fers during the service until a TC, caused by word count 
going to FFFFH, or an external End of Process (EOP) is 
encountered. DREQ need only be held active until DACK 
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becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro
grammed for it. 

Demand Transfer Mode - In Demand Transfer mode the 
device Is programmed to continue making transfers 
until a TC or external EOPis encountered or until DREQ 
goes Inactive. Thus transfers may continue until the I/O 
device has exhausted Its data capacity. After the 1/0 
device has had a chance to catch up, the DMA service Is 
re-establlshed by means of a DREQ. During the time 
between services when the microprocessor Is allowed 
to operate, the Intermediate values of address and word 
count are stored In the 8237A Current Address and Cur
rent Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP Is generated 
either by TC or by an external signal. 

Cascade Moda - This mode is used to cascade more 
than one 8237A together for simple system expansion. 
The HRQ and HLDA Signals from the additional 8237A 
are connected to the DREQ and DACK signals of a chan
nel of the Initial 8237A. This allows the DMA requests of 
the additional device to propagate through the priority 
network circuitry of the. preceding device. The priority 
chain Is preserved and the new device must wait for its 
turn to acknowledge requests. Since the cascade chan
nel of the initial 8237A is used only for prioritizing the 
additional device, it does not output any address or con
trol signals of its own. These could conflict with the 
outputs of the active channel in the added device. The 
8237A will respond to DREQ and DACK but all other out
puts except HRQ will be disabled. 

Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237As could be 
added at the second level by using the remaining chan
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 

2ND LEVEL 

MICROPROCESSOR 
1ST LEVEL 8237A 

I-- HRO DREQ 1- HRO 

r- HLDA DACK ~ HLDA 

8237A 

DAEQ I-- HRQ· 

OACK r-- HLI)A 

INITIAL DEVICE 8237A 

ADDITIONAL 
DEV!CE.S 

Figure 4_ Cascaded 8237As 

AFN.()()789C 



8237 A/8237 A·4/8237 A·5 

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, Write 
and Verify. Write transfers move data from an I/O device 
to the memory by activating MEMW and lOR. Read 
transfers move data f.rom memory to an I/O device by 
activating MEMR and lOW. Verify transfers are pseudo 
transfers. The 8237A operates as in Read or Write 
transfers generating addresses, and responding to EOP, 
etc. However, the memory and 1/0 control lines all remain 
inactive. Verify mode is not permitted during memory to 
memory operation. 

Memory·to·Memory - To perform block moves of data 
from one memory address space to an.other with a mini· 
mum of program effort and time, the 8237A includes a 
memory·to·memory transfer feature. Programming a bit 
in the Command register se.lects channels 0 and 1 to 
operate as memory·to·memory transfer channels. The 
transfer is initiated by setting the software DREQ for 
channel O. The 8237A requests a DMA service in the nor· 
mal manner. After HlDA is true, the device, using eight· 
state transfers in Block Transfer mode, reads data from 
the memory. The channel,O Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read 
from the memory is stored in the 8237A internal Tem· 
porary register. Channel 1 then writes the data from the 
Temporary register to memory using the address in its 
Current Address register and incrementing or decre· 
mentlng it in the normal manner. The channel 1 Current 
Word Count is decremented. When the word count of 
channel 1 goes to FFFFH, a TC is generated causing an 
EOP output terminating the service. 

Channel 0 may be programmed to retain the same ad· 
dress for all transfers. This allows a Single word to be 
written to a block of memory. 

The S237A iNili respond to external EOP Signals during 
memory·to·memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory·to·memory transfers is found in Figure 12. 
Memory·to·memory operations can be detected as an 
active AEN with no DACK outputs. 

Autoinitialize - By programming a bit in the Mode reg· 
ister, a channel may be set up as an Autoinitialize chan· 
nel. During Autoinitialize initialization, the original 
values of the Current Address and Current Word Count 
registers are automatically restpred· from the Base 
Address and Base Word count registers of that channel 
following EOP. The base registers are loaded simultane· 
oUl:jly with the current registers by the microprocessor 
and remain unchanged throughout the DMA service. The 
mask bit is not set when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CPU intervention, as soon 
as a valid DREQ is detected. 
Priority - The 8237 A has two types of priority encoding 
available as software selectable options. The first is 
Fixed Priority which fixes the channels in priority order 

based upon the descending value of their. number. The 
channel with the lowest priority is 3 followed by 2, 1 and 
the highest priority channel, O. After the recognition of 
anyone channel for service, the other channels are pre· 
vented from interferring with that service until it is 
completed. 

The second scheme is Rotating Priority. The last chan· 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 

highest 

lowest 

111 
Slrvlce 

2nd 
Service 

3rd 
Service 

o 2 ...--service \3~service 
1 _serviiie \ 3 _ request 0 

2 ,0 1 
3 1 2 

With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog· 
nized after no more than three higher priority services 
have occurred. This prevents anyone channel from 
monopolizing the system. 

Compressed Timing - In order to achieve even greater 
throughput where system characteristics permit, the 
8237A can compress the transfer time to two clock 
cycles. From Figure 11 it can be seen that state S3 is 
used to extend the access time of the read pulse. By 
removing state S3, the read pulse width is made equal to 
the write pulse width and a transfer consists only of 
state S2 to change the address and state S4 to perform 
the read/write. S1 states will still occur when A8-A15 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 14. 

Address Generation - In order to reduce pin count, the 
8237A multiplexes the eight higher order address bits 
on the data lines. State S1 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data iines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three· 
state enable. The lower order address bits are output by 
the 8237A directly. Lines AO-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between ClK, AEN, ADSTB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener· 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
dllta need only change when a carry or borrow from A7 
to AS takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237A executes 
S1 states only when updating of A8-A15 in the latch is 
necessary. This means for long services, S1 states and 
Address Strobes may occur only once every 256 trans
fers, "a savings of 255 clock cycles for each 25.6 
transfers. 
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REGISTER DESCRIPTION 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used duringDMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the trans
fer. This register is written or read by the micro
processor in successive 8-bit bytes. It may also be reini
tialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 

Current Word Register - Each channel has a 16-bit Cur
rent Word Count register. This register determines the 
number of transfers to be performed. The actual number 
of transfers will be one more than the number pro
grammed in the Current Word Count register (Le., pro
gramming a count of 100 will result in 101 transfers). The 
word count is decremented after each transfer. The 
intermediate value of the word count is stored in the reg
ister during the transfer. When the value in the register 
goes from zero to FFFFH, a TC will be generated. This 
register is loaded or read in successive 8-bit bytes by 
the microprocessor in the Program Condition. Follow
ing the end of a DMA service it may also be reinitialized 
by an Autoinitialization back to its original value. Auto
initialize can occur only when an EOP occurs. If it is not 
Autoinitialized, this register will have a count of FFFFH 
after TC. 

Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 

Command Register - This 8-bit register controls the 
operation of the 8237A. It is programmed by the micro
processor in the Program Condition and is cleared by 
Reset or a Master Clear instruction. The following table 
lists the function of the command bits. See Figure 6 for 
address coding. 

Mode Register - Each channel has a 6-bit Mode regis
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
o and 1 determine which channel Mode register is to be 
written. 

Request Register - The 8237A can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ
ated with it in the 4-bit Request register. These are non
maskable and subject to prioritization by the Priority 
Encoder network. Each register bit is set or reset sepa-
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Command Register 
7654321 o _BII Number 

I I I I I I I I I 

Y 
-{ 

I 
\ 

r 
I 
, 
\ 

r 
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Mode Register 

o Memory-to-memory disable 
Memory·lo-memory enable 

o Channel 0 address hold disable 
1 Channel 0 address hold enable 
X If bit 0=0 

o Controller enable 
1 Controller disable 

o Normal timing 
1 Compressed timing 
X If bit 0=1 

o Fixed priority 
Rotating priority 

o Late write selection 
1 Extended write selection 
X If bit 3=1 

o DREO sense active high 
DREO sense active low 

o DACK sense active low 
DACK sense active high 

7 6 5 4 3 2 1 0...- Bit Number 

I I I I I I I I 
--~ ---y 

, 
I 

, 
I 

f 
l 

Request Register 

00 Channel 0 select 
01 Channell select 
10 Channel 2 select 
11 Channel 3 select 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX If bits 6 and 7=11 

o Autoinitialization disable 
1 Autoinitialization enable 

o Address increment select 
1 Address decrement select 

00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 

7 6 5 4 3 1 0 _BII Number 

Select channel 0 
Don't Care Select channel 1 

Select channel 2 
Select channel 3 

Reset request bit 
1 Set request bit 

rately under software control or is cleared upon genera
tion of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
register address coding. In order to make a software re
quest, the channel must be in Block Mode. 
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Mask Register - Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DRE:Q. Each mask b'it is set when its associated channel 
produces an EOP if the .channel is not programmed for 
Autoinitialize. Each bit of the 4·bit Mask register may 
also be set or cleared separately under software control. 
The entire register is all;o set by a Reset. This disables 
all DMA requests un!'il a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad· 
dressing. 

4 3 2 o ___ Bit Number 
r-'-'-~-r-r-r-.-. 

Don't Care 
Select channel 0 mask bit 
Select channell mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 

'-------l 0 Clear mask bit 
Set mask bit 

All four bits of the Mask register may also be written 
with a single command. 

7 6 5 4 3 2 I 0 _Bit Number 

0 Clear channel 0 mask bit 
Set channel 0 mask bit 

0 Clear channell mask bit 
Set channell mask bit 

0 Clear channel 2 mask bit 
Set channel 2 mask bit 

0 Clear channel 3 mask bit 
Set channel 3 mask bit 

Register Operation 
Signals 

CS lOR lOW A3 A2 AI AO 

Command Write Q 1 0 1 0 0 0 
Mode Write 0 1 0 1 0 1 1 
Request Write 0 1 0 1 0 0 1 
Mask SetiReset 0 1 0 1 0 1 0 
Mask Write 0 1 0 1 1 1 1 
Temporary Read 0 0 1 1 1 0 1 
Status Read 0 0 1 1 0 0 0 

FigureS. Definition of Register Codes 

Status Register - The Status register is available to be 
read out of the 8237A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set every time a TC is reached by 
that channel or an external EOP is applied. These bits 
are cleared. upon Reset and. on each Status Read. Bits 
4-7 are set whenever their corresponding channel is 
requesting service. 
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7 6 5 4 3 2 I 0 _ Bit Number 

LlllllllJ 
[I ~ Channel 0 has reached TC 

Channel I has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 

Channel 0 request 
Channell request 
Channel 2 request 
Channel 3 request 

Temporary Register - The Temporary register is used 
to hold data during memory·to·memory transfers. Fol· 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro· 
gram Condition. The Temporary register always con· 
tains the last byte transferred in the previous memory· 
to·memory operation, unless cleared by a Reset. 
Software Commands - These are additional special 
software commands which can be executed in the Pro· 
gram Condition. They do not depend on any specific bit 
pattern on the data bus. The two software commands 
are: 

Clear First/Last Flip·Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237A. This initializes the flip·flop 
to a known state so that subsequent accesses to reg
ister contents by the microprocessor will address 
upper and lower bytes in the correct sequence. 

Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237A will enter the Idle cycle. 

Clear Mask Register: This command clears the mask 
bits of all four 'channels, enabling them to accept 
DMA requests. 

Figure 6 lists the address codes for the software com
mands: 

Signals 

A3 A' Al AO lOR lOW Operation 

1 0 0 0 0 1 Re,ad Status Regist!!!r 

1 0 0 0 1 0 Write Command Register 

1 0 0 , 0 , Illegal 

, 0 0 , , 0 Write Request Register 

, 0 , 0 0 1 Illegal 

, 0 , 0 1 0 Write Single Mask Register Bit 

1 0 , , 0 , Illegal 

, 0 , , , 0 Write Mode Register 

, , 0 0 0 , Illegal 

, 1 0 0 , 0 Clear Byte Pointer Flip/Flop 

, , 0 , 0 , Read Temporary Register 

, , 0 , , 0 Master Clear 

, 1 , 0 0 1 Illegal 

, , 1 0 , 0 Clear Mask Register 

, , , , 0 , Illegal 

, , , , , 0 Write All Mask Register Bits 

Figure 6_ Software Command Codes 
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Chennel Regleter Operation 
Slgnela 

Intemel FllpoFlop 
CS lOR lOW A3 A2 Al AD 

0 Base and Current Address Write 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 1 

Current Address Read 0 0 1 0 0 0 0 0 
0 0 1 0 0 0 0 1 

Base and Current Word Count Write 0 1 0 0 0 0 1 0 
0 1 0 0 0 0 1 1 

Current Word Count Read 0 0 1 0 0 0 1 0 
0 0 1 0 0 0 1 1 

1 Base and Current Address Write 0 1 0 0 0 1 0 0 
0 1 0 0 0 1 0 1 

Current Address Read 0 0 1 0 0 1 0 0 
0 0 1 0 0 1 0 1 

Base and Current Word Count Write 0 1 0 0 0 1 1 0 
0 1 0 0 0 1 1 1 

Current Word Count Read 0 0 1 0 0 1 1 0 
0 0 1 0 0 1 1 1 

2 Base and Current Address Write 0 1 0 0 1 0 0 0 
0 1 0 0 1 0 0 1 

Current Address Read 0 0 1 0 1 0 0 0 
0 0 1 0 1 0 0 1 

Base and Current Word Count Write 0 1 0 0 1 0 1 0 
0 1 0 0 1 0 1 1 

Current Word Count Read 0 0 1 0 1 0 1 0 
0 0 1 0 1 0 1 1 

3 Base and Current Address Write 0 1 0 0 1 1 0 0 
0 1 0 0 1 1 0 1 

Current Address Read 0 0 1 0 1 1 0 0 
0 0 1 0 1 1 0 1 

Base and Current Word Count Write 0 1 0 0 1 1 1 0 
0 1 0 0 1 1 1 1 

Current Word Count Read 0 0 1 0 1 1 1 0 
0 0 1 0 1 1 1 1 

Figure 7. Word Count and Address Register Command Codes 

PROGRAMMING 

The 8237A will accept programming from the host proc
essor any time that HLDA is inactive; this is true even if 
HRQ is active. The responsibility of the host is to assure 
that programming and HLDA are mutually exclusive. 
Note that a problem can occur if a DMA request occurs, 
on an unmasked channel while the 8237A is being pro
grammed. For instance, the CPU may be starting to 
reprogram the two byte Address register of channel 1 
when channel 1 receives a DMA request. If the 8237A is 
enabled (bit 2 in the command register is 0) and channel 
1 is unmasked, a DMA service will occur after only one 
byte of the Addres.s register has been reprogrammed. 
This can be avoided by disabling the controller (setting 
bit 2 in the command register) or masking the channel 
before programming any other registers. Once the pro
gramming is complete, the controller can be enabled/un
masked. 

After power-up it is suggested that all internal locations, 
especially the Mode registers, be loaded with some 
valid value. This should be done even if some channels 
are unused. 
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APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring a 
DMA system with the 8237A controller and an 8080AI 
8085AH microprocessor system. The multi mode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a peripheral 
device. When the processor replies with a HLDA signal, 
the 8237 A takes control of the address bus, the data bus 
and the control bus. The address for the first transfer 

operation comes out in two bytes - the least signifi
cant 8 bits on the eight address outputs and the most 
significant 8 bits on the data bus. The contents of the 
data bus are then latched into the 8282 8-bit latch to 
complete the full 16 bits of the address bus. The 8282 is 
a high speed, 8-bit, three-state latch in a 20-pin package. 
After the initial transfer takes place, the latch is updated 
only after a carry or borrow is generated in the least sig
nificant address byte. Four DMA channels are provided 
when one 8237A is used. 

ADDRESS BUS AD-A15 

AO-A15 
BUSEN 

HLDA HLDA 

;HOLD HRQ 

CPU 

CLOCK 

RESET 

MEMR 

MEMW 

lOR 

lOW 

DBO-DB7 

L .,.. 

.... 7' 

.,.. ~ .,.. 

I-- -'" 

1 
...... 

1 7' 
AEN AD-AS M-A7 CS ADSTB 
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~ ~ 

l-

iI Ii 8 ~ w 

I~ ~ II> 

I~ 
w 0 
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Figure 8_ 8237A System Interface 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature under Bias .•.••••.. O·C to 70·C 
Storage Temperature .•...•..•.... - 65·C to + 150·C 
Voltage on any Pin with 

Respect to Ground ......•............. - 0.5 to 7V 
Power Dissipation ••...•..•..••..•.•......• 1.5 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70oe, Vee = 5.0V ±5%, GND = OV) 

Symbol Parameter Min. Typ.<l) Max. Unit Test Conditions 

VOH Output HiGH Voltage 
2.4 V IOH= -200 p.A 

3.3 V IOH = -100 p.A (HRQ Only) 

VOL Output LOW Voltage .45 V 
IOL = 2.0 rnA (data bus) 
10L = 3.2 rnA (other outputs) 

V IH input HIGH Voltage 2.0 Vcc+ 0.5 V 

VIL Input LOW Voltage -0.5 0.8 V 

ILl Input Load Current ± 10 p.A OV :S VIN :S Vcc 

ILO Output Leakage Current ± 10 p.A 0.45V :S VOUT :S Vcc 

Icc Vcc Supply Current 
65 130 rnA TA = +25°C 

75 150 rnA TA=O·C 

Co Output Capacitance 4 8 pF 

CI input Capacitance 8 15 pF Ic = 1.0 MHz, Inputs = OV 

CIO 110 Capacitance 10 18 pF 

NOTES: 
1. Typical values are for T A = 25 ·C, nominal supply voltage and nominal processing parameters. 
2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement pOints for both input and output signals are 2.0V for HIGH 

and o.av for LOW, unless otherwise noted. 
3. Output loading is I TTL gate plus 50 pF capacitance, unless otherwise noted. 
4. The net lOW or MEMW Pulse width for normal write will be TCY-IOO ns and for extended write will be 2TCY-IOO ns. The net lOR or MEMR pulse 

width for normal read will be 2TCY-50 ns and for compressed read will be TCY··50 ns. 
5. TOO is specified for two different output HIGH levels. TOOl Is measured at 2.0V. T002 is measured at 3.3V. The value for T002 assumes an external 

3.3 kQ pull-up resistor connected from HRO to VCC. 
6. OREO should be held active until OACK is returned. 
7. OREO and OACK signals may be active high or active low. Timing diagrams assume the active high mode. 
a. Output loading on the data bus is I TTL gate plus 100 pF capacitance. 

9. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at 
least 600 ns for the 8237 A, at least 500 ns for the 8237 A-4 and at least 400 ns for the 8237 A-5, as recovery time between active read or 
write pulses. 

10. Parameters are listed in alphabetical order. 
II. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when the pin is left floating. Alter

natively, pin 5 may be tied to Vee. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 
2.0 2.0 > TEST POINTS < 

0.45 
0.8 0.8 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1' 
AND O.BV FOR A LOGIC "0 .. 
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A.C. TESTING LOAD CIRCUIT 

DEVICE 

~C'~150PF 
UNDER 

TEST 

-::-

CL =150pF 
CL INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS-DMA (MASTER) MODE (T A = O·C to 70·C, 
Vee= +5V±5%, GND=OV) 

8237A 8237A-4 8237A-5 
Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

TAEl AEN HIGH from ClK lOW (S1) Delay Time 300 225 200 ns 

TAET AEN lOW from ClK HIGH (S1) Delay Time 200 150 130 ns 

TAFAB ADR Active to Float Delay from ClK HIGH 150 120 90 ns 

TAFC READ or WRITE Float from ClK HIGH 150 120 120 ns 

TAFDB DB Active to Float Delay from ClK HIGH 250 190 170 ns 

TAHR ADR from READ HIGH HoldTime TCY-100 TCY-100 TCY-100 ns 

TAHS DB from ADSTB lOW Hold Time 50 40 30 ns 

TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns 

DACKValid from ClK lOW Delay Time (Note 7) 250 220 170 ns 

TAK EOP HIGH from ClK HIGH Delay Time 250 190 170 ns 

EOP lOW to ClK HIGH Delay Time 250 190 100 ns 

TASM ADR Stable from ClK HIGH 250 190 170 ns 

TASS DB to ADSTB lOW Setup Time 100 100 100 ns 

TCH Clock High Time (Transitions'" 10 ns) 120 100 80 ns 

TCl Clock lOW Time (Transitions 0;; 10 ns) 150 110 68 ns 

TCY ClK Cycle Time 320 250 200 ns 

TDCl ClK HIGH to READ or WRITE lOW Delay (Note 4) 270 200 190 ns 

TDCTR READ HIGH from ClK HIGH (S4) Delay Time 
(Note 4) 270 210 190 ns 

TDCTW WRITE HIGH from ClK HIGH (S4) DelayTime 
(Note 4) 200 150 130 ns 

TD01 
HRO Valid from ClK HIGH DelayTime (Note 5) 

160 120 120 ns 

TD02 250 190 120 ns 

TEPS EOP lOW from ClK lOW Setup Time 60 45 40 ns 

TEPW EOP Pulse Width 300 225 220 ns 

TFAAB ADR Float to Active Delay from ClK HIGH 250 190 170 ns 

TFAC READ or WRITE Active from ClK HIGH 200 150 150 ns 

TFADB DB Float to Active Delay from ClK HIGH 300 225 200 ns 

THS HlDA Valid to ClK HIGH Setup Time 100 75 75 ns 

TIDH Input Data from MEMR HIGH Hold Time 0 0 0 ns 

TIDS Input Data to MEMR HIGH Setup Time 250 190 170 ns 

TODH Output Data from MEMW HIGH Hold Time 20 20 10 ns 

TODV Output Data Valid to MEMW HIGH 200 125 125 ns 

TOS DREO to ClK lOW (SI, S4) Setup Time (Note 7) 0 0 0 ns 

TRH ClK to READY lOW Hold Time 20 20 20 ns 

TRS READY to ClK lOW Setup Time 100 60 60 ns 

TSTl ADSTB HIGH from ClK HIGH Delay Time 200 150 130 ns 

TSTT ADSTB lOW from ClK HIGH Delay Time 140 110 90 ns 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE (TA = ooe to 70°C, VCC = 5.0V ±5%, 
GND = OV) 

Symbol Parameter 8237A 8237A-4 8237A-5 Unit 
Min. Max. Min. Max. Min. Max. 

TAR ADRValid or CS LOW to READ LOW 50 50 50 ns 

TAW ADR Valid to WRITE HIGH Setup Time 200 150 150 ns 

TCW CS LOW to WRITE HIGH Setup Time 200 150 150 ns 

TOW Data Valid to WRITE HIGH Setup Time 200 150 150 ns 

TRA ADR or CS Hold from READ HIGH 0 0 0 ns 

TRDE Data Access from READ LOW (Note 8) 200 200 140 ns 

TRDF DB Float Delay from READ HIGH 20 100 20 100 0 70 ns 

TRSTD Power Supply HIGH to RESET LOW Setup Time 500 500 500 ns 

TRSTS ,RESET to First IOWR 2TCY 2TCY 2TCY ns 

TRSTW RESET Pulse Width 300 300 300 ns 

TRW READ Width 300 250 200 ns 

TWA ADR from WRITE HIGH Hold Time 20 20 20 ns 

TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns 

TWO Data from WRITE HIGH Hold Time 30 30 30 ns 

TWWS Write Width 200 200 160 ns 

WAVEFORMS 

SLAVE MODE WRITE TIMING 
TCW 

.i 
- J-TWC 

I. j 
(NOTES) 

TWWS 
I 

- -TWA TAW 

AD-A3 ~ INPUT VALID 

- -TWO TOW 

DBD-DB7 ~ INPUT VALID ( 
Figure 9. Slave Mode Write 

SLAVE MODE READ TIMING 

AD-A3 ~~ ____ ~ ______________ A_DD_R_E_SS_M_U_S_T_B_EV_A_L_ID ______________________ ~(~ ____________ __ 

lOR ___ r--_T_AR_l_f-I_===================~=~T~R_D~E~=~~T=R_W==============~=~=tl-~=_-~=_--~=L ____ ~_"~_:_~3-
DBD-DB7 _ DATA OUT VALID 

Figure 10. Slave Mode Read -
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WAVEFORMS (Continued) , ,;. 

DMA TRANSFER TIMING 

CLK j0U3~~~~rttrtrlr~~~ ~&'-1~ 
--j-~ . ~ _I-- ~ -,-TCY- I--
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Figure 11. DMA Transf.r 
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WAVEFORMS (Continued) 

MEMORY-TO-MEMORY TRANSFER TIMING 

ADSTB 

AD-A7 

DBD-DB7 

MEMW ----------~--~ 

nNn ' . 
TEPW 

\\\\\\\\\\\\\\\\~7l/I////O 
EXT EOP 

Figure 12. Memory·la-Memory Transfer 

READY,TIMING 

ClK 

TDCl ---+----1 TDCTW_ 

READY 

EXTENDED 
WRITE TRH r--

TRS1 

\\\\\\ ~\\\\ 
TRS 

Figure 13. Ready 

7-101 AFN.oo789C 



intJ 8237 A/8237 A-4/8237 A-5 

WAVrEFORMS (Continued) 

COMPRESSED TRANSFER TIMING 

elK' 

AD-A7 

READY 

Figure 14. Compressed Transfer 

RESET TIMING 

r------------------------------------~I~I-----------
Vee ___ -JIII-I.------- TRSTD ---------IJ 

}

_--- TRSTW ---

RESET __ ----'----.J :----

iliiiORillW 

Figure 15. Reset 
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8257/8257·5 
PROGRAMMABLE DMA CONTROLLER 

• MC5-85Gi> Compatible 8257·5 • Terminal Count and Modulo 128 

• 4·Channel DMA Controller . 
Outputs 

• Single TTL Clock 
• Priority DMA Request Logic • Single + 5V Supply 
• Channel Inhibit Logic • Auto Load Mode 

The, Intel" 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel@> microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU's hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composife hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control Signal .to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control Signals simplify sectored data transfers. The 8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 

°1°0 

cs-----' 
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Figure 1. Block Diagram 
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Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 

General 
The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel@. 
8212110 port device, provides a complete four-channel 
DMA controller for use in Intele microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 

1. Acquires control of the system bus. 

2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 

3. Outputs the least significa!]t eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits olthe memory address 
to the 8212 1/0 port via the data bus (the 8212 
places these address bits on lines As·A l s), and 

4. Generates the appropriate memory and 1/0 readl 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 

The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
tolfrom a high sl'leed peripheral (e.g., a sector of data on a 
floppy disk) in a Single "burst". When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 

The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is in the DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or 1/0 readlwrite 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control olthe 
system bus and will acknowledge the peripheral's DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follOW a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 

Block Diagram Description 
1. DMA Channels 
The 8257 provides four separate DMA channels (labeled 
CH-O to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a term i.
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N = the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 
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Figure 3. 8257 Block Diagram Showing DMA 
Channels 

AFN-Ol84OC 



825718257-5 

These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 

Each channel accepts a DMA Request (DROn) input and 
provides a DMA Acknowledge (DACKn) output. 

(ORO O-DRO 3) 

DMA Request: These are individual asynchronous chan
nel request inputs used by the peripherals to obtain a DMA 
cycle. If not in the rotating priority mode then DRO 0 has 
the highest priority and DRO 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until DMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 

(DACK 0 - DACK 3) . 
DMA Acknowledge: An active low level on the at;knowl· 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DACK output acts as a "chip select" for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 

2. Data Bus Buffer 

This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 

(00-07) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
{when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address {from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 

BIT 15 BIT 14 TYPE OF DMA OPERATION 

0 0 Verify DMA Cycle 
0 1 Write DMA Cycle 
1 0 Read DMA Cycle 
1 1 (Illegal) 

Figure 4. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Re.dlWrlte Logic 

When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a "slave" device on 
the system bus), the ReadlWrite Logic accepts the I/O 
Read (iRm) or I/O Write (iR5W) signal, decodes the least 
Significant four address bits, (Ao-A3), and either writes 
the contents of the data bus into the addressed register 
(if I/OW is true) or places the contents of the addressed 
register onto the data bus (If iiOR is true). 

During DMA cycles (i.e., when the 8257 is the bus 
"master"). the Read/Write logic generates the I/O read 
and memory write (DMA write cycle) or I/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 

Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using "AEN" signal to 
inhibit I/O device decoding of the memory address as an 
erroneous device address. 

(I/OR) 

I/O Read: An active-low. bi-directional three-state line. In 
the "slave" mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the "master" mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 

(flOW) 

I/O Write: An active-low, bi-directional three-state line. In 
the "slave" mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the "master" mode, I/OW is a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 

(CLK) 

Clock Input: Generally from an Intel'" 8224 Clock Gen
erator device. (<1>2 TIL) or Intel'" 8085A ClK output. 

(RESET) 

Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 

(Ao-A31 
Address Lines: These least significant four address lines 
are bi-directional. In the "slave" mode they are inputs 
which select one of the registers to be read or 
programmed. In the "master" mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 

Chip Select: An active-low input which enables the I/O 
Read or I/O Write input when the 8257 is being read or 
programmed in the "slave" mode. In the "master" mode, 
CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 

4. Control Logic 

This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 
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Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(A4-A7) 

Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. . 

(READY) 

Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles. 
READY must conform to specified setup and held 
times. 

(HRQ) 

Hold Request: This output requests control of the 
system bus. In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU. HRQ 
must conform to specified setup and hold times. 

(HLDA) 

Hold ACknowledge: This input from the CPU:indicates 
that the 8257 has acquired control of the system bus. 

(MEMR) 

Memory Read:. This active-low three-state output is used 
to read data from the addressed memory· location during 
DMA Read cycles. 

Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 

(ADSTB) 

Address Strobe: This output strobes the most significant 
byte of .the memory address into the 8212 device from the 
data bus. 

(AEN) 

Address Enable: This output is used to disable Ifloall the 
System Data Bus and the System Control Bus. It may also 
be used to disable ifloatlthe System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding 'during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus fo facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer: When the 8257 is used 
in an I/O device structure las opposed to memory 
mapped I, this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address' bus. The I/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 

(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TC is 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low
order 14-bits of the terminal count register should be 
loaded with the values (n-l). where n = the desired number 
of the DMA cycles. 

(MARK) 
Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-l), will MARK occur at 128 (and each 
succeeding multiple of 1211) cycles from the beginning of 
the data block. 
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5. Mode Set Register 

WhIm set, the various bits'in the Mode Set register enable 
each of the four 'DMA channels, and allow four different 
options for the 8257: 

7 6 '5 '"4 2' 0 

. E ... ble. AUTO.OADUill"== 1.)1 LtiIEnobl •• DMA Channel 0 
,Enables Te STOP ~ Enables DMA Channel 1 

. Enables EXTENDED WRITE Enables OMA Channel 2 
Enables ROTATING PRIORITY EnablM DMA Channel 3 

The Mode Set register is normally programmed by. the 
CPU after the DMA address register(s) ·and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all chann!!ls, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an in.advertent DMA request (DROn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 

The various options which can be enabled by bits in the 
. Mode Set register are explained below: 

Rotating Priority Bit 4 

In the Rotating Priority Mode. the priority of the channels 
has a circular sequence. After each DMA cycle. the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 

~~ 
(:) ... H 
~ 

If the ROTATING PRI.oRITY bit is not set (set to a zero). 
each DMA channel has a fixed priority. Inthe fixed priority 
mode. Channe.1 0 has the highest priority and Channel 3 
has the lowest p'riority. If the ROTATING PRIORITY bit is 
set to a one. the priority of each channel changes after 
each DMA cycle inot each DMA request). Each channel 
moves up to the next highest priority assignment. while 
the channel which has just been serviced moves to the 
lowest priority assignment: 

CHANNEL'" CH-O CH·l CH·2 CH-3 
JUST SERVICED 

Priority.....,.. . Hlghe." CH·l, CH-2 CH-3 CH-O 
Allignmentl 

~ 
CH·2 CH·3 CH-O CH-l 
CH-3 CH-O CH-l CH·2 

LO_It CH·O CH-l CH-2 CH-3 

Note that rotating priority will prevent anyone channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service.llifferent channels iJ more than one 
channel is enabled and requesting. ,lill'rvlce. There is no 
overhead penalty associated with this mode of opera· 
tion. All DMA operations began with Channel 0 initially 
aSSigned to the highest priority for the first DMAcycle. 

Extended Write Bit 5 

If the EXTENDED WRITE bit is' set, the duration of both the 
MEMW and IIOW signals is extended byactivating'them 
earlier in the DMA cycle. Data transfers within micro
computer systems proceed asynchronously to allo~ 

use of various types of memory and 1/0 devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a "not ready" 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internat·sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading. edge of the IIOW or MEMW signal (which 
generaBy occurs late in the transf~r sequence), they 
would normally cause the 8257 fo enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing' ior the 110 and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257. thus increasing system throughput. 

TC Stop Bit 6 

If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count erc) output 
goes true, thus automatically preventing further D.MA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begtn another 
DMA operation: If the TC STOP bit is not' set. the 
occurrence of the TC output has no effect on the' channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 

Auto Load Bit 7 
Th,e Auto Load mode permits Channel 2 to be used for 
repeat. block or block chaining operations, without 
immediate-software intervention between blo,cks.Chan~ 
nel 2 registers ·are. initialized as usual. for the· f.irst data 
block; Channel 3 registers. however. are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count.and DMA trllnster mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., alter 
the TC output goes true);' tHe. parameters stored in·the 
Channel 3 registers are transferred to Channel2during an 
"update" cycle, Note Ihat the TC STOP feature. described 
above. has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This,permits 
repeat block operations to be set up with the programming 
ofa single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that ,in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto 10,aded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion C)f each update cycle with the 
new parameters for the next d'ata block transfer. 

Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning olthe next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion.of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be Safely loaded into Channel 3. 

8. St.tus Regls •• r 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 

TC STATUS FOR CHANNEL 0 
TC STATUS FOR CHANNEL 1 

L----TC STATUS FOR CHANNEL 2 
L-----TC STATUS FOR CHANNEL 3 

The,TC status bits are set when ttie Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG' can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (I.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 

The user is cautioned against reading the TC status 
register and using this information to reenable chan
nels that have not completed operation. Unless the 
DMA channels are Inhibited a channel could reach ter· 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRO line or by disabling channels with a mode word' 
before reading the TC status. 

FOR BLOCK 3 
_IPARAMETERSt- _,PARAMETERS 1_ 

FOR BLOCK 1 I FOR BLOCK 2 
CHANNEL 2 UPDATE 

OCCURS HERE 

_IPARAMETERSjc _I ETC----
CHANNEl 2 UPDATE 

I/O WRITE 
, OCCURS HERE ~ . . 

~--------~------~. 

ORO 2 

TC 

UPDATE FLAG 

Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 

Programming and Reading the 8257 Registers 
There are four pairs of "channel registers": each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two "general registers": one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally IlOR or IlOW while the CPU places a 16-bit 
address on the system address bus, and eitlier outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-A15 (depending on the 
systems memory, 110 configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An 1/0 
Write input (or Memory Write in memory mapped 1/0 
configurations, described below) specifies that the 
addressed register is to be programmed, while an 1/0 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
"channel register" (AJ = 0) or the Mode Set (program 
only)/Status (read only) register (AJ = 1) is to be accessed. 

The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
M"de Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bitAo differentiates between 
the DMA address register (Ao=O) .and the terminal count 
register (Ao = 1), while bits AI and A2 specify one of the 

8257 Register Selection 

CONTROL INPUT CS IIOW IIOR 'A3 

Program Half of a 0 0 1 0 
Channel Register 

Read Half of a 0 1 0 0 
Chl1!nnel Register 

Program Mode Set 0 0 1 1 
Register 

Read Status Register 0 1 0 1 

four channels. Because the "channel registers" are 16-
bits, two program instrLlction cycles are required to load 
or read an entire register. The 8257 contains a firstllast 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
"channel registers" all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either IIOR or IIOW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave, the F IL F IF in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 

ADDRESS INPUTS 'BI-DIRECTIONAL DATA BUS 

REGISTER BYTE 
A3 A2 A1 An 

F/L 
~ 06 05 04 03 02 01 Do 

CH-O DMA Address LSB 0 0 0 0 0 A7 As As A4 A3 A2 A1 Ao 
MSB 0 0 0 0 , A1S A14 A13 A12 A11 Al0 A9 As 

CH-O Terminal Count LSB 0 0 0 1 0 C7 C6 Cs C4 C3 C2 Cl Co 
MSB 0 0 0 , , Rd Wr C13 C12 C11 Cl0 C9 Cs 

CH-, DMA Addre •• LSB 0 0 , 0 0 
Same as Channel 0 

MSB 0 0 , 0 , 

I I I 
CH-l Terminal Count LSB 0 0 , , 0 

MSB 0 0 , , , 
CH-2 DMA Addre •• LSB 0 , 0 0 0 

Same as Channel 0 
MSB 0 , 0 0 , 

I I I 
CH-2 Terminal Counl LSB 0 , 0 , 0 

MSB 0 , 0 , 1 

CH-3 DMA Addre •• LSB 0 , , 0 0 
MSB 0 , , 0 , Same as Channel 0 

CH-3 Terminal Count LSB 0 , 1 , 0 
MSB 0 , 1 , , 

MODE SET (Program only) - 1 0 0 0 0 AL TCS EW RP EN3 EN2 EN' ENO 

STATUS (Read only) - 1 O. 0 0 0 0 0 0 UP TC3 TC2 TCl TCO 

• Ao-A1S: DMA Starting Address, CO-C'3: Terminal Count value (N-1 ), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK, UP: UPDATE 
FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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RI 
81 

$AMPLE OROn LINES 
SET HRO IF OROn"' 1 

~OAO" 

SO n SAMPLE HLOA 
RESOLVE DROn PRIORITIES 

! HlDA 

81 
PRESENT AND LATCH -- UPPER ADDRESS 

PRESENT LOWER ADDRESS 

+ 
82 

ACTIVATE READ COMMAND 
ADVANCED WRITE COMMAND 

AND DACKn 

! 
r---

53 READY SW 
ACTIVATE WAITE COMMAND 

~ -t] ACTIVATE MARK AND Te READV 
IF APPROPRIATE LINE 

~ REAOY + VERIFY ---
54 READY 

RESET ENABLE fOR CHANNEL N IF 
TC STOP AND TC ARE ACTIVE. 

DEACTIVATE COMMANDS 

'-- DEACTIVATE OACKn. MARK AND TO 
OROn HlOA SAMPLE ORa.-. AND HLOA 

RESOLVE OROn PRIORITIES. 
RESET HRO IF HLOA" 0 OR ORO; 0 

~ HlDA + oAOn 

lORan REFERS TO ANY ORO LINE ON AN ENABLED OMA CHANNEL. 

Figure 8. DMA Operation State Diagram 

DMA OPERATION 

Single Byte Transfers 

A single byte transfer is initiated by the I/O device rais
ing the ORO line of one channel of the 8257. If the chan
nel is enabled. the 8257 will output a HRO to the CPU. 
The 8257 now waits until a HLOA is received insuring 
that the system bus is free for its use. Once HLOA is 
received the ~ line for the requesting channel is ac
tivated (LOW). The ~ line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 

read and write commands and byte transfer occurs be
tween the selected I/O device and memory. After the 
trans'fer is complete, the ~ line is set HIGH and the 
HRO line is set LOW to indicate to the CPU that the bus 
is now free for use. ORO must remain HIGH until OACK 
is issued to be recognized and must go LOW before 54 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 

Consecutive Transfers 

If more than one channel requests service Simultaneous
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each 54 the ORO lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request, 
Once the high priority transfer has completed control 
will return to the lower priority channel if its ORO is still 
active. No extra cycles are needed to execute this se
quence and the HRO line remains active until all ORO 
lines go LOW. 

Control Override 

The continuous OMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLOA line. After each OMA transfer the 8257 samples 
the HLOA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRO line (LOW) and returns to the idle state. If ORO 
lines are still active the 8257 will raise the HRO line in 
the third cycle and proceed normally. (See timing 
diagram.) 

Not Ready 

The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 

Speed 

The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency, A 2MHz clock input will 
allow the 8257 to transfer at a rate of SOOK bytes/second. 

Memory Mapped I/O Configurations 

The 8257 can be connected to the system bus as a memory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system I/O 
control lines to the 8257's memory control lines. 

This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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BIT 15 BIT 14 r-........................ ~M~EM~R~D~--------_____ PORD READ WRITE 

0 0 DMA Verify Cycle 
0 1 DMA Read Cycle 

MEMViRI------------- ''0 WR 

i"iORD MEMR5 
8257 

I/OWR 'M'E"M""W'R 1 0 DMA Write Cycle 
1 1 Illegal 

Figure 9. System Interface for Memory 
Mapped I/O 

Figure 1 O. TC Register for Memory Mapped 
I/O Only 

SYSTEM APPLICATION EXAMPLES 

\ 

'f''r 
\ 

II 
~ 

U D 
8257 
AND 
8212 

DMA CONTROLLER 

8257 
AND 
8212 

ADDRESS BUS 

I I I 
CONTROL BUS 

1'1' i70W 11,m I II 
OATA BUS 

U 11 t} I U 
DRao DISK 1 

DACKO -------
ORal 

DISK 2 
DACK 1 ------

ORO 2 

DACK 2 
DISK 3 

oRa3 ------
DACK 3 DISK4 

Figure 11. Floppy Disk Controller (4 Drives) 

ORa 

OACK 
8251 

USART 

MODEM 

TELEPHONE 
LINES 

D 
SYSTEM 

RAM 
MEMORY 

SYSTEM 
RAM 

MEMORY 

Figure 12. High-Speed Communication Controller 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

'.=X x= 2.0 2.0 > TEST POINTS ~ 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" ANDO.45V FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND a.8V FOR A LOGIC "0." 

Tracking Parameters 

DEVICE 
UNDER 

'}CL: 1SO PF 
TEST 

CL INCLUDES JIG CAPACITANCE 

Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

T A(MIN) + T B(MAX) S 150 ns 

and only minimum specifications exist for T A and T B. If T A(MIN) is used, and if T A and T B are tracking parameters, 
T B(MAX) can be taken as T B(MIN) + 50 ns. 

T A(MIN) + (T B(MIN)" + 50 ns) S 150 ns 

"if TA and T B are tracking parameters 

WAVEFORMS-PERIPHERAL MODE 

READ 
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WAVEFORMS-DMA 

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 
~ I ~ I ~ I ~ I ~ I a I ~ 

CLOCK 

., .2 I a ~ I " ., SI 

DRQO.3 __ ~ __ ~~ ____ -+~~ ____ +-____ ~r-______ ~ ____________ ~~ ____ +-________ ___ 

TOO 

HRQ ________ I' 

HLDA ____________ -1, - \._----

AEN __________ ~~~f 

AORO·7(LOWERADRI __ _ 

DATAO·1(UppeRADRI __ _ 

ADR 8T" ______ I" 

TWWME-

READY 

TC~AR'_ ----+-4--~--+-c--Hl+---------~---J~~------

CLOCK 

NOTE: Tt. dock w.efonn is I I I I duItticNd tor cllrity. 81 81 ~ 81 82 a ~ 81 82 83 ~ 81 81 81 

The 12&7 reltUi,. only 
one clock ifIIIUt. 
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WAVEFORMS (Continued) 

CONTROL OVERRIDE SEQUENCE 

I S1 I S2 I S3 54 I SI SI ! so S1 I S2 

CLOCK 

-----...... ,+--------.,j,.------
OROO-3 _____ ...J\.+-_______ ~---

HRO 

HLOA 

AEN J 

NOT READY SEQUENCE 

so I ~ I ~ I ~ I ~ I ~ 54 I SI i SI I SI 

CLOCK 

ORO 0·3 

-~~---~~---~--

~ 

: ~ 
j 

~~,~" -----: 
• 

MEMWR/f'CWiR -----

'"'1 i l-
TRS 

READY '\ 

Te/MARK L 
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A .. 
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o!LJ 
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.f- MD 

6ii 01,--01, , 
AD, r- "- D, 

I 
I I DATA IUS 

AD, ~ I , .... 

" V", 0, .... 

~ 
~A, 

l1li 
~I, 

0, • !mill ~A, , 7 RIll ~ -,...,.!, B, § I - ~ RIll CONTROL rm A

' 

, • ~ BUS 

~B, 11: I ,. ;OW -iVIi 
~ ... D. fC!lI 

'3 .. CHIP 

C!E SEi.ECT REAOY 

sn lal 1 L ,,1 I· lollil 
HOlO :) 

CS READY -D, Ao 
HLOA , , , I -eLK IDun 0, A, 

mlTiN r-- RESET 
8257·5 

RESET OUT r-- '-- .~ -- ORO, 
11 ORa, MEMA 

- -...!..: RIll 6iCRa 
.. DAn. 

'--- -..i.e M'EMW DAD, 
,. 

ORO, 

~7 --J...c ;ow DiCi, 
.. 

fiACi, 
ORO, 17 

ORO, 

-.......!!.. HAQ DiCi, .. DiCi, 
-2. HLOA DROI 

,. 
OAOI 

DACKI 
,. 

mu:R, 
.....2!. ClK 'C 

31 TC 

--1!. RESn MARK • MARK 
.," '" 

AEN ADsr. 

• • 

'3 . ,J" 
.. 082 ClA STB 

~ 01, ao. , , 
---;/ 

, 8212 , 
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MO !IIi 

r l 
Figure 13. Detailed System Interface Schematic 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground .............. -0.5V to +7V 
Power Dissipation ............................ 1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (8257: TA = O°C to 70°C. Vee = 5.0V ±5%. GND = OV) 
(8257-5: TA = O°Cto 70°C. Vee = 5.0V ±10%. GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 Volts 

VIH Input High Voltage 2.0 Vee+· 5 Volts 

VOL Output Low Voltage 0.45 Volts IOL = 1.6 mA 

VOH Output High Voltage 2.4 Vce Volts IOH=-150IiA for AB, 
DB and AEN 
IOH =-SOIiA for others 

VHH HRQ Output High Voltage 3.3 Vee Volts IOH = -SOIiA 

Icc Vee Current Drain 120 mA 

IlL Input Leakage ±lO IiA OV"" VIN"" Vee 

IOFL Output Leakage During Float ±10 IiA 0.45V"" Your "" Vee 

CAPACITANCE (TA = 25°C; Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF fc = lMHz 

CliO 1/0 Capacitance 20 pF Unmeasured pins 
returned to G N D 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE 
(8257: TA = O"C to 70°C, VCC = 5.0V ±5%, GND = OV) 
(8257-5: TA = O"C to 70°C, VCC =5.0V ±10%, GND = OV) 

8080.Bus Parameters 
READ CYCLE 

8257 

Symbol Parameter Min. 

TAA Adr or CS~ Setup to RD~ 0 

TAA Adr or cst Hold from R D t 0 

TAD Data Access from R 0 ~ 0 

TOF DB->Float Delay from ROt 20 

TAA RD Width 2SO 

WRITE CYCLE 

8257 

Symbol Parameter Min. 

TAW Adr Setup to WRJ, 20 

TWA Adr Hold from WRt 0 

Tow Data Setup to WR t 200 

Two Data Hold from WR t 0 

Tww WR Width 200 

OTHER TIMING 

8257 

Symbol Parameter Min. 

TASTW Reset Pulse Width 300 

TASTO Power Supplyt (Vcc) Setup to ReseU SOO 

T, Signal Rise Time 

Tf Signal Fall Time 

TASTS Reset to First I/OWR 2 

A.C. CHARACTERISTICS-DMA (MASTER) MODE 
(8257: T A = O°C to 70°C, V CC = 5.0V ±5%, GND = OV) 
(8257-5: TA = O°C to 70°C, VCC = 5.0V ±10%, GND = OV) 

TIMING REQUIREMENTS 

Symbol Parameter 
Min. 

TCY Cycle Time (Period) 0.320 

T8 Clock Active (High) 120 

Tos ORal Setup to CLKI (SI, S4) 120 

TOH ORal Hold from HLDAI[1] 0 

THS HLDAI or ISetup to CLKI(SI, S4) 100 

TRS READY Setup Time to CLKI(S3, Sw) 30 

TRH READY Hold Time from CLKI(S3, Sw) 20 
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Max. 

300 

150 

Max. 

Max. 

20 

20 

8257 

8257·5 

Min. Max. 

0 

0 

0 220 

20 120 

250 

8257·5 

Min. Max. 

20 

0 

200 

0 

200 

8257·5 

Min. Max. 

300 

500 

20 

20 

2 

Max. Min. 

4 0.320 

.8TCY 80 

120 

0 

100 

30 

20 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 

Unit Test Conditions 

ns 

j.LS 

ns 

ns 

tCY 

8257·5 
Unit 

Max. 

4 p.s 

.8Tey ns 

ns 

ns 

ns 

ns 

ns 
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A.C. CHARACTERISTICS-DMA (MASTER) MODE 
(8257: TA = O°C to 70°C, VCC = 5.0V ±5%, GND = OV) 
(8257-5: TA = O°C to 70°C, VCC = 5.0V ±10%, GND = OV) 

TIMING RESPONSES 

Symbol Parameter 
8257 

Min. 

Too 
HRQj or ~Delay from CLKj (51,54) 
(measured at 2.0V) 

TOO1 
HRQj or ~Delay from CLKj (51, 54) 
(measured at 3.3V)[31 

TAEL AENt Delay from CLK~ (51) 

TAET AEN~ Delay from CLKt (51) 

TAEA Adr (AB) (Active) Delay from AENt (51)[11 20 

TFAAB Adr (AB) (Active) Delay from CLKt (51)[21 

TAFAB Adr (AB) (Float) Delay from CLKt (51)[21 

TASM Adr (AB) (5table) Delay from CLKt (51)[21 

TAH Adr (AB) (5table) Hold from CLKt (51)[21 TASM-50 

TAHR Adr (AB) (Valid) Hold from ROt (51, 51)[11 60 

TAHW Adr (AB) (Valid) Hold from Wrj (51,51)[11 300 

TFAOB Adr (DB) (Active) Delay from CLKt (51)[21 

TAFOB Adr (DB) (Float) Delay from CLKt (52)[21 TSTT+20 

TASS Adr (DB) 5etup to Adr 5tb~ (51-52)[11 100 

TAHS Adr (DB) (Valid) Hold from Adr 5tbt (52)[11 20 

TSTL Adr 5tbt Delay from CLKt (51) 

TSTT Adr 5tbt Delay from CLKt (52) 

TSW Adr 5ib Width (51-82)[11 TCy-100 

TASC Rdt or Wr(Ext)t Delay from Adr 5tbt 
(52)[11 70 

TOBC 
ROt or WR\Extlt Delay from Adr (DB) 
(Float) (52) 11 20 

DACKt or t Delay from CLKt (82, 51) and 
TAK TC/Markj Delay from CLKt (53) and 

TC/Markt Delay from CLKt (54)[41 

TOCL 
ROt or Wr(Ext)t Delay from CLKt (52) and 
Wrt Delay from CLKt (53)[2,51 

TOCT 
Rdt Delay from CLK~ (51, 51) and 
Wrj Delay from CLKt (54)[2.61 

TFAC Rd orWr (Active) from CLKt (51)[21 

TAFC Rd orWr (Active) from CLKt (51)[21 

TRWM Rd Width (52-51 or 51)[11 2TCy+Te-5O 

TWWM WrWidth (53-54l 11 TCy-50 

TWWME WR(Ext) Width (52-54)[11 2TCy-50 

NOTES: 
1. Tracking Parameter. 3. Load = VOH = 3.3V. 
2. Load = + 50 pF. 4. 4TAK < 50 ns. 
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8257-5 
Unit 

Max. Min. Max. 

160 160 ns 

250 250 ns 

300 300 ns 

200 200 ns 

20 ns 

250 250 ns 

150 150 ns 

250 250 ns 

TASM-50 ns 

60 ns 

300 ns 

300 300 ns 

250 TSTT+20 170 ns 

100 ns 

20 ns 

200 200 ns 

140 140 ns 

TCy-100 ns 

70 ns 

20 ns 

250 250 ns 

200 200 ns 

200 200 ns 

300 300 ns 

150 150 ns 

2Tcy+Te-5O ns 

TCy-50 ns 

2TCy-50 ns 

5. 4TOCL < 50 ns. 
6. 4ToCT < 50 ns. 
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PROGRAMMABLE INTERRUPT CONTROLLER 

• iAPX 86, iAPX 88 Compatible • Programmable Interrupt Modes 

• MCS-80®, MCS-85® Compatible • Individual Request Mask Capability 

• Eight·Level Priority Controller • Single + 5V Supply (No Clocks) 

• Expandable to 64 Levels • 28·Pin Dual·ln·Line Package 

The Intel'" 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28·pin DIP, uses 
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

The 8259A is designed to minimize the software and real time overhead in handling multi·level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

The 8259A is fuUy upward compatible with the Intel'" 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS·80/85, Non·Buffered, Edge Triggered). 

DATA CONTROL lOGIC °7-°0 BUS 
BUFFER 

Cs vee 
WR Ao 
AD iNfA 
0, IR7 

Ri5 
IRO D. IR6 
IRI 

0, IR5 w- IR2 
0, IRO 

IR' D, IR3 

D, IR2 

cs D, IRI 

Do IRO 

CAS 0 INT 

CASO CAS 1 SPtE'N 
CASCADE GND CAS2 

CAS 1 BUFFERI 
COMPARATOR 

CAS 2 

SP/EN ~INTERNAl8US 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Type Neme and Function 

Vee 28 I Supply: +5V Supply. 

GND 14 I Ground. 

CS 1 I Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 

WR 2 0 Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 

RD 3 I Reed: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the 
CPU. 

07-0 0 4-11 I/O Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 

CASo-CAS2 12,13,15 I/O Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 

SP/EN 16 I/O Sieve Program/Enable Buner: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 

INT 17 0 Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interruptthe 
CPU, thus it is connected to the CPU's interrupt pin. 

IRo-IR7 18-25 I Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 

INTA 26 I Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 

Ao 27 I AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 
Microcomputer system design requires that 1/0 devices 
such as keyboards, displays, sensors and other com
ponents receive servicing In an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through
put. 

The most common method of servicing such devices Is 
the Pol/ed approach. This Is where the processor must 
test each device in sequence and in effect "ask" each 
one if it needs servicing. It Is easy to see that a large por
tion of the main program is looping through this con
tinuous pOlling cycle and that such a method would 
have a serious, detrimental effect on system through
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 

This mel hod is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 
Each peripheral device or structure usually has a special 
program or "routine" that is associated with its speCific 
functional or operational requirements; this is referred 
to as a "service routine". The PIC, after issuing an Inter
rupt to the CPU, must somehow input information into 
the CPU that can "point" the Program Counter to the 
service routine associated with the requesting device. 
This "pointer" is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data_ 

The 8259A 
The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as an 1/0 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re
quests are processed by the 8259A can be configured to 

match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 

RAM 

ROM 

7-122 

RAM 

ROM 

CPU 

CPU·DRIVEN 
MULTIPLEXOR 

Figure 3a_ Polled Method 

CPU .NT 

Figure 3b_ Interrupt Method 

AFN-00221D 



inter 8259A18259A-218259A-8 

INTERRUPT REQUEST REGISTER (IRR) AND 
IN·SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(lRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser
vice; and the ISR is used to store all the Interrupt levels 
which are being serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set 
in the IRA. The highest priority is selected and strobed 
into the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRA. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode ("PM) of the 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to inter
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

READIWRITE CONTROL LOGIC 

The function of this block is to accept OUTput com
mands from the CPU. It contains the Initialization Com· 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or . 
writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to ·write control 
words (lCWs and OCWs) to the 8259A. 

RD(READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 

7-123 

"" INTERNAL 8US 

Figure 4a. 8259A Block Diagram 

Figure 4b. 8259A Block Diagram 

Ao 
This input signal is used in conjunction with WR and RD 
Signals to write commands into the various command 
registers, as well as reading the various status registers 
of the Chip. This line can be tied directly to one of the ad
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
8259A's used in the system. The associated three 1/0 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the 10 of the inter· 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor· 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows in an MCS·80/85 system: 

1. One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in· 
struction code (11001101) onto the 8·bit Data Bus 
through its 07-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

6. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8·bit address is released at the first 
INTA pulse and and the higher 8·bit address is reo 
leased at the second INTA pulse. 

7. This completes the 3·byte CALL instruction released 
by the 8259A. In the AEOI mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 

The events occurring in an iAPX 86 system are the same 
until step 4. 

4. Upon receiving an INTA from the CPU group, the high· 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the" Data Bus 
during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8·bit pOinter 
onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. ' 

If no Interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 

~INTERNAlBUS 

Figure 4c. 8259A Block Diagram 

'L AODRESS BUS (16) \ 

\ CONTROL BUS \ 
IIOA flOW INT INTA 

\ DATA BUS (8) \ 

11 
~-{= 

CA~ Ao °7,°0 RD WI'i INT INTA 

LINES CAS' 8259A 

- CAS 2 IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRQ 
SPIEN 7 • 5 • 3 2 • 0 
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SLAVE PRol~ Itt t t t t 1, 
ENABLE BUFFER 

, 
INTERRUPT 
REQUESTS 

.Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 
MCS-80®, MCS-85® 

This sequence is timed by three INTA pulses. During the 
first iNfA pulse the CALL ope ode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 00 

CALL CODE I 1 0 1 I 
During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Intarval = 4 bits A5-A7 are programmed, while Ao
A4 are automatically inserted by the 8259A. When Inter· 
val = 8 only As and A7 are programmed, while Ao-A5 are 
automatically inserted. 

IR 
07 

7 A7 
6 A7 
5 A7 
4 A7 
3 A7 
2 A7 
1 A7 
0 A7 

IR 
07 

7 A7 
6 A7 
5 A7 

Content of Second Interrupt 
Vector Byte 

Int.rvel z4 
06 05 04 03 02 01 00 

A6 A5 1 1 1 0 0 

A6 A5 1 1 0 0 0 

A6 A5 1 0 1 0 0 

A6 A5 1 0 0 0 0 

A6 A5 0 1 1 0 0 -
A6 A5 0 1 0 0 0 

A6 A5 0 0 1 0 0 

A6 A5 0 0 0 0 0 

Inlervel =8 

06 
A6 1 0 0 0 

A6 o _~ 
A6 o 0 0 0 

I----+-------~--------------

~ f-A7 A6 o 0 

3 A7 A6 
A7 A6 

o o 

I--''-~---'-''-----'-''---,-~--'---~---c----~ -~---------- ~--
~ MOO 

~-.---"---- ----"_.------
~~ ~_~_~O __ o ____ ~_o ___ ~ ___ _ 

During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (As - A, !;!, is 
enabled onto the bus. 

07 08 

AIS A14 

Content of Third Interrupt 
Vector Byte 

os 04 03 02 
A13 A12 All Al0 

iAPX 86, iAPX 88 

01 00 

A9 AS 

iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines althe end of the iNTA pulse. On this first cycle it does 

not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
A5-A11 are unused in iAPX 86 mode): 

IR7 
IR6 
IR5 
IR4 
IR3 
IR2 
IRI 
IRO 

Content of Interrupt Vector Byte 
for IAPX 86 System Mode 

07 06 05 04 D3 02 
T7 T6 T5 T4 T3 1 

T7 T6 T5 T4 T3 1 

T7 T6 T5 T4 T3 1 

T7 T6 T5 T4 T3 1 

T7 T6 T5 T4 T3 0 

T7 T6 T5 T4 T3 0 

T7 T6 T5 T4 T3 0 

T7 T6 T5 T4 T3 0 

PROGRAMMING THE 8259A 

01 DO 

1 1 

1 0 

0 1 

0 0 

1 1 

1 0 

0 1 

0 0 

The 8259A accepts two types of command words gener
ated by the CPU: 

1. Initialization Command Words (lCWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting pOint - by a sequence of 2 to 
4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper
ate in various interrupt modes. These modes are: 

a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 

The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 
{leWS} 
GENERAL 

Whenever a command is issued with AO = 0 and 04 = 1, 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol
lowing initialization, an interrupt request (lR) input 
must make a low-to-high transition to generate an 
interrupt. 

b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address is set to 7. 
e. Special Mask Mode is cleared and Status Read is set to 

IRR. 
f. If IC4=O, then all functions selected in ICW4 are set to 

zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85 
system). 

-Note: Master/Slave in ICW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(lCW1, ICW2) 

As-A1S: Page starting address of service routines. In an 
MeS 80/85 system, the 8 request levels will generate 
CALLs to.810cations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 

The address format is 2 bytes long (Ao-Al s). When the 
routine interval is 4, Ao-A4 are automatically inserted by 
the 8259A, while As-A1S are programmed externally. 
When the routine Interval Is 8, Ao-As are automatically 
inserted by the 8259A, while Ae-Als are programmed 
externally. 

The 8·byte interval will maintain compatibility with cur· 
rent software, while the 4·byte interval is best for a com
pact jump table. 

In an iAPX 86 system A,s-A" are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. A,o-As are ignored and ADI (Address interval) has 
no ettec;:!. 

LTIM: If LTIM = 1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address interval. ADI = 1 then Interval = 4; 
ADI = 0 then interval = 8 .. 

SNGL: Single. Means that this Is the only 8259A in the 
system. If SNGL = 1 no ICW3 will be Issued. 

IC4: If this bit Is set - ICW4 has to be read. If ICW4 
Is not needed, set IC4 = O. 

INITIALIZATION COMMAND WORD 3 (ICW3) 

This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL = O. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP = 1, or in buffered 
mode when MIS = 1. in ICW4) a "1." is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or If BUF = 1 
and MIS = 0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
it they are equal, bytes 2 and 3 of the call seq(!ence (or 
just byte 2 tor iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNM: If SFNM = 1 the special fully nested mode is 
programmed. 

BUF: If BUF = 1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable outpul 
and the masterlslave determination is by MIS. 

MIS: If buffered mode is selected: MIS = 1 means the 
8259A is programmed to be a master, MIS = 0 
means the 8259A is programmed to be a slave. If 
BUF = 0, MIS has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. 

",PM: Microprocessor mode: !-,PM = a sets the 8259A for 
MCS-80, 85 system operation, !-,PM = 1 sets the 
8259A for iAPX 86 system operation. 

Figure 6. Initialization Sequence 
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lewl 

ICW] IMASTEA DEVICE) 

, leW4 NEEDED 
o ~ NO Icwe HEEDED 

1 = SINGLE 
o :II CASCADE MODE 

CALL At'ORESS INTERVAL 
1" INTERVAL OF 4 
0" INTERVAL OF' 

1 "" LEVEL TRIGGERED MODE 
o = EDGE TRIGGERED MODE 

, ~ IF! INPUT HAS A SLAVE 
'---J'--'--~---'---'---'--'---t 0' IF! INPUT DOES NOT HAVE 

ICW] ISLAVE DEVICE I 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

I I I 0 I 0 I 0 I 0 I 0 1'0, IIDI lIDo I 

A SLAVE 

SLAVE 10111 

o I , 3 • • • 7 

o I o I o I o I 

o 0 I I 0 0 I I 

o 0 0 o I I I I 

1 = 8086/8088 MODE 
0= MeS-80/85 MODE 

1 AU10EOI 
o - NORPttAI. EOI 

Efffix NON BUFFERED MODE 
;- 0 - BUFFEREDMODE/SLAVE 
1 1 - BUffERED MODE/MASTER 

NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 

1 = SPECIAL FULLY NESTED 

'----------1 0 = ~g~~PECIAL FULLY 
NESTED MODE 

Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 
After the Initialization Command Words (ICWs) are pro
grammed Into the 8259A, the chip Is ready to accept 
Interrupt requests at Its input lines. However, during the 
8259A operation, a selection of algorithms can com
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 

OPERATION CONTROL WORDS (OCWs) 

OCWI 

AD 07 08 05 04 03 02 01 DO 

[Q I~ ~ ~ ~ ~ ~ ~ ~I 

OCW2 

0 I A SL EOI a a L2 Ll La I 

OCW3 

0 a ESMM SMM a p AA AIS I 

OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (lMR). M7 - Ma represent the eight mask 
bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 

OPERATION CONTROL WORD 2 (OCW2) 

R, SL, EOI - These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera
tion Command Word Format. 

L2 , L1 , La-These bits determine the interrupt level acted 
upon when the SL bit is active. 

OPERATION CONTROL WORD 3 (OCW3) 

ESMM - Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM = 0 the SMM bit becomes a 
"don't care". 

SMM - Special Mask Mode. If ESMM = 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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OCW2 

AoD, 0. C\ D. 03 ~ 01 Do 

I 0 R I"IEOII 0 i 0 1"L"141 

I 
1ILD!l TOil ..... -

0 , 2 , • • • 7 

0 , 0 , 0 , 0 , 
0 0 , , 0 0 , , 
0 • 0 0 , , , , 

1 r 
.tOr{- NON-IPECIFIC EOICOMMAND l !lID OF IN1'ERJWPT o-T~ IPKIIIIC EOI COMMAND 
,~r,- RO'DlfEON NON4PECIFIC EOI COMMAND } ,i-r.- IIO'W'E IN AUTOMATIC EOI MOlE (lET) A1J1OIOAT1CRlmmON 

.:t~ RO'I'ATE IN AUTOMATIC EOI MOOE (CI.!AR) 

rT+~ 
"1tOTATE ON SPECIFIC EOI COMMAND } SPEaAC ROTATtON 
""'fllllIORI1'YCOMMAND tt::ttI NO_ 

*LOoL2A111U81!D 

ocw. 

I 0 I 0 I'SMMI SMM I 0 I ' I p I RR I RlS I 

I L IO!AD AECltSftA COMMAND 

0 I , 0 , 
0 I 0 , , 

READ READ 

NO ACTION 
IR REG ISREG 
ON NE"tT ON NEXT 
iiOPULSE RDPULSE 

1""POLL~D 
O .. NOPOLLCOMMAND 

SPECIAL MASK MODE 

0 I , 0 , 
0 I 0 , , 

RESET SET 
NO ACTION SPECIAL SPECIAL ...... MAn 

Figure 8. Operation Command Word Format 
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FULLY NESTED MODE 

This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter
rupt enable flip-flop has been re-enabled through soft
ware). 

After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 

END OF INTERRUPT (EOI) 

The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last In sequence INTA 
pulse (when "EOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 

There are two forms of EOI command.: Specific and Non
SpeCific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOL When a Non-Specific EOI 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EOI = 1, SL =0, R = 0). 

When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is
sued with OCW2 (EOI = 1, SL = 1, R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 

It should be noted that an IS bit that is masked by an 
IMR bil will not be cleared by a non-specific EOI if the 
8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then 'the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Nole that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 

The AEOI mode can only be used in a master 8259A and 
not a slave. 

AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of Interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to walt, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and "in service" status 
is: 

aefore Rotate (IR4 the highest priority requiring service) 

IS7 lSI ISS 184 IS3 IS2 lSI ISO 

"IS" Status 101 ' 101 ' 101010101 
Low •• t Priority High." Priority 

Priority Status 1 716 1 5 1 4 1 3 1 2 1 1)0 1 

After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 

IS7 lSI ISS 184 IS3 182 lSI ISO 

"IS" Status 101' 101 0101010101 

Priority Status 

Hlgh •• t Priority Low •• t Priority 

I 2 1 l10 1 7FN 4 1 3 1 

There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOI Command 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1, SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 

SPECIFIC ROTATION 
(Specific Priority) 
The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IRS will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1; LO-L2 is the binary priority level code olthe 
bottom priority device. 

Observe thatjn this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R = 1, SL = 1, EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request Input can be masked individu
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one Interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 

Some applications may require an interrupt service 
routine to dynamically alter the system priority struc
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 

The difficulty here is that if an Interrupt Request Is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 

That is where the Special Mask Mode comes In. In the 
special Mask Mode, when a mask bit is set in OCW1, It 
inhibits further interrupts at that level and enables Inter
rupts from al/ other levels (lower as well as higher) that 
are not masked. 

Thus, any interrupts may be selectively enabled by 
loading the mask register. 

The special Mas.k Mode is set by OCW3 where: 
SSMM=1, SMM=1, and cleared where SSMM=1, 
SMM=O. 

POLL COMMAND 

In this mode the INT output is not used or the micropro
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 

The Poll command is Issued by setting P = "1" in OCW3. 
The 8259A treats the next AD pulse to the 8259A (i.e., 
RD =0, ~ = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a reque~ and~ads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during m5 is: 

D7 De D5 D4 D3 D2 Dl DO 

I I W2 WI wol 
WO-W2: Binary code of the highest priority level 

requesting service. 
I: Equal to a "1" if there is an interrupt. 

This mode is useful if there is a routine command com· 
mon to several levels so that the fNTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 

LTtM 81T 
0= EOGE 
1::: lEVel 

TOOTHE" ~JltIOJltTY CEllS 

EDGE 
SENSE 

ClJIIllfil 

CLR a IS~ lIT 

SET 

~L'~T~CH~+-__ + ___ -l--_-+ __ ~~rttr--:=!::::-T1 SET ISA 

MASK 
LATCH 

o a t-t-t-t--t 

NON 
MASKED 

"0 

P'RIQ.UTY 
JIIESOl'WIEJil 

CONTROL 
lOGIC 

MCs-ao'85! /linG. MODE 

noun INTERNAL 
L...t-O_----+++--<"---...... ---- OAT A BUS 

IAPX88 
MODE 

I~ { INTAn 
FREEZE ~---

NOns 
1. MAnE .. ellEA" ACTIVE ONL.Y DURING ICW1 

2 fRUZE/IS ACTIVE OuRING INfif "'NO P'QLL SEQUENCES ONl Y 

3. TfilUTH TAaU FO" D·LATCH 

I ~:, I 
OPERATION 

FOLLOW 
HOLD 

Figure 9. Priority Cell-Simplified Logic Diagram 
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READING THE 8259A STATUS 

The input status of several internal regil\ters can be. read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMR]). 

Interrupt Request Register (lRR): 8-bit register Which con
tains the levels requestin~ an intElrrJpt to be acknowl
edged. The highest request level is reset from the IRR 
when an interrupt is acknoWledged. (Not affeCted by IMR.) 

In-Service Register (lSR):.8-bitregisterwhichcontainsthe 
priority levels .that are being serviced. ThelSR is updated 
when an End :of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains.the 
interrupt request' lines which are masked. . . 

The IRR can be read when, prio~ to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0.) 

The ISR can be read when, prior to'the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1., RIS == 1). 

There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously selected by 
the OCW3. This is not true when poll is used. 

After initialization the 8259A is set to IRA. 

For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever Ri5 is active and AO = 1 
(OCW1). 

Polling overrides status read when P = 1, RR = 1 in OCW3. 

IR 

INT ------'I-..J 

INTA -----1------""'"\ 

LATCH' 
ARMED 

EARUEST IR 
CAN BE REMOVED 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If LTIM,:;,,;O', ~n'interruptrequest will be recognized bya 
low to high transition on an IR input. TheiR input can re
main hig~ without generatin!il another interrupt. 

If LTiM = ~1';·aninterrupt request' will be recognized by a 
'high' level on IR Input, and there Is no need for an edge 
detection. The interrupt request must beremolied before 
the. EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 

The priority cell diagram shows a con6eptual ci rcuit of the 
level sensitive and edge sl!nsitive inpllt circuitry of the 
8259A. Be sure tp 'note that the reques~ hitch is a transpar-
ent D type latch:' . 

In both .the. edge and level triggered modes the IR inputs 
must remain high until after the falling edge Qf,the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a usefUl safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im
plement this feature the IR7 routine is used for "clean up" 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISA. A normallR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normallR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the I R7 routine 
was previously entered. If another IR7 occurs it is a 
default. 

_8088 8080/8085 

8088/8088 

808018085 

, 'EDGE TRIGGERED MODE ONLY 
LATCH' 
ARMED 

Figure 10. IR Triggering TI",lng Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used In the case of a big system 
where cascading Is used, and the priority has to be con
served within each slave_ In this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode Is Similar to the normal nested mode with the 
following exceptions: 

a. When an Interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from 
higher priority lA's within the slave will be recognized 
by the master and will initiate interrupts to the proc
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 

b. When exiting the Interrupt Service routine the soft
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EOI should be 
sent. 

BUFFERED MODE 

When the ~259A Is used In a large system where bus 
driving buffers are required on the data bus and the cas
cading mode Is used, there exists the problem of enabl
Ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 

mode, whenever the 8259A's data bus outputs are ena
bled, the SP/EN output becomes active. 

This modification forces the use of software program
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 

CASCADE MODE 
The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 

The master controls the slaves through the 31ine cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 

In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 

The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 

\ ADDRESS BUS (161 \ 

I 
\ CONTROL BUS \ 

I 
INT REO 

~ DATA BUS (If \ 

-- --- - - -- - - I--

I -- - - -- - - - -
--- - -- -- - ~- - - ~ 

1 r~ l , 7 1 
cs "0 00-7 lNTA INT cs Ao DQ-7 INTA IN! cs Ao 00-7 INTA INT 

CASO C""SO CASO 

8259,t\. 8259A 8259A 

SLAVE A 
CAS 1 - I- SLAVE 8 CAS 1 CAS 1 MASTER 

ill 
CAS 2 CAS 2 

SPIEN7 • 5 • J 2 SPIEN7 • 5 4 J 2 , 0 SPIENM7 M6 M6 M" M3 M2 M1 MO 

G!O I I I I I 1 G!O 1 1 1 1 II ! I I L 1, 1.11 J,! 1 [ 
7 • 5 • J 2 J • 5 • 5 • 

I 
I 

I 
INTERRUPT REOUESTS 

Figure 11_ Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias .......... o·c to 70·C 
Storage Ternpe~ature .............. -65°0 to + 150°C 
Voltage on Any Pin . 

with Respect to Ground ............. -0.5V to + 7V 
Power Dissipation' ... ; ...................... 1 Watt . . 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stres,s rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections o( this specifi
cation is not implied. 

D.C~ CHARACTERISTICS [TA = O"Cto 70"C, Vee = 5V ±5% (8259A-6), Vee = 5V ±10%(8259A, 8259A-2)] 

Symbol Parameter Min. Max. UnHa Teat CondHlona 

VIL Input Low Voltage 0.5 0.8 V 

VIH' Input High Voltage 2.0 Vee+0.5V V 

VOL Output High Voltage OA5 V IOL - 2.2r'nA 

VOH Output High Voltage 2A V 10H - -4QO/LA 

VOHIINT) 
Interrupt Output High 3.5 V 10H - -100p.A 
Voltage 2.4 V 10H = .;,.400p.A 

III Input Load Current -10 +10 /LA OV ",VIN ",Vce 

ILOL Output Leakage Current -10 +10 /LA 0.45V ",VOUT ",Vee 

ICC Vee Supply Current 85" mA 

ILiR IR Input Load Current 
-300 '/LA VIN":' 0 
, 10 /LA VIN - Vee 

CAPACITANCE (TA = 25·C; vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Teat Conditlona 

C.N Input Capacitance 10 pF fc = 1 MHZ 

ClIo 1/0 Capacitance 20 pF Unmeasured pins returned to Vss 

A.C. CHA~ACTERISTICS [TA = O·C to 70·C, Vee = 5V ±5% (8259A-8), Vee = 5V ± 10% (8259A, 8259A-2)] 

TIMING REQUIREMENTS 

Symbol Parameter 
8259A-8 8259A 8259A-2 

Units Test Conditions 
Min. Max. Min. Max. Min. Max. 

TAHRL AO/CS Setup to RD/INTA\. 50 0 0 ns 

TRHAX AOI(;S Hold after RD/lNTAf 5 0 0 ns 

TRLRH RD Pulse Width 420 235 160 ns 

TAHWL AO/CS Setup to WR! 50 0 0 ns 

TWHAX AO/CS Hold after WRf 20 0 0 ns 

TWLWH WR Pulse Width 400 290 190 ns 

TDVWH Data Setup to WRf 300 240 160 ns 

TWHDX Data Hold after WRf 40 0 0 ns 

TJWH Interrupt Request Width (Low) 100 100 100 ns See Note 1 

TCVIAL 
Cascade Setup to Second or Third 

55 55 40 ns fiii'fAJ. (Slave Only), 
" 

End of RD to next RD 
TRHRL End of INTA to next .INTA within 160 160 160 ns 

an INTA sequence only 

TWHWL End of WR to next WR 190 190 190 ns 
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A.C. CHARACTERISTICS (Continued) 

Symbol Parameter 
8259A·8 8259A 8259A·2 

Units Test Conditions 
Min. Max. Min. Max. Min. Max. 

"TCHCL 
End of Command to next Command 

500 500 500 (Not same command type) ns 

End of INTA sequence to next 
INTA sequence. 

"Worst case timing forTCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6",s, 
8085A·2 = 1 "'S, 8086 = 1 "'S, 8086·2 = 625 ns) 

NOTE: This is the low time required to clear the input latch in the edge triggered mode. 

TIMING RESPONSES 

Symbol Parameter 8259A·8 8259A 8259A·2 
Units Tast ConditIons 

MIn. Max. 

TRLDV Data Valid from RDIINTAj 300 

TRHDZ Data Float after RD/INTA) 10 200 

TJHIH Interrupt Output Delay 400 

TIALCV Cascade Valid from First INTAj 
565 

(Master Only) 

TRLEL Enable Active from RD j or INTAj 160 

TRHEH Enable Inactive from RD) or INTA) 325 

TAHDV Data Valid from Stable Address 350 

TCVDV Cascade Valid to Valid Data 300 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 =>(20 2.o)C > TEST POINTS < 
08 0.8 

045 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0_" TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 
AND a.BV FOR A LOGIC "0 " 

WAVEFORMS 

Min. 

10 

Max. MIn. Max. 

200 120 ns C of Data Bus = 
100 pF 

100 10 85 ns C of Data Bus 

350 300 ns 
Max text C = 100 pF 
Min. test C = 15 pF 

565 360 ns CINT = 100 pF 

125 100 ns CCASCADE = 100 pF 

150 150 ns 

200 200 ns 

300 200 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 

'1C'~100PF 
UNDER 

TEST 

-= 
Cl = 100pF 
CL INCLUDES JIG CAPACITANCE 

WRITE ---TWLWH 

Ci 

ADDRESS 

DATA IUS 

IUS 

~ 

) 

\ 
TAHWL -
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WAVEFORMS (Continued) 

READ/INTA 

RM~A--------------~ 
t--~--,--TRLII" -----...J I~ __________________ _ 

TRLEL 

a-----~ 
ADDRESS IUS 

Ao------------J 

M,. .. ·- ___ nn ----~~~~l ..... ______________ ~} ------
OTHER TIMING 

lID 

If=TRHRL=4\ 
INTA 

\ I 
WR 

\ FTWHWL=K / 
Rli 

INTA 

\ c_~ 
WR 

I~A 

/ WR 
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WAVEFORMS (Continued) 

INTA SEQUENCE 
fA 

fNT------..J 

fNTA---------~ 

08--------____ _ -- -0--
_____ TCVIAl 

C02-_________ ~---~----L--~~-------~--

-TlAlCV~ 

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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• 2048 Words x 8 Bits 

8355/8355-2 
16,384-8IT ROM WITH 1/0 

• Each 110 Port Line Individually 

• Single + SV Power Supply 
Programmable as Input or Output 

• Directly Compatibre with 808SA 
and iAPX 88 Microprocessors 

• 2 General Purpose 8·Bit 110 Ports 

• Multiplexed Address and Data Bus 

• Internal Address Latch 

• 40·Pln DIP 

The IntelS 8355 is a ROM and I/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A 
CPU. 

The I/O portion consists of 2 general purpose 1/0 ports. Each I/O port has 8 lines and each I/O port line is individually pro· 
grammable as input or output. 

The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and 5 MHz iAPX 88 microprocessors. 

Vee 

ClK PEl-, 

PBs 
RESET 4 PB, 

N.C. INOT CONNECTED) 5 PB. 
ADO---7 PB3 

G 
P8, 

Aa-,. PAC-7 PB, 

PBD 
CE, B lOW PA, 
CE, ROM 

G 
ALE PAs 

101M ADD PAs 
ALE PBO- 7 

AD 
lOW 

RESET PA, 

iliA PA, 

AD, 17 PAo 

AD. AIO 
Vee (+5V) OlAD7 
VSS IOV) 

Vss 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Type Name and Function 

ALE I Addre •• Latch Enable: When high, ADO-7' 10/M, Ae-l0, CE, and CE enter address latched. The signals (AD, IO/M, 
Ae-l0, CE, CE) are latched in at the trailing edge of ALE. 

ADo-7 I Addre •• /Data Bus (Bldlractlonal): The lower 8-bitsof the ROM or I/O address are applied to the bus lines when 
ALE is high. During an I/O cycle, Port A or j3 is selected based on the latched value of ADo· I! RD or lORis low when 
the latched chip enables are active, the output buffers present data on the bus. 

Ae-l0 I Addras. Bu.: High order bits of the ROM address. They do not affect I/O operations. 

CEl I Chip Enabla: is active low and CE2 is active high. The 8355 can be accessed only when BOTH Chip Enables are 
CE2 active at the time the ALE signal latches them .up. I! either Chip Enable input is not active, the ADO-7 and READY 

outputs will be in a high impedance state. 

10/M I I/O Memory: If the latched 10/M is high when RD is low, the output data comes from an I/O port. If it is low, the out· 
put data comes from the .ROM. 

RD I Read: I! the latched Chip Enables are active when RD goes low, the ADo-7 output buffers are enabled and output 
either the selected ROM location or I/O port. When bothRD and lOR are high, the ADo-7 output buffers are 3-state. 

lOW I I/O W.rlte: I! the latched Chip EnaQles are active, a Iowan lOW causes the output port pointed to by the latched 
value of ADo to be written with the data on ADo-7. The state of 10/M is ignored. 

ClK I Clock: Used to force the READY into its high impedance state after it has been forced low by CE low, CE high and 
ALE high. 

READY 0 READY: A 3-state output controlled. by CE1, CE2, ALE and ClK. READY is forced low when the Chip Enables are 
active during the time ALE is high, and remains low until the rising edge of the next ClK. 

PAo-7 I/O Port A: General purpose I/O pins. Their input/output direction is determined by the contents of Data Direction Reg· 
ister (DDR). Port A is selected for write operations when the Chip Enables are active and lOW is low and a.o was 
previously latched from ADo. 

Read operation is selected by either lOR low and active Chip Enables and ADo low,or 10/M high, RD low, active chip 
enables, and ADo low. 

PBo-7 I/O Port B: This general purpose I/O port is identical to Port A except that it is selected by a 1 latched from ADo. 

RESET I Resat': An input high causes all pins in Port A alld B to assume input mode. 

lOR I I/O R!I.d: When the Chip Enables are active, a low on lOR will output the selected I/O port onto the AD bus. lOR low 
performs the same function as the c,ombination IO/M high and RD low. When lOR is not used in a system, lOR 
should be tied to Vee ("1"). 

Vee Voltage: +5 volt supply. .. 

Vss Ground: Ground Reference. 
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FUNCTIONAL DESCRIPTION 
ROM Section 
The 8355 contains an 8-bit address latch which allows it to 
interface directly to MCS-48, MCS-8S, and iAPX 88 Micro
computers withOut additional hardware. 

The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on. 
the Chip Enable pins are. latched into the address latche.s 
on the falling edge of ALE. If .the latched Chip Enables 
are active and 10/M is low when RDgoes low, the contents 
of the ROM location addressed by the latched address 
are put out through ADo-7 output buffers. 

I/O Section 
The I/O section of the chip is addressed by the latched 
value of ADo-l. Two 8-bit Data Direction Registers (DDR I 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A "0" in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is 
in the input mode. A "1" in a particular bit position signi
fies that the corresponding I/O port bit is in the output 
mode. In this manner the I/O ports of the 8355 are bit-by
bit programmable as inputs or outputs. The table sum
marizes port and DDR designation. DDR's cannot be 
read. 

ADl ADo Selection 

0 0 Port A 
0 1 Port B 
1 0 Port A Data Direction Register (DDR AI 
1 1 Port B Data Direction Register (DDR BI 

When lOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADo-l. During this operation all I/O bits 
of the selected port are affected, regardless of their I/O 
mode and the state of 10/M. The actual output level does 
not change until lOW returns high (glitch free output). 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with 10/M high, or lOR 
goes low. Both input and output mode bits of a selected 
port will appear on lines ADo-7. 

To clarify the function of the I/O ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT Band DDR B. 

Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 

8355 
ONE BIT Of PORT A AND DDR A: 

~ 
READ PA 

WRITE PA ~ (iOW=o). (CHIP ENABLES ACTIVE). (PORT A ADDRESS SELECTED) 
WRITE ODR A" (iQW=O) • (CHIP ENABLES ACTIVE). (OOR A AODRESS SELECTED) 
READ PA ~ {[(IOIM=l). (RO:OJ] + (iOR=o)} • (CHIP ENABLES ACTIVE). (PORT A ADDRESS SELECTED) 

NOTE: WRITE PA IS NOT QUALIFIED BY 101M. 

Figure 3. 8355 One Bit of Port A and DDR A 

System Interface with 8085A and iAPX 88 
A system using the 8355 can use either one of the two 
I/O Interface techniques: 

• Standard I/O 
• Memory Mapped 1/0 

If a standard 110 technique is used, the system can use 
the feature of both CE and CEo By using a combination 
of unused address lines All - 15 and the Chip Enable 
inputs, the system can use up to 5 each 8355's without 
requiring a CE decoder. See Figure 5a and 5b. 

If a memory mapped 110 approach is used the 8355 will 
be selected by the combination of both the Chip En
ables and 101M using the ADs- 15 address lines. See 
Figure 4. 

8085 

7-140 

A 
A8-15 

~~ 
".-LE 

AD 
r-

WA 
r-

eLK (02) 
r-

READY 
r-

101M 
r-

~ 
Vee 

r-

1 r 7- )' 
ADG-1 AI_Ill AD eLK 101M 

rnA ALE iOW READY CE 

8355 

Figure 4. 8355 In 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM: 

• 1.25 K Bytes RAM 
• 2 K Bytes ROM 
• 38 I/O Pins 
• 1 Internal Timer 
• 2 Interrupt Levels 

/'. Vss Vee 

r I 
H- ~ POR!W 

~I--WR W - PORT (8) 
RD B 

8155-2 
ALE PORTW -" DATAl C (6) 

ADDR 
~ IN_ 

101M TIMER 

RESET 
OUT f--

... 

"-
As-A'9 ADDR lOW 

v RD 
Vt f-'" r--- CLKADo-ADT ADDRIDATA 

~~ 
ALE 

PORT W " CE A 

L- ~ AS_10 
8088 r- V 8355-2 -- READY 

-" 
MN/MX I--Vcc DATAl 

AD DR 

tOJ ALE r-- r---' W IDiM PORT 
r RST@ RD r-- t--I- B 

~- RESET 
X, X, 

WR r--ClK f READY 
Vee 

READY r-- 101M r-- lOR -.J 

RES - r-- ! ! ! 8284A 
PROG RESET r-- Vss Vee Voo 

ROY1 Vee 

WR 
.... RD 

CD EE, 8185-2 
ALE 

~t- a;, 

Irt- CE, 

I-r-- As. A9 

-" 
ADo_7 

J 1 
Vss Vee 

7 

Figure Sa. iAPX 88 Five Chip System Configuration 
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A 
Aa-15 

" A" A" A" A,. 

A_ 
AID()'7 - r- r- r- r-" I 
ALE - r---- r- r- r-
Ro - ~ r- r- r-
WR - - r---- r---- -
elK (4)2) 

~ C--." I-- I-- -
READY - I-- r- r- -
101M - - r---- r---- -

i\ " 7 
vee 

;,. " '7 ; i" ;,. " ;,. vee 
7' 

vee ." t-" r r 1_ AlD,_, AI-IO RD-'-:lK 101M -, 11_ AID .. , AI-IO 'RD ClK IDiM "~ t AID .. , 
AI-IO AD elK ID~ 'It" AID .. , 

AI-II AD elK lOiM, ~ l' AID ... 1 
IDR ALE lOW READY eE, lOR ~ilW READY . eE, iOn ~iOW READY CE2 rnA ~ row READY eEl iOn 

8355 
(2KBYTES) (2K BYTES) __ (2K BYTES) __ _ (2K BYTES) 

NOTE: Use CE1 for the first 8355 in the system, and CE2 for the other 8355's. Permits up to 5-8355's in a system without CE decoder. 

Figure Sb.S3SS in SOSSA System (Standard I/O} 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ................ O°C to + 70°C 
Storage Temperature ....... . . . . . . .. -65° C to +150° C 
Voltage on Any Pin 

With Respect to Ground ............... -0.5V to +7V 
Power Dissipation ............................. 1.5W 

'NOTlCE: Stresses above those listed under "Absolute 
Maximvm Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = o°c to 70°C; Vee = 5V ± 5%) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V Vec = 5.0V 

VIH Input High Voltage 2.0 Vcc+O·5 V Vcc = 5.0V 

VOL Output Low Voltage 0.45 V IOL = 2mA 

VOH Output High Voltage 2.4 V IOH = -400J.LA 

IlL Input Leakage 10 p.A OV.; V,N .; Vee 

ILO Output Leakage Current ±10 p.A 0.45V ';;VOUT ';;Vcc 

Icc Vcc Supply Current 180 mA 

A.C. CHARACTERISTICS (TA = o°c to 70°C; Vce = 5V ± 5%) 

8355 8355-2 

Symbol Parameter Min. Max. Min. Max. Units 

tCYC Clock Cycle Time 320 200 ns 

T1 ClK Pulse Width 80 40 ns 

T2 ClK Pulse Width 120 70 ns 

tf,tr ClK Rise and Fall Time 30 30 ns 

tAL Address to latch Set Up Time 50 30 ns 

tlA Address Hold Time after latch 80 30 ns 

tlC latch to READ/WRITE Control 100 40 ns 

tRD Valid Data Out Delay from READ Control 170 140 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

tll latch Enable Width 100 70 ns 

tRDF Data Bus Float after READ 0 100 0 85 ns 

tCl READ/WRITE Control to latch Enable 20 10 ns 

tcc READ/WRITE Control Width 250 200 ns 

tow Data In to Write Set Up Time 150 150 ns 

two Data In Hold Time After WRITE 10 10 ns 

twp WRITE to Port Output 400 400 ns 

tPR Port Input Set Up Time 50 50 ns 

tRP Port Input Hold Time 50 50 ns 

tRYH READY HOLD Time 0 160 0 160 ns 

tARY ADDRESS (CE) to READY 160 160 ns 

tRY Recovery Time Between Controls 300 200 ns 

tRDE READ Control to Data Bus Enable 10 10 ns 
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A.C.TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

u=x )C 2.0 2.0 > TEST POINTS < 
0.8 0.8 

OAS 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC "0:' 

WAVEFORMS 

ROM READ AND 1/0 .READ AND WRITE 

Aa-,. 
101M ~ 
A00-7 ,~ 

'CE2-1I .-F 
ALE 

'LL-

~'AL-

ADDRESS 

'AD 

ADDRESS 

\ 
00--- 'LA -----00 

-'.0.-

) 

_'.0 __ 
-'LC-

~'cc 

8355 CLOCK SPECIFICATIONS 

A.C. TESTING LOAD CIRCUIT 

DEVICE '1 CL = 150 pF 

UNDER 
TEST 

CL =150pF 
CL INCLUDES JIG CAPACITANCE 

DATA 

I 

·'.0." 
, . 

'-.:...- tR~ 
'ow -fwD .... 

'CL~ 
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WAVEFORMS (Continued) 

INPUT MODE 

OUTPUT MODE 

WAIT STATE 

elK 

ALE 

NOTE: Ready = o. 

ROOR 
lOR tJ~ 
PORT =x INPUT 

DATA'-- -----Y 
BUS ------- ---------

_______ 1" GLITCH FREE 

'w~ /OUTPUT 

PORT ------------.~ 
OUTPUT 

------------ ""1"--.----

DATA·-----~ X 
BUS _____ ..A ...... _____ J. 1... ___ _ 

'DATA BUS TIMING IS SHOWN IN FIGURE 4. 

, 
.... _-----
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16,384-8IT EPROM WITH 1/0 

• 2048 Words )( 8 Bits 

• Single + 5V Power Supply (Vce> 

• Directly Compatible with 80SSA 
and 8088 Microprocessors· 

• U.V. Erasable and Electrically 
Reprogrammable 

• Internal Address Latch 

• 2 General Purpose 8·Blt I/O Ports 

• Each I/O PoliLine Individually 
Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• 4O·Pln DIP 

The Intel· 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 808SA 
and 8088 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 460 ns to permit use with no wait .states in .. an 8OS5A CPu.. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line ia 
individually programmable as input or output. . 

The 8755A-2 is a high speed selected. version of the 8755A compatible with the 5 MHz 8085A-2 and the 5 MHz 8088. 

ClK 

READY 

A~7 

G 
PORTA 

Aa-l0 PAo-7 

CEo 
2K x 8 

loiM EPROM 

B ALE 
PB .... 7 

Rii 

lOW 

RESET 

iliA 

PROG/CE, Vee (+5V) 

voo v;' IOV) 

Figure 1. Block Diagram 

PROGANOCE, 

CEo 

ClK 

RESET 

"00 

Rii 
lOW 
ALE 

ADo 

AD, 

AD. 

AD3 

AD4 

AD. 

AD, 

AD7 

, 

4 

5 

9 

, . 
, . 
• .. , · ., 
• 
• • 
• .. 

, .' ... 
'PA4 

PA3 

PA. 

PAl 

PAo 

A,o 

Ao 
v .. ,I_I· 

Figure 2. Pin Configuration 

Intel Corporation A •• ume. No Reaponaibilty for the U.e of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenae. are Implied. 

@INTELCORPORATION. '1180 
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Table 1. Pin Description 

Symbol Type Name and Function Symbol be Name and FuncUon 

ALE I Addre •• Latch Enable: When Address 
Latch Enable goes high, ADo-7, 101M, 
Ae-l0, CE2, and CEl enter the address 
latches. The signals (AD, 101M, As-l0, 
CE) are latched in at the trailing edge of 
ALE. 

READY 0 Raady is a 3-state output controlled by 
CE2, CE1, ALE and CLK. READY is forced 
low when the Chip Enables are actove 
during the time ALE is high, arid remains 
low until the riSing edge of the next CLK. 
(See Figure 6.) 

ADo-7 I Bidirectional Addre •• /Data Bu.: The 
lower 8-bits of the PROM or 1/0 address 
are applied to the bus lines when ALE is 
high. 

PAo-7 I/O Port A: These are general purpose 1/0 
pins. Their input/output direction is de-· 
termined by the contents of Data Direc-
tion Register (DDR). Port A Is selected for 

During an I/O cycle, Port A or Bare 
selected based on the latched value of 

write operations when the Chip Enables 
are active and lOW Is low and a 0 was 

ADo. IF RD orlOR is low when the latched previously latched from ADo, ADl. 
Chip Enables are active, the output buf-
fers present data on the bus. 

As-l0 I Addre •• : These are the high order bits 

Read Operation is sel.ected by either iOR 
low and active Chip Enables and ADo 
and AD110w, or 101M high, RD low, active 

of the PROM address. They do not affect Chip Enables, and ADo and ADi lOw. 
1/0 operations. 

PBO-7 I/O Port B: This general purpose ilO port is 
PROG/CE, I Chip Enable Inpule: CEl is aCtive low identical to Port A except that it is 
CE2 and CE2 is active high. The 8755A can be selected by a 1 latched from ADo and Ii 0 

accessed only when both Chip Enables from ADl. 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the ADo-7 and 
READY outputs will be in a high imP!ll" 
dance state.CEl is also used as a pro-
gramming pin. (See section on 
programming.) 

101M I 1/0 Memory: If the latched 101M Is high 
when RD Is low, the output data comes 
from an I/O porte If it is low Uye output 
data comes from the PROM. 

RESET I Re.et: In normal operation, an input 
high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR 
register). 

lOR I 1/0 Read: When the Chip Enables are 
active, a Iowan lOR will output the 
selected I/O port onto the AD bus. ~ 
low performs the s.!.me functio'!..!s the 
combination of 101M high and RD low. 
When lOR Is· not used in a system, lOR 
should be tied to Vee C'l "). . 

RD I Read: If the latched Chip· Enables are 
active when RD goes low, the ADO-7 

Vee Power: +5 volt supply. 

output buffers are enabled and output Vss Ground: Reference. 
either the selected PROM location or I/O 
port. When both RD and lOR are high, 
the ADo-7 output buffers are 3-stated. 

Voo Power Supply: Voo is a programming 
voltage,!!nd must Ii!! tigg 12 Vee ~ 
the 8755A is being read. 

lOW I 1/0 Write: If the la.!£!!!d Chip.Enables are 
active, a 10"1' on lOW causes the output 
port painted to by the latched value of 
ADo to be writte'!...with the data on ADO-7. 

For programming, a high voitage is 
supplied with Voo = 25V, typical. (See 
section on p.rogramming.) 

The state of 101M is ignored. 

CLK I Clock: The CLK is used to force the 
READY Into its high impedan~state 
after it has been forced low by CEl low, 
CE2 high, and ALE high. 
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FUNCTIONAL DESCRIPTION 
PROM Section 
The 8755A contains an 8-bit address latch which allows it 
to interface dir!lctly to MCS"48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 

The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CE1 and CE2 are latched 
into the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and 10iM is low when RD 
goes low, the contents of the PROM location addressed 
by the latched address are put out on the ADO-7 lines 
(provided that Voo is tied to Vee.) 

I/O Section 
The.l/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A "0" in a particular bit posi
tion of a DDR signifies that the corresponding 1/0 port bit 
is in the input mode. A "1" in a particular bit position signi
fies that the corresponding 1/0 port bit is in the output 
mode. In this manner the 1/0 ports of the 8755A are bit-by
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR's cannot be 
read. 

AD1 ADo Selection 

0 0 Port A 
0 1 Port B 
. 1 0 Port A Data Direction Register (DDR A) 
1 1 Port B Data Direction Register (DDR B) 

When lOW goes low and the Chip Enables are active, the 
data on the AD is written into 110 port selected by the 
latched value of ADo-1. During this operation all 110 bits 
of the selected port are affected, regardless of their 1/0 
mode and the state of 10iM. The actual output level does 
not change until lOW returns high. (glitch free output) 

A port can be read out when the latched Chip Enables are 
active and either RD goes low with 10iM high, or lOR goes 
low. Both input and output mode bits of a selected port 
will appear on lines ADo-7. 

To clarify the function of the 110 Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT Band DDR B. 

7-148 

~ 

~ 
ffi ! RESET 

Do 

8755A 
ONE BIT OF PORT A AND DDR A: 

~ 
READ PA 

WRITE PA = (iOW:o) • (CHIP ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 
WRjTE oOR A = liiiW=o). (CHIP ENABL£S ACTIVE) • (DOR A ADORESS SElECTEO) 
READ PA = {((IOIM=1). (mi=O)] + (iOR=o}) • (CHIP ENABLES ACTIVE). (PORT A ADDRESS SELECTED! 

NOTE: WRITE PA IS NOT QUALIFIED BY 101M. 

Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch's output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini
tialized with a value prior to enabling the output. 

The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs . 

TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 

MODULE NAME 

UPP 955 
UPP UP2(2) 
PROMPT 975 
PROMPT 475 

NOTES: 

USE WITH 

UPP(4) 
UPP 855 
PROMPT 80/85(3) 
PROMPT 48(1) 

1. Described on p. 13-34 of 1978 Data catalog. 
2. Special adaptor socket. 
3. Described onp. 13-39 of 1978 Data catalog. 
4. Described on p. 13-71 of 1978 Data catalog. 
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ERASURE CHARACTERISTICS 
The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 

The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra
violet lamp with a 12000/-lW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 

PROGRAMMING 
Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the "1" state. Information is 
introduced by selectively programming "0" into the 
desired bit locations. A programmed "0" can only be 
changed to a "1" by UV erasure. 

The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT'" 80/85 and 
PROMPT-48'" design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A's and 8755's are shown in Table 1. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) 'Voo' should 
be at +5V. 

Preliminary timing diagrams and parameter values per· 
taining to the 8755A programming operation are con· 
tained in Figure 7. 
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SYSTEM APPLICATIONS 
System Interface with 8085A and 8088 
A system using the 8755A can use either one of the two 1/0 
Interface techniques: 

• Standard 1/0 

• Memory Mapped 1/0 

If a standard I/O technique is used, the system can use 
the feature of both CE3 and CE 1. By using a combination 
of unused address lines A11 - 15 and the Chip Enable 
inputs, the 8085A system can use up to 5 each 8755A's 
without requiring a CE decoder. See Figure 2a and 2b. 

If a memory mapped 1/0 approach is used the 8755A will be 
sel~ted by the combination of both the Chip Enables and 
101M using the ADs-15 address lines. See Figure 1. 

SOS5A 

A 

~8-15 
./I 

ADo.7 
"\f 

ALE 

RD 
r-

WR 
r-

eLK 1.21 
r-

READY 
r-

IOiM 
r- t 

v r-
I t'" 7" 7' V 

A/DG-7 AB_1D RD elK 101M 

iOR ALE iiiW READY 

8755A 

Figure 3. 8755A in 8085A System 
(Memory-Mapped I/O) 

" ;; 
) 

V 

CE 
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inter 8755A/8755A-2 

iAPX 88 FIVE CHIP SYSTEM 

Figure 4 shows l(five chip system containing: 

• 1.2SK Bytes RAM 
• 2K Bytes ROM 
• 38 I/O Pins 
• 1 Interval Timer 
• 2 Interrupt Levels 

,A ,A Vss Vee 

I I 
I ~t- CE POR!~ 

~ t- --- WR 
R PORT~ 

D 8155-2 B 

ALE PORT W .h DATAl C (6) 
ADDR 

IN_ 
101M TIMER 

RESET OUT r-

Aa- A'9 ADDR -"-- 'lOW 

V RO 
f-t', ADo-AD7 ~ ADDRIDATA ALE 

~ ,-- ClK \-~ 
PORT 

ce A 

~~ 
~ 

A8- tO 
8088 -V 8355-21 -- READY 8755402 

MN/MX -Vee DATAl 
ADDR ... 

[Dl ALE t-- I--

~ 101M PORT 

r- RST @ RO t- I-- f-- ~- RESET B 
X, X, 

ViR I--ClK I :EADY 
Vee 

READY t-- 101M t-- iCA -.J 

RES r-- I--- ! ! ! LROG 
8284 

RESET f---'- Vss Vet Voo 

RDY1 Vee 

WR 
.... RO 

CD EE, 8185--2 
ALE 

I ~t- cs. 
il-- CE, 

\-- Ae. Ag 

~ ADo_1 

..1 
Vss L 

, 

Figure 4. IAPX 88 Five Chip System Configuration 
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inter 8755A18755A·2 

ABSOLUTE MAXIMUM RATINGS· 

TemperatureUnderBias ....... O°Cto+70°C 
Storage Temperature -65°Cto +150°C 
Voltage on Any Pin 

With Respectto Ground ..... -O.5V to +7V 
Power Dissipation ............................ , 1.5W 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 700 , Vee = Voo = 5V ± 5%; 

Vee = VOO = 5V ±10% for 8755A-2) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

Vil Input Low Voltage -0.5 0.8 V Vee ~ 5.0V 

VIH Input High Voltage 2.0 Vee+O· 5 V Vee ~ 5.0V 

VOL Output Low Voltage 0.45 V IOl ~ 2mA 

VOH Output High Voltage 2.4 V IOH ~ -400!LA 

III Input Leakage 10 !LA Vss .. VIN .. Vee 

ILO Output Leakage Current. itO !LA 0.45V .. VOUT .. Vee 

Icc Vee Su pply Current 180 mA 

100 VOO Supply Current 30 mA VOO = Vee 

CIN Capacitance of Input Buffer 10 pF fe = l/LHz 

Clio CapaCitance of I/O Buffer 15 pF fe = l/LHz 

D.C. CHARACTERISTICS- PROGRAMMING (TA = 0°Ct070°, Vee = 5V ± 5%, Vss = OV, Voo = 25V ±1V; 
Vee = Voo = 5V ±10% for 8755A-2) 

Symbol Parameter Min. Typ. Max. Unit 

Voo Programming Voltage (during Write 
to EPROM) 24 25 26 V 

100 Prog Supply Current 15 30 mA 

.. 
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A.C. CHARACTERISTICS 

8755A18755A·2 

(TA = o·c to 700, Vee = 5V ± 5%; 

Vee = VOO = 5V ±10% for 8755A-2) 

8755A 

Symbol Parameter Min. Max. 

tCYC Clock Cycle Time 320 

T1 CLK Pulse Width 80 

T2 CLK Pulse Width 120 

tf,I, CLK Rise and Fall Time 30 

tAL Address 10 Latch Set Up Time 50 

IlA Address Hold Time afler Lalch 80 

IlC Latch 10 READ/WRITE Conlrol 100 

IRD Valid Data Out Delay from READ Control" 170 

tAD Address Stable to Data Oul Valid"" 450 

tll Lalch Enable Widlh 100 

tRDF Dala Bus Float after READ 0 100 

tCl READ/WRITE Control to Latch Enable 20 

tcc READ/WRITE Control Width 250 

tow Data In to Write Set Up Time 150 

two Data In Hold Time After WRITE :30 

twp WRITE to Pori Output 400 

tPR Port Input Set Up Time 50 

tRP Port Input Hold Time to Control 50 

tRYH READY HOLD Time to Control 0 160 

tARY ADDRESS (CElio READY 160 

tRY Recovery Time Between Controls 300 

tRDE READ Control to Data Bus Enable 10 

NOTE: 
eLOAD = 150pF. 
"Or TAD - (TAL + T Lel, whichever is greater. 

""Defines ALE to Data Out Valid in conjunction with TAL. 

8755A·2 
(Preliminary) 

M.in. Max. Units 

200 ns 

40 ns 

70 ns 

30 ns 

30 ns 

45 ns 

40 ns 

140 ns 

300 ns 

70 ns 

0 85 ns 

10 ns 

200 ns 

150 ns 

10 ns 

300 ns 

50 ns 

50 ns 

0 160 ns 

160 ns 
.' ~ , 200 ns 

10 ns 

A.C. CHARACTERISTICS-PROGRAMMING (TA = 0·Ct070·, Vee = 5V± 5%, Vss =OV, Voo = 25V ±1V; 
Vee = Voo = 5V ±10% for 8755A-2) 

Symbol Parameter Min. Typ. Max. Unit 

tps Data Setup Time 10 ns 

tpo Data Hold Time 0 ns 

ts Prog Pulse Setup Time 2 JJ.s 

tH Prog Pulse Hold Time ? JJ.s 

tPR Prog Pulse Rise Time 0.01 2 JJ.s 
... , 

tPF Prog Pulse Fall Time ·0.01 2 JJ.s 

tPRG Prog Pulse Width 45 50 msec 
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inter 8755A18755A·2 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

"=X )C 2.0 2.0 . > TEST POINTS < 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC" 1" AND O.45V FOR 
A lOGIC "0:' TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC' 1 ,. 
AND O.BV FOR A LOGIC "0." 

WAVEFORMS 

CLOCK SPECIFICATION FOR 8755A 

PROM READ, 1/0 READ AND WRITE 

Aa.l0 ) ADDRESS 

tAD --AD0-7 ) ADDRESS ~--i~ 

t t,,_ 

ALE 

__ tAL_ _tLA ___ 

(PROGI/eE, \ 

CE, I \ 
-- f.o--tRoE 

lOR Ri5 

~tLe~ I---tRD 

lOW 

Please note that eel must remain low for the entire cycle. 

DEVICE 
UNDER 

'1CL~150PF TEST 

Cl = 150pF 
CllNCLUDES JIG CAPACITANCE 

ADDRESS 

DATA >----~ ADDRESS >-
/ 

\ -- tRDF I--

J L. 
tow ~ \-two 

~ 
tee 

I---teL ___ 

tRV 

AFN.()()843C 



intJ 
WAVEFORMS (Continued) 

I/O PORT 

A. INPUT MODE 

PORT 
INPUT 

$755A18755A·2 

f....--+tRP ,..----

-------)( DATA" " 
BUS ------- --------------------

B. OUTPUT MODE 

PORT 
OUTPUT 

WAIT STATE (READY = 0) 

GLITCH FREE 
/OUTPUT 

AFN-00843C 



8755A18755A·2 

WAVEFORMS (Continued) 

8755A PROGRAM MODE 

FUNCTION 11~.o-------- PROGRAM CYCLE --------; .. ~I ........ ---- VERIFY CYCLE" ---.1- PROGRAM CYCLE 

ALE 

A/DO_7 

A8·10 

CE2 

+25 

Voo 

IpS 

DATA TO BE 
PROGRAMMED 

IpO 

---
+5~-------------------------f 

*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH VOO = +5V FOR 8755A) 
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iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 

8086/8086-2/8086-1 

• Direct Addressing Capability to 1 
MByte of Memory 

• Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages. 

• 14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

• 24 Operand Addressing Modes 

• Bit, Byte, Word, and Block Operations 

• 8 and 16·Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 

• Range of Clock Rates: 
5 MHz for 8086, 
8 MHz for 8086·2, 

10 MHz for 8086·1 

• MULTIBUS™ System Compatible 
Interface 

The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 

r~~~~ 
REGISTER FILE 

DATA 
POINTER, AND 

INDEX REGS 
18 WORDS) 

flAGS 

BUS INTERFACE UNIT 

:"RElOCP:TioN - 1 
REGISTER FILE 

SEGMENT 
REGISTERS 

AND 
INSTRUCTION 

POINTER 
(5 WORDS) 

6·BYTE 
INSTRUCTION 

QUEUE 

~ ___ r------~~------~ 
INT--~ __ 

NM'---

ROIGfO:1W 
HOlD-_ 

HLOA ---....--r---,---.,.....--.,......---,~ 

aND 
Vco 

3 DTliU5E'N,ALE 

Figure 1. iAPX 86/10 CPU Block Diagram 

8-1 

GND Vee 

A014 AD1S 

AD13 A16/S3 

A012 A17/54 

A011 A18fS5 

A010 A19/S6 

ADO BHE/57 

ADS MNIMX 

AD' Ali 
AD6 RO/GTO (HOLD) 

AD5 RO/GT' (HLOA) 

AD4 LOCK (WR) 

AD3 52 (M/ic) 

AD2 51 (DTlR) 

AD' so (DEN) 

ADO aso (ALE) 

NMI as, (1NrA) 

INTA TEST 

elK READY 

GND RESET 

40 LEAD 

Figure 2. iAPX 86/10 Pin Configuration 



intJ iAPX 86/10 

Table 1. Pin Desc.riptlon 
," 

The following pin function qescriptions are for iAPX 86 systems. in either minimum or maximum mode. The "Local 
Bus" in these descriptions /s the direct multiplexed bus interface connection to the 8086 (without regard to additional 
bus buffers). .. 

Symbol Pin No. Type Name and Function 

AD15,,~\Do 2-16,39 110 Address. Data Bus: These lines constitute the time multiplex~d memory/lO address (T 1) 
and data (T 2, T 3, T w, T 4l bus. Ao is analogous to BHE for the lower byte of the data bus, 
pins DrDo. It is lOW during T 1 when a byte is to be transferred on the lower portion of 
the bus in memory or 1/0 operations. Eight-bit oriented devices tied to the lower half 
would normally use Ao to condition chip select functiOns. (5eefffiE.)These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus "hold 
acknowledge." 

Alg1SS, 35-38 0 Address/Status: During T 1 these are the four most signi-
Ala/S5. ficant address lines for memory operations. During 110 
A17/S4, operations these lines are lOW. During memory and 110 

AU/S" 
A,e/S3 Characteristics 

Ala/S3 operations, status information is available on these 
lines during T 2, T 3, T w;and T 4. The status of the interrupt o (LOW) 0 Alternate Data 

enable FLAG bit (SS> is updated at the beginning of each 
0 , Stack 
'(HIGH) 0 Code or None 

ClK cycle. A17/S4 and A1s1S3 are encoded as shown. 1 , Data 

This information indicates which relocation register is 
56 is 0 
(LOW) 

presently being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 
acknowledge." 

BHE/57 34 0 Bus High Enable/Status: During Tl the bus high enable 
signal (BHE) should be used to enable data onto the 
most significant half of the data bus, pins 0 15-08' Eight- BHE Ao Characteristics 

bit oriented devices tied to the upper half of the bus 
0 0 Whole word 

would normally use BHE to condition chip select func- 0 1 Upper byte froml 
tions. BHE is lOW during Tl for read, write, and inter- to odd address 

rupt acknowledge cycles when a byte is to be transfer- , 0 Lower byte froml 

red on the high portion of the bus. The 57 status informa- to even address 

tion is available during T 2, T 3, and T 4. The signal is active 
, , None 

lOW, and floats to 3-state OFF in "hold." It is lOW dur-
ing T1ior the first interrupt acknowledge cycle. 

RD 32 0 Read: Read strobe indicates that the processor is performing a memory of 1/0 read cy-
cle, depending on the state of the S2 pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active lOW during T 2, T 3 and T w of any read cycle, 
and IS guaranteed to remain HIGH in T2 u[1til the 8086 local bus has floated. 

'(his signal floats to 3-state OFF in "hold acknowledge." 

READY 22 I READY: is the acknowledgement from the addressed memory or 1/0 device that it will 
complete the data transfer. The READY signal from memory/IO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in-
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 

INTR 18 I Interrupt Request: is a level triggered input which is sampled during the last clock cy-
cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software resetting the inter-
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 

TEST 23 I TEST: input is examined by the "Wait" instruction. If the TEST input is lOW execution 
continues, otherwise the processor waits in an "Idle" state. This input is synchronized 
internally during each clock cycle on the leading edge of ClK. 
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inter IAPX 86/10 

Table 1. pinD •• criptlon (Continued) 

,~,mbol Pin No. Type Name and 'Function 

NMI 17 I Non·maskable Interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine Is vectored to via an interrupt vector lookup table located in system' 
memory. NMI is not maskable internally by software. A transition from a lOW to HIGH, 
initiates the interrupt at the end of the current instruction. This input is internally syn-
chronized. ' 

RESET 21 I Reset: causes the processor,to immediately terminate its present actiVity. The 'signal 
must be active HIGH for at least four, clock cycles. It restarts execution, as described in 
the Instruction'Set description, when RESET returns lOW. RESET is internally syn-
chronized. 

ClK 19 I Clock: provideS the basic timing for the processor and bus controller. It is asymmetric 
with a 33% dui'y cycle to provide optimized internal timing. 

Vee 40 Vee: + 5V power supply pin. 

GND 1,20 Ground 

MN/MX 33 I Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 

The 'oilowing pin f~nction descriptions are for the 808618288 system in maximum mode (i.e:, MNIMX = VssJ. Only the 
pin functions which are unique to maximum mode are described; al/ other pIn functions are as described above. 

52,51, So 26-28 ' 0 'StatuS: active during T 4, T 10 and T 2 and is returned to the 
passive state (1,1,1) during T3 orduring Twwhen READY' S2 s, So Characteristics 

, is HIGH: This status is used by the 8288 Bus Controller o (LOW) 0 0 Interrupt 

to generate all memory and I/O acces's control Signals. Acknowledge 

Any change by 52, 81, or So during T 4 is used to indicate 0 0 , Read I/O Port 
0 , 0 Write 1/0 Port 

the beginning of a bus cycle, and the return to the pas- o , , Halt 

sive state in T3 orTw Is usecl to indicate the end of a bus '(HIGH) 0 0 Code Access 

cycle. 
, 0 , Read Memory , 1 0 Write Memory 

These signals floa,t to 3-state OFF in "hold aeknowl-
, , , Passive 

edge." These status lines are encoded as shown. 

l'iC/lITo, 30,31 1/0 ,Request/Grant: pins are used by other local bus masters to force the processor to 
l'iC/m'1' release the local bus at the end of the processor's current bus cycle. Each pin is 

bidirectional with RQ/GTo having higher priority than RQ/GT1. RQ/GT has an internal 
pull-up reSistor so may be left unconnected. The requelltlgrant sequence is as follows 
(see Figure 9): 

1.' A pulse of 1 elK wide from another local b~s master indicates a local bus request 
("hold") to the 8086 (pulse 1). 

2. During a T4 orT, clock cycle, a pulse 1 ClK wide from the 8086 to the requesting mast~r 
(p,ulse 2), indjclltes that the 808,6 has allowed the local bus to float and that it will enter 
the "hold acknowledge" state at the next,Cli<. The GPU's bus interface unit is discon-
nected logically from the local bus durin!! ':hold acknowledge." 

3. A pulse 1- ClK wide from the requesting master indicates to the 8086 (pulse 3) that 
the "holtl" request is abo\Jtto end and that the 8086 can reclaim the local bus at the 
!lext ClK. '" ' ' " ' 

Each master-master' exchange of 'the local bus is a sequence of 3 pulses. There must 
'be one dead ClK cycle after each bus'exchange. Pulses are active lOW. 

" 

If the reque!!t is made while the CPU is performing II, memory cycle, it wi II release the local 
bus duringT. of the cycle when all the following conditions are met: 

1. Request occurs on Or before T2• 

2. Current' cycle 'is not the low byte of a word (on an odd address). 
3. Current cycle is not the first, acknowledge of an interrupt acknowledge sequence. 
4. A loqked instruction is not qurrently exequtlng. 
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iAPX 86/10 

Table 1. Pin Oescrlptlon,(Contlnued) 

Symbol Pin No. Type Name and Function 

If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active 

memory cycle apply with condition number 1 already satisfied. 

LOCK 29 0 LOCK: output indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the "LOCK" 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3·state OFF in "hold acknowledge." 

as1, aso 24,25 0 Queue Status: The queue status is valid during the CLK 
cycle after which the queue operation is performed. 

aS1 and aso provide status to allow external tracking of 
the internal 8086 instruction queue. 

The fol/owing pin function descriptions are for the BOB6 in minimum mode (i.e., MN/MX = Vee). Only the pin functions which 
are unique to minimum mode are described; al/ other pin functions are as described above. 

c " 

MIlO 28 0 Status line: logically equivalent to S2 in the maximum mode. It is used to distinguish a 
memory access from an I/O access. Miio becomes valid in the T 4 preceding a bus cycle 
and remains valid until the final T4 of the cycle (M = HIGH, 10= LOW). M/iO floats to 
3-state OFF in local bus "hold acknowledge." 

WR 29 0 Write: indicates that the processor.is performing a write memory or write I/O cycle, 
depending on the state of the MIlO signal. WR is active for T 2, T 3 and T waf any write cy-
cle. It is active LOW, and floats to 3·state OFF in local bus "hold acknowledge." 

INTA 24 0 INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
T2, T3 and Tw of each interrupt acknowledge cycle. 

ALE 25 0 Address Latch Enable: provided by the processor to latch the address into the 82821 
8283 address latch. It is a HIGH pulse active during T1 of any bus cycle. Note that ALE 
is never floated. 

DT/R 27 0 Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S; in the maximum mode, and its timing is 
the' same as for MIlO. (T = HIGH, R = LOW.) This signal floats to 3-state OFF in local bus 
"hold acknowledge." 

DEN 26 0 Data Enable: provided as an output enable for the 8286/8287 in a minimum system 
which uses the transceiver. DENis active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle ofT 2 until the mid-
dle of T 4, while for a write cycle it js active from the beginning of T 2 until the middle of 
T4. DEN floats to 3-state OFF in local bus "hold acknowledge." 

HOLD, 31,30 I/O HOLD: indicates that another master is requesting a ,local bus "hold." To bj! acknowl-
HLDA edged, HOLD must be active HIGH. The processor receiving the "hold" request will 

issue HLDA (HIGH) as an acknowledgement in the middle of a T4 or T, clock cycle. Simul-
taneous with the issuance of HLDA th,e processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will LOWer HLDA, and when 
the processor needs to run another cycle, it will again drive the local bus and control 
lines. 

The same rules as for RalGT apply regarding' when the local bus will be released. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 
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IAPX 86110 

FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 

The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe
cution Unit (EU) as shown in the block diagram of 
Figure 1. 

These units can interact directly but for the most pan 
perform as separate asynchronous operational process
ors. The bus interface unit provides the functions related 
to instruction fetchin.g and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor
mance through improved bus bandwidth utilization. Upto 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 

The instruction stream queuing mechanism allows the 
BIU to keep the memory utilized very efficiently. When· 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces "dead time" on the memory bus. The queue 
acts as a First-ln·First·Out (FIFO) buffer, from which the 
EU extracts instwction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 

The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 

Memory Segment Register 
Reference Need Used 

Instructions CODE (CS) 

Stack STACK (55) 

Local Data DATA (OS) 

External (Global) Data EXTRA (ES) 

MEMORY ORGANIZATION 
The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga
nized as a linear array of up to 1 million bytes, addressed 
as OOOOO(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on l6-byte 
boundaries. (See Figure 3a.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addreSsing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro
grams are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com
puters. For address and data operands,the least signifi
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is on an odd byte boundary. Except for the perfor
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 

PhYSically, the memory is organized as a high bank 
(01S-0el and a low bank (07-00) of 5l2K 8-bit bytes 
addressed in parallel by the processor's address lines 

A19 - A1. Byte data with even addresses is transferred on 
the 07-00 bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the 01s-0e bus lines. The process
or provides two enable signals, SHE and Ao, to selectively 
allow reading from or writing' into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 

Segment 
Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references relative10 BP 
base register except data references. 

Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

Destination of string operations: Explicitly selected using a 
segment override. 
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...r-----J,.. FFFFFH 

ID}CODE SEGMENT 

,-----'--- XXXXOH 

,--"---4--1 

} STACK SEGMENT 

SEG,MENT H} 
~RE~G~ISI;i~R~F~'LE~~~~~_H DATA SEGMENT 

}EXTRADATA SEGMENT 

~-t---t 

~OOOOOH 

Figure 3a. Memory Organization 

In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start· 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper· 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer· 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task multi· 
plexing. 

Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump ,to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at 10cationFFFFOH where the jump must be. Locations 
OOOOOH ,through 003FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4·byte pointer element 
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consisting of a 16·bit segment address and, a 16·bit off· 
set address. The pOinter elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 

RESET BOOTSTRAP 
PROGRAM JUMP 

INTERRUPT POINTER 
FOR TYPE 255 

INTERRUPT POINTER 
FOR TYPE 1 

INTERRUPT POINTER 
FOR TYPE 0 

FFFFFH 

FFFFOH 

3FFH 

3FCH 

7H 

4H 
3H 

OH 

Figure 3b. Reserved Memory locations 

MINIMUM AND MAXIMUM MODES 
The requirements for supporting minimum and maximum 
iAPX 86110 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 
dependent on the condition of the, strap pin. When 
MN/MX pin is strapped toGND,the 8086 treats pins 24 
through 31 in maximum mode. An 8288_bi:!.S £ontroller 
interprets status information coded into SO,S1,S2 to gen· 
erate bus timing and control signals compatible with 
the MULTIBUS™ architecture. When the MN/MX pin is 
strapped to Vee, the 8086 generates bus control signals 
itself on pins 24 through 31, as shown in parentheses in 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 

AFN·01497C 



IAPX 86/10 
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I I 
- ---.., I 1 WAIT 
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I STATE I 
808~ CPU 
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I 
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DE I 1 8282 

ADo-AD,S ~DD~ LATCH 

4 ADDR 
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1 IL_T----,I 
1 C.:=l 0. 8286 I I 1 

.. 

TRANSCEIVER I DATA 
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L ___ Y 
! .... 

OPTIONAL CSOH CSOL WE 00 CE DE CS ROWR 
FOR INCREASED 
DATA, BUS DRIVE 2142 RAM (4) 2716·2 PROM (2) MeS-SO 

PERIPHERAL 
(2) (2) 

1Kx8 1 1Kx8 2KK8 I 2Kx8 

Figure 4a. Minimum ModelAPX 86/10 Typical Configuration 

o Vee rU'li 8284A MNIM. GND ClK MADe 

GE~~OR elK SO SO MWTC 

~m ~ READY S; S; AMWC r- N.C. 

I- RESET 50 50 8288 
-
IORC I RDY r-- OEN C~~~R lowe 

aND r-l-..., 8088 r-- DT/R AIOWC t-N.C. 
CPU 

INTA ALE 
I WAIT I r- N.C. I STATE I = r---:l 
I GENERATOR I I 
L ___ .J STB 

I 
GND- +---- OE 

8282 I 
ADo-AD'5 iPDDRIDAr LATCH 

~DDR A'S-A'9 (2 OR 3) W-r-SHE r-- +----

~ 
T 

DE 
8286 

TRANSCEIVER DATA 

~ 
(2) 

BHE fu0l1 111f 11 
CSOH CSOl WE 00 CE DE CS If6 WJi 

2142 RAM (4) 2716·2 PROM (2) Mes-so 
PERIPHERAL 

(2) (2) 
1Kx8 1Kx8 2KxSJ. 2Kx8 

Figure 4b. Maximum Mode iAPX 86/10 Typical Configuration 
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BUS OPERATION 
The 86/10 has a combined address and data bus com
monly referred to as a time multiplexed bus. This tech
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This "local bus" can be buffered directly and 
used throughout the system with address latching pro
vided on memory and 1/0 modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 

Each processor bus cycle consists of at least four ClK 
cycles. These are referred to as T1, T2, T3 and T4 (see 
Figure 5). The address is emitted from the processor 
during T 1 and data transfer occurs on the bus during T 3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (T w) are inserted between T 3 and T 4. Each 
inserted "Wait" state is of the same duration as a ClK 
cycle. Periods can occur betwe~n 8086 bus cycles. 
These are referred to as "Idle" states (TI) or inactive ClK 
cycles. The processor uses these cycles for internal 
housekeepi ng. 

During Tl of any bus cycle the ALE (Address latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer
tain status information for the cycle may be latched. 

Status bits 50, 5" and S2 are used, in maximum mode, 
by the bus controller to identify the type of bus transac
tion according to the following table: 

52 ~ SO CHARACTERISTICS 

o (lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

8-8 

Status bits S3 through S7 are multiplexed with high
order address bits and the SHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord
ing to the following table: 

54 53 CHARACTERISTICS 
o (lOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 1 Data 

Ss is a reflection of the PSW interrupt enable bit. S6=0 and 
S7 is a spare status bit. 

1/0 ADDRESSING 
In the 86/10, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The 
I/O address appears in the same format as the memory 
address on bus lines A1S-Ao. The address lines A19-A16 

are zero' in I/O operations. The variable I/O instructions 
which use register OX as a pointer have full address capa
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 

1/0 ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
0 7-00 bus lines and odd addressed bytes on DIS-Os. 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 
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Figure 5. Basic System Timing 
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EXTERNAL INTERFACE 
PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of th.e RESET pin. The'S086 RESET is 
required to. be HIGH for greater than 4 elK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximat~ly lQ elK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFFOH (see 
. Figure 38). The details of this operation are specified in the 
Instruction SElt description of the MeS-86 Family User's 

. Manual. The RESET input is internally synchronized to the 
processor clock., At initialization the HIGH-to-lOW trans
ition of RESET must occur no sooner than 5O.l.Ios after 
power-up, to allow complete in.it,ialization of the ~086. 

NMI may not be asserted prior to the 2nd elK cycle fol
lowing the .end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
. hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified asnon·maskable or maskable. 

Interrupts result in a transfer of control to a new pro· 
gram location. A 256·element table containing address 
pOinters to the 'interruptservice' program locations 
resides in absolute locations 0 through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt "type". An interrupting device supplies 
an 8·bit type number, during the interrupt acknowledge 

sequence, which is used to "vector" through the ap· 
propriate element to the new interrupt service program 
location. 

, NON·MASKABLE INTERRUPT (NMI) 
The processor provides a singls non·maskable Interrupt 
pin (NMI) which has higher priority than the maskable in· 
terrupt request pin (INTR). A typical use would be to ac
tivate a power failure routine. The NMlls edge-triggered 
on a lOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than .two elK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
N~I is latched on·chip and will be serviced at the end of 
the current instruction or between 'whole moves of a 
block-type instruc~ion. Worst. case response to NMI 
would be for multiply, divide, and variable shift instruc
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
serviCing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The Signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 

MASKABLEINTERRUPT (INTR) 
The 86/10 provides a single interrupt request input (lNTR) 
which can be masked internaily by software' with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of elK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block·type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as par.t of the response to any interrupt (INTR, 
NMI, software interrupt or single'step), although the 

I T, T, T3 I T, I T, I T, T, T3 

ALE J\L.....--. _----;( n\-..-, __ 
[QCK \ / J J 

( ( 

r" ~ \ iNTA \ 

\ ~FLOAT J! TYPE VECTOR >-( I ADo-A0 1s 

Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 
enable bit will be zero unless specifically set by an 
instruction. 

During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from T 2 of the first bus cycle until T 2 of the second. A 
local bus "hold" request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 

HALT 
When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S~lS0 and the 8288 bus controller issues one ALE. The 
8086 will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the "HALT" 
state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 

The LOCK status information is provided by the proc· 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi· 
processor system configurations to accomplish "test 
and set lock" operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software "LOCK" prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the instruction following the "LOCK" 
prefix instruction. While LOCK is active a request on a 
RQfGT pin will be recorded and then honored at the end 
of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the 8086 provides a single software· 
testable input known as the TEST signal. At any time the 
program may execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program execution 
becomes suspended while the processor waits for TEST 
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to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re·executed 
repeatedly until that time. This activity does not con· 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
"Hold"is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re·fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 

BASIC SYSTEM TIMING 
Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to Vee arid the proc· 
essor emits bus control Signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to Vss and the processor emits coded status informa
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il
lustrates the signal timing relationships. 

AX AH Al ACCUMULATOR 

BX BH Bl BASE 

CX CH Cl COUNT 

OX DH Dl DATA 

~~ 
STACK POINTER 

BP BASE POINTER 

SI SOURCE INDEX 

01 DESTINATION INDEX 

I 
IP I INSTRUCTION POINTER 

FLAGSH I FLAGSL STATUS FLAGS 

CS CODE SEGMENT 

OS DATA SEGMENT 

'------0 SS STACK SEGMENT 

ES EXTRA SEGMENT 

Figure 7_ iAPX 86/10 Register Model 

SYSTEM TIMING - MINIMUM SYSTEM 
The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low
going) edge of this signal is used to latch the address 
information, which is valid on the local bus at this time, 
into the 828218283 latch. The BHE and Ao signals 
address the low, high, or both bytes. From T 1 to T 4 the 
M/iO signal indicates a memory or 110 operation. At T2 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at T 2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) is required to 
buffer the 8086 local bus, signals DTfR and DEN are pro
vided by the 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/iO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T2 immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T 4' During T 2, T 3, and T w the processor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of T2 as opposed to the read 
which is delayed somewhat into T2 to provide time for 
the bus to float. 

The BHE and Ao signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 

SHE AO CHARACTERISTICS 
0 0 Whole word 

0 1 Upper byte from! 
to odd address 

1 0 lower byte from! 
to even address 

1 1 None 

I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D7-DO bus lines and odd addressed bytes on D15-D8. 

The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 

read (1m) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D7-DO as 
supplied by the interrupt system logic (i.e., 8259A Prior
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pOinter into an interrupt vector lookup table, as 
described earlier. 
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BUS TIMING-MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is connected to 
Vss and the 8288 Bus Controller is added to the system as 
well as an 828218283 latch for latching the system address, 
and a 8286/8287 transceiver to allow for bus loading 
greater than the 8086 is capable of handling. Signals ALE, 
DEN, and DT/R are generated by the 8288 instead of the 
processor in this configuration although their timing re
mains relatively the same. The 8086 status outputs (82, 51, 
and So) provide type-of-cycle information and become 
8288 inputs. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt acknowl
edge, or software halt. The 8288 thus issues control 
signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of 
write strobes, normal and advanced, to be applied as re
quired. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, and hence data isn't valid 
at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and DE inputs from the 8288's DT/R 
and DEN. 

The pOinter into the interrupt vector .table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O·C to 70·C 
Storage Temperature ............. -65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground .................. - 1.0 to + 7V 
Power Dissipation ........................ 2.5 Watt 

·NOTICE: Stresses above, those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operationa/sections of this specifi
cation is not implied. Exposure to absolute max/mum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (8086: TA = O°C to 70°C, Vcc = 5V ± 10%) 
(8086-1: TA = O°C to 70°C, Vcc = 5V ± 5%) 
(8086-2: TA = O°C to 70°C, Vcc = 5V ± 5%) 

Symbol Parameter Min. Max. Units T •• t Condition. 

Vil Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vcc + 0.5 V 

VOL Output Low Voltage 0.45 V IOl=2.5 mA 

VOH Output High Voltage 2.4 V 10H = - 400 ",A 

Icc Power Supply Current: 8086 340 
8086-1 360 mA TA=25°C 
8086-2 350 

III Input Leakage Current ± 10 ",A OV"" VIN "" Vcc 

Ilo Output Leakage Current ±10 ",A 0.45V .. VOUT " Vcc 

VCl Clock Input Low Voltage -0.5 +0.6 V 

VCH Clock Input High Voltage 3.9 Vcc + 1.0 V 

CapaCitance of Input Buffer 
CIN (Ali input except 15 pF fc= 1 MHz 

ADo- AD,5, RQ/GT) 

CIO 
CapaCitance of 1/0 Buffer 15 pF fc= 1 MHz 
(ADo - AD,5, RQ/GT) 
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A~C; CHARACTERISTICS (8086: TA = 0·0 to 70·0, Vcc = 5V ±1()%) 
(8086-1: TA = O~(:. to 70·0, Vcc = 5V ± 5%) 
(8086-2: TA = 000 to 70·0, Vce = 5V± 5%) 

MINIMUM COMPLEXITY SYSTEM 
TIMiNG REQUIREMENTS 

Symbol Para mater aoa8 aOa8-1 (Prallmlnary) aOa8-2 
Min. Max. Min. Max. Min. 

TClCl ClK Cycle Period 200 500 100 500 125 

TClCH CLK loV/Tlme 118 53 68 

TCHCl CLK High Time 69 39 44 

TCH1CH2 ClK Rise Time 10 10 

TCL2Cll ClKFaliTime 10 10 

TDVCl Data in Setup Time 30 5 20 

TCLDX Data in Hold Time 10 10 10 

TRWCl ROY ~tup Time 35 35 35 
into 8284A (See 
Notes 1, 2) 

TClR1X ROY Hold Time 0 0 0 
into 8284A (See 
Notes I, 2) 

TRYHCH READY Setup 118 53 68 
Time into 8086 

TCHRYX READY Hold Time 30 20 20 
into 8086 ... 

TRYlCl READY Inactive to -8 -10 -8 
ClK (See Note 3) 

THVCH HOLD Setup Time 35 20 20 

TINVCH INTR, NMI, TEST 30 15 15 
Setup Time (See 
Note 2) 

TILIH Input Rise Time 20 20 
(Except ClK) 

TIHll Input Fall Time 12 12 
(Except ClK) 
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Test 
Units Conditions 

Max. 

500 ns 

... .ns 

ns 

10 ns From l.OVto 
3.5V 

10 ns From 3.5V to 
1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns From 0.8V to 
2.0V 

12 ns From 2.0Vto 
0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

.. 
Symbol Peremeter 8088 

Min. Mex. 

TCLAV Address Valid Dalay 10 110 

TCLAX Address Hold Time 10 

TCLAZ Address Float TCLAX 60 
Dalay 

TlHll ALE Width TClCH-20 

TClLH ALE Active Dalay 60 

TCHll ALE Inactive Dalay 85 

TlLAX Address Hold Time TCHCl-l0 
to ALE Inactive 

TCLDV Data Valid Dalay 10 110 

TCHDX Data Hold Time 10 

TWHDX. Data Hold 11me TClCH-30 . 
AftarWR 

TCVCTV Control Active 10 110 
Dalayl 

TCHCTV Control ACtive 10 11.0 
"Dalay2 

TCVCTX Control InaClIve .10 110 
Dalay 

TAZRl Address Float to 0 
READ Active 

TClRl ~ Active Dalay 10 185 

TCLAft RD Inactive Dalay 10 150 

TRHAV RD Inactive to Next TClCl-45 
Address Active 

TCLHAV HLDA Valid Dalay 10 160 

TRlRH· i'mWldth 2TClCl-75 

TWlWH WRWldth 2TC!"CI,:-60 

TAVAl Address Valid to TClCH-60 
ALE Low 

~TOlOH Output Rise 11me 20 

TOHOl Output Fall Time 12 

NOTES: 

IAPX86/10 

8088-1 (Prellmlne,,) 

Min. Mex. 

10 50 

10 

10 40 

TCLCH-l0 

40 

45 

TCHCl-l0 

10 50 

10 

TClCH-25 

10 50 

10 45 

10 50 

0 

10 70 

10 60 

TClCl-35 

10 60 

2TClCl-40 

2TCLCl-35 

TClCH-35 

20 

12 

1.. Signal at 8284A shown for reference only, . , . 

1088-2 

Min. 

10 

10 

TCLAX 

TClCH·l0 

TCHCl-tO 

10 

10 

TClCH-30 

10 

10 

10 

0 

10 

10 

TClCl-4O 

10 

2TClCl-50 

2TClCl-40 

TClCH-40 

l!. Setup requirement for aSYlJchronous signal only to guarantee recognition at next ClK. 
3. Applies: only to T2 state. (8 nslnto T3). 

Teat 
Unite Conditione 

Me .. 

60 ns 

ns 

50 ns 

ns 

50 ns 

55 ns 

ns 

60 ns ·CL = 20-100 pF 

ns for all 8086 Out-
puts (in8ddi-

ns tion to 8086 self· 
load)" . 

70 ns 

60 ns 

70 ns 

ns 

100 ns 

60 ns 

ns 

100 ns 

ns 

I)S 

ns 

20 ns From o.aVto 
2.OV 

12 ns From 2.OVto 
O.8V 

AFN-01497C 



inter IAPX 86/10 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" ANDO.45V FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 1.SV FOR BOTH A 
LOGIC "1" AND "0." 

WAVEFORMS 

MINIMUM MODE 

ClK (8284A OUtpuQ 

MIlO 

ALE 

RDY (8284A InpuQ 

SEE NOTE 4 

READ CYCLE 

(NOTE') 

1WIi. iN'i'A = VOH) 

RD 

DT/A" 

TCLAV 

DEVICE 
UNDER 

lCL=.OOPF 
TEST 

":" 

CL INCWDES JIG CAPACITANCE 

T3 TW T. 

TClDX-

8-16 

r--
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WAVEFORMS (Continued) 

MINIMUM MODE (Continued) 

CLK (lIMA OutpuQ 

Mlill 

ALE 

AD1&-ADo 

WRITE CYCLE 

(JoIOTE 1) DEN 

(iiii. iIITA. 
DTIIf.vOH) 

INTA CYCLE DT/ii 
(NOTES 1 13) 

~~~JOH 

SOFTWME HALT-

RD. WII, INTA - YoH 
DT/R = INOElERMINATE 

NOTES: 

--+--+--,,!J 

TClAV 

IAPX86/10 

INVALID ADDRESS 

1. All signals switch between VOH and VOL unless otherwise specified. 

Tw 

SOFTWARE HALT 

2. ROY is sampled near the end of T2. T3. Tw to determine if Tw machines states are to be inserted. 

T. 

3. Two INTA cycles run back-to-back. The 8088 LOCAL AOORIOATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. . 

4. Signals at 8284A are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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inter IAPX '86/1 0 

A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 8088 808 .. 1 (Preliminary) 

Min. Max. Min. Mu. 

TCLCL CLK, Cycle Period 200 500 100 500 

TCLCH CLKLcwTime 118 53 

TCHCl CLK High Time 69 39 

TCH1CH2 CLK Rise Time 10 10 

TCL2CLl CLKFaliTima 10 10 

TDVCl Data in Setup Time 30 5 

TClDX Data In Hold Time 10 10 

TRWCL ROY Setup Time 35 35 
Into 8284A (See 
Notes 1, 2) 

TCLRIX RDY,Hold Time 0 0 
into Ii284A (See 
Notes I, 2) 

TRYHCH READY Setup Time 118 53 
Into 8068 

TCHRYX READY Hold Time 30 20 
into 8068 

TRYlCL READY Inactive to -8 -10 
CLK (See Nota 4) 

TlNVCH Setup Time for 30 15 
Recognition (lNTR, 
NUl, 'fE§'i) (See 
Note 2) 

TGVCH RQ/GT Setup Time 30 12 

TCHGX RQ Hold Time Into 40 20 
8068 

llLlH Input Rise Time 20 20 
(Except ClK) 

TIHll Input Fall Time 12 12 
(Except ClK) 

NOTES: 
1. Signal at 8284A or 8288 shown for reference only. 

8088·2 (Preliminary) 

Min. Mall. 

125 500 

68 

44 

10 

10 

20 

10 

35 

0 

68 

20 

-8 

15 

15 

30 

20 

12 

2. Setup requirement for asynchronous signal only to guarantee recognition at next eLK. 
3. Applies only to T3 and wait states. ' 
4. Applies only to T2state (8 ns into T3). 

8·18 

Te .. 
Units Conditions 

ns 

ns 

ns 

ns From 1.OVto 
3.5V 

n. From 3.5Vto 
1.OV 

n. 

n. 

ns 

ns 

ns 

n. 

ns 

n. 

ns 

ns 

ns FromO.8Vto 
2.OV 

ns From2.0Vto 
0.8V 

AFN·OI497C 



intJ 
A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 8088 

Min. Max. 

TCLML Command Active 10 35 
Delay (See Note 1) 

TCLMH Command Inactive 10 35 
Delay (See Note 1) 

TRYHSH READY Active to 110 
Status Passive (See 
Note 3) 

TCHSV Status Active Delay 10 110 

TCLSH Status Inactive 10 130 
Delay 

TCLAV Address Valid 10 110 
Delay 

TCLAX Address Hold Time 10 

TCLAZ Address Float Delay TCLAX 80 

TSVLH Status Valid to ALE 15 

High (See .Note 1) 

TSVMCH Status Valid to 15 
MCE High (See 
Note 1) 

TCLLH CLK Low to ALE 15 
Valid (See Note 1) 

TCLMCH CLK Low to MCE 15 
High (See Note 1) 

TCHLL ALE Inactive Delay 15 
(See Note 1) 

TCLMCL MCE Inactive Delay 15 
(See Note 1) 

TCLDV Data Valid Delay 10 110 

TCHDX Data Hold Time 10 

TCVNV Control Active 5 45 
Delay (See Note 1) 

TCVNX Control Inactive 10 45 
Delay (See Note 1) 

TAZRL Address Float to 0 
Read Active 

TCLRL RD Active Delay 10 165 

TCLRH RD Inactive Delay 10 150 

TRHAV RD Inactive to TCLCL-45 
Next Address Active 

TCHDTL Direction Control 50 
Active Delay (See 
Note 1) 

TCHDTH Direction Control 30 
Inactive Delay (See 
Note 1) 

TCLGL GT Active Delay 0 85 

TCLGH GT Inactive Delay 0 85 

TRLRH RDWidth 2TCLCL-75 

TOLOH Output Rise Time 20 

TOHOL Output Fall Time 12 

iAPX 86/10 

Test 
8088-1 (Preliminary) 8088·2 (Preliminary) Units Conditions 

Min. Max. Min. Max. 

10 35 10 35 ns 

10 35 10 35 ns 

45 65 ns 

10 45 10 60 ns 

10 55 10 70 ns 

10 50 10 60 ns 

10 10 ns 

10 40 TCLAX 50 ns 

15 15 ns 

15 15 ns 

15 15 ns 

15 15 ns 

15 15 ns CL ~ 20-100 pF 
for all 8066 Out-

15 15 ns puts (In addi-
tion to 8066 self-
load) 

10 50 10 60 ns 

10 10 ns 

5 45 5 45 ns 

10 45 10 45 ns 

0 0 ns 

10 70 10 100 ns 

10 60 10 80 ns 

TCLCL-35 TCLCL-40 ns 

50 50 ns 

30 30 ns 

0 45 0 50 ns 

0 45 0 50 ns 

2TCLCL-40 2TCLCL-50 ns 

20 20 ns From O.8Vto 
2.0V 

12 12 ns From 2.0Vto 
0.8V 
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inter IAPX 86/10 

WAVEFORMS 

MAXIMUM MODE T, T3 

CLK 

1 . . 

~ •. ~TCH1CH2-+1 H[TCL2CL1 Tw 
CH ,;--'""\ TCLCL r......... n-
oJ ~ 1-· "-----' 

v 

VCL 

lIi,!1,SO (EXCEPT HAL n 

1 
ALE (8288 OUTPun 

SEE NOTE 5 

RDY (8284A (NPUn 

READ CYCLE 

8288 OUTPUTS 

SEE NOTES 5,6 

AD15-ADo 

RD 

DT/R 

DEN 

TCLAV~ 

r---

-
TSVLH 
TCLLH· 

TCLAV-j 

t - TCHCL _TCLCH_ 

TCHSV - ~TCL$H 

------
~ f1,1t'(SEE NOTE 8) \ 

.I:=::CLAV ~CLDV TCHDX- t-----TCLAX-

a'iiE,AlO-A18 )( $1"53 

~- { TCHLL 

J 
r--

I~ __ -

~ 
i--TR1VCL 

~ ~~ ~~ ~~~ 
TRYLCL -

/ 

rHSH~1 -

-TCHRYX 

-TCLAX~ f 
TRYHCH- -

F -TCLAZ 1-[ !:=-TDVCL-~TCLDX-.. - 'r~ 
DATA IN 

FL~~ 
TAZRL- - TCLRH TRHAV 

~ 
/ 

TCHDTL- -- TCLRL 
TRLRH 

TCHDTH 

TCLML-

~ 
TCLMH-.. ~ 

TCVNV~ II-

f 
TCVNX- -

8-20 AFN-Q1497C 



inter 
WAVEFORMS (Continued) 

MAXIMUM MODE (Continued) 

ClK 

S2,'S1,S(j(EXCEPT HALn 

WRITE CYCLE 

DEN 

8288 OUTPUTS 

see NOTES 5,6 AMWC OR Alowe 

INTACYCLE 

MWTCOA lowe 

AD15-ADO 
(see NOTES 3 & 4) 

8288 OUTPUTS 

MCE! 

I'MiI 

DTIR 

SEE NOTES 5,6\INTA 

DEN 

AD15-ADo 

IAPX 86/10 

T, T, T, T, 

Tw 

TCHDX-

DATA 

TCYNX-

TCLMH-

_TCLMH 

INVALID ADDRESS 

relAY 

~,----~!'-----'\~====== 
NOTES: 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second .INTA cycle. 

\ 

\._---

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 
6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 

active high 8288 CEN. 
7. All timing measurements are made at 1.SV unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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iAPX86/10 

W~VEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

NMI 

INTR 

TEST 

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO· 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT elK 

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) RESET TIMING 

Any elK C)'CI8---j Any elK Cycle -_I 
'cc 

eLI<. 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

ROIGT 

AOtS-ADo 
At9lS8-Ats/S3 
Si.S1,go 
RD.""'" 
IH!sS7 

1. THE COPROCESSOR MAY NOT DRIVE THE 8USES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE OtliLY) 

c,,~ ~'7L~R2CYCLES 

""'" ?~, "'""" .I------+--~ 
-1 fTC,LHAV TCLHAV 

HLOA I 
--------!" 

ADts-AD{), 
A,e1Ss-A,&1S3, 

L7MliO 
DTIR, Wit, iffi;;i 

I 
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IAPX 86/10 

Table .2. Instruction Set Summary 

OA TA TRANSFER 
MOV· MM: 

Regislellmemorylolfrom register 

Immedrate10 reglslerlmemory 

Immediate to reilister 

Memory 10 accumulalGI 

Accumulator!o memory 

71543210 11543210 lbH3(,u 

( 1 DOD I 0 II W ) mod leg rim 

11100011 w !mod II 0 0 rim 

1011 W leg 

1010 II 0 0 w addr-Iow 

1,0100(11 w I addr-Iow 

dalll! wI 

addr-hlgh 

addr-hlgh 

Register Imemory to segment register 1 0 (I (I , 1 I 0 mod 0 reg 

Stgment register 10 register/memory '(1001 1 (I 0 mod 0 reg rim 

PUStI· Pulll: 

Reglster/memOIY 

RegiSter 

SegmentleglS!er 

~gisterlmemory 

Register 

Segmentreglsler 

XCNG • ExcQn .. : 

Regrster/memorywllh register 

Reglstelwllh accumulator 

IN=lnputfrom: 

Fixedpolt 

Variable porI 

OUT ~ Output to: 

Fiudporl 

Variable port 

XLU4ransiate byte to AL 

LU·Load EAto register 

LOB·Load pOinter to OS 

UB-Load pointer to ES 

LANF'LoaO AH with Ilags 

UHF·Slore AH into lIags 

~UB"F-Push flags 

I'IPfmPopllags 

A~IT".ETIC . 
ADD - Add: 

111' 1 IIi mod 110 rim 

01010 reg 

OOOregltO 

100011 I 1 modO 0 0 rim 

01011 reg 

000reol11 

1000011 w mod re{! 11m 

10010 reg 

1,1100 1 Ow I pori 

1111 0 1 1 Ow I 

l'l10011wl porI 

1110tl1w 

11 0 1 0111 

1000110 t mod reg 

t 1000 t 0 1 mod reg. 

111 000100 Imod 

10011 I 11 

100-1 I 1 10 

10011100 

10011101 

!lalad wI I 

DEC Dlcremenl: 7150ttO 76543210 76543210 

Register/memory 

Register 

CMP Compare: 

Reg.ster/memoryand reg.sler 

Immediate w.th reglsterlmemory 

Immediate with accumulator 

AAS ASCII ad)ustlor subtract 

DAS-DeClmal adlusllor subtract 

MUL-Multlply(unsigned) 

IMUllntegermulhply Is.gned) 

11 I I 1 lIt w ImodO 0 1 I 
101001 reg I 

111 I 1011 w imodO 1 1 

1001 I I 0 d w Imod feg 

100000 s w mod 111 rim 

0011110w 

~ 
001011 1 1 

1 1 1 1011 W mod 1 00 rim 

1 1 1 1011 w mod 101 rim 

AlMASCliadjusllormul1.ply 11010100 00001010 

OIV DIVide lunSlgnedl 11111011 w Imod 110 11m 

IDtv Inleg~r diVide (Signed I 11 1 1 101 1 w I mod I 1 1 rim 

AlO ASCII adjust lor diVide 1 10 1 0 1 0 I 00001 0 1 0 

C8W Convert byte to word 100 I 1000 

CWD Converl word 10 double word ItO 0 11001 I 

LOGIC 
NOT Invert 1 I 1 1011 III' modO 1 0 rim 

Sill/SAl Shift logleallaflthmet.elett 110100 v w mod I 0 0 rim 

SIIA Shl1tloglcal rtght l' 10100 v w Imod 101 rim 

SAil Sh.ltafllhmel.e "gl1\ 1 1 0 1 0 0 v w mod 1 I I rim 

IIOl Rotate leU 110100 v w modO 0 0 rim 

ROR Rotate fight l' 10100 v w ImodO 0 1 rim 

RCl Rotalethrough carryllag leil I I 10100 v III' ImodO 1 0 rim 

RCR ROlate through carry flghl I! 10100 v w ImodO 11 

AND And: 

data 

data.1 wI 

76543210 

Reg Imemory and reg.sler to either F,I 0~0:1'~0~0 to ~ •• ~I m~"~"!. ~~=~!!==+=:;~G::O 
Immed.ate to register/memory ~ 000000 w mod 100 rim data Qata II w 1 

Immediate to accumulator 0 0 1 0 0 lOw data data II w 1 

:~::o:: ,:t:t~:~:::;:yeitMr f::"::~:~:~:~:::': =-: t':"'::;';0~':'::·0=':';";:'=+~--:::"::-" ~'--:: .. ""CC" c-, .'--00"', 

Immediale 10 accumulator 

ADC - Add wllh Cluy: 

RetI./memorywith reOisler to either 

Immediatetoregisler/memory 

tmmediateto accumulalor 

IIIC-Incrtllllll: 
Register/memory 

Register 

W-ASClladjust lor add 

1M-Decimal adiulilor add 

lUI - lubtncl: 
Reg./memory and regisltr to either 

Immediate Itom reglSler/memory 

Immldlatefromaccumulator 

.. I - IIMncI with IIImw 
Reg./memoryandregillertolilher 

Immetliate Irom reoister/memory 

Immedialefrom accumulator 

Mnemonics ©Intel, 1978 

0000010 w dala 

1000100 Ii w I mod reg rim 
100000 s w modO 1 0 rim 

00.01010 w data 

1111111 w modO 0 0 rim 

01000 feg 

00110111 

001001 1 1 

1001010 d w I mod reg rim 

10 0 0 a 0 s w modI 0 1 'r/m 

00 1 D 11 0 w dala 

0001 t Od w mod' reg tim 

100000sw modOl1 rim 

0001110 w dala 

data Ifw t 

data 

dala Ifw"1 

dala 

datailwol 

dalaII s"W-Ol 

dalalfs.w oOl 

OR Or: 

Reg Imemory and reg,sler to tither 

Immed,atelo reg.s1erlmemory 

Immediate 10 accumulalor 

XOR 0 Exclull"l or: 

1000010 d w Imod reg.::ii.fiCJ 

[iIOOOOOw ImodOOl rim I 

1000011 0 w I I 

Reg /memory ana register 10 eother 100 1 1 0 0 d Vi I mod r~g ~ 

data ofw·l I 

dala,1 w"1 

::::::::: :: :::I~:~:a~:~ory F.;c;:c::c::~:~: ~: "": tm;;;'''''~l~,:~l:;,;;'m'=t~.~,,:,:~;,:;aW:=,:=t~~~-

STRING MANIPULATION 
REP-Repeat 

MOVS"'Move byte/word 

CMPS-Compare byte/word 

SCAS-Scan byte/word 

LOOS~Load byte/wd 10 AL/AX 

STOS~Stor bytefwd tram ALIA 

8-23 

It 11 1001 Z I 

110 10010 W I 

I I 0 1 0011 w I 

101011 1 w 

101011 0 w 

I' 0 1 0 1 0 1 w I 
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IAPX86/10 

Table 2. Instruction SetlSl.lmmary (Contl" ... d) 

CONTROL TRANSFER 
CALL· CliI: 
Direct withtn segment 
Induect wi!hm segment 

Oirectmtersegment 

Indirect mtersegment 

JMP " UnGlOdIUlnal JUMP: 

Olred within segment 

Direclwllhmsegmenl-short 

Indlrectwlthmsegment 

Olrectmtersegment 

Indlrectinlersegment 

RET " Rllurn lrell CALL: 

7&543210 18543210 

11101000 disp-fow 

11111111 mod 0 1 0 "m 
10011010 offsel-IOw 

seg-Iow 
11111111 mod 0 11 "m 

1'" 0 10 0' 1 dlsp-Iow 

11101011 disp 

11111111 mod 1 0 0 "m 
11101010 offset-low 

seg-Iow 

11111111'lmOd 101 "m 

78543210 

disp·high 

offset-high 

seg-high 

dlsp-hlgh 

offset-high 

seg-high 

Within segment Fll~'~O~O~o~O:='~1 ll---===-._--:;:=:::-, 
Within seg adding immed to SP Fll~,;.;o;.;o;.;o;.;o;.';.0::.r-I _-=="--'---" data-low da~ 
Intersegment 1110010111 
Intersegment. adding Immediate to SP Fll~':';O:';O~,;';o~,;'oi9-1 ---0-':::"7"--,--==:-1 dala-Iow data high 

JE/JZ"Jumponequallzero 0 111 0 1 00 
Jl/JllaE~~Ue~ea~n less/not greater ~o;',~,~,;';,;',;'o;'o§9--"';;;;;:;'==l 

JLE/JII.g~~:~ron less or equal/not F.0:='~'~'~'~'~'~0:=l=="';~==i 
JBlJMAE~1~~eayn below/not above F.0:=,~,~,~o:;o:=:=' 0:=l=="';~==i 
J.E/JIA~~~~go~~ below or equall F0;"~';";';O:..';.;.' 0;.F="';;;;;:;'==l 

dlsp 

disp 

JP/JPf"'Jumpon parity/partly even 0 1111010 

JO"Jump on overflOw 

JS"Jumponsign 
1011 10 0 0 0 1 

dlsp 

dlsP 
dlsp 

dlsp 

dlsP 
dlsp 

dlsp 

dlsp 

JIIE/JIIZ"Jump on not equallnol zero 01110101 
JIIL/JSE~~Ue~ea~n nOlless/greater ~o~,~,;',""'=, ;'1O~' F=="'~==i 
JIlLE/J'g1~:~ron nolless or equall 1"'0'-',-.:,-.:,,,',,''--''--''--1"-_=''----' 

Foot_: 

Al = 8-bit accumulator 
AX = 16-bit accumulator 
CX • Count register 
OS = Data segment 
ES • Extra segment 
Above/below refers to unsigned value. 
Greater = more positive; 
less = less positive (more negative) signed values . 
if d = 1 then "to" reg; if d ;; 0 then "from" reg 
if w '" 1 then word instruction; if w;; 0 then byte instruction 

if mod = 11 then rim is treated as a REG field 
if mod = 00 then OISP • 0·, disp-Iow and disp-high are absent 

dlsp 

if mod = 01 then DlSP = disp-Iow sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DlSP = disp-high: disp-Iow 

if rim = 000 then EA • (BX) + (SI) + OISP 
if rim· 001 then EA • (BX) + (01) + DlSP 
if rim = 010 then EA = (HP) + (SI) + OISP 
if rim· 011 then EA = (BP) + (01) + OISP 
if rim = 100 then EA = (SI) + OISP 
if rim = 101 then EA = (01) + OISP 
if rim = 110 then EA = (BP) + DlSp· 
if rim = 111 then EA = (BX) + OISP 
DlSP follows 2nd byte of instruction (before data if required) 

·except if mod· 00 and rim = 110 then EA • disp-high: disp-Iow. 

Mnemonlcs©lntel,1978 

785.3210 785.3210 
JI8IJAE:Jurnp on not,below/above 

or equal . 
JIIE/JA=Jump on not below or 

equal/above 
JIP/JPO=Jump on not par/pat odd 

JIO=Jump on not overflow 

01 1 10011 

01110111 

01 1 1 101 1 

01110001 

J.a~Jump on not sign lOt til 0 0 1 I 
LOOP loop ex times 
LDOPZlLOOPE=Loop while zerofeQual 
LOOPiULOOPlE-loop ~htle not 

lera/equiI' 
Jell=Jump on ex zero 

liT Inle,rupt 

Type speCifIed 

Type 3 

IlrO=lnterrupt on overflow 

IRET·lnterrupt return 

PROCESSOR CONTROL 
CLC Clear carry 

CIC -Complement carry 

STC,Setcarry 

CLD Clear direction 

STD,Setdlrectlon 

ell Clear mterrupt 

STI Set interrupt 

NLT Halt 

WAIT Walt 

11100010 

11100001 

1 1 100000 

1 1 1 0001 1 

11001101 

110011"00 

11001110 

11001111 

11111000 

11110101 

11111001 

11111100 

11111101 

11"111010 

11111011 

11110.1bO 

I' 0011 0 11.1 

dlsp 

dlsP 

dlsP 
disp 

dlSP 
disp 

dlsP 

dlSP 
dlsp 

type 

ESC Escape Uo external device} 

LOCI Bus lock prellx 

1110 I,·x x XFo~imJ 

~oYJ 

if s:w = 01 then 16 bHs of immediate data form the oPerand. 
if s:w = 11 then an immediate data byte is sign extended to 

form the 16-bit operand. 
if v = 0 then "count" = 1; if v = 1 then "count" in (Cl) 
)( = don't care 
z is used for string primitives for comparison with Z.F FLAG. 

SEGMENT OVERRIDE PREFIX 

10 0 1 reg 1 1 01 

REG is assigned according to the following table: 

I8-BIII.· tl 
000 AX 
001 CX 
010- OX 
011 BX 
100 SP 
101 .BP 
110 SI 
111 01 

8-BII.I.· 01 
000 Al 
001 CL 
010 Ol 
011 Bl 
100 AH 
101 CH 
11.0 OH 
111 BH 

S.gmant 
00 ·ES 
01 CS 
10 SS 
lIDS' 

Instructions which reference the flag register file as a 16-bit object use 
the symbol FLAGS to·represent the tile: 

FLAGS = X:X:X:X:(OFI:(OF):(IF):(TF):(SF):(lF):X:(AF):X:(PF):X:(CF) 
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iAPX 88/10 
8-BIT HMOS MICROPROCESSOR 

8088/8088-2 
• a·Bit Data Bus Interface 

• 16·Bit Internal Architecture 

• Direct Addressing Capability to 1 Mbyte 
of Memory 

• Direct Software Compatibility with 
iAPX 86/10 (8086 CPU) 

• 14-Word by 16-81t Register Set with 
Symmetrical Operations 

• 24 Operand Addressing Modes 

• Byte, Word, and Block Operations 

• 8-Blt and 16-81t Signed and Unsigned 
ArithmetiC in Binary or Decimal, 
Including Multiply and Divide 

• Compatible with 8155·2, 8755A·2 and 
8185·2 Multiplexed Peripherals 

• l\vo Clock Rates: 
5 MHz for 8088 
8 MHz for 8088-2 

The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 

MEMORY INTERFACE 

C·BU$ 
MIN 

(MAX 1 
MODE MODE 

GND Vee 

A14 A15 
INSTRUCTION A13 A16/S3 
STREAM BYTE 

QUEUE A12 A17/S4 

A11 A18/S5 

A10 A19/S8 

BUS A9 SSO (HIGH) 

INTERFACE SS A8 MN/MX 
UNIT 

OS AD7 RJj 

IP AD8 HOLD (jfQ/~) 

AD5 HlDA (Rli/Gfi) 

A·BUS AD4 Wli (lOCK) 

AD3 loi", (&2) 

AD2 DTIli (s1) 
AH Al AD1 1ml (SO) 
BH Bl ADO ALE (QSO) 
CH Cl 

DH Dl 
NMI lNTA (.051) 

EXECUTION 
UNIT SP INTR fEST 

BP ClK READY 

SI GND RESET 

01 FLAGS 

Figure 1. iAPX 88/10 CPU Functional Block Diagram Figure 2. IAPX 88/10 Pin Configuration 
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IAPX 88/10 

Table 1. Pin Description 

The following pin function descriptions are for ;8088 systems in either minimum or maximum mode. The "local bus" In 
these descriptions is the direct multiplexed bus interlace connection to the 8088 (without regard to additional bus 
buffers). . 

$ymbol Pin No. 'iYpe Name and Function 

AD7-ADO 9-16 I/O Address Data Bus: These lines constitute the time multiplexed memory/IO 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and 
float to 3-statEi OFF during interrupt acknowledge and local bus "hold acknowl- . 
edge". 

A15-A8 2-8,39 0 Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle (T1-T4): These lines do not have to· be latched by ALE to remain valid. 
A 15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus "hold acknowledge". 

A19/56, A18/55, 34-38 0 Address/Status: During T1, these are the four 
A17/54, A16/53 most significant address lines for memory op-

erations. During I/O operations, these lines are 
lOW. During memory and I/O operations, status 
information is available on these lines during 
T2, T3, Tw, and T4. 56 is always low. The status of 54 .3 CHARACTERISTICS 

the interrupt eo able flag bit (55) is updated .at OllOW) 0 Alternate Da!" 
0 , Stack 

the beginning of each clock cycle. 54 and S3 are 1 (HIGH) 0 Code or None , , Data 

encoded as shown. S6 is 0 (LOW) 

This information indicates which segment reg-
ister is presently being used for data accessing. 

These lines float to 3-state OFF during local bus 
"hold acknowledge". 

RD 32 0 Read: Read strobe indicates that the processor is performing a memory or I/O 
read cycle, depending on the state of the 10/~ pin or 52. This signal is used to 
read devices which reside on the 8088 local bus. RD is active lOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 

READY 22 I READY: is the acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn-
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up. and'hold times are not met. 

INTR 18 I Interrupt Request: is a level triggered input which is sam pIed during the last 
clock cycle of eac~ i.nstructionto determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This 
signal is .active HIGH. 

TEST 23 I TEST: input is examined by the "wait for test" instruction. If the TE5T input is 
lOW, execution continuesi6fherwise the processor waits in an "idle" state. This 
input is synchronized internally during each clock cycle on the leading edge of 
ClK. 

NMI 17 I Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a lOW to HIGH initiates the interrupt at the. end of the current instruction. This 
input is internally synchronized. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. "TYpe Name and Function 

RESET 21 I RESET: causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. 

eLK 19 I Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 

Vee 40 Vee: is the +5V ±10% power supply pin. 

GND 1,20 GND: are the ground pins. 

MN/MX 33 I Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vee). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 

10/M 28 0 Status Line: is an inverted maximum mode S2. It is used to distinguish a 
memory access from an I/O access. 10/M becomes valid in the T4 preceding a 
bus cycle and remains valid until the final T4 of the cycle (IIO=HIGH, M=LOW). 
10/M floats to 3-state OFF in local bus "hold acknowledge". 

WR 29 0 Write: strobe indicates thatthe processor is performing a write memory or write 
I/O cycle, depending on the state of the 10/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus "hold 
acknowledge" . 

INTA 24 0 INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 

ALE 25 0 Address Latch Enable: is provided by the processor to latch the address into 
the 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 

DT/R 27 0 Data Transmit/Receive: is needed in a minimum system that desires to use an 
8286/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to 51 in the maximum 
mode, and its timing is the same as for 10/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local "hold acknowledge". 

DEN 26 0 Data Enable: is provided as an output enable for the 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and 
I/O access, and for jjij'j'ji. cycles. For a read or INTA cycle, it is active from the 
middle of T2 until the middle of T4, while for a write cycle, it is active from the 
beginning of T2 until the middle ofT4. DEN floats to 3-state OFF during local bus 
"hold acknowledge". 

HOLD,HLDA 30,31 1,0 HOLD: indicates that another master is requesting a local bus "hold". To be 
acknowledged, HOLD must be active HIGH. The processor receiving the "hold" 
request will issue HLDA (HIGH) as an acknowle'dgement, in the middle of a T4 or 
TI clock cycle. Simultaneous with the issuance of HLDA the processor will float 
the local bus and control lines. After HOLD is detected as being LOW, the 
processor lowers HLDA, and when the processor needs to run another cycle, it 
will again drive the local bus and control lines. 

Hold is not an asynchronous input. External synchronization should be 
provided if the system cannot otherwise guarantee the set up time. 

SSO 34 0 Status line: is logically equivalent to SO in th~ IOiM DTili SSO CHARACTERISTICS 

maximum mode. The combination of SSO, 10/M ~ (HIGHI 0 0 Interrupt Acknowledge 

and DT/R allows the system to completely de-
0 , Read 110 port , , 0 WrilellO port , , , Halt 

code the current bus cycle status. o (LOW) 0 0 Code access 
0 0 , R(!admemorj' 
0 , 0 ~:':v~emory 
0 , , 
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Table 1. Pin Description (Continued) 

The fol/owing pin function descriptions are for the 8088, 8228 system in maximum mode (i.e., MN/MX=GND.) Only the pin 
functions which are unique to maximum mode are described; aI/ other pin functions are as described above. 

Symbol Pin No. 

S2, S1, SO 26-28 

RQ/GTO, 
RQ/GT1 

30,31 

o 

I/O 

Name and Function 

Statua: is active during clock high of T4, T1, 
and T2, and is retu rned to the passive state 
(1,1,1) during T3 or during Tw when READY is 
HIGH. This status is used by the 8288 bus con
troller to generate all memory and I/O access 
control signals. Any change by S2, 51, or SO 
during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in 
T3 or Twis used to indicate the end of a bus 
cycle. 

These signals float to 3-state OFF during "hold 
acknowledge". During the first clock cycle after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-state 
OFF. 

.. 
OllOW) 
0 
0 
0 
1 (HIGH) 

· · · 

., 
0 
0 

· , 
0 
0 

· · 

ao CHARACTERlmcs 

0 InterruptAcknowlld1l8 

· Read t/O pori 
0 WrllellOport · Halt 
0 Codeace_ 

· R$Jdmemory 
0 Wrllememory · P .... tv. 

Request/Grant: pins are used by other local bus masters to force the processor 
to release the local b~at the end of the processor's current bus cycle. Each pin 
is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an 
internal pull-up resistor, so may be left unconnected. The request/grant se
quence is as follows (See Figure 8): 

1. A pulse of one ClK wide from another local bus master indicates a local bus 
request ("hold") to the 8088 (pulse 1). 

2. During a T4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the "hold acknowledge" state at the next ClK. 
The CPU's bus interface unit is disconnected logically from the local bus 
during "hold acknowledge". The same rules as for HOLD/HOLDA apply asfor 
when the bus is released. 

3. A pulse one ClKwide from the requesting master indicates to the 8088 (pulse 
3) that the "hold" request is about to end and that the 8088 can reclaim the 
local bus at the next ClK.'The CPU then enters T4. 

Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle ClK cycle after each bus exchange. Pulses are active 
lOW. 

If the request is made while the CPU is performing a memory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 

1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge of an interrupt acknowledge 

sequence. 
4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will 
follow: 

1. local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently 

active memory cycle apply with conClition number 1 already satisfied. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. ~e Name and Function 

lOCK 29 0 LOCK: indicates that other system bus masters are not to gain control of the 
system bus while iJ5CK is active (lOW). The lOCK signal is activated by the 
"lOCK" prefix instruction and remains active until the completion of the next 
instruction. This Signal is active lOW, and floats to 3-state off in "hold acknowl-
edge". 

aS1, aso 24,25 0 Queue Status: provide status to allow external as, ... ......."."tlTlCI 
tracking of the internal 8088 instruction queue. OllOWI 0 Noopltl'atiOn 

0 , First byte of opcode'rom queue 

The queue status is valid during the ClK cycle 1 (HIGH) 0 Empl,thequeue , , Subsequent byte from queue 

after which the queue operation is performed. 

- 34 0 Pin 34 is always high in the maximum mode. 

" 
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FUNCTIONAL DESCRIPTION 

Memory Organization 
The processor provides a 20-bit address to memory which 
locates the byte being referenced. Tile memory is orga
nized as a linear array of up to 1 miUion b·ytes, addressed 
as OOOOO(H} to FFFFF(H}. The memory is logically divided 
into code, .data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 

All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro
grams are shorter, faster, and more structured. 

the next higher address location. the BIU will auto· 
matically execute two fetch or write cycles for 16-bit 
operands. 

,Oertain locations in memory are reserved for specific 
OPU operations. (See Figure 4.> Locations from ad
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system initial
ization routine. Following RESET, the OPU will always 
begin execution at location FFFFOH where the jump 

'. must be located. Locations OOOOOH through 003FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a .16-bit off· 
set address direct program flow to one of the 256 possi
ble interrupt service routines. The pOinter elements are 
assumed to have been stored at tlleir respective places 
in reserved memory prior to the occurrence of inter
rupts. 

Minimum and Maximum Modes 

Word (16-bit) operands can be located on even or odd ad
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 

The requirements for supporting minimum and maxi
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Oonsequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vee, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 

~FFFFFH 

:CD} CODE SEGMENT 

I ~-L XXXXOH 

I } STACK SEGMENT 
+ OFFSET 

SEGMENT l 
REGISTER FILE ( MSB 

E~~~t; ~~~~~=;W_OR_O_!:':-::T:BE1' DATA SEGMENT 

OS 
ES 

} EXTRA DATA SEGMENT 

"---1----1 
~OOOOOH 

Figure 3. Memory Organization 

Memory Segment Register 
Reference Need Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (DS) 

External (Global) Data EXTRA (ES) 

I---:R::E:::S=ET::B:::O:::OT=S=TR~A:::P----' FFFFFH 

~ __ --'.P-"Rc::OG:::R~A:::M~Jc::UM:::P~ __ -l FFFFOH 

• · • 
INTERRUPT POINTER 

FOR TYPE 255 

· · • 
INTERRUPT POINTER 

FOR TYPE 1 

INTERRUPT POINTER 
FOR TYPE 0 

3FFH 

3FOH 

7H 

4H 
3H 

OH 

Figure 4. Reserved Memory Locations 

Segment 
Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references relative to BP 
base register except data references. 

Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 

Destination of string operations: Explicitly selected using a 
segment override. 
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The minimum mode 8088 can be used with either a 
multiplexed or demultlplexed bus. The multiplexed bus 
configuration is compatible with the MCS'85™ multi
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
form. 

The demultiplexed mode requires one latch (for 64K ad
dressability) or two latches (for a full megabyte of ad
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans
ceiver can also be used if data bus buffering is required. 
(See Figure 6,) The 8088 provides DEN and OTfR to con-

trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 

The maximum mode employs the 8288 bus controller. 
(See Figure 7'> The 8288 decodes status lines SO, 51, 
and 52, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request! 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. 

8-31 AFN-0082SC 



intJ iAPX 88/10 

/' /' T Vee 

I 
~~ CE POR!~ 

WR 

RD 
PORTw. 

8156 B • 

ALE PORT W 
DATAl c 16) 

ADDR 
V ,N-

101M TIMER 

RESET 
OUT I--

~-A19 AOOR lOw 

A 
RD 

~ ADo - AD7 ADDRfDATA ALE 

~ ~ elK 

" )~ PORT 
CE A 

~~ 
,... 

AIJ.10 
8088 -V .--- READY 

8355/8755A 

MN/MX I--vcc DATAl 
AOQA 

rD1 Vee ALE ~ ~ 101M ~ PORT 
RESET AD ~ ~ - RESET 

B 

X, X2 
elK \iVA ~ 

READY - IOiM ~ iOA ~c 

f-- RES J ! ! t 8284A 

r RESET f-- Vss Vee VDO PROG 

GNO WR 

AD 

CE l 8185 

AL' 

I ~f-- Cs. CE 2 

I~I- Aa,Ag 

ADO] 

f t 
Vss V" 

, , 

Figure 5. Multiplexed Bus Configuration 
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1" 
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CLOCK elK MNIMX r-Vcc GENERATOR 
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, 

RESET III! 
ROY WI! 
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CPU iN'fi. 

DTIIIR r---:l 
... ~ 1 , 
ALE ~B I 
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1 
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WE]l °llB ~~J J\ 2142 RAM (21 27162 PROM Mes 80 
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I 
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Figure 6. Demultlplexed Bus Configuration 

Vt"~~'I~MN~IMX=GND~~etK~MRDC~_~~~~~~-
GE~~~~~OR ~ elK ~f--------ISo MWTC 

~ READY slf--------I5;- AMWCI--NC 

RESET S2f----lS2 8288 IORCr-------r-----r----T------t---r--1 ROY ..------------- DEN C~~~R fOWcr------,--t----t---t-------t---t_____;____' 

GND ~o:~ r--- DTiR Alowe I-- N C I 
ALE tNTA -- t--_ ... _- -~ 

r---:l I 
I ! I I ~B I : I 

GND- t-------- DE 8282 I _ i I 

D= '"',""" ~ .~~DATA~~~:;=;=~~ 
F :5] Il:·"~·'~II~ .. ~:Jl~~j 

CONTROL 

~IRO-7 
-

Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 
The 8088 address/data bus is broken into three parts -
the lower eight address/data bits (ADO-AD?), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi-

tion, the bus can be demultiplexed at the processor with 
a Single address latch if a standard, non-multiplexed 
bus is desired for the system. 

Each processor bus cycle consists of at least four elK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address is emitted from the processor 
during T1 and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device. 

!-------(4+NWAIT)=Tcv------~ _____ (4+NWAtT) ... TCy _____ __I 

T, T, T3 TWAIT I 14 T1 T2 T3 TWAIT I T4 

eLK 

GOES INACTIVE IN THE STATE 

~ ~'---. _---J.J./~~ym////~ ~'. \-----
ADORISTATUS 

ADDR 

ADDRIDATA -----8'-__ D_AT_A_O_UT_(D_r_Dol __ ~>--_OC 

READY 

DTfR 

~-MEMORY ACCESS TIME 

\'---_----If 

Figure 8. Basic System Timing 
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"wait" states (Tw) are inserted between T3 and T4. Each 
inserted·"wait" state is of the same duration as a ClK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as "idle" states (Ti), or inactive ClK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During T1 of any bus cycle, the ALE (address latch enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid add res!! and certain status 
information for the cycle may be latched. 

Status bits SO, 51, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 

S2 ~ So CHARACTERISTICS 

o (lOW) 0 0 Interrupt Acknowledge 
0 0 1 Read 1/0 
0 1 0 Write 1/0 
0 1 1 Halt 
1 (HIGH) 0 0 Instruction Fetch 
1 0 1 Read Data. from Memory 
1 1 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to the 
following table: 

S4 S3 CHARACTERISTICS 

o (lOW) 0 Alternate Data (extra segment) 
0 1 Stack 
1 (HIGH) 0 Code or None 
1 .1 Data 

S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to o. 

I/O Addressing 

In the 8088, I/O operations can address up to a maximum 
of 64K I/O registers. The I/O address appears in the same 
format as the memory address on bus lines A15-AO. The 
address lines A19-A16 are zero in I/O operations. The vari
able I/O instructions, which use register OX as a pointer, 
have full address capability, while the direct I/O instruc
tions directly address one or two of the 256 I/O byte 
locations in page 0 of the I/O address space. I/O ports are 
addressed in the same manner as memory locations. 

Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses I/O with an 
8-bit address on both halves of the 16-bit address bus. The 
8088 uses a full 16-bit address on its lower 16 address 
lines. 

EXTERNAL INTERFACE 

Processor Reset and Initialization 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. The 
8088 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is HIGH. 
The low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with the 
instruction in absolute location FFFFOH. (See Figure 4.) 
The RESET input is internally synchronized to the proces
sor clock. At initialization, the HIGH to lOW transition of 
RESET must occur no sooner than 50 p's after power up, to 
allow complete initialization of the 8088. 

If INTR is asserted sooner than nine clock cycles after the 
end of RESET, the processor may execute one instruction 
before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 

Interrupt Operations 
Interrupt operationS fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the iAPX 88 Book or the 
iAPX 86, 88 User's Manual. Hardware interrupts can be 
classified as nonmaskable or maskable. 

Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers 
to the interrupt service program locations resides in abso
lute locations 0 through 3FFH (see Figure 4),which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt "type." An 
interrupting device supplies an 8-bit type number, during 
the interrupt acknowledge sequence, which is used to 
vector through the appropriate element to the new inter
rupt service program location. 

Non-Maskable Interrupt (NMI) 

The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a lOW to HIGH transition. ,The activation of this pin 
causes a type 2 interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves (2 bytes in 
the case of word moves) of a block type instruction. Worst 
case response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification on 
the occurrence of the low-going edge; it may occur 
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before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering ex
traneous responses. 

Maskablelnterrupt (INTR) 
The 8088 provides a single Interrupt request Input (INTR) 
which can be masked Internally by software with the 
resetting ·of the Interrupt enable (IF) flag bit. The In
terrupt request signal Is level triggered. It Is Internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block type instruction. During Interrupt response se
quence, further Interrupts are disabled. The enable bit is 
reset as part of the response to any Interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in
struction. 

During the response sequence (See Figure 9), the proc
essor executes two success.ive ,(back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in
terrupt system (e.g" 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer inlothe interrupt vector 
lookup table. An INTR signal left HIGH will be continual
ly responded to within the limitations of the enable bit 

and sample period. The interrupt return Instruction In
cludes a flags pop which returns the status of the 
original Interrupt enable bit when it restores the flags. 

HALT 
When a software HALT instruction is. executed, the 
processor indicates that it is entering the HALT state In 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the' system fo latch 
the halt status. Halt status is available on 10/M, DT/R, 
and 550. In maximum mode, the processor issues ap
propriate HALT' status on $2, 51, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in
dicator at the end of the local bus hold. An interrupt re
quest or RESET will force the 8088 out of the HALT 
state. 

ReadiModlfylWrlte (Semaphore) Operations 
via LOCK 

The LOCK status Information Is provided by the proc
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc
essor to perform read/modify/write operations on 
memory (via the "exchange register with memory" 
Instruction), without another system bus master receiv
Ing Intervening memory cycles. This is useful In multi
processor system configurations to accomplish "test 
and .set lock" operations. The ~ signal Is activated 
(LOW) In the clock cycle following decoding. of the 
LOCK prefix Instruction. It Is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a RQ/ln" pin will 
be recorded, and th.en hopored at the end of the LOCK. 

I ~ I ~ ~ ~ ~ I ~ T, 

ALE J\ _____ ----'n'-----

FLOAT 
ADo-AOr 

\\....-______ f 

Figure 9. Interrupt Acknowledge Sequence 
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External Synchronization via TEST 

As an alternative to interrupts, the 8088 provides a 
single software-testable Input pin (TEST). This Input is 
utilized by executing a WAIT instruction. The single 
WAIT instruction is repeatedly executed until the ~ 
input goes active (LOW). The execution of WAIT does 
not consume bus cycles ance the queue Is full. 

If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize Interrupts and process them. 
The WAIT instruction Is then refetched, and reexecuted. 

Basic System Timing 
In minimum mode, the MN/MX pin is strapped to Vee 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
uses to generate MULTI BUS compatible bus control 
signals. 

System Timing - Minimum System 
(See Figure 8J 

The read cycle begins in T1 with the assertion of the ad
dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa
tion, which is valid on the addressldata bus (ADO-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A 15 do not need to be latched because they re
main valid throughout the bus cycle. From T1 to T4 the 
101M signal indicates a memory or I/O operation. At T2 
the address is removed from the addressldata bus and 
the bus goes to a high impedance state. The~ad con
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) is required to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The 101M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 

The basic difference between the interrupt acknowl
edge cycle and a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. (See 
Figure 9J .In the second of two successive INTA cycles, 
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a byte of information is read from the data bus, as sup
plied by the interrupt system logic (i.e. 8259A priority in
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de
scribed earlier. 

Bus Timing - Medium Complexity Systems 

(See Figure 10J 

For medium complexity systems, the MN/MX pin is con
nected to GND and the 8288 bus controller is added to 
the system, as well as an 828218283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading greater than the 8088 is capable of 
handling. Signals ALE, iSEiil, and DTJR are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (82, Sl, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, 110 read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans
ceiver receives the usual T and OE inputs from the 
8288's DT/R and DEN outputs. 

The pOinter into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se
quence and software "poll". 

The 8088 Compared to the 8086 

The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are QutHned 
below. The engineer who is unfamiliar with the 8086 is 
referred to the iAPX 86, 88 User's Manual, Chapters 2 and 
4, for function description and instruction set information. 
Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in
terface. 
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• The queue length is 4 bytes in the 8088, wh~reas the 
8086 qUE!ue contains 6, bytes, or three words. The 
queue wa~ shortened to prevent oVE\ru.se, of the bus .by 
the BIU when prefetching instructions. This was re
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetchlng algo
rithm was changed. The 8088 BIU will fetch a new In
strl)ction toJoad into the queue each time there Is a 1 
byte hole (space available) in the queue: The 8086 
waits until a 2-byte space Is available. 

• The internal execution time of th!l Instruction set is 
affected by the 8-blt Interface. Ali is-bit fetches and 
writes fromlto memory take ~n additional four clocl< 
cycles, The CPU is also limited by' the speed of In
struction fetches'. This latter problem only occurs 
whEma series of simple openltions Ol;cur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro
ceeds as fast as the execution unit will allow. 

The 8088 an('l 8086 are completely software compatible 
by virtureof their identical execution units. Software 
that is system dependent may not be completely trans
ferable, but software that is not system dependent will 
operate equally as well on an 8088 or an 8086. 

The hardware interface of th!l8088 contai!)s:the, majo,r 
differences between the two CPUs. The pin assign
ments are nearly Identical, however, with the f,ollQwing 
functionalchariges: ,', 

• AS-A 15 - These pins are only addressootputs on the 
,8088. T-hese addresslines are latched internally and 

remain' valid throughout a bus cycle in a manller 
slmi!ljI..r to the ,8085 upp,er .address lin!ls. 

• BHE has no meaning on the 8088 'and has b.aen elln'\I-
nlited.' ". . • . 

• SSO provides the SO status information iii the mini
mum mode. This output occurs on. pin 34 in minimum 
mode only. DT/R, 101M, 8(ld SSO provide the compiete 
bus status inrt;linimum mode. ' 

• 10iM has been inverted to be compatible with the 
MCS-85 bus structure. 

• ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. . " 

; ~,:. 
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T, T, T, T4 

ClK ~ r-' I II-

Q51,QSO X 
8088 

- - -----
S2,!;1,SQ / / / / / '------

A19156-A16153 A19-A16 56-53 

ALE "-
,-.,:. --

8288 RDY 8284 X 
I 

READY 8088 

I 

AD7-ADO A7 AO DATA IN 

8088 A15-A8 A15-AB 

RD 

I 
DTIR 

8288 MRDC / 

DEN 

Figure 10, Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground .................. - 1.0 to + 7V 
Power Dissipation ........................ 2.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. . 

D.C. CHARACTERISTICS (8088: TA = O°C to 70°C, Vee = 5V ±10%) 
(8088-2: TA = O°C to 70°C, Vee = 5V ±5%) 

Symbol Parameter Min. Max. Units Test Conditions 

Vil Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.0 Vee +0.5 V 

VOL Output Low Voltage 0.45 V IOl = 2.0 mA 

VOH Output High Voltage 2.4 V IOH = -400/LA 

8088 340 
mA TA = 25°C lee Power Supply Current: 8088-2 350 

III I nput Leakage Cu rrent ±10 /LA OV ,;;VIN .;;Vee 

IlO Output Leakage Current :'::10 /LA 
0.45V .;; VOUT .;; 
Vee 

Vel Clock Input LowVoltage -0.5 +0.6 V 

VeH Clock Input HighVoltage 3.9 Vee+1.O V 

Capacitance if Input Buffer 
CIN (All input except 15 pF fc = 1 MHz 

ADo-AD7, RQ/GT 

CIO 
Capacitance of I/O Buffer 

15 pF fc = 1 MHz 
(ADo-AD7' RQ/GT 
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A.C. CHARACTERISTICS (8088: TA = O°C to 70°C, Vee = 5V ±10%) 
(8088-2: TA = O°C to 70°C, Vee = 5V ±5%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

8088 8088·2 

Symbol Parameter Min. Max. Min. 

TCLCL CLK Cycle Period 200 500 125 

TCLCH CLK Low Time (%TCLCL)-15 (%TCLCL)-15 

TCHCL CLK High Time (V3 TCLCL)+2 (V3 TCLCL) +2 

TCH1CH2 CLK RiseTime 10 

TCL2CL1 CLK Fall Time 10 

TDVCL Data in Setup Time 30 20 

TCLDX Data in Hold Time 10 10 
' .. . ROY Setup Time 

TR1VCL into 8284 (See 35 35 
Notes 1,2) 

ROY Hold Time 
TCLR1X into 8284 (See 0 0 

Notes 1,2) 

TRYHCH 
READY Setup (%TCLCL)-15 (21.3 TCLCl.)-15 
Time into 
8088 

TCHRYX 
READY Hold Time 

30 20 into 8088 

TRYLCL 
READY Inactive to 

-8 -8 CLK (See Note 3) 

THVCH HOLD Setup Time 35 20 

INTR, NMI, TEST 
TINVCH Setup Time (See 30 15 

Note 2) 

TILIH 
Input Rise Time 

20 
(Except eLK) 

TIHIL 
Input Fall Time 

12 (Except CLK) 
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Max. Units 
Test 

Conditions 

500 ns 

ns 

ns 

10 ns 
From 1.0V 
to 3.5V 

10 
From 3.5V 

ns to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 
From 0.8V 

ns 
to 2.0V 

12 
From 2.0V 

ns to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 

8088 

Symbol Parameter Min. 

TClAV Address Valid Delay 10 

TClAX . Address Hold Time 10 

TClAZ Address Float Delay TClAX 

TlHll ALE Width TClCH-20 

TCllH ALE Active Delay 

TCHll ALE Inactive Delay 

TllAX 
Address Hold Time to 

TCHCl-10 ALE Inactive 

TClDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Data HoldTime AfterWR TClCH-30 

TCVCTV Control Active Delay 1 10 

TCHCTV Control Active Delay 2 10 

TCVCTX Control Inactive Delay 10 

TAZRl 
Address Float to READ 

0 Active 

TClRl RD Active Delay 10 

TClRH RD Inactive Delay 10 

TRHAV 
RD Inactive to Next 

TClCl-45 Address Active 

TClHAV HlDA Valid Delay 10 

TRlRH RDWidth. 2TClCl-75 

TWlWH WRWidth 2TClCl-60 

TAVAl Address Valid to ALE low TClCH-60 

TOlOH Output Rise Time 

TOHOl Output Fall Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A C. TESTING. INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC ",. AND OASV FOR 
A LOGIC 0.' THE CLOCK IS DRIVEN AT 4.3V AND O.2SV. TIMING MEASURE
MENTS ARE MADE AT 1 SV FOR BOTH A LOGIC "1" AND "0," 

8088~2 

Max. Min. Max. Units Test Conditions 

110 10 60 ns 

10 ns 

·80 TelAX 50 ns 

TClCH-10 ns 

80 50 ns· 

85 55 ns 

TCHCl-10 ns 

110 10 60 ns Ct. = 20-100 pFfor 

10 ns all 8088 Outputs 
in addition to 

TClCH-30 ns internal loads 

110 10 70 ns 

110 10 60 ns 

110 10 70 ns 

0 ns 

165 10 100 ns 

150 10 80 ns 

TClCl-40 ns 

160 10 100 ns 

2TClCl-50 ns 

2TClCl-40 ns 

TClCH-40 ns 

20 20 ns From 0.8V to 2.0V 

12 12 ns From 2.0V to 0.8V 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

lcL~100PF TEST 

-= 

CL INCLUDES JIG CAPACITANCE 
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WAVEFORMS 

BUS TIMING-MINIMUM MODE SYSTEM 
T1 T2 13 Tw T4 

VCHv---\f---~TCLCL :JCH1CH2 r- --! !- TCL2CL1,.J~ n-
eLK (8284 Output) r-i vi.. I-- I ~ '-----' 

:.:; TCHCTV .1 ~ TCHCL ,.- TCLCH_ 

101M, SSii X'-"'7'"---l-----+--+---+-----f---+----J 

ALE 

ROY (8284 Input) 

SEE NOTES 

reLAv ..... 
TCLAX-

A15 - At (Float during INTA) 

TCHDX-

TDVCL_!-TCLDX--! 

AD7- ADO A07-ADo DATA IN 

f:r FLOA:J"--
TAZRL- TCLRH- --1 ~TRHAV 

READ CYCLE 

(NOTE 1) 

(WI!, INTA = VOH) 

"-
TelRl TRLRH r,:.rCHCTV 

I I f 
TCVCTV- f TCVCTX- I 

=_rTCHCTV 

DriFi ~ 
~ ____________ -+ __ ~--------~--~---J 
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WAVEFORMS (Continued) 

BUS TIMING-MINIMUM MOD~ SYSTEM (Continued) 

CLK (8284 Output) 

WRITE CYCLE 
NOTE·' 

INTA CYCLE 
NOTES 1,3 

(iiii, Wii=VOH) 

SOFTWARE HALT -

OEN,iiii,WR,INTA = VOH 

DTIii INDETERMINATE 

Ao,-ADo 

AD7-ADO 

DTIR 

INVALID ADDRESS SOFTWARE HALT 

TCLAV 

NOTES: t. ALL SIGNALS SWITCH BETWEEN VOH AND VoL UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T2, Ta, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACK·T()'BACK. THE 8088 LOCAL ADDRIDATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CO!lTROL SIGNAL8 
ARE SHOWN FOR THE SECOND INTA CYCLE_ ._ 

4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 
5. ALL TIMtNClIlEABUREMENTS ARE MADE AT 1.&V UNLESS OTHERWISE 

NOTED. 

.. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 

TIMING REQUIREMENTS 

8088 

Symbol Parameter Min. 

TCLCL CLK Cycle Period 200 

TCLCH CLK Low Time (%TCLCL)-15 

TCHCL CLK High Time (lh TCLCL)+2 

TCH1CH2 ClK Rise Time 

TCL2CL1 CLK Fall Time 

TDVCL Data In Setup Time 30 

TCLDX Data In Hold Time 10 

TR1VCL 
ROY Setup Time into 8284 

35 (See Notes 1, 2) 

TCLR1X 
ROY Hold Time into 8284 

0 (See Notes 1 , 2) 

TRYHCH 
READY Setup Time into 

(%TCLCL)-15 
8088 

TCHRYX READY Hold Time into 8088 30 

TRYLCL 
READY Inactive to CLK (See 

-8 
Note 4) 

Setup Time for Recognition 
TINVCH (INTR, NMI, TEST) 30 

(See Note 2) 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 8086 40 

TILIH 
Input Rise Time-
(Except CLK) 

TIHIL Input Fall Time (Except CLK) 

NOTES: 
1. Signal at 8284 or 8288 shown for reference only. 

Max. 

500 

10 

10 

20 

12 

8088·2 

Min. 

125 

(%TCLCL)-15 

(lh TCLCL)+2 

20 

10 

35 

0 

(%TCLCL)-15 

20 

-8 

15 

15 

30 

2. ~tup requirement for asynchronous signal only to guarantee recognition at next eLK. 
3. Applies only to T2 state {8 ns into T3 state). 
4. Applies only to T2 state (8 ns into T3 state). 
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Max. Units Test Conditions 

500 ns 

ns 

ns 

10 ns From 1.0V to 3.5V 

10 ns- From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS 
TIMING RESPONSES 

Symbol Parameter 

TCLML 
Command Active Delay (See 

. Note 1) 

TClMH 
Command Inactive Delay (See 
Note 1) 

TRYHSH 
READY Active to Status Passive 
(See Note 3) 

TCHSV • Status Active Delay 

TClSH Status Inactive Delay 

TClAV Address Valid Delay 
TClAX Address Hold Time 

TClAZ Address Float Delay 

TSVlH 
Status Valid to ALE High (See 
Note 1) 

TSVMCH 
Status Valid to MCE High (See 
Note 1) 

TCllH 
ClK low to ALE Valid (See 
Note 1) 

TClMCH 
ClK low to MCE High (See 
Note 1) 

TCHll ALE Inactive Delay (See Note 1) 

TClMCl MCE Inactive Delay (see Note 1) 

TCLDV Data Valid Delay 

TCHDX Data Hold Time 

TCVNV 
Control Active Delay (See 
Note) ... 

TCVNX 
Control Inactive Delay (See 
Note 1) 

TAZRL Address Float to Read Active 

TCLRL RD Active Delay 

TCLRH RD Inactive Delay 

TRHAV 
RD Inactive to Next Address 
Active 

TCHDTL 
Direction Control Active Delay 
(See Note 1) 

TCHDTH 
Direction Control Inactive Delay 
(See Note 1) 

TCLGL GT Active Delay 

TCLGH GT Inactive Delay 

TRLRH RDWidth 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

fAPX88/10 

8088 

Min. Max. 

10 35 

10 35 

110 

10 110 

10 130 

10 110 
10 

TClAX 80 

15 

15 

15 

15 

15 

15 

10 110 

10 

5 45 

10 45 

0 

10 165 

10 150 

TCLCL-45 

50 

30 

110 

85 

2TCLCL-75 

20 

12 
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8088·2 

Min. Max. Units Test Conditions 

10 35 ns 

10 35 ·ns 

65 ns 

10 60 ns 

10 70 ns· 

10 60 ns 
10 ns. 

TClAX 50 ns 

15 ns 

15 ns 

15 ns 

15 ns 

15 ns 

15 ns CL = 20·100 pF for 

10 60 ns all 8088 Outputs 
in addition to 

10 ns internal loads 

5 45 ns 

10 45 ns 

0 ns 

.10 .. 100 ns 

10 80 ns 

TCLCL-40 ns 

50 ns 

3Q ns 

50 ns 

50 ns 

2TCLCL-50 ns 

20 
From 0.8V to 

ns 2.0V 

12 
From 2.0V to 

ns 0.8V 
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WAVEFORMS 

BUS TIMING-MAXIMUM MODE 

CLK 

OSo,QS, 

12.11.10 (EXCEPT HALT) 

AU-AS 

1 
ALE (8288 OUTPUT) 

SEE NOTE 5 

ADY (8284 INPUT) 

READ CYCLE 

8288 OUTPUTS 

SEE NOTES 5,8 

AIJ.,-ADo . 

AD 

DT/li 

DEN 

VCH~ 

.~ .. VCL 
TCLAy.. 

I--

-
TSVLH 
TCLLH· 

TCLAV-

IAPX88/:tO 

T. T3 

!--TCLCL- TCH1CH21'H[TCL2CL1 Tw 

.~r\--
,..,....., .' r~ 

f~ 
-. ·1'-
TCItCL _.TCLCH_ 

.. . 
TCHSV - i+ TCLSH ------

Wffi. !jj I (SEE NOTE 8) \ 
'------

A15-Aa '. ~ 

-T%~~X_:::"" ~CLDV TCHDX- I--

A1S"A16 s,.s. 

~- { TCHLL 

r--
J ~~---

~K 
I--TA1VCL • ~ ~ ~~"%~ 'I'AYLCL I-

TYHSH~I. - -TCHAYX -
---r~j -

f-
-TCLAZ - ~DVCL~I-TCLDX-- T M,." FL~:J-
TAZAL- ~ TCLAH TAHAV 

V 
TCHDTL- TCLA( I~ i:.TCHDTH 

'{ TALA 

! 
TCLML- - TCLMH-

'\ 
TCYNV- I~ 

f .. 
,'. TCVNX-

. L' 
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WAVEFORMS (Continued) 

BUS TIMING-MAXIMUM 
MODE SYSTEM ... 

(USING 8288) 
CLK 

iii. Ii. Iii (EXCEPT HALT) 

WRITE CYCLE 

AD,-ADo 

• DEN . 

• 288 OUIPIIIS 
SEE NOTES... . liiiWC Oil AiOWi! 

INTACYCLE 

A15-As 
(SE~ NOTES 3.4) 

... OUIPIIIS 
SEE NOTES 5,8 

MCEI 
I'IIEIi 

DT/II 

INTA 

DEN 

VCL 

IA'PX88110 

TCLMH 

FLOAT 

TDVCL TCLDX 

POINTER 

TSVMCH 

TCLMCH 

NOTES: 1. ALL SlGNALS SWITCH BETWEEN VOH AND VOl UNLESS OTHERWISE 
SPECIFIED. 

2. ROY IS SAMPLED NEAR THE END OF T20 Ta. Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

3. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INtA 
CYCLES. 

4. TWO INTA CYCLES RUN BACK·TO·SACK. THE 8088 LOCAL ADDRIDATA 
BUS. IS FLOAT)NG. DURINO BOTH INTA CYCLES. .CONTROL FOR 
pOINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

6. SIGNALS AT 82M OR 1211 ARE SHOWN FOR REFERENCE ONLY. 
e. THE IsaUANCE OF THE 1211 COMMAND AND CONTROL SIGNALS 

tIII!IIC. 1III'i'ITC. nlWC. RIlle. RIWC. ARIWC. IIIn AND DEN) LAOS THE 
ACTIVE HIOH .. CEN. 

7. ALL TIMINO MEASUREMENTS ARE MADE AT 1.5V UNLEsa OTHERWISE 
NOTED. 

a. STATUS INACTIVE IN STAnE JUST PRIOR TO T •• 
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WAVEFORMS {Continued} 

ASYNCHRONOUS 
SIGNAL RECOGNITION 

IAPX88/10 

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLy) 

Any elK cycle--J Any CLK Cycle __ I 

INTR 

NOTE: 1. S£TUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT elK 

eLK 

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLy) 
------- Any elK cycle------.r-> 0 elK Cicle-I 

~ 
Previousgranl 

A1e1Se;~1~ I-'----------------i 
ADr-ADo 

:.;:~ 1-1---------------...., 
NOTE: 1. THE COPAOCESSOR MAY NOT ORIV£THE Busses OUTSIDE THE REGION 

SHOWN WiTHOUT RISKING CONTENTION. 

..... 'TCLGL ____ 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLy) 

~""'~ ~ 

"{ -,""" . ~ 

HLDA ~-----\l----+-fLHAV ~C>-+--.T----i 

--------,COPRO~,I___:ESSOR -k 

'" r\r' 1 eLK CVCLE-

CLK~_'~ 
_I I_THVCH (SEE NOTE 1) 

HOLD~ 

-
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IAPX88/10 

IAPX 86/10, 88/10 
INSTRUCTION SET SUMMARY 

71543211 7114UI0 11541210 11S4UID 

Regrsl"'mlmO'ylol',omr'gIS!e' 

Immldrl'. 10 register/memory 

Immedlatelo,.".I" 
Memory 10 accumulator 

AtcumuialOf to memory 

100010 d w mod reg 11m 

11000 I 1 w mod 0 0 0 rim 

1011 w rea dala 

1010000 w add,-Iow 

10 I 0001 w add,-Iow 

Reg/stellmemory 10 segmen"!9tSlI' 1 0 0 0 I 1 1 0 mod 0 reg 

Segmenl l119ISIe! 10 reg/SIll/memory I 000 1 1 00 mod 0 reg 11m 

"UIII-Pu": 
Aegls,er/memo,y 

IleD'sl" 
Segment/eDlslt' 

Reglster!m.mo,y 

. Aeglstl' 

Segment I'Dlsler 

XCfI6:Eufllngr. 

Aellls,.,'m,moryWllh'l!Jlst" 

Aegtst"wllhaccumu!aIOI 

Ill-inpulfrom: 

filledpor, 

VallablepOI' 

OUT-OutPIIIIO: 

Filledpor' 

Vallllllepo,l 

IUT·T,ansl.tebyt.loAL 

LQ:LoldEAlor8(lrSler 

LII'LoadPDInle,toDS 

UI=LoidpolRlllloES 

.... ·LoadAHwtlllllags 

_·Slo/eAMlnloIlIllS 

,..·Pus"nags 
"".Pop". 

ARITHMETIC 
AU,..,: 

11" 11 11 mod 110 rim 

01010 'eg 

000 'eg II 0 

10001 I I I moll 0 0 0 11m 

010 II '111 

000 ,eo" 1 

10000 I I w mod leg "m 

10010 'eg 

11 10010 w port 

'-11011 Ow 

1,,0011 W pO" 

1110111w 

"010111 

10001 101 mod lell 

"000 I 0' moll 'eg 

11000 I I) 0 moll reg 

, 0011111 

10011 II 0 

10011 100 

10011 101 

Reg lmemory With "VlSler 10 eITher 0 0 0 0 0 0 d III moll :eg r'm 

lmmedrale 10 reglsler/memory 100000 s w mod 000 ,im 

lmmedilleto accumUI"O' 0000010 w dala 

AIC, ....... arry: 

dala 

dalarllt! 

addl-hlgh 

-da-;;--I-_d~,all-~ ~iiJ 

lIala 'Iw 1 

Reg Imemo,y .rlft '111151" 10 ,,'he, ~,~,~,~,~, ~"~.~~~",~"~m=+_--'-_---r_"-c-c-_~ 
lmmedlale 10 rl1llsler/memo,y 1 0 0 0 0 0 S w mod 0 1 0 11m dala dala ,! 5 w ~ 
Immechale 10 accumulatOI 000 I 0 lOw dala dala ,I w _~J 

I.C, ..... 
ReOlster/memo'y 

RelIISIe, 

AU..ASClluluSllor add 

DIA·Oeclmal Id/USI lor add 

lut· MIncI: 

~ : ~ ~: ',;; w mod O_~ 0 .'~~_ .J 

0011 0 11 I 

00100111 

Reg /memory and '1II1SII1 to .ITher ~'~'~'~'~' ~,,~.::pm~"~"'1:'~'m~_--'-"'---r~_----':~ 
Immedlale "om reglsler/memory f;'",'.;'.;'.;';.' ;.' .~m;::":;'.::',;.' ,:.,;;;,m4 ...,,,,::::"::," ..,..+---""~"-'-"'-" w'-''''-J' 
Immediate Iromaccumulalor ",'::-'"-' =-' '-,,:..:,:..:.:..L_:..:d:::."=----'l~ 

... • ...... wIdI.".. 

~:;:,:o:n:~:=::::::' ~:.;:.;:.,:.;.,:.; ,~":-, :"+.::~:::-::,":"~':-, "'::'~,:-l--=;:---,--::,,:;:,,-:;-,,:c, .:c,"', 
Im""dlatelromlCtUmulalO' 000 II 10" lIala lIalarlw I 

Mnemonics ©Intel, 1978 

DEC DIe,.."": 
Regls'erlmemG'y 

Ae91s.er 

lIlC.(;hanoeslQn 

'1143210 11143210 1I1i4:1210 7114:1211 

11 I I 1 I I w mGdO 0 1 

0100 1119 

11 I 101 I w mO(lO 11 

CIP c.p .. : 

AegrslellmemGry and reglSie' ~,~,+, +' ~"~d~.~m~";'~~=+_--:::::---r---===::-1 
Immed.alewt.hregISlerlmemory ~'~'~'~'~OOE'8.[m="~'~':'~"=m::::J!~d~"~'J:rd="::"""":":W'-":.:.J' Immedlale Wllh a(cumulalGr 0 0 1 1 1 lOw dala dala "·w 1 

WASClladJu5lJo'SlIblracl 001 I II' I 

BAS Oeclmalad,llstlo'subtllCl 00101' 11 

IUL Mult.ply lunSlilnedl 1 1 1 1 0 1 1 w mod I ° 0 tim 

IIUl Integer mull,ply ISlgnedl I 1 1 1 0 1 I W mod 1 0 1 tim 

.. I ASCII adJuSI IG' mult,ply " 010' 0 0 0000 I 0 I 0 

DIV DIVIde lunSlgned] 1", ° 11 w mod I 10 t.lm 

IDIV Inlegltr d,yldeIS'!lnedl 1 I 1 1011 w mod " 1 rim 

lAD ASCII adtustlor dlYlde 11010101 00001010 

ca. Converl byte 10 word 100 I , 000 

cwo CGnver!wo,dlGdoubleword 10011001 

lOGIC 
MDTlnvel1 f1I1T01'- w mGdO 1 0 ,'m 

SHL/Ul Shill lO!Jlcal.a"lhmehc lell 1 I 0 1 0 ° Y W mod 1 0 0 tim 

SMII Shril logical tlghl t 10100 v w mod 101 tim 

SAil SI"II alllhmehC light 1 , 0 1 00 v w mod 1 "11m 

ADL AOlale lell 1 1010 0 v \II modO 0 ° rim 

AOti AGlate"ghl 1 1 0·' 0 0 v w modO 01 lim 

ACL AOli11e through carry fli9 lell I 1 0 1 ° 0 v w mod 0 1 0 I/m 

ACI AotalellHolIohcaHynghl 110100 y w modO 11 

AID And: 

Aeg imemOty and reOlster 10 e.,her i':'~'~'~'~'~'td ~w~m~"m"~' ~t+~~~;::F=:;~!!:!.:[] 
Immerllaletoreg.sterlnlemory r,'000000w modl00 11m da'a dala,l.l 

Immed,ate 10 accumulalo' 0 0 1 0 0 lOw !Iala dlla .1 w 1 

TEST And lullCllln 111 ..... 111 'lIuhi':' 77-:-:--:-:---'-'---'-, 

:~::~::::::f:n:n~e~~:;:::~emory F.:':;:':;:':;:~:~: '~, :~:;::::~,~r:!lI!c, "'::;;:;:+~-d="::-' -'---:dC:,,,:-,,"'.cc. ,:--. 
Immedratedata and acCumlllalor 1010100"\11 dilla dala,lw 1 

DR Dr: 

:~:::o;: ,::~s;:~;::~t:r:the' :.;::.::.:;:.;:.,:.;~: ::=:~~,,::~,:;;"7, ';:~::+--d=.,,::---r--;d:::"':-:";-:''''':--' 
Jmmed,aletGaccumulalor 0000" 0 w d., dlla.'w I 

101 Eaclnlve.: 

ReQ Imemo'y and reg.ste, TO ellh,r ~'~'~'~' t' f"~·~"",~~' .. ~"~m9::J~~a=:::J§::;G:::iJ 'mmed,ate 10 reglsler/memG'y I 000 000 w mod 1 1 0 rim dat. dala II w 1 

ImmeOllle 10 a(cumula'or 0 0 1 1 0 lOw data data II" 1 

STRII. IUIIPULATIOI 
RE'~RepHl 

MOVS~Move by./wotd 

CMPS=Comlll"by./wotd 

SCAS=Scanbyll/wo,d 

LOGS-Lolli bvte/wel 10 AL/AX 

1TCII=1ila,bVIeIwd from ALIA 

111 100 'Z 
If} 1 0010 w 

10 I 0011 W 

10 1011 I w 

10 I 0 11 0 w 

1010 101 w 

8-50 



IAPX 88/10 

INSTRUCTION SET SUMMARY (Continued) 

CO.TROL TRANSFER 
CAll" e.lI, 71543210 11543210 

o.reclwilhin segmenl 1 1 101000 dlsp-Iow 

Indirect wlltun segrnent ,111,,11 mod 0 1 0 rIm 

OlreClmlersegment 10011010 offset-low 

seg-Iow 

Ind,reclmtersegment 11111111 mod 0 11 

JM' ", U_IIIIo.1 JUM,' 
Dlfect within segment 1'11010011 dlsp-Iow 

DIrect w.thln segment.short 11101011 dlsp 

In(hrect WIthIn segment 11111111 mod 100 <1m 

OIrect!nlersegmenl I' 11 0 10 • 0 I offset-lOw 

I seg-Iow 

Ind.rectlntersegment 111111 l111mod 101 <1m 

Rn ~ .... urn I,.. CALL: 

W'lhlAseqment 

Wiltun seg adding Immed 10 SP 

Intersegmenl 

Intersegmenl.addlng Immedlaleto SP 

JE/JZ:Jump on equal/zero 
Jl/JIIl"Jumpon less/notgrealer 

or equal 
JlE/JII"Jump on less or eQual/nol 

grealet 
JIIJIlAE"Jump on below/nol above 

or equal 
JI(/JU~~~~&o~~ below or eQual1 

J"JI'f~Jump on panty/parity even 

JO~Jump on overllow 

JI:Jump on Sign 

JIE/JIZ"Jump on nolequal/not zero 
Jll/JIE:Jump on. not less/greater 

or equal 
JIU/JI:Jump on not less or equal/ 

greater 

Al :: 8-bit accumulator 
AX '" 16-bit accumulator 
CX = Counl regisler 
DS = Dala segment 
ES = Extra segment 

1110000 11 1 
1.10000101 
11001011 

11001010 

01110100 

01111100 

01111110 

01110010 

01110110 

01111010 

1011100001 

1011110001 
01110101 

01111101 

1011111111 

Above/below refers to unsigned value. 
Greater = mOJe positive; 
less:: less positive (more negative) signed values 
if d = 1 then "to" reg; if d :: 0 then "from" reg 
if w :: 1 then word instruction; if w = 0 Ihen byte instruction 

if mod = 1f Ihen r 1m is Irealed as a REG field 

dalatow 

data·low 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

drsp 

(hsp 

if mod = 00 Ihen DISP = 0", disp-Iow and disp-high are absenl 

71543210 
dlsp-tlloh 

ollsel-hlgh 

seo-hioh 

dlsp-hlgh 

oflset-hlgh=:] 

seg-hlgh~ 

dalahlg~ 

dala·hlgh 

if mod = 011hen DlSP = disp-Iow sign-exlended to 16-bilS, disp-high is absenl 
if mod = 10 then DlSP = disp-high: disp-Iow 

if rim ,= ODD then EA = (eXI • (511 • DlSP 
if rim = 001 then EA = (eXI • (DII • DlSP 
if rim = 010 Ihen EA = (ePI • (511 • DlSP 
if rim = 011 then EA = (ePI • (DII • DlSP 
if rim = 100 then EA = (511 • DISP 
if rim = 101 then EA = (DII • DISP 
if rim = 110 Ihen EA = (ePI • DlSP" 
if rim = 111 thon EA = (eXI • DlSP 
DlSP follows 2nd byte of instruclion (before dala if requiredl 

"excepl if mod = 00 and rim = 110 Ihen EA = disp-high: disp-Iow. 

Mnemonics© Intel, 1978 

71543210 11543210 
J •• /JAE Jump on 1'101 below/above 10 1 1100 1' 1 dlsp I or equal 

10111011'1 I JIIE/JA Jump on not below or dlsp 
equal/above 

JI"JP'O-Jumpon not par/par odd 1011110111 dlsp I 
JIO'Jump on not overflow 10 ••• 000 .' 

dlsp I 
JIS Jump on not Sign 10'11110011 dlsp ] 
lOOP loop ex I,mes 1',100010] dlsp I 
LOOPlILOOPE loop while lero/equal 1'1100001 I dlsp I 
lOOPflZlLOOPILE Loop .... tllie not 

11100000 d!sp zero/equa' 
JCIl Jump on ex zero 11100011 dlsp 

INT Intlrrupt 

Typespecilled 111001101 I ,y~e I 
TypeJ [11001100 I 
lITO Interrupl on overllow 11 100 11 1 0 ! 
IRET tnlerruplreturn 11 100 1 11 I I 

PROCESSOR CONTROL 
ClCClearcarry I" 11 1000 I 
CJIIIC Complement carry 1" 11 0 1 0 1 I 
STCSelcarry 111111001 I 
ClD Clear dlrect!on 11111100 

STDSeldneClion 11111101 

CLI Clear Interrupt 11 1 1 1010 

SlI Set Interrupt 11 1 1 10 1 1 

HlT Halt I" 1 101 00 I 
WAIT Walt l' 001 10 11 I 
ESC Escape 110 exlernal devlcel l' 1011 xxxTmo~/~ 
LDCKBuSlockprellx ~oYJ 

if s:w = 01 then 16 bits of Immediate data form the operand 
if s:w = 11 then an immediate data byte is sign extended to 

form the 16-bit operand 
If v = 0 then "count" = 1: If v = 1 then "count" in (eLl 
x = don't care 
Z IS used for string primitives for comparison With l.F FLAG 

SEGMENT OVERRIDE PREFIX 

'0 0 1 reg 1 1 01 

REG is aSSigned according to the follOWing table: 

16-BII (w" 1) 

DOD AX 
001 CX 
OtO DX 
011 BX 
100 SP 
101 BP 
110 51 
111 DI 

8-BII (w " 0) 
000 AL 
DOl CL 
OtO DL 
011 BL 
100 AH 
101 CH 
110 DH 
111 BH 

Segment 

00 ES 
01 C5 
10 S5 
11 OS 

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 
represent the file: 

FLAGS" XX:X:X:(OF):(DF):(IF):(TF):(SFI:(lFI:X(AF) X(PFIX(CF) 
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8089 
8 & 16-BIT HMOS 1/0 PROCESSOR 

• High Speed DMA Capabilities Including 
I/O to Memory, Memory to I/O, Memory 
to Memory, and I/O to I/O 

• iAPX 86, 88 Compatible: Removes I/O 
Overhead from CPU in iAPX 86/11 or 
88/11 Configuration 

• Allows Mixed Interface of 8· & 16·Bit 
Peripherals, to 8· & 16·Bit Processor 
Busses 

• 1 Mbyte Addressability 

• Memory Based Communication with 
CPU 

• Supports LOCAL or REMOTE I/O 
Processing 

• Flexible, Intelligent DMA Functions 
Including Translation, Search, Word 
Assembly/Disassembly 

• MULTIBUS™ Compatible System 
Interface 

The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel's 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/16-bit Intel microprocessor, interfacing 
easily to the Intel multiprocessor system bus standard MULTIBUST". 

The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a CPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the 
lOP and CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 
systems. 

DMA REQl 

OMA 

DMA REQ2 

DMA 
TERMINATE2 

liD CHANNEL 1 

liD CHANNEL 2 

CPU r-=- -"l 
I I 
I I 
I I 
I r=J1 
I~I 
L_ :=.J 

ASSEMBLY/ 
DISASSEMBLY 

INSTRUCTION 
FETCH UNIT 

Figure 1. 8089 1/0 Processor Block Diagram 

STATUS 

ADDRESS; 
DATA 

A141D14 

A131D13 

A101D10 

AS/DO 

SINTR·1 

SINTR·2 

elK 

V" 

Figure 2. 

Vee 
A151D1S 

A17/S4 

A18/SS 

RESET 

8089 Pin Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses 8le Implied. 

<lINTEL CORPORATION. 1980 



inter 8089 

. ___ ...---r ______ ~ __ 1i:..:a=b.:.:I.:...1.:.:._=.P,ln Description 

Symbol ~pe Name and function 

AO-A15/ 
00-015 

A18-A191 
S3-S6 

BHE 

VO Multiplexed Acldre •• and Data Bu.: The 
function of these lines are defined by the 
state of SO, S1 and ~ lines. The pins are 
floated after reset and when the bus is not 
acquired. A8-A 15 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 18-bit physical bus. 

o Addre .•• and Statu.: Mul.tiplexed most 
significant address lines and status in
formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shawn below. The pins are floated after reset 
and when the bus is not acquired. 
S6S5S4S3 
1 1 0 0 DMA cycle on CH1 
1 1 0 1 DMA cycle on CH2 
1 1 1 0 Non-DMA cycle on CH1 
1 1 1 1 Non-DMA cycle on CH2 

o Bu. High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (08-015). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not have to be 
latched. 

SO,S1,S2 0 S1atu.: These are the status pins that define 
the lOP activity during any given cycle. They 
are encoded as shown below: 

READY I 

i2ifi§ii 
o 0 0 Instruction fetch; I/O space 
Q_ 0 1 Data fetch; I/O space 
o 1 0 Data store; I/O space 
o 1 1 Not used 
1 0 0 Instruction fetch; System Memory 
1 0 1 Data fetch; System Memory 
1 1 0 Data store; System Memroy 
1 1 1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or Tw indicates the end of a cycle. The pins 
are floated after system reset and when the 
. bus is not acq·uired. 

Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 

Symbol· 

I1reK 

RESET 

CLK 

CA 

SEl 

DRQ1-2 

RQ/GT 

SINTR1-2 

EXT1-2 

Vee 

Vss 

8·53 

~pe Name and Function 

0 Lack: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSl 
instruction. The pin floats efter reset and 

. when the bus is not acquired. This output i. 
active low. 

I Re .. t: The receipt of a reset signal causes 
the lOP to suspend all its activities and enter 
an .idle state until a chann!!1 attention is 
received. The signal must be active for at 
least four clock cycles. 

I Clock: Clock provides all timing needed for 
internal lOP operation. 

I Channel Attention: Gets the attsntion of the 
lOP. Upon the failing edge of this signal, the 
SEl input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
Input is active high. 

I Select: The first CA received /lfter systam 
reset informs the lOP via theSEl line. whe-
ther it is 1\ Master. or Slave (011 for M811-
ter/Slave respectively) and starts the in-
itialization sequence. During any other CA 
the SEl line signifi&s the selection of 
CH1/CH2. (0/1 respectively.) 

I Data Requeat: DMA request inputs which 
signal the lOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 

I/O Requeat Grant: Request Grant implements 
the communication dialogue required to ar-
bitrate the use of the system bus (between 
lOP and CPU, lOCAL mode) or I/O bus when 
two lOPs share..!!le saine bus (REMOTE 
mode). The RQ/GT signal J!. ~ive low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 

0 Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events . 

I External Terminate: External terminate 
inputs for channels 1 and 2 respectively. The 
EXT signals will cause the termination of the 
current DMA transfer operation if the chan-
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 

Voltage: +5 volt power input. 

Ground. 

AFN-00840D 



8089 

FUNCTIONAL DESCRIPTION 
The 8089 lOP has been designed to remove 1/0 proces
sing, control and high speed transfers fro{T1 the'central 
processing unit. Itscmajor capabilities include that of .in
itializing and maintaining peripheral components and 
supporting versatIle .OMA. This DMA function boasts 
.flexible termination conditions (such as external termi
nate,mask compare, single transfer and byte count ex
pired). The DMA function of the 8089 lOP uses a two cy
cle approach where the information actually flows 
through the-8089 lOP. This approach to DMA vastly sim
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
where the 8089 automatically vectors through a lookup 
table and mask compare, both on the "fly". 

The 8089 is functionally compatible with Intel's iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 
the REMOTE mode it can be used to complement other 
Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 

The only direct communication between the lOP and 
CPU is handled by tile Channel Attention and Interrupt 
lines. 'Status information, parameters and task pro
grams are pa~sed.viablocks of shared memory, simpli
fying hardware interface and encouraging structured 
programming. 

The 8089 can be used in applications such as file and 
. buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 

control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general 1/0 are just a few of 
the typical applications for the 8089. 

Remote and Local Modes 
Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX86 (or iAPX88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the ROtGT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 808SA, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
phYSical line. When the iAPX 86 relinquishes the system 
bus, the 8089 uses the same bus control, latches and 
transc.eiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuratic;>n at the expense of 
reduced CPU thruput due to lOP bus utilization. 

A typical REMOTE configuration is shown in Figure 4. In 
this mode, the lOP's bus is physically separated from 
the system bus by means of system buffersllatches. The 
lOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con
tains the followin,g, components: 

o Up to three 8282 bufferllatches to latch the address to 
the system bus. 

o Up to two 8286 devices bidirectionally buffer tile 
'system data bus. 

" MN/itl-~G~N=D =~r~~;, ~~~;.~:~a~~~-= ,,=.C=. =======:::;:r====I========= 
S2~ 52 CON. iOIOR~CI===:::;::::======t:l====:j::::==+;:==+::;===: = r-- DEN TROLLER iOWC ., 

}®' 0 
.... 

CLOCK 
GEN.~~'OA 

T 

_ :~:;~~ BH< ~ L--[~~_~~~:~~C 
S STB I : 
I :: "" L~~~H Jt';::Ih:;-;:::~==::::':=:;-;::AlAD!!i:R¢~::::::::;-;::=~=;::=~:::;:~~=;:=;::~ 

(1,20R3) BME =: GND 
AQiOl 

RESET 

.:: ~~DY 

~ 

L-----..J 

NOTE: ONLY ONE LATCH IS NEEDED IF CONFIGURED WITH 8088 AND ONLY 64K 
ADDRESSING IS USED. ONLY ONE TRANSCEIVER IS NEEDED IF USING A 
PHY~CAL II-BIT DATA BUS (8088). 

Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 
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inter 8089 

• An S2SS bus controller supplies the control signals 
necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 

• An S2S9 bus arbiter performs all the functions 
necessary to arbitrate the use of the system bus. This 
Is used in place of the RQ/GT logic in the LOCAL 
mode. This arbiter decodes type of cycle information 
from the SOS9 status lines to determine if the lOP 
desires to perform a transfer over the "common" or 
system bus. 

The peripheral devices PER1 and PER2 are supported on 
their own data and address bus. the SOS9 communicates 
with the peripherals without affecting system bus opera
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. 1/0 programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 

COMMUNICATION MECHANISM 
Fundamentally, communication between the CPU and 
lOP is performed through messages prepared in shared 
memory. The CPU can cause the SOS9 to execute a pro
gram by placing it in the SOS9's memory space andlor 
directing the SOS9's attention to it by asserting a hard
ware Channel Attention (CA) Signal to the lOP, ac
tivating the proper 110 channel. The SEL Pin indicates to 

the lOP which channel is being addressed. Communica
tion from the lOP to the processor can be performed in a 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition
ally, the SOS9 can store messages in memory regarding 
its status and the status of any peripherals. This com
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi
bility of memory use with the added capability of handl
ing multiple lOP's. 

Illustrated in Figure 5 is an overview of the communica
tion data structure hierarchy that exists for the SOS9 1/0 
processor. Upon the first CA from RESET, if the lOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the SOS9 starting at location FFFF6 (FFFF6, 
FFFFS-FFFFB) where the type of system bus (16-bit or S
bit) and pointers to the system configuration block are 
obtained. This is the only fixed location the SOS9 accesses. 
The remaining addresses are obtained via the data struc
ture hierarchy. The SOS9 determines addresses in the 
same manner as does the iAPX S6; i.e., a 16-bit relocation 
pointer is offset left 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad
dresses are formed, they are stored as such, as all the SOS9 
address registers are 20 bits long. After the system con
figuration pointer address is formed, the SOS9 lOP ac
cesses the system configuration block. 

LOCAL 
MEMORY 
ROM/FlAM 

(OPTIONAL-IF 
NEEDED fa REDuce 

52 eLK 

,.------+-----.JS1~: H--+-+--} :~~~=~:ION 
ARBITRATION SIGNALS 

so ill 
LOADING ON 8089) --l 

r~:£~~~~=~-,----~-+~~--~----__ ~-r.~~~:f.N~AEN'-l 
II OEDT/RK~~l-rl~~~~~~~~~~DTIR 8288 -I!'-L..L __ ~_,\' i _~ 52 BUS _ 

I\r-,,----...,{ },il 8286 I ~ TR~~~~R - NlEMAD ti ______ J ALE eLK r---MEMWR 

'''-----r:i'-----82ST.~2--1\.--_ ~_7 __ ,_,-_,---,_-, L ~~:=-.:--:.:.::n ,r f-u-,OE ~~19-AO,BHE 
!!! iv------j 8282183 

D~ " __ --' LATCH 1\---.1 
- r-rv' lif-Y 

~ 52 5, So I .'--__ ....rli.! 
~ I----IORQ, 

:1 PEAl 
f---------'\I~ J-----,J,L ~ __ J_---__IEXTI 

8089 ADDRESSJDATA 

'-----'\'."-----O--1-----+lORO, CLKI-----

I :1 .... V'-'--'--------"Jl 

LJ 

READY t-----
RO,RESETf-

EXH Of 

Figure 4_ Typical REMOTE Configuration 
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BYB BUS ~o;F~~~N 
sca ADDRESS } 

SYSTEM 
CONFIGURATION 
BLOCK 

CONTROL 
BLOCK 

~r 
\ 

CS RELOCATION J BUSY CCW 

PB ADDRESS 

PB RELOCATION 

BUSY CCW 

PI ADDRESS ' 

'PI RELOCATION 

I------='-'~=--tl------, 
TASK BLOCK ~ 

T T 
10----

lOP TASK T PROORAM T 

, " 

CHANNEL 
1 

CHANNEL 
2 

Figure 5. Communication Data Structure Hierarchy 

The System Configuration Block (SCB), used only duro 
ing startup, points to the Control Block (CB) and provides 
lOP system conflguration data via the SOC byte. The 
SOC byte initializes lOP 1/0 bus width, to 8116, and 
defines one of two lOP RQ/GT operating modes. For 
RQ/GT mode 0, the lOP is typically initialized as SLAVE 
and has Its Ra/GT line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the lOP as need· 
ed, and has the bus restored to it upon lOP task comple· 
tion (lOP request-CPU grant-lOP done). For RQ/GT 
mode 1, useful only in remote mode between two lOPs, 
MASTERISLAVE designation is used only to initialize 
bus control: from then on, each lOP requests and grants 
as the bus is needed (IOPl request-IOP2 grant-IOP2 
request-IOPl grant). Thus, each lOP retains bus con· 
trol until the other requests it. The completion of in· 
itialization is signalled by the lOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pOinters in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex· 
ibility of being able to initialize multiple lOPs. 

The Control Block furnishes bus contro,llnitialization for 
the lOP operation (CCW or Channel Control Word) and 
provides pOinters to the Parameter Block or "data" 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon all CA's other than the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 

The Parameter Block contains the address of the Task 
Block and acts as a messge center between the lOP and 
CPU. Parameters or variable information is passed from 
the CPU to its lOP in this block to customize the soft· 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
lOP and CPU. 

The Task Block'contains the instructions for the respec· 
tive channel. This block can reside on the local bus of 

the lOP, allowing the lOP to operate concurrently with 
the CPU, or reside In system memory. 
The advantage of this type of communication between 
the processor, lOP and peripheral, Is that it allows for a 
very clean method for the operating system to handle 
1/0 routines. Canned programs or "Task Blocks" allow 
for execution of general purpose 1/0 routines with the 
status and peripheral command Information being 
;lassed via the Parameter Block ("data" memory). Task 
Blocks (or "program" memory) can be terminated or 
restarted by the CPU, If !leed be. Clearly, the flexibility 
of this communication lends Itself to moduiarlty and ap
plicability to a large number of peripheral devices and 
upward compatibility to future end user systems and 
microprocessor families. ' 

Register Set 

The 8089 maintains separat!! registers for its two 1/0 
channels as well as '80me common' registers (see Flgute 
6). There are sufficient registers for each channel to sus· 
taln Its own OMA transfers, and process Its own Instruc· 
tion stream. The baSic OMA pOinter registers (GA, GB -
20 bits each), can point to either the system bus or local 
bus, OMA source or destination, and can be autoincre· 
mented. A third register set (GC) can be used to allow 
transl;ltlon during the OMA process through a lookup 
table it points to. Additionally, registers are provided fora 
masked compare during the data transfer and can be set 
up to act as one of the termination conditions. other 
registers are also provided. Many ofthese registers can be 
used as general purpose registers during program execu· 
tion, when the lOP is not performing OMA cycles. 
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CHANNEL CONTROL (CC) 

NON USER PROGRAMMABLE 
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Figure 6. Register Model 

Bus Operation 
The 8089 utilizes the same bus structure as the 
iAPX 86,88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi· 
plexed with four status lines 53·56. For 8089 cycles, 54 
and 53 determine what 'type of cycle (OMA versus non· 
OMA) is being performed on channels 1 or 2. 55 and S6 
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are a unique code assigned to the 8089 lOP, enabling 
the user to detect which processor Is performing a bus 
cycle in a multiprocessing environment. 

The first three status lines, 80-82, are used with an 8288 
bus controller to determine if an instruction fetch or 
data transfer is being performed in 1/0 or system 
memory space. 

DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad
ditional clock cycles are added if wait states are re
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in .memory is performed by first doing two 
reads, with word assembly within the lOP assembly 
register file and then one write. 

As can be expected, the data bandwidth of the lOP is a 
function of the physical bus width of the system and 1/0 
busses. Table 2 gives the bandwidth, latency. and bus 
utilization of the 8089. The system bus is assumed to be 

16-blts wide with either an 8-blt peripheral (under byte 
column) or 16-blt peripheral (word column) being shown. 

The latency refers to the worst case response time by 
the lOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re
quired to map 8-bit data into a 16-blt location, versus two 
for a 16-blt to 16-blt transfer. Note that It is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max
Imum of 50%. 

Table 2_ Achievable 5 MHz 8089 Operations with 
a 16·Blt System Bus 

Local Remote 

Byte Word Byte Word 

Bandwidth 830 KBiS 1250 KBiS 830 KBiS 1250 KB/S 

Latency 1.0/2.4 ~sec· 1.0/2.4 ~sec· 1.0/2.4 ~sec· 1.0/2.4 ~sec· 

System Bus 
2.4 ~sec 1.6 ~.ec 0.8 ~sec 0.8 ~sec 

PER PER PER PER 
Utilization TRANSFER TRANSFER TRANSFER TRANSFER 

*2.4 I'sec if interleaving with other channel and no wait states. 1psec If 
channel is waiting for request. 

j-----!4+NWAIT).,TCV-----!j-----!4 ... NW",d-fOV------! 
1a TWA'T I T. T, T2 13 TWA" I T. " " 

,~~ §d$/#=f?~~"'" 
'--___ ...I.J..J..Cw..u. 

57-53 ~ 51-53 

ADDR/DATA 
(16-BIT 

PHYSICAL BUS) 

DTIR 

NOTE 1: IRE IS STABLE (1.1t" NON MULTIPLEXED) THROUGHOUT EACH TRANSFER 
CYCLE. At-A,l ARE ALSO STABLE ON TRANSFERS TO A PHYSICAL a.IIT 
BUS. 

-----~ DATA OUT (D,s-Do) 

\'--------/ 

Figure 7. 8089 Bus Operation 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O·C to 70·C 
Storage Temperature ............. - 65·C to + 15O·C 
Voltage on Any Pin with 

Respect to Ground. . . . . . . . . . . . . . . . . -1.0 to + 7V 
Power Dissipation ........................ 2.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This Is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those Indicated in the operational sections of this 
specification is riot implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D_C_ CHARACTERISTICS (TA = o·c to 70·C. Vee = 5V ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

V,l Input Low Voltage -0.5 +0.8 V 

V,H Input High Voltage 2.0 Vcc+ 1.0 V 

VOL Output Low Voltage 0.45 V IOl=2.0 mA 

VOH Output High Voltage 2.4 V IOH = -400,.A 

Icc Power Supply Current 350 mA TA=25·C 

III Input Leakage Current(l) ± 10 ,.A OV< VIN < Vee 

Ilo Output Leakage Current ± 10 ,.A 0.45V .. VOUT .. Vee 

VCl Clock Input Low Voltage -0.5 +0.6 V 

VCH Clock Input High Voltage 3.9 Vcc + 1.0 V 

Capacitance of Input Buffer 
C'N (All input except 15 pF fc = 1 MHz 

ADo- ADI5• RO/GT) 

C,O 
CapaCitance !E.. .. IO Buffer 15 pF fc = 1 MHz 
(ADo - ADI5. RQ/GT) 

A.C. CHARACTERISTICS (TA = acc to 70·C. Vee = 5V ±10%) 

8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 

Symbol Parameter Min. Max. Units T.at Conditions 
TClCl ClK Cycle Period 200 500 ns 

TClCH ClK low Time ('hTClCl)-15 ns 

TCHCl ClK High Time (V:oTClCl) + 2 ns 
TCHICH2 ClK Rise Time 10 ns From I.OV to 3.5V 
TCL2Cll ClK Fall Time 10 ns From 3.5V to I.OV 

TDVCl Data In Setup Time 30 ns 
TClDX Data In Hold Time 10 ns 
TRIVCl ROY Setup Time into 8284 (See Notes I, 2) 35 ns 
TClRIX ROY Hold Time into 8284 (See Notes I, 2) 0 ns 
TRYHCH READY Setup Time into 8089 (2h TClCl) - 15 ns 

TCHRYX READY Hold Time into 8089 30 ns 
TRYlCl READY Inactive to ClK (See Note 4) -8 ns 

TlNVCH Setup Time Recognition (ORO 1,2 RESET. Ext 1,2) (See Note 2) 30 ns 
TGVCH im/GT Setup Time 30 ns 
TCAHCAl CAWldth 95 ns 
TSlVCAl SEl Setup Time 75 ns 
TCAlSLX SEl Hold Time 0 ns 

TCHGX GT Hold Time into 8089 40 ns 

TILIH Input Rise Time (Except ClK) 20 ns From O.8V to 2.0V 

TIHll Inpul Fall Time (Except ClK) 12 ns From 2.OV to O.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 

TCLML Command Active Delay (See Note 1) 

TCLMH Command Inactive Delay (See Note 1) 

TRYHSH READY Active to Status Passive (See Note 3) 

TCHSV Status Active Delay 

TCLSH Status Inactive Delay 

TCLAV Address Valid Delay 

TCLAX Address Hold Time 

TCLAZ Address Float Delay 

TSVLH Status Valid to ALE High (See Note 1) 

TCLLH CLK Low to ALE Valid (See Note 1) 

TCHLL ALE Inactive Delay (See Note 1) 

TCLDV Data Valid Delay 

TCHDX Data Hold Time· 

TCVNV Control Active Delay (See Note 1) 

TCVNX ContrOl Inactive Delay (See Note 1) 

TCHDTL Direction Control Active Delay (See Note 1) 

TCHDTH Direction Control Inactive Delay (See Note 1) 

TCLGL RQ Active Delay' 

TCLGH RQ Inactive Delay 

TCLSRV SINTR Valid Delay 

TOlOH Output Rlae Time 

TOHOL Output Fall Time 

NOTES: 1. SIgnal at 8284 or 8288 shown for reference only. 
• 2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Aplles only to T3 and TW states. 

Min. Max. Units Test Conditions 

10 35 ns CL:80 pF 

10 35 ns 

110 ns 

10 110 ns 

10 130 ns 

10 110 ns 

10 ns 

TCLAX 80 ns 

15 ns 

15 ns CL: 150pF 

15 ns 

10 110 ns 

10 ns 

5 45 ns 

10 45 ns 

50 ns 

30 ns 

0 85 ns CL:l00pF 

85 ns Note 5: CL = 30 pF 

150 ns CL: 100 pF 

20 ns From O.BV to 2.0V 

, 12 ns From 2.0V to O.BV 

4. Applies only to T2 state, 
5. Applies only If AQ/GT Mode 1 Cl =OOpf, 2.7 KO pull up to Vee . 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT2.4V FORA LOGIC " •.. ANDO.45V FOR 
A LOGIC "0:' THE CLOCK IS DRIVEN AT 4.3V AND 0.25~ TIMING MEASURE
MENTS ARE MADE AT 1.5V FOR BOTH" LOGIC "." AND "0:' 
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WAVEFORMS 

8089 BUS TIMING USING 8288 

ClK 

I Aa-A15 ON TRANSFERS 
SEe NOTE 7 TO AN &-81T PHYSICAL BUS 

AND BHE 

12,1;,., (EXCEPT HALT) 

IAlE (8288 OUTPUT) 

SEE NOTE 4 

ROY (8284 INPUT) 

SEE NOTE 7 I 
AND ABOVE 1 AD1soADo 

(iiR) 

8288 OUTPUTS 

SEe NOTES 4, 5 

DTIR 

1 MlIDC OR iORC 

DEN 

WAITE - (AD,MADC,IORC,DT/A "" ,Vow 

SEE NOTE 7 ( 
AND ABOVE AD1S-ADo 

(lim) 

8288 0lIIPUTS 

SEE NOTES"" 

DEN 

AMWC OR AiOWc 

MWTCOR lowe 

, T, T. 

VCH,r--\ ~tJH1CH2-h _TCl2CL1 r~ --TClCl-_ 

VClJ ,---1 J\-----I ~ TCHDx 
TClAV- ,I::. ~TCHCl , r-TClCH:: 

)( 
--+-----+--n'---~---1-------t----_r------1_----t_------t_~~E~l~t;E~ 

"TCLSH 
___ TCHSV 

~~~--~4---4---+-mnmnrr-~r-- ----
W2W ' 

1_ TClAV I----t TClDV TCHDX- ~ - - --
~I TCLAX-i l- .. I LJ-
A A19·A16 1'--+ ____ +-1r-__ s.-I-_s3 ____ t_-----I-~};J~~!!~~ 

----T""SV-l-H--i1r-:-I-" I- (SEE NOTE 3) 
TCllH- - -- ,I TCHll r--

I 

TRVLCl_ _ 

I-TCHRYX 

TCLAV- TClDX-oI 

TRYHSH -lr1-';""--t---, 

- TClAXr-~ I-

.1;.. TClAZ - J I--TDVCl-

~~~~~~~~:~~I l,'/\. __ +A_'_'"_A'-+ __ J I FLOAT r----~D~AT~A~,~Nt----1~-F::l-:0..,.AT~~ 
-.,....--+---....---+"""'\1-- - I- JeHDTH TeHDTl-- .1 1,-

~--~4-~~4---~! ' 
________ ~I---__t-TC-l-M-l-_t_"'~ TCLMH-

TCYNV- 1-
,Ir-+----+"""'\ 

-----+~--+---+_--_tJ ~+---+_---
TCVNX-

TCLAV-

--TClAXI-

~ ~ TelD I-- TeHDX -- FLOAT 
----~~ r-+---+-'I'-~~-+------+---~'I~SEE 

A15"Ao DATA OUT 
-----+-t', '--+ __ -1-....1..1 '--+--i-------r---+..JI NOTE ~ 

TeVNX- -{" 

'-r---

TCVNV-

______ .;....I-I-__ __t-------t-.\II-TClMl 
TClMH-

------~~~---i----_+-------r--------~,' TelMl 

I 
1, ALL 8l0NALS SWITCH BElWEEN vo ... AND VOL UNLESS OTtlEAWISE SPECIFIED. 
Z. AD'll 1SSAMPt.ED NEAR THE END OF Ti!OT:IoTW TO DETERMINE IF Tw MACHINE STATES AilE TO 8E INSERTED 
3. FOLLOWING A WRITE CYClE DATA REMAINS VALID ON THE 80lIl LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN ANOTHER BUS 

CYtlLE. THE I..OCAL BUS IS FLOATED BV THEIIOBlI WHEN THE 8IIlI8 ENTERS A REQUEST BUS ,It,CKNOWLEOOE STATE 
.. SlGlNALSATAI4Of11218AFEstIOWNFOfIREFEAENCEONLV. ___ ---' __ _ 

5. TtlE ISSUANCE OF TtlE aaa COMMAND AND CONTROl. SIGNALS (MROC, MWTC. AMWC, IORC, lowe. AIOWe. INTA, AN~ DEN) LAGS THE 
ACTIVE HIGtIIallBCEN. 

I. ALL TIMING MI!ASUREMENTS ARe MADE AT 1 5V UNLESS OTHERWISE NOTED. 
7. AI-AuARESTASLEONTAANSFERSTOANaSlTPHYSICALDATABUS •• A"A" 

DON'T nOAT ON A READ FROM AN 8·BIT PHYSICAL BUS OR MUL TIPLEK wiTH 
DATA ON A WRITE TO AN a BIT PHYSICAL BUS 1'Rl IS STABLE INON 
MULTIPLElIEOIFOAALl TRANSFERS 
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WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

CLK 

~ 
1. SETUP REQUIRE".ENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE 

RECOGNITION AT NEXT elK. 
2. ALL INPUTS EXCEPT CA ARE LATCHED ON A elK EDGE. THE CA INPUT IS 

BUS LOCK SIGNAL TIMING AND SINTR TIMING 

Any elK cycle---l 

eLK 

REQUEST/GRANT SEQUENCE TIMINGS 

8089 AS SLAVE (MODE 0) rT r -1 
8089 RQ OUTPUJ L 8089 G'f INPUT 

(TO MASTER) (FROM MASTER) 

.. 89 .EQ~ESTS BUS '.89 WAITS F~. BUS I 
8089 AS MASTER (MODE 1) I 

TCHGX--'" - -+-8089 FLOATS STATUS BUS 

...-TGVCH -+ LGH -I '-TC~GL --1 _4__TC 

'a.89 FLOATS I r-A/D BUS" 

8089 RO INPUT 
(FROM CURRENT SLAVE) 

8089 Gf OUTPUT 
(OLD MASTER BECOMES NEW SLAVE) 

NEGATIVE EDGE TRIGGERED. 
3. ORO BECOMING ACTIVE GAEATER THAN 30 na AFTEA THE RISING EDGE OF elK 

WILL QUARANTEE NON·RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE. 

elK 

~_,el'.Vj~ .,N'.,.,:_ ~ 

8089 RELEASE OUTPUT 
[TO MASTER) 

8089 RELEASES BUS 

rBOaj FLOATS AID BUS 

8089 AS MASTER (MODE 0) --I _TelGH 

TCHGX---+- - - i--TCLGL TCHGX 

- '--TGVCH 

8089 RQ INPUT 
(FROM CURRENT SLAVE) 

'CPU provides active pull-up. 

1--= F-~~~~J: 
8089 GT OUTPUT 

(OLD MASTER BECOMES NEW SLAVE) 
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WAVEFORMS (Continued) 

EXTERNAL TERMINATE SETUP TIMING 

SEL SETUP AND TIMING 
TCAHCAL_ 

CA 

SEC .• TSLVCAL_r-TCALSLX. 
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8089 INSTRUCTION SET SUMMARY 

Data Transfers 
POINTER INSTRUCTIONS OPCODE 

7 0 7 0 

LPD P,M Load Pointer PPP from Addressed Location P P P 0 o A A 1 1 000 1 OMM 

LPDI P,I Load Pointer PPP Immediate 4 Bytes P P P 1 000 1 000 0 1 000 

MOVP M,P Store Contents of Pointer PPP in Addressed Location P P P 0 o A A 1 100 1 1 OMM 

MOVP P,M Restore Pointer P P P 0 o A A 1 1 000 1 1 M M 

MOVE DATA OPCODE 

MOV M,M Move from Source to Destination 
Source- 000 0 OAAW 1 o 0 1 OOMM 

Destination- 000 0 OAAW 1 1 o 0 11M M 

MOV R,M Load Register RRR from Addressed Location R R R 0 OAAW 1 0 0 0 OOMM 

MOV M,R Store Contents of Register RRR in Addressed Location R R R 0 OAAW 1 0 o 0 o 1 M M 

MOVI R Load Register RRR Immediate (Byte) Sign Extend R R R wb OOW o 0 1 1 o 0 0 0 

MOVI M Move Immediate to Addressed Location 000 wb AAW o 1 0 0 11M M 

Control Transfer 
CALLS OPCODE 

7 07 0 
·CALL Call Unconditional 11 o 0 dd AAwI100 1 1 1 MM I 

JUMP OPCODE 

JMP Unconditional 1 0 0 dd OOW o 0 1 0 o 000 

JZ M Jump on Zero Memory 000 dd AAW 1 1 1 0 o 1 M M 

JZ R Jump on Zero Register R R R dd 000 o 1 o 0 o 1 0 0 

JNZ M Jump on Non-Zero Memory 000 dd AAW 1 1 1 0 OOMM 

JNZ R Jump on Non-Zero Register R R R dd 000 o 1 o 0 o 0 0 0 

JBT Test Bit and Jump if True B B B dd A A 0 1 0 1 1 1 1 M M 
JNBT Test Bit and Jump if Not True B B B dd A A 0 1 0 1 1 1 OMM 
JMCE Mask/Compare and Jump on Equal 000 dd A A 0 1 0 1 1 0 OMM 
JMCNE Mask/Compare and Jump on Non-Equal 000 dd A A 0 1 0 1 1 o 1 M M 

Arithmetic and Logic Instructions 
INCREMENT, DECREMENT OPCODE 

7 07 0 

·ADDI M,I ADD Immediate to Memory o 0 0 0 OAAW1 1 1 0 1 OMM 

·ADDI R,I ADD Immediate to Register R R R 0 o 0 0 0 o 0 1 1 1 000 

tADD M,R ADD Register to Memory o 000 o A AW 1 1 1 0 1 1 MM 

tADD R,M ADD Memory to Register R R R 0 o 0 0 0 o 0 1 1 1 1 0 0 
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Arithmetic and Logic Instructions 

ADD OPCODE 

7 o 7 0 
ADDI M,I ADD Immediate to Memory 000 wb AAW 1 100 OOMM 
ADDI R,I ADD Immediate to Register R R R wb OOW 001 0 o 0 0 0 
ADD M,R ADD Register to Memory R R R 0 OAAW 1 1 0 1 OOMM 
ADD R,M ADD Memory to Register R R R 0 OAAW 101 0 OOMM 

AND OPCODE 

ANDI M,I AND Memory with Immediate 000 wb AAW 1 1 0 0 1 OMM 
ANDI R,I AND Register with Immediate R R R wb OOW 001 0 1 000 
AND M,R AND Memory with Register R R R 0 OAAWl 101 1 OMM 
AND R,M AND Register with Memory R R R 0 OAAW 1 0 1 0 1 OMM 

OR OPCODE 

ORI M,I OR Memory with Immediate 000 wb AAW 1 100 o 1 M M 
ORI R,I OR Register with Immediate R R R wb AAW 001 0 o 1 0 0 
OR M,R OR Memory with Register R R R 0 o A AW 1 101 0 1 M M 
OR R,M OR Register with Memory R R R 0 OAAW 1 0 1 0 o 1 M M 

NOT OPCODE 

NOT R Complement Register R R R 0 o 0 0 0 001 0 1 100 
NOT M Complement Memory o 0 0 0 OAAW 1 101 1 1 M M 
NOT R,M Complement Memory, Place in Register R R R 0 OAAW 101 0 1 1 M M 

Bit Manipulation and Test Instructions 

BIT MANIPULATION OPCODE 
7 07 0 

SET Set the Selected Bit IB B B 0 OAAOl111 1 o 1 M MI 
CLR Clear the Selected Bit IB B B 0 OAAOl111 1 10MMI 

TEST OPCODE 

TSL Test and Set Lock 10 0 0 1 1 A A 0 11 o 0 1 0 1MMI 

Control 

Control OPCODE 
7 07 0 

HLT Halt Channel Execution o 0 1 0 (j 0 0 0 o 1 0 0 1 000 
SINTR Set Interrupt Service Flip Flop o 1 0 0 o 0 0 0 o 0 0 0 o 0 0 0 
NOP No Operation o 0 0 0 o 0 0 0 o 0 0 0 o 0 0 0 
XFER Enter DMA Transfer o 1 1 0 o 0 0 0 o 0 0 0 o 0 0 0 
WID Set Source, Destination Bus Width; S,D 0 = 8, 1 = 16 1 S 0 0 o 0 0 0 o 000 o 0 0 0 

8-64 AFN-00840D 



intJ 8089 

'AAField in call instruction can be 00, 01, 10 only. 
··OPCOOE is second byte fetched. 

All instructioFis consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each Instruction is given below: 

o 7 

1 R R R 1 W b 1 A A 1 w 1 OPCODE 'I M M 1 
PPP aaa 

MM Base Pointer Select 

00 GA 
01 GB 
10 GC 
11 PP 

RRR Register Field ' 

The RRR field specifies a 16-bit register to be used in 
the instruction. If GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pOinters. 

RRR 

000 
001 
010 
011 
100 
101 
110 
111 

rO GA 
r1 GB 
r2 GC 
r3 BC ; byte count 
r4 TP ; task block 
r5 IX ; index register 
r6 CC ; channel control (mode) 
r7 MC ; mask/compare 

ppp ! 

000 pO GA 
001 p1 GB 
010 p2 GC 
100 P4 TP ; task block pOinter 

8-65 

NOTES: 

BBB Bit Select Field 

The bit select field replaces the RRR field in bit manipu
lation instructions and is used to select a bit to be oper· 
ated on by those instructions. Bit 0, is the least signifi
cant bit. 

wb 

01 1 byte literal 
10 2 byte (word) literal 
dd 
01 1 byte displacement 
10 2 byte (word) displacement. 

AA Field 

00 The selected pOinter contains the operand address. 
01 The operand address isfo.rmed by adding an 8-bit, 

unsigned, offset contained in the instruction to the 
s,eh~cted pOinter. The contents of the pOinter are un
changed. 

10 The operand address is formed by adding the con
tents of the Index register to the selected pointer. 
Both registers remain unchanged. 

11 Same as 10 except the Index register IS post auto-

'-J./' ... '. 
,.;. 

incremented (by 1 for 8-bit transfer, by 2 for 16-blt ,; 
transfer). 

W Width Field 

o The selected operand is 1 byte long. 
1 The selected operand is 2 bytes long. 

Additional Bytes 

OFFSET: 8-bit unsigned offset. 
SOISP : 8/16-blt signed displacement. 
LITERAL: 8/16-bit literal. (32 bits for LDPIl. 

The order in which the above optional bytes appear in lOP' 
instructions is given below: 

OFFSET 1 

Offsets are treated as .. unsigned numbers. Ute"rals and, '; 
displacements are sign extended (2's complement). ''i '! 
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iAPX 86/20 
iAPX 88/20 

NUMERIC DATA PROCESSOR 

• High Performance 2-Chip Numeric 
Data Processor 

• Standard iAPX 86/10, 88/10 Instruction 
Set Plus Arithmetic, Trigonometric, 
Exponential, and Logarithmic 
Instructions For All Data Types 

• All 24 iAPX 86/10, 88/10 Addressing 
Modes Available 

• Conforms To Proposed IEEE Floating 
Point Standard 

• Support 8 Data Types: 8-, 16-, 32-, 64-
Bit Integers, 32-, 64-, 80·Bit Floating 
Point, and 18-Dlgit BCD Operands 

• 8x80-Blt Individually Addressable 
Register Stack plus 14 General 
Purpose Registers 

• 7 Built-in Exception Handling 
Functions 

• MULTI BUS System Compatible 
Interface 

The Intel iAPX 86/20 and iAPX 88/20 are two-chip numeric data processors (NDP's). They provide the instruc
tions and data types needed for high-performance numeric applications. The NDP provides 100 times the 
performance of an iAPX 86/10, 88/10 CPU alone for numeric processing. The iAPX 86/20 consists of an iAPX 
86/10 (16-bit 8086 CPU) and a numeric processor extension (NPX), the 8087. The iAPX 88/20 consists of the 
NPX in conjunction with the iAPX 88/10 (8-bit 8088 CPU). The NDP conforms to the proposed IEEE Floating 
Point Standard. 

Both components of the iAPX 86/20 and iAPX 88/20 are implemented in N-channel, depletion load, silicon gate 
technology (HMOS), housed in two 40-pin packages. The iAPX 86/20, 88/20 adds 68 numeric processing 
instructions to the iAPX 86/10, 88/10 instruction set and eight 80-bit registers to the register set. 

MAX {~E} MODE 
8086 

GND Vee GND 1 

(A14)AD14 AD15 (A14)AD14 

(A13)AD13 Al81S3 (A13)AD13 
, 

(A12)AD12 4 A171S4 (A12)AD12 4 

00 (All)ADll Al8iS5 (All)ADll 5 .... (Al0)AD10 A19/S6 (Al0)AD10 6 3S ] A19/S6 

REQUEST! QUEUE (A9)AD9 ": H/s7 (A9) AD9 1 .: BHE/57 (HIGH) 
GRANT STATUS (Ae)AD9 • RQ/GTI (AI) AD8 . MN.t.Il( 

AD7 INT AD7 9 iill 
AD8 iiQ.mo AD8 RQ/GTO 

AD5 NC ADS 11 iiOJIlT1 
AD4 Ne LOCK 

REQUESTI QUEUE 
52 i2 GRANT STATUS AD3 

AD2 S1 S1 

~ .P. AD1 iii iii 
ADO aso QSO 

______ ...J"'8Gl2G,88I20 Ne asl asl L Ne BUSY TEST 
eLK RI;ADY READY 
GND RESET RESET 

Figure 1. iAPX 86/20, 88/20 Block Diagram Figure 2. IAPX 86/20, 88/20 Pin Configuration 

Intel Corporation Assumes No Responaibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
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Symbol 

AD15-AOO 

A19/56, 
A18/55, 
A17/54, 
A16/53 

SHE/57 

52, 51,80 

RQ/GTO 

iAPX 86/20, 88/20 

Table 1. 8087 Pin Description 

lYpe Name and Function 

I/O Address Data: These lines constitute the time multiplexed memory address (T,) and data (T 2, 
T3, TW, T4) bus. AD is analogous to SHE for the lower byte of the data bus, pins 07-00. It is 
LOW during T, when a byte is to be transferred on the lower portion of the bus in memory 
operations. Eight-bit oriented devices tied to the lower half of the bus would normally use AO 
to condition chip select functions. These lines are active HIGH. They are input/output lines for 
8087 driven bus cycles and are inputs which the 8087 monitors when the 8086/8088 is in 
control of the bus. A15-A8:do not require an address latch in an iAPX 88/20. The 8087 will 
supply an address for the T,-T4 period. 

I/O Address Memory: During T, these are the four most significant address lines 
for memory operations. During memory operations, status information is available on 
these lines during T2, T3, Tw, and T4' For 8087 controlled bus cycles, 56, 54, and 53 
are reserved and currently one (HIGH), while 55 is always LOW These lines are inputs which 
the 8087 monitors when the 8086/8088 is in control of the bus. 

I/O Bus High Enable: During T, the bus high enable signal (SHE) should be used to enable data 
onto the most significant half of the data bus, pins D15-D8. Eight-bit oriented devices tied to 
the upper half of the bus would normally use SHE to condition chip select functions. SHE is 
LOW during T, for read and write cycles when a byte is to be transferred on the high portion of 
the bus. The 57 status information is available during T2, T3, Tw, and T4. The signal is active 
LOW 57 is an input which the 8087 monitors during 8086/8088 controlled bus cycles. 

I/O Status: For 8087 driven bus cycles, these status lines are encoded as follows: 

S2 S1 SO 
o (LOW) X X Unused 
1 (HIGH) 0 0 Unused 
1 0 1 Read Memory 
1 1 0 Write Memory 
1 1 1 Passive 

5tatus is driven active during T 4, remains valid during T, and T 2, and is returned to the 
passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is used by the 
8288 Sus Controller to generate all memory access control signals. Any change in 52, 51, or 
50 during T4 is used to indicate the beginning of a bus cycle, and the return to the passive 
state in T 3 or Tw is used to indicate the end of a bus cycle. These signals are monitored by the 
8087 when the 8086/8088 is in control of the bus. 

I/O Request/Grant: This request/grant pin is used by the NPX to gain control of the local bus from 
the CPU for operand transfers or on behalf of another bus master. It must be connected to one 
of the two processor request/grant pins. The request grant sequence on this pin is as follows: 

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 
8087 or the master connected to the 8087 RQ/GT1 pin. 

2. The 8087 waits for the grant pulse and when it is received will either initiate bus transfer 
activity in the clock cycle following the grant or pass the grant out on the RQ/GT1 pin in this 
clock if the initial request was for an()ther bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of 
the last 8087 bus cycle or on receipt of the release pulse from the bus master on RQ/GT1. 
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Tab~e 1. 8087 Pin Description (Continued) 

Symbol lYpe Name and Function 

RQ/GT1 I/O Request/Grant:This request/grant pin is used by another local bus master to force the 8087 to 
request the local bus. If the 8087 is not in .control of the bus when the request is made the 
request/grant sequence is passed through the 8087 on the RQ/GTO pin one cycle later. 
Subsequent grant and release pulses are also passed through the 8087 with a two and one 
clock delay, respectively, for resynchronization. ROIG'F1 has has an internal pullup resistor, 
and so may be left unconnected. If the 8087 has control of the bus the request/grant sequence 
is as follows: 
1. A pulse 1 ClK wide from another local bus master indicates a local bus request to the 8087 

(pulse 1). 
2. During the 8087's next T4 or T1 a pulse 1 ClK wide from the 8087 to the requesting master 

(pulse 2) indicates that the 8087 has allowed the local bus to float and that it will enter the 
"RQ/GT acknowledge" state at the next ClK. The 8087's control unit is disconnected 
logically from the local bus during "RQ/GT acknowledge." 

3. A pulse 1 ClK wide from the requesting master indicates to the 8087 (pulse 3) that the 
"RQ/GT" request is about to end and that the 8087 can reclaim the local bus at the next 
ClK. 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one 
dead ClK cycle after each bus exchange. Pulses are active lOW. 

QS1, I 051, OSO: QS1 and QSO provide the 8087 with status to allow tracking of the CPU 
QSO instruction queue. 

OS1 OSO 
o (lOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 

INT 0 Interrupt: This line is used to indicate that an unmasked exception has occurred during 
numeric instruction execution when 8087 interrupts are enabled. This signal is typically 
routed to an 8259A. INT is active HIGH. 

BUSY 0 Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is con-
nected to the CPU's TEST pin to provide synchronization. In the case of an unmasked 
exception BUSY remains active until the exception is cleared. BUSY is active HIGH. 

READY I Ready: READY is the acknowledgment from the addr~ssed memory device that it will 
complete the data transfer. The ROY signal from memory is synchronized by the 8284A Clock 
Generator to form READY. This signal is active HIGH. 

RESEI I Reset: RESET causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. RESET is internally synchronized. 

ClK I Clock: The clock provides the basic timing for the processor and bus controller. It is asym-
metric with a 33% duty cycle to provide optimized internal timing. 

Vee Power: Vee is the +5V power supply pin. 

GND Ground: GND are the ground pins. 

NOTE: 
For the pin descriptions of the 8086 and 8088 epu's reference those respective data sheets (iAPX 86/1 0, iAPX 88/10). 
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APPLICATION AREAS 

The iAPX 86/20 and iAPX 88/20 provide functions 
meant specifically for high performance numeric 
processing requirements. Trigonometric, logarith
mic, and exponential functions are built into the 
processor hardware. These functions are essential 
in scientific, engineering, navigational, or military 
applications. 

The NDP also has capabilities meant for business or 
commercial computing. An iAPX 86/20, 88/20 can 
process Binary Coded Decimal (BCD) numbers up 
to 18 digits without roundoff errors. It can also per
form arithmetic on integers as large as 64 bits 
(±1018). 

PROGRAMMING LANGUAGE SUPPORT 

Programs for the iAPX 86/20 and iAPX 88/20 can be 
written in A5M-86, the iAPX 86,88 assembly lan
guage, PLJM-86, FORTRAN-86, and PA5CAL-86, In
tel's high-level languages for iAPX 86, 88 systems. 

Details 

The remainder of the data sheet will concentrate on 
the numeric processor extension (refered to as NPX 
or 8087). For iAPX 86110 or iAPX 88/10 CPU details 
refer to those respective data sheets. 

IAPX 88/10. 88/10 

FUNCTIONAL DESCRIPTION 

The iAPX 86/20, 88/20 Numeric Data Processor's ar
chitecture is designed for high performance 
numeric computing in conjunction with general 
purpose processing. 

The 8087 is a numeric processor extension that 
provides arithmetic and logical instruction support 
for a variety of numeric data types in iAPX 86/20, 
88/20 systems. It also executes numerous built-in 
transcendental functions (e.g., tangent and log 
functions). Th.e 8087 executes instructions as a 
copro~essor to a maximum mode 8086 or 8088. It 
effectively extends the register and instruction set of 
an iAPX 86/10 or 88/10 based system and adds 
several new data types as well. Figure 3 presents the 
registers of the iAPX 86/20. Table 2 shows the range 
of data types supported by the NDP. The 8087 is 
treated as an extension to the iAPX 86/10 or 88/10, 
providing register, data types, control, and instruc
tion capabilities at the hardware level. At the pro
grammers level the iAPX 86/20, 88/20 is viewed as a 
single unified processor. 

iAPX 86/20, 88/20 System Configuration 

As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
The CPU's status (50-52) and queue status lines 
(050-051) enable the 8087 to monitor and decode 

8087 
DATA FIELD 

AX 1E5. FILE: 0 : R1 S:N 78 EXPONENT 64 63 SIGNIFICAND 
D I R2~~~~~~~----==~~~--~ 
Q I R3~--r-------~---------------; 
OX : R4~ __ ~ ______ ~ ______________ ~ 
SI I R5~ __ ~ ______ ~ ______________ ~ 

01 I RI BP I R7~:::t:::::::~::::::::::::::::~ 
SP I AI '--__ .L-_____ -'-_____________ ---' 

TAG FIELD 

~~~~~~~~-~~~~---;O 1 0 

~ 
IP 

FLAGS 

L __ , 

I 
I 
I L.. ____ -, 

~ t-I----------~ 
I 
I 
I 
I 
I 

15 
CONTROL REGISTER 
STATUS REGISTER 

INSTRUCTION POINTER 

DATA POINTER 

Figure 3. iAPX 86/20 Architecture 
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Table 2. IAPX 86/20, 88120 Data "lYpes 

Data Range Precision 
Most Significant Byte 

'Formats 
7 017 017 017 017 017 017 017 017 017 01 

Byte Integer 102 8 Bits 17 101 Two's Complement 

Word Integer 104 16 Bits 115 10J Two's Complement 

Short Integer , 109 32 Bits 131 10 I Two's Complement 

Long Integer 

.packed BCD 

Short Real 

Long Real 

Temporary Real 

1018 64 Bits 163 

1018 18 Digits sl-

10±38 24 Bits sI E7 

10±308 ' 53 Bits S IE10 

10±4932 64 Bits SIE14 

Integer: I 

Packed BCD: (-1)S(017" .00) 

r - -., 
I 
I 
L 

INT _---t ... INTR 

8259A 
PIC 

IRn_J 

8284A 
CLOCK 

GENERATOR 

ClK r-t---............ -t~ClK ~: 

L----t----IINT 

'- -~ClK ~ 

0 170,.1 

EoIF1 F23,I FO Implicit 

EoIF1 

EolFo 

Real: (-1)S(2E-BIAS)(FooF1' .. ) 

Bias=127 for Short Real 
1023 for Long Real 
16383 for Temp Real 

iAPX88 
BUS 

INTERFACE 
COMPONENTS 

... -_ .... 
Figure 4. NDPSystem Configuration 

8-70 

1)1 Two,'s 
o Complement 

101 Dol 

F521 FO Implicit 

MULTI MASTER 
SYSTEM 

BUS 

F,fl3 
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instructions in synchrohization with the CPU and 
without any CPU overhead. Once started the 8087 
can process in parallel with and independent of the 
host CPU. For resynchronization, the NPX's BUSY 
signal informs the CPU that the NPX is executing an 
instruction and the CPU WAIT instruction tests this 
signal to insure that the NPX is ready to execute 
subsequent instructions. The NPX can interrupt the 
CPU when it detects an error or exception. The 
8087's interrupt request line is typically routed to 
the CPU through an 8259A Programmable Inter
rupt Controller. (See Figure 2 for 8087 pinout 
information.) 

The 8087 uses one of the request/grant lines of the 
iAPX 86, 88 architecture (typically RQ/GT1) to obtain 
control of the local bus for data transfers. The other 
request/grant line is available for general system use 
(for instance by an I/O processor in LOCAL mode). A 
bus master can also be connected to the 8087's 
RQ/GT1 line. In this configuration the 8087 will pass 
the request/grant handshake signals between the 
CPU and the attached master when the 8087 is not in 
control of the bus and will relinquish the bus to the 
master directly when the 8087 is in control. In this 
way two additional masters can be configured in an 
iAPX 86/20, 88/20 system; one will share the 8086 
bus with the 8087 on a first come first served basis, 
and the second will be guaranteed to be higher in 
priority than the 8087. 

As Figure 4 shows, all processors utilize the same 
clock generator and system bus interface compo
nents (bus controller, latches, transceivers and bus 
arbiter). 

Bus Operation 

The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86, 88 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 16/8 
lines of the address/data bus. A16 throughA19 are 
time multiplexed with four status lines 53-56. S3, S4 
and 56 are always one (high) for 8087 driven bus 
cycles while 55 is always zero (low). When the 8087 
is monitoring CPU bus cycles (passive mode) 56 is 
also monitored by the .8087 to differentiate 
8086/8088 activity from that of a local I/O processor 
or any other local bus master. (The 8086/8088 must 
be the only processor on the local bus to drive 56 
low.) 57 is multiplexed with imd has the same value 
as BHE for all 8087 bus cycles. 

The first three status lines, SO-S2, are used with an 
8288 bus controller to determine the tYPe of bus. 

8~71 

cycle being run: 

S2 
o 
1 
1 
1 
1 

S1 
X 
o 
o 
1 
1 

so 
X 
o 
1 
o 
1 

Programming Interface 

Unused 
Unused 
Memory Data Read 

. Memory Data Write 
Passive (no bus 
cycle) 

The NDP includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and 
program control. It also includes 68 numeric 
instructions for extended precision integer, floating 
point, trigonometric, logarithmic, and exponential 
tunctions. Sample execution times for several NDP 
functions are shown in Figure 4. Overall· iAPX 86/20 
system performance is 100 times that of ari IAPX 
86/10 class processor for numeric instructions. 

Any instruction executed by the NDP is the 
combined result of the CPU and NPX activity. The 
CPU and the NPX have specialized functions and 
registers providing fast concurrent operation. The 
CPU controls overall program execution while the 
NPX uses the coprocessor interface to recognize 
and perform numeric operations. 

Table 2 lists the eight data types the iAPX 86/20, 
88/20 supports and presents the format for each 
type. Internally, the NPX holds all numbers in the 
temporary real format. Load and store instructions 
automatically convert operands represented in 
memory as 16-, 32-, or 64-bit integers, 32- or 64-bit 
floating point numbers or 18-digit packed BCD 
numbers into temporary real format and vice versa. 
The NDP also provides the capability to control 
round off, underflow, and overflow errors in each 
calculation. 

Computations in the NPX use the processor's regis
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The NPX 
register set can be accessed as a stack, with instruc
tions operating on the top one or two stack ele
ments, or as a fixed register set, with instructions 
operating on explicitly deSignated registers. 

Table 5 lists the 8087's instructions by class. All ap
pear as ESCAPE instructions to the host. Assembly 
language programs are written in A5M-86, the iAPX 
86, 88 assembly language. Table 3 gives the execu
tion times of some typical numeric instructions. 
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Table 3. Execution Times for Selected iAPX 86/20 
Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 

Approximate Execution 
Time (~s) 

Floating Point 
Instruction iAPX 86/20 iAPX 86/10 

(5 MHz 
Clock) Emulation 

Add/Subtract 17 1,600 
Multiply (single 

precision) 19 1,600 
Multiply (extended 

precision) 27 2,100 
Divide 39 3,200 
Compare 9 1,300 
Load (double precision) .10 1,700 
Store (double precision) 21 1,200 
Square Root 36 19,600 
Tangent 90 13,000 
Exponentiation 100 17,100 

DATA"--tI 

I 
STATUS I 

ADDRESS I 
L - - -

NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 

As shown in Figure 5, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEUj. The NEU 
executes all numeric instructions, wtlil!:l the CU 
receives and decodes instructiotis, reads and writes 
memory operands and executes NPX control in
structions. The two elements are able to operate 
independently of one another, allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction. 

Control Unit 

The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all instructions from memory; by 
monitoring the status signals (SO-52, 56) emitted by 
the CPU, the NPX control unit determines when an 

16 

16 

T 
A (5) I G 

REGISTER STACK 
(4) 

W (31 I 0 
R (2) 
D 

I (1) 

(0) -- 80 BITS -' ~ - - - - - - -

Figure 5. 8087 Block Diagram 
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8086 instruction is being fetched. The CU monitors 
the Data bus in parallel with the CPU to obtain in
structions that pertain to the 8087. 

The CU maintains an instruction queue that is identi
cal to the queue in the host CPU. The CU automatic
ally determines if the CPU is an 8086 or an 8088 
immediately after reset (by monitoring the BHEI S7 
line) and matches its queue length accordingly. By 
monitoring the CPU's queue status lines (OSO, OS1), 
the CU obtains and decodes instructions from the 
queue in synchronization with the CPU. 

A numeric instruction appears as an ESCAPE in
struction to the 8086 or 8088 CPU. Both the CPU and 
NPX decode and execute the ESCAPE instruction 
together. The 8087 only recognizes the numeric in
structions shown in Table 5. The start of a numeric 
operation is accomplished when the CPU executes 
the ESCAPE instruction. The instruction mayor may 
not identify a memory operand. 

The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per
forms a "dummy read" of the word at that location. 
(Any location within the 1 M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 

An 8087 Instruction can have one of three memory 
reference options; (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into 
memory. If no memory reference is required, the 
8087 simply executes its instruction. If a memory 
reference is required, the CUuses a "dummy read" 
cycle initiated by the CPU to capture and save the 
address that the CPU places on the bus. If the in
struction is a load, the CU additionally captures the 
data word when it becomes available on the local 
data bus. If data required is longer than one word, 
the CU immediately obtains the bus from the CPU 
using the request/grant protocol and reads the rest 
of the information in consecutive bus cycles. In a 
store operation, the CU captures and saves the store 
address as in a load, and ignores the data word that 
follows in the "dummy read" cycle. When the 8087 is 
ready to perform the store, the CU obtains the bus 
from the CPU and writes the operand starting at the 
specified address. 

Numeric Execution Unit 

The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEUbegins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 

Register Set 

The iAPX 86/20 register set is shown in Figure 3. 
Each of the eight data registers in the 8087's register 
stack is 80 bits wide and is divided into "fields" 
corresponding to the NDP's temporary real data 
type. 

At a given point in time the TOP field in the control 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like iAPX 86/10, 88/10 
stacks in memory, the 8087 register stack grows 
"down" toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc
tions implicitly address the register poil1ted to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is "top-relative." 

Status Word 

The status word shown in Figure 6 reflects the over
all state Clfthe 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
i6-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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15 

I "I c, ITO pc I c, I c, I C, I'R I X I PE I UE I oel ZE I DE liE I 
I 

(lilA Is set if any unmasked exception bit is set, cleared otherwise. 
(21$ee· Table 3 for condition code interpretation. 

(3)Top Values: 
000 = Register 0 is Top ot Stack. 
001 := Register ~ i;> Top of Stack. 

111 = Register 7 is Top of Stack. 

I 
EXCEPTION FLAGS (1 ~ EXCEPTION HAS OCCURRED) 

INVALID OPERAtiON 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 

(RESERVED) 

INTERRUPT REQUEST(1) 

CONDITION CODE(2) 

TOP OF STACK POINTER(3) 

NEU BUSY 

Figure 6. 8087 Status Word 

The four numeric condition code bits (CO-C3) are 
similar to the flags in a CPU: various instructions 
update these bits to reflect the outcome of NDP 
operations. The effect of these instructions on the 
condition code bits is summarized in Table4. 

Bits 14-12 of "the statusword pointto the 8087 regis
ter that is the current top-of-stack (TOP) as 
described above. 

Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other
wise. 

Bits 5-0 are set to indicate that t.he NEUhas 
detected an exception while executing an instruc
tion. 
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Tag Word 

The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NDP's performance. The tag 
word can be used, however, to interpret the contents 
of 8087 registers. 

Instruction and Data Pointers 

The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the. CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc
tions can store this data into memory. 
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Table 4. Condition Code Interpretation 

Instruction C3 C2 C1 Co Interpretation 

Compare. Test 0 X X 0 A>8 
0 X X 1 A<8 
1 X X 0 A=8 
1 X X 1 A? 8 (not comparable) 

Remainder 0, 0 00 02 Complete reduction 
0, 1 00 02 Incomplete reduction 

Examine 0 0 0 0 Valid. positive. unnormalized 
0 0 0 1 Invalid. positive. exponent ¢' 0 
0 0 1 0 Valid. negative. unnormalized 
0 0 1 1 Invalid. negative. exponent ¢' 0 
0 1 0 0 Valid. positive. normalized 
0 1 0 1 Infinity. positive 
0 1 1 0 Valid. negative. normalized 
0 1 1 1 Infinity. negative 
1 0 0 0 Zero. positive 
1 0 0 1 Empty 
1 0 1 0 Zero. negative 
1 0 1 1 Empty 
1 1 0 0 I nvalid, positive, exponent = 0 
1 1 0 1 Empty 
1 1 1 0 Invalid, negative, exponent = 0 
1 1 1 1 Empty 

X = value is not affected by instruction. 
o = Co, C:!. C, hold 3 LSBs of the quotient generated during a remainder operation. 

15 

TAGYALUES: 
00 = VALID 
01 '" ZERO 
10 = SPECIAL 
11 = EMPTY . 

15 

INSTRUCTION POINTER (15-0) 

INSTRUCTION POINTER I 0 l 
(19-18) INSTRUCTION OPCODE (10.0). 

DATA POINTER (15-0) 

DATA POINTER (19-16) I. D 

Figure 7. 8087 Tag Word Figure 8. 8087 Instruction and Data Pointers 
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Control Word 

The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod
ing of the fields in the control word. 

The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
bit 7 contains a general mask bit for all 8087 in
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci
sion control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 
proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 
affine closure, ±oo, or projectiveclosure, 00, is treated 
as unsigned, may be specified). 

15 

Exception Handling 

The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 

If interrupts are disabled the 8087 will simply con
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 

1. INVALID OPERATION: Stack overflow, stack un
derflow, indeterminate form (0/0, 00- 00, etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this value in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087's default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANs as the cal
culation result. 

I x x X II C I R C I·p C I M I x I PM I UM I OM I ZM 10M 11M I 

I 

(1)Precision Control (2)Rounding Control 
00 = 24 bits 00 = Round to Nearest or Even 
01 = Reserved 01 = Round Down (toward - co) 
10 = 53 bits 10:= Round Up (toward + ... ) 
11 = 64 bits 11 = Chop (truncate toward zero) 

Figure 9. 8087 Control Word 
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EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 

INVALID OPERATION 

DENORMALIZED OPERAND 

ZERO DIVIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 

(RESERVED) 

INTERRUPT MASK (1 " INTERRUPTS ARE MASKED) 

PRECISION CONTROL (1) 

ROUNDING CONTROL(2) 

INFINITY CONTROL (0 " PROJECTIVE. 1 " AFFINE) 

(RESERVED) 
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2. OVERFLOW: The result is too large in magnitude 
to fit the specified format. The 8087 will generate 
an encoding for infinity if this exception is 
masked. 

3. ZERO DIVISOR: The divisor is zero while the divi
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 

4. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex
ponent is in range. This process is called gradual 
underflow. 

8-77 

5. DENORMALIZED OPERAND: At least one of the 
operands or the result is denormalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 

6. INEXACT RESULT: If the true result is not exactly 
representable in the specified format, the result 
is rounded according to the rounding mode, and 
this flag is set. If this exception is masked, pro
cessing will simply continue. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient TemperatlJre Under Bias ........... O°C to 700C 
Storage Temperature ................. -65°C to +1500C 
Voltage on Any Pin with 

Respect to Ground .................... -1.0V to + 7V 
Power Dissipation ............................ 3.0 Watt 

'NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification .is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
C!evice reliability. 

D.C. CHARACTERISTICS (TA = O°C to 700C. Vee =+5V ±10%) 

Symbol Parameter Min. Max. 

Vil Input Low Voltage -0.5 +O.B 

VIH Input High Voltage 2.0 Vee +0.5 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 2.4 

Icc Power Supply Current 475 

III Input Leakage Current ±10 

ILO Output Leakage Cu rrent ±10 

Vel Clock Input Low Voltage -0.5 +0.6 

VeH Clock Input High Voltage 3.9 Vee + 1.0 

CIN Capacitance of Inputs 10 

CIO Capacitance of I/O Buffer 
(ADO-15. A1S-A19. BHE. S2-S0. 15 
RO/GT) and CLK 

COUT Capacitance of Outputs 
BUSY,INT 10 

A.C. CHARACTERISTICS (TA = O°C to 70°C. Vee = +5V ±10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TCLCL CLK Cycle Period 200 500 

TCLCH CLK Low Time (2fa TCLCL) - 15' 

TCHCL CLK High Time (V3 TCLCL) + 2 

TCH1CH2 CLK Rise Time 10 

TCL2CL1 CLK Fall Time 10 

TDVCL Data In Setup Time 30 

TCLDX Data In Hold Time 10 

TRYHCH READY Setup Time (21.3 TCLCL) - 15 

TCHRYX READY Hold Time 30 

TRYLCL READY Inactive to CLK (See Note 3) -B 

TGVCH RO/GT Setup Time 30 

TCHGX RO/GT Hold Time 40 

TOVCL OSO-1 Setup Time 30 

TCLOX OSO-1 Hold Time 10 

TSACH Status Active Setup Time 30 

TSNCL Status Inactive Setup Time 30 

TiLtH Input Rise Time (Except ClK) 20 

TIHIL Input Fall Time (Except CLK) 12 

8-78 

Units Test Conditions 

V 

V 

V IOl = 2.0 mA 

V IOH = -400 p.A 

mA TA = 25°C 

p.A OV", VIN '" Vee 

p.A 0.45V", VOUT '" Vee 

V 

V 

pF fc = 1 MHz 

pF fc = 1 MHz 

pF fe = 1 MHz 

Units Test Conditions 
ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From O.BV to 2.0V 

ns From 2.0V to O.BV 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 
TClMl Command Active Delay (See Note 1) 

TClMH Command Inactive Delay (See Note 1) 

TRYHSH Ready Active to Status Passive (See Note 2) 

TCHSV Status Active Delay 

TClSH Status Inactive Delay 

TClAV Address Valid Delay 

TClAX Address Hold Time 

TClAZ Address Float Delay 

TSVlH Status Valid to ALE High (See Note 1) 

TCllH ClK low to ALE Valid (See Note 1) 

TCHll ALE I nactive Delay (See Note 1) 

TClDV Data Valid Delay 

TCHDX Data Hold Time 

TCVNV Control Active Delay (See Note 1) 

TCVNX Control Inactive Delay (See Note 1) 

TCHBV BUSYarid INT Valid Delay 

TCHDTl Direction Control Active Delay (See Note 1) , 

TCHDTH Direction Control Inactive Delay (See Note 1) 

TClGl RQ/GT Active Delay 

TClGH RQ/GT Inactive Delay 

TOlOH Output Rise Time 

TOHOl Output Fall Time 

NOTES: 
1. Signal at 8284A or 8288 shown for reference only. 
2. Applies only to T 3 and wait states. 
3. Applies only to T 2 state (8 ns into T 3)' 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FORA LOGIC "1"' ANDOASV FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE
MENTS ARE MADE AT 1.SV FOR BOTH A LOGIC ''1'" AND "0." 
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Min. Max. Units Test Conditions 
10 35 ns 

10 35 ns 

110 ns 

10 110 ns 

10 130 ns 

10 110 ns 

10 ns 

TClAX 80 ns 

15 ns 

15 ns 

15 ns CL = 20-100 pF for all 

10 110 ns 8087 Outputs (in addition 

10 ns to 8087 self-load) 

5 45 ns 

10 45 ns 

10 150 ns 

50 ns 

30 ns 

0 85 ns CL = 40 pF (in 

0 85 ns addition to 8087 self-load) 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to 0.8V 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER l cL ='OOPF 

TEST' 

-=-

CL INCLUDES JIG CAPACITANCE 
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WAVEFORMS 

MASTER MODE 

ClK 

ALE (8288 OUTPUlj 
(SEE NOTES 4, 6) 

.:c v 

VCL 

TCLAV 

TSVLH-o 
TCLLH __ 

iAPX 86/20, 88/20 

T, T, 

TclI1CH2_ 
!--TCLCL_ 1--1 ,..... r--i 
~~~CHCL 1 

::l ~DV TCLAX--. 

)K BHE, A"-A,, A 

If ::::I TCHLL 

'\ 
TRYLCL 

~ -

T, 

__ TCL2CL1 

Tw 

~.~~~ 
W,f:(jI(SEE NOTE 5) '. 

'- -----
.- ~- TCHDX 

$7-5 3 
l' FLOAT 

(SEE NOTE 3) 

r--
I 

I ------
__ TCHRYX 

READY (8087 INPUlj { 
(SEE NOTE 2) 

TRrSH .... y. 1---

READ CYCLE 

8288 OUTPUTS 
(SEE NOTES 6, 7) 

WRITE CYCLE 

8288 OUTPUTS 
(SEE NOTES 6, 7) 

NOTES: 

{ 

DTtR 

MRDC 

DEN 

{
AM::: 

MWTC 

TCLAV--

f - rTICLAZ--> 

A15-Ao 

.11 Fl7 
TCHDTL_ .r-

\.. 
TCLMl __ .t-

TCVNV- 11-, 
TCLAV::t TCLDV tI 

)K A,,-A, )K 
TCVNV_ 

TCLML--

\ 
TCLML 

1. ALL SIGNALS SWITCH BETWEEN VOL AND VOH UNLESS OTHERWISE SPECIFIED. 

TRYHCH !.-
t-TDVCL TCLDX 

.:( DATA IN 
\I 

FLOAT 

TCHDTH __ 

1\1= 
TCLMH-- F \ 

/ 

-i 
TCVNX_ ~ 

--Ir-TCH 

DATA OUT 
FLOAT 

TCVNX 1::::1 (SEE NOTE 

TClMH --J. 
I 

d TCLMH 1 
2. READY IS SAMPLED NEAR THE END OFT2, T3 AND Tw TO DETERMINE IFTw MACHINE STATES ARE TO BE INSERTED. 

3. THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 8066/8066. 

4. ALE RISES AT LATER OF (TSVLH, TCLLH), 

5. STATUS INACTIVE IN STATE JUST PRIOR TO T 4. 

6. SIGNALS AT 8284A OR 6288 ARE SHOWN FOR REFERENCE ONLY. 

7. THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWfC, iiJJWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN. 

8. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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WAVEFORMS (Continued) 

PASSIVE MODE 

ClK 

READY I IN':u~ 

RESET TIMING 

1,,·I---->50p.tsec-----+l 

VCC 1 __ ----~20ClKCVClES---_+I 

ClK 

RESET 

~4 eLK CYCLES 
8087 TRACKS 
CPU ACTIVITY 

REQUEST/GRANTo TIMING 

ClK 

RQ/GTO 

AOn-AD o 
A1,/Ss-A18/S3 
52,51,50 

SHE/S7 

_r-~~g~ 

-0 
TClGl 

~ 
CPU 

NOTE: THE CPU PROVIDES ACTIVE PUllUP OF ROtGTO, SEE TClGH SPEC. 

8-8.1 

8087 READY TO 
EXECUTe INSTRUCTIONS 
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WAVEFORMS (Continued) 

REQUEST/GRANT1 TIMING 

ClK 

Holm 

AD,s-ADo 
A,./S.-A,.tSs 
9,,5,,8, 
iiHElS7 ---------------~----~.: ~:--------- ALTERNATE MASTER 

(SEE NOTE) 

NOTE: ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE OF THE REGION 
SHOWN WITHOUT RISKING BUS CONTENTION. 

BUSY AND INTERRUPT TIMING 

ClK \\. ______ ~ 

BUSY,INT ,.....-----

TCH8V ..... -----
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set 

7 6 5 4 3 2 , 0 7 6 5 4 3 2 , 0 7 6 5 4 3 2 , 0 7 6 5 4 3 2 , 0 

Data Transfer 

FLO:= LOAD 

Integer/Aeal Memory to 5T(0) ESCAPE MF 1 I MOO 0 RIM (DISP-LO) (DISP-HI) 

Long Integer Memory to ST(O) ESCAPE 1 1 I MOD 1 0 1 RIM (DISP-LO) (DISP-HI) 

Temporary Real Memory to ST(O) ESCAPE 0 1 1 I MOD 1 0 1 RIM (DISP-LO) (DISP-HI) 

BCD Memory to 5T(0) ESCAPE 1 1 I MOD 0 0 RIM (DISP-LO) (DISP-HI) 

ST{i) to 8T(0) ESCAPE 0 0 1 I 1 0 ST(i) 

FST:= STORE 

5T(0) to Integer/Aeal Memory ESCAPE MF 1 I MOD 0 1 RIM (DISP-LO) (DISP-HI) 

5T(0) to ST(i} ESCAPE 1 0 1 I 1 1 6 1 ST(i) 

FSTP := STORE AND POP 

5T(0) to Integer/Real Memory ESCAPE MF 1 I MOD 0 1 1 RIM (DISP-LO) (DISP-HI) ] 
8T(0) to long Integer Memory ESCAPE 1 1 1 I MOD 1 1 RIM (DISP-LO) (DISP-HI) 

8T(0) to Temporary Real Memory ESCAPE 0 1 1 I MOD 1 1 1 RIM (DISP-LO) (DISP-HI) 

8T(0) to BCD Memory ESCAPE 1 1 1 I MOD 1 1 0 RIM (DISP,LO) (DISP-HI) 

8T(0) to ST(i} ESCAPE 1 0 1 I 1 1 0 1 1 ST(i) 

FXCH := Exchange ST(i) and ST(O) ESCAPE 1 1 0 0 1 ST(i) 

Comparison 

FCOM := Compare 

Inleger/Real Memory to ST(O) ESCAPE MF MOD 0 1 RIM (DISP-LO) (DISP-HI) 

ST(ij to ST(O) ESCAPE 0 0 o I 1 0 1 ST(i) 

FCOMP '" Compare and Pop 

Integer/Real Memory to 8T(0) ESCAPE MF o I MOD 0 1 1 RIM (DISP-LO) (DISP-HI) 

ST(ij to ST(O) ESCAPE 0 0 o I 1 1 0 1 1 ST(i) 

FCOMPP '" Compare 8T(1) to ST(O) ESCAPE 1 o I 1 1 0 1 1 0 1 I and Pop Twice 
FTST:= Test ST(O} ESCAPE 0 0 1 I 1 1 1 0 o 1 0 0 I 
FXAM := Examine ST(O} ESCAPE 0 0 1 I 1 1 1 0 o 1 0 1 I 

Mnemonics © Inlel1980 
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Table 5. 8087 Extensions to the 8086/8088 . Instruction Set (Continued) 

Arithmetic 

FADD " Addition 

Integer/Real Memory with 8T(0) 

ST(i) and 8T(0) 

FSUB ",Subtraction 

Integer/Real Memory with ST(O) 

ST(i) and ST(O) 

FMUL '" Multiplication 

Integer/Real Memory with ST(O) 

ST{i) and ST(O) 

FDIV " Division 

Integer/Real Memory with ST(O) 

ST(i} and ST(O) 

FSQRT::: Square Root of 8T(0) 

FSCAlE = Scale ST(O) by 8T(1) 

FPREM ::: Partial Remainder of 
ST(O} 7 ST(l} 

FRNDINT" Round ST(O) 
10 Integer 

FXTRACT ::: Extract Components 
of ST(O) 

FABS::: Absolute Value of ST(O) 

FCHS " Change Sign of ST(O) 

Transcendental 

FPTAN '" Partial Tangent of 8T(0) 

FPATAN = Partial Arctangent of 
ST(O} 7 ST(l} 

F2XM1 = 2 8T(0)_1 

FVl2X = ST(I)' L092 [ST(O)J 

FVl2XP1 "ST(1)' L092 [ST(O) + 1] 

Constants 

FLOZ = LOAD + 0.0 into ST(O) 

FL01 = LOAD + 1.0 into ST(O) 

FlOPI " LOAD rr into ST(O} 

FLOl2T"" LOAD 1092 10 into ST(O) 

FLOl2E" LOAD 1092 e into ST(O) 

FLDLG2 = LOAD log 10 2 into ST(O) 

FLOLN2 '" LOAD loge 2 into ST(O) 

7 6 5 4 3 2 1 076 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 

ESCAPE MF IMOD 0 0 0 RIM (DISP-LO) (DISP-HI) 

ESCAPE d P l' 1 o· ST(i) 

ESCAPE MF IMOD 1 R RIM (DISP-LO) (OISP-HI) 

ESCAPE d P o l' 1 1 0 R RIM 

[ESCAPE MF o IMOD 0 1 RIM (DISP-LO) (DISP-HI) 

I ESCAPE d P o l' 1 0 0 1 RIM 

ESCAPE MF o I MOD 1 1 R RIM (DISP-LO) (DISP-HI) 

ESCAPE d P o l' 1 1 1 R RIM 

I ESCAPE 0 0 1 l' 1 1 0 1 0 
I 

I ESCAPE 0 0 1 l' 1 1 1 1 0 1 
I 

ESCAPE 0 0 1 l' 1 1 1 1 0 0 0 

ESCAPE 0 0 1 I' 1 t 1 1 0 0 

ESCAPE l' 1 1 1 0 1 0 I 

ESCAPE 0 0 1 l' 1 0 0 0 1 I 

ESCAPE 0 0 1 l' 1 1 0 0 0 0 0 
I 

ESCAPE 0 0 1 l' 1 1 0 0 1 lJ 
ESCAPE 0 0 1 l' 1 1 1 0 0 1 1 I 

ESCAPE 0 0 1 l' 1 1 1 0 0 0 

ESCAPE 0 0 1 l' 1 1 0 0 I 

ESCAPE 1 l' 1 1 1 0 0 1 I 

ESCAPE 0 0 1 l' 1 1 0 1 1 o I 
ESCAPE 1 l' 1 1 0 1 0 01 

ESCAPE 0 0 1 l' 1 1 0 1 0 1 1 I 

ESCAPE 0 0 1 l' 1 0 1 1 I 

ESCAPE 0 0 1 l' 1 1 0 1 0 1 0 I 

ESCAPE 0 0 1 l' 1 1 0 1 1 0 I 

ESCAPE 0 0 1 l' 1 0 1 1 0 I 

Mnemonics © Inlel1980 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued) 

7 6 5 4 3 2 1 0 7 6 5 

Processor Control 

FINIT :: Initialize NDP 1 ESCAPE 0 1 1 l' 1 1 

FENI :: Enable Interrupts 1 ESCAPE 0 1 1 11 1 1 

FDISI :: Disable Interrupts 1 ESCAPE 0 1 1 l' 1 1 

FLDCW:: load Control Word 1 ESCAPE 0 0 1 1 MO~ 1 

FSTCW:: Store Control Word 1 ESCAPE 0 0 1 I MOD 1 

FSTSW = Store Status Word 1 ESCAPE 1 0 1 MOD 1 

FCLEX = Clear Exceptions 1 ESCAPE 0 1 1 1 1 1 

FSTENY :: Store Environment 1 ESCAPE 0 0 1 MOD 1 

FLDENY :: Load Environment 1 ESCAPE 0 0 1 MOD 1 

FSA YE :: Save State 1 ESCAPE 1 0 1 MOD 1 

FRSTOR :: Restore State 1 ESCAPE 1 0 1 MOD 1 

FINCSTP = Increment Stack Pointer 1 ESCAPE 0 0 1 1 1 1 

FDECSTp:: Decrement Stack POinter I ESCAPE 0 0 1 l' 1 1 

FFREE :: Free 8T(i) 1 ESCAPE 1 0 1 l' 1 0 

FNOP = No Operation 1 ESCAPE 0 0 1 l' 1 0 

FWAIT = CPU Wait for NDP l' 0 0 1 1 0 1 1 I 

FOOTNOTES: 

if mod = 00 then DISP = 0·, disp-Iow and disp-high are absent 
if mod = 01 then DISP= disp-Iow sign-extended to 16-bits, 

disp-high is absent 
if mod= 10 then DISP= disp·high; disp·low 
if mod = 11 then rim is treated as an ST(i) field 

if rim = 000 then EA = (BX) + (SI) + DISP 
if rim = 001 then EA = (BX) + (DI) + DISP 
if rim = 010 then EA = (BP) + (SI) + DISP 
if rim = 011 then EA = (BP) + (01) + OISP 
if rim = 100 then EA = (SI) + OISP 
if rim = 101 then EA= (01) + OISP 
if rim = 110 then EA = (BP) + OISp· 
if rim = 111 then EA = (BX) + OISP 

·except if mod = 000 and rim = 110 then EA = disp-high: disp-Iow. 

MF = Memory Format 
00 - 32-bit Real 
01 - 32-bit Integer 
10 - 64-bit Real 
11 - 16-bit Integer 

Mnemonics © Inlel1980 

4 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

3 2 1 

0 0 1 

0 0 0 

0 0 0 

1 RIM 

1 RIM 

1 RIM 

0 0 1 

0 RIM 

0 RIM 

0 RIM 

0 RIM 

0 1 1 

0 1 1 

0 ST(i) 

0 0 0 

ST(O) = 
ST(i) = 

d= 

0 7 6 5 4 3 2 1 0 7 

1 1 

o 1 

1 1 

1 (OISP-LO) 1 

1 (OISP-LO) 1 

1 (OISP-LO) 1 

o 1 

1 (OISP-LO) 1 

1 (OISP-LO) 1 

I (OISP-LO) 1 
1 (OISP-LO) 1 

1 1 

o 1 

1 
0 1 

Current stack top 
ith register below stack top 

Destination 
0- Destination is ST(O) 
1 - Destination is ST(i) 

P= Pop 
0- No pop 
1 - Pop ST(O) 

6 5 4 3 

(OISP-HI) 

(OISP-HI) 

(OISP-HI) 

(OISP-HI) 

(OISP-HI) 

(OISP-HI) 

(OISP-HI) 

R;;; Reverse: When d = 1 reverse the sense of R. 

o - Destination (op) Source 
1 - Source (op) Destination 

For FSQRT: -0 ~ 8T(0) ~ +'" 

2 1 0 

For FSCALE: 
For F2XM1: 

_2 15 oS ST(l) < +2'5 and ST(l) integer 
o ~ 8T(0) ~ 2- 1 

For FYL2X: 

For FYL2XP1: 

For FPTAN: 
For FPATAN: 

0< 8T(0) < '" 
-"'<8T(I)<+'" 
0-; 18T(0)1 < (2 - ,,;2)/2 
-"'< ST(1) < '" 
o -; ST(O) < nl4 
0-; ST(O) < ST(I) < +'" 

1 

1 

1 

1 

1 

I 
1 
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iAPX 86/30 
iAPX88/30 

. OPERATING SYSTEM PROCESSORS 
80130-3 

I 

• High-Performance 2-Chip Data 
Processors Containing Operating 
System Primitives 

• Supports Five Operating System Data 
Types: Jobs, Tasks, Segments, 
Mailboxes, Regions 

• Standard iAPX 86/10, 88/10 Instruction 
Set Plus Task Management, Interrupt 
Management, Message Passing, 
Synchronization and Memory 
Allocation Primitives 

• 35 Operating System Primitives 

• Built-In Operating System Timers and 
Interrupt Control Logic Expandable 
From 8 to 57 Interrupts 

• Fully Extendable To and Compatible 
With iRMX86 

• 8086/8087/8088 Compatible At Up To 
8 MHz Without Wait States 

• MULTIBUS System Compatible 
Interface . 

The Intel iAPX 86/30 and iAPX 88/30 are two-chip microprocessors offering general-purpose CPU (8086) 
instructions combined with real-time operating system support. They provide a foundation for multiprogram
ming and multitasking applications. The iAPX 86/30 consists of an iAPX 86/10 (16-bit 8086 CPU) and an 
Operating System Firmware (OSF) component (80130). The 88/30 consists of the OSF and an iAPX 88/10 (8-bit 
8088 CPU). 

Both components of the 86/30 and 88/30 are implemented in N-channel, depletion-load, silicon-gate technol
ogy (HMOS), and are housed in 40-pin packages. The 86/30 and 88/30 provide all the functions of the iAPX 86/10, 
88/10 processors plus 35 operating system primitives, hardware support for eight interrupts, a system timer, a 
delay timer and a baud rate generator. . 

8284A 
CLOCK 
DRIVER 

RDY 

,--.-----, 
I I 
I ~H I 

OR I I 808& 

I INTERRUPT STATUS I 
I I 
I 
I 
I~~--~----~~ 

~us 
INTERFACE 

I . INTERRUPT STATUS 

CS,LlR 1------' 

I 
I 

BAUD RATE 
TIMER 

80130 

DELAY 
TIMER 

INTERRUPT 
REQUESTS 

_J~ 
SYSTEM 
TIMER 

iAPX 86130, 88/30 

PROGRAM 
MEMORY 

Figure 1. iAPX 86/30, 88/30 Block Diagram 

DATA 
MEMORY 
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Vss 

AD14 

AD13 

AD12 

ADll 

AD10 

AD9 

ADB 

AD7 

ADS 

ADS 

AD4 

AD3 

AD2 

ADl 

ADO 

MEMCS 

IOCS 

ClK 

V.s 

Symbol Type 

AD,s-ADo I/O 

SHE/57 

52. 5 ,.50 I 

iAPX 86/30, iAPX 88/30 
80130-3 

Vee Vss 

AD1S AD14 

BHE AD13 

IR7 AD12 

IRS AD11 

IR. AD10 

IR4 AD9 

IR3 AD8 

IR2 AD7 

IRl ADS 

IRO AD. 

INT AD4 

52 AD3 

iff AD2 

SO ADl 

ACK ADO 

LlR NMI 

SYSTICK INTR 

DELAY ClK 

BAUD Vss 

Figure 2. iAPX 86/30, 88/30 Pin Configuration 

Table 1. 80130 Pin Description 

Name and Function 

MAX I MAX I MODE MODE 
8086 8088 

Vee 

AD15 

Al6/S3 

AD17/S4 

Al6/SS 

Al9/S6 

BHElS7 (HIGH) 

MN/MX 

liD 

RO/Gfii 

RO/Gfi 

LOCK 

S2 

51 

!Iii 

OSO 

OSl 

TEST 

READY 

RESET 

Address Data: These pins constitute the time multiplexed memory address (T,) and 
data (T2. T3. Tw. T4) bus. These lines are active HIGH. The address presented duringT, of 
a bus cycle will be latched internally and interpreted as an 80130 internal address if 
MEMCS or 10CS is active for the invoked primitives. The 80130 pins float whenever it is 
not chip selected. and drive these pinsonlyduringT2-T4 of a read cycle andT, of an INTA 
cycle .. 

Bus High Enable: The 80130 uses the SHE signal from the processor to determine 
whether to respond with data on the upper or lower data pins. or both. The signal is active 
LOW SHE is latched by the 80130 on the trailing edge of ALE. It controls the 80130 output 
data as shown. 

SHE Ao 
0 0 Word on AD,s-ADo 
0 1 Upper byte on AD,s-.ADO 
1 0 Lower byte on AD7-ADO 
1 1 Upper byte on AD7-ADo 

Status: For the 80130. the status pins are used as inputs only. 80130 encoding follows: 

52 5, So 

0 0 0 INTA 
0 0 1 lORD 
0 1 0 10WR 
0 1 1 Passive 
1 0 0 Instruction fetch 
1 0 1 MEMRD 
1 1 X Passive 
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Symbol Type 

ClK I 

INT a 

IRrlRo I 

ACK a 

MEMCS I 

lacs I 

LlR a 

Vee 

VSS 

SYSTICK a 

DELAY a 

BAUD a 

iAPX86/30, iAPX 88/30 
80130-3 

Table 1. 80130 Pin Description (Continued) 

Name and Function 

Clock: The system clock provides the basic timing for the processor and bus controller. 
It is asymmetricwith a 33% duty cycle to provide optimized internal timing. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 

Interrupt: INT is HIGH whenever a valid interrupt request is asserted: It is normally used 
to interrupt the CPU by connecting it to INTR. 

Interrupt Requests: An interrupt request can be generated by raising an IR input (lOW 
to HIGH) and holding it HIGH until it is acknowledged (Edge-Triggered Mode). or just by a 
HIGH level on an IR input (level-Triggered Mode). 

Acknowledge: This line is LOW whenever an 80130 resource is being accessed. It is also 
LOW during the first INTA cycle and second INTA cycle if the 80130 is supplying the 
interrupt vector information. This signal can be used as a bus ready acknowledgement 
and/or bus transceiver control. 

Memory Chip Select: This input must be driven LOW when a kernel primitive is being 
fetched by the CPU. AD13-ADo are used to select the instruction. 

Input/Output Chip Select: When this input is low, during an lORD or IOWR cycle, the 
80130's kernel primitives are accessing the appropriate peripheral function as specified 
by the following table: 

BHE A3 A2 Al Ao 

0 X X X X Passive 
X X X X 1 Passive 
X 0 1 X X Passive 
1 0 0 X 0 Interrupt Controlier 
1 1 0 0 0 Systick Timer 
1 1 0 1 0 Delay Counter 
1 1 1 0 0 Baud Rate Timer 
1 1 1 1 0 Timer Control 

Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a 
non-slave input or slave input programmed as being a local slave. 

Power: Vee is the +5V supply pin. 

Ground: VSS is the ground pin. 

System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is 
normally wired to IR2 to implement operating system timing interrupt. 

DELAY Timer: Output of timer 1. Reserved by Intel Corporation for future use. 

Baud Rate Generator: 8254 Mode 3 compatible output. Output of 80130 Timer 2. 

FUNCTIONAL DESCRIPTION ment which constantly controls the telephone traffic 
in a multiphone office, file servers/disk subsystems 
controlling and coordinating multiple disks and mUl
tiple disk users, and transaction processing systems 
such as electronics funds transfer. 

The increased performance and memory space of 
iAPX 86/10 and 88/10 microprocessors have proven 
sufficient to handle most of today's single-task or 
single-device control applications with performance 
to spare, and have led to the increased use of these 
microprocessors to control multiple tasks or devices 
in real-time. This trend has created a new challenge 
to designers-development of real-time, mUltitask
ing application systems and software. Examples of 
such systems include control systems that monitor 
and react to external events in real-time, multifunc
tion desktop and personal computers, PABX equip-
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The iAPX 86/30, 88/30 Operating System 
Processors 

The Intel® iAPX 86/30, 88/30 Operating System Pro
cessors (OSPs) were developed to help solve this 
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1----------------------------------, 
I OPERATING SYSTEM UNIT I 1....-----...., 
I 

I 

I 00-7 I 
I 

I 
I 
I 
I r I 

PROGRAMMABLE 
I INTERRUPT 

LOGIC I 

! I 

7 

INTERRUPT INP UTS 

c6E:::;L '-------..... i INTERRUPT OUT 

I ~~ I 
I ,..--------, I 

: 2 S:,~T .. : ~ SYSTEM 

! i 
i ~" krl)l ~:;;:~ 1- DELAY 

:1 
I rV" BAUD RATE ; , - BAUD RATE 
! I ... GENERATOR rr---
: . i 
~----------------------------------~ 
I I 
I I ~ I 
I r--.-- 11'-- CLOCK 

I I 3 
I DATA BUS ;,........,.::. 

/L---r~'6--"Z1 BUFFER INTERFACE ~ STATUS 
< :Z:): & AND 4 

I ADDRESS CONTROL ..k,_~ BUS CONTROL 
ADDRESS! I LATCH ~ 
DATA BUS I +----- LOCAL 

I I INTERRUPT 

l _______________ ~'::~~N~ _____________ ~ ILlR) 

Figure 3. OSF Internal Block Diagram 

problem. Their goal is to simplify the design of multi
tasking application systems by providing a well
defined, fully debugged set of operating system 
primitives implemented directly in the hardware, 
thereby removing the burden of designing mUltitask
ing operating system primitives from the application 
programmer. 

easy-to-use architectural extension to iAPX 86, 88 
system designs. 

Both the 86/30 and the 88/30 OSPs are two-chip sets 
consisting of a main processor, an 8086 or 8088 CPU, 
and the Intel 80130, Operating System Firmware 
component (OSF) (see Figure 1). The 80130 provides 
a set of multitasking kernel primitives, kernel control 
storage, and the additional support hardware, in
cluding system timers and interrupt control, re
quired by these primitives. From the application 
programmer's viewpoint, the OSF extends the base 
iAPX 86, 88 architecture by providing 35 operating 
system primitive instructions, and supporting five 
new system data types, making the OSF a logical and 

8-89 

The OSP Approach 

The OSP system data types (SOTs) and primitive in
structions allocate, manage and share low-level pro
cessor resources in an efficient manner. For 
example, the OSP implements task context manage
ment (managing a task state image consisting of 
both hardware register set and software control in
formation) for either the basic 86/10 context or the 
extended 86/20 (8086+8087) numerics context. The 
OSP manages the entire task state image both while 
the task is actively executing and while it is inactive. 
Tasks can be created, put to sleep for specified peri
ods, suspended, executed to perform their func
tions, and dynamically deleted when their functions 
are complete. 

AFN-Q2059A 



iAPX 86/30, iAPX 88/30 
80130-3 

The Operating System Processors support event
oriented systems designs. Each event may be pro
cessed by an individual responding task or along 
with other closely related events in a common task. 
External events and interrupts are processed by the 
OSP interrupt handler primitives using its built-in 
interrupt controller subsystem as they occur in real
time. The multiple tasks and the multiple events are 
coordinated by the OSP integral scheduler whose 
preemptive, priority-based scheduling' algorithm 
and system timers organize and monitor the process
ing of every task to guarantee that events are pro
cessed as they occur in order of relative importance. 
The 86/30 also provides primitives for intertask com
munication (by mailboxes) and for mutual exclusion 
(by regions), essential functions for multitasking 
appl ications. 

Programming Language Support 

Programs for the OSP can be written in ASM 86/88 or 
PLIM 86/88, Intel's standard system languages for 
iAPX 86,88 systems. 

The Operating System Processor Support Package 
(iOSP 86) provides an interface library for applica
tion programs written in any model of PL/M-86. This 
library also provides 80130 configuration and in
itialization support ~s well as complete user 
documentation. ' 

OSF PROGRAMMING INTERFACE 

The OSF provides 35 operating system kernel 
primitives which implement multitasking, interrupt 
management, free memory management, intertask 
communication and synchronization. Table 4 shows 
each primitive, and Table 5 gives the execution per
formance of typical primitives. 

OSP primitives are executed by a combination of 
CPU and OSF (80130) activity. When an OSP primi
tive is called by an application program task, the 
iAPX CPU registers and stacks are used to perform 
the appropriate fUnctions and relay the results to the 
application programs. 

OSP Primitive Calling Sequences 

A standard, stack-based, calling sequence is used to 
invoke the OSF primitives. Before a primitive is 
called, its operand parameters must be pushed on 
the task stack. The SI register is loaded with the 
offset of the last parameter on the stack. The entry 
code for the primitive is loaded into AX. The primitive 
invocation call is made with a CPU software interrupt 
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(Table 4). A representative ASM86 sequence for call
ing a primitive is shown in Figure 4. In PL/M the OSP 
programmer uses a call to invoke the primitive. 

PUSH P, 
PUSH P2 

SAMPLE ASSEMBLY LANGUAGE PRIMITIVE CALL 

;PUSH PARAMETER 1 
;PUSH PARAMETER 2 

PUSH PN iPUSH PARAMETER N 
PUSH BP ;STACK CALLING CONVENTION 
MOVE Bp,SP 
LEA SI,SS,NUM BYTES PARAM • 21BPI 

;SS,SI POINTS TO FIRST 
;PARAMETER ON STACK 

MOV AX, ENTRY CODE 
INT184 

;AX SETS PRIMITIVE ENTRY CODE 
jOSF INTERRUPT 

osp PRIMITIVE INVOKED 

POPBP 
RET NUM BYTES PARAMS ;POP PARAMETERS 

;CX CONTAINS EXCEPTION CODES 
iOL CONTAINS PARAMETER NUMBER 
; THAT CAUSED EXCEPTION (IF 
; CX IS NON ZERO) 
;AX CONTAINS WORD RETURN VALUE 
;ES,BX CONTAINS POINTER 
; RETURN VAWE 

Figure 4. ASM/86 OSP Calling Convention 

OSP Functional Description 

Each major function of the OSPis described below. 
These are: 

Job and Task Management 
Interrupt Management 
Free Memory Management 
Intertask Communication 
Intertask Synchronization 
EhVironmental Control 

The system data Types (or SOTs) supported by the 
OSP are capitalized in the description. A short 
description of each SOT appears in Table 2. 

JOB and TASK Management . 

Each OSP JOB is a controlled environment in which 
the applications program executes and the OSF sys
tem data types reside. Each indiVidual 'application 
program is normally a separate OSP JOB, whether it 
has one initial task (the minimum) or multiple tasks. 
JOBs partition the system memory into pools. Each 
memory pool provides the storage areas in which the 
OSP will allocate TASK state images and other sys
tem data types created by the executing TASKs, and 
free memory for TASK working space. The OSP sup
ports multiple executing TASKs within a JOB by 
managing the resources used by each, including the 
CPU registers, NPX registers, stacks, thesysteni data 
types, and the available free memory space pool.' 
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When a TASK is created, the OSP allocates memory 
(from the free memory of its JOB environment) for 
the TASK's stack and data area and initializes the 
additional TASK attributes such as the TASK priority 
level and its error handler location. (As an option,the 
caller of CREATE TASK may assign previously 
defined stack and data areas to the TASK.) Task 
priorities are integers between 0 and 255 (the lower 
the priority number the higher the scheduling 
priority of the TASK). Generally, priorities up to 128 
will be assigned to TASKs which are to process inter
rupts. Priorities above 128 do not cause interrupts to 
be disabled, these priorities (129 to 255) are appro
priate for non-interrupt TASKs. If an 8087 Numerics 
Processor Extension is used, the error recovery inter
ruptlevel assigned to it will have a higher priority 
than a TASK executing on it, so that error handling is 
performed correCtly. 

EXECUTION STATUS 
A TASK has an execution status or execution state. 
The OSP provides five execution states: RUNNING, 
READY, ASLEEP, SUSPENDED, and ASLEEP
SUSPENDED. 

- A TASK is RUNNING if it has control of the 
processor. 

- A TASK is READY if it is not asleep, suspended, or 
asleep-suspended. For a TASK to become the run
ning .(executing) TASK, it must be the highest 
priority TASK in the ready state. 

- A TASK is ASLEEP if it is waiting for a request to 
be granted or a timer event to occur. A TASK may 
put itself into the ASLEEP state. 

- A TASK is SUSPENDED if it is placed there by 
another TASK or if it suspends itself. A TASK may 
have multiple suspensions, the count of suspen
sions is managed by the asp as the TASK suspen
sion depth. 

- A TASK is ASLEEP-SUSPENDED if it is both 
waiting and suspended. 

TASK attributes, the CPU register values, and the 
8087 register values (if the 8087 is configured into 
the application) are maintained by the asp in the 
TASK state image. Each TASK will have a unique 
TASK state image. 

SCHEDULING 
The OSP schedules the processor time among the 
various TASKs on the basis of priority. A TASK has an 
execution priority relative to all other TASKs in the 
system, which the OSP maintains for each TASK in its 
TASK state image. When a TASK of higher priority 
than the executing TASK becomes ready to execute, 
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the asp switches the control of the processor to the 
higher priority TASK. First, the asp saves the outgo
ing (lower priority) TASK's state including CPU regis
ter values in its TASK state image. Then, it restores 
the CPU registers from the TASK state image of the 
incoming (higher priority) TASK. Finally, it causes the 
CPU to start or resume executing the higher priority 
TASK. 

TASK scheduling is performed by the aSp. The OSP's 
priority-oriented preemptive scheduler determines 
which TASK executes by comparing their relative 
priorities. The scheduler insures that the highest 
priority TASK with a status of READY will execute. A 
TASK will continue to execute until an interrupt with a 
higher priority occurs, or until it requests unavailable 
resources, for which it is willing to wait, or until it 
makes specific resources available to a higher 
priority TASK waiting for those resources. 

TASKs can become READY by receiving a message, 
receiving control, receiving an interrupt, or by timing 
out. The OSP always monitors the status of all the 
TASKs (and interrupts) in the system. Preemptive 
scheduling allows the system to be responsive to the 
external environment while only devoting CPU re
sources to TASKs with work to be performed. 

TIMED WAIT 
The OSP timer hardware facilities support timed 
waits and timeouts. Thus, in many primitives, a TASK 
can specify the length of time it is prepared to wait 
for an event to occur, for the desired resourc,es to 
become available or for a message to be received at a 
MAILBOX. The timing interval (or System Tick) can 
be adjusted, with a lower limit of 1 millisecond. 

APPLICATION CONTROL OF TASK EXECUTION 
Programs may alter TASK execution status and 
priority dynamically. One TASK may suspend its own 
execution or the execution of another TASK· for a 
period of time, then resume its execution later. Multi
ple suspensions are provided. A suspended TASK 
may be suspended again. 

Theeight OSP Job and TASK management primitives 
are: 

CREATE JOB 

CREATE TASK 

Partitions system resources and 
creates a TASK execution 
envi ron ment. 

Creates a TASK state image. 
Specifies the location of the 
TASK code instruction stream, 
its execution priority, and the 
other TASK attributes. 
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DELETE TASK Deletes the TASK state image, 
removes the instruction stream 
from execution and deallocates 
stack resources. Does not delete 
INTERRUPT TASKS. 

SUSPEND TASK Suspends the specified TASK or, 
if already suspended, in
crements its suspension depth 
by one. Execute state is 
SUSPEND. 

RESUME TASK Decrements the TASK suspen
si()n depth· by one. If. the sus
pension depth is then zero, 
the primitive changes the task 
execution status to READY, 
or ASLEEP . (i.f ASLEEP/ 
SUSPENDED). 

SLEEP Places the requesting TASK in 
the ASLEEP state for a specified 
number of System TiCks. (The 
TICK interval can be configured 
down to 1 millisecond.) 

SET PRIORITY Alters the priority of a TASK. 

Interrupt Management 

The OSP supports up to 256 interrupt levels or
ganized in an interrupt vector, and up to 57 external 
interrupt sources of which one is the NMI (Non
Maskable Interrupt). The OSP manages each inter
rupt level independently. The OSF INTERRUPT 
SUBSYSTEM provides two mechanisms forinterrupt 
management: INTERRUPT HANDLERs and INTER
RUPT TASKs. INTERRUPT HANDLERs disable all 
maskable interrupts and should be used only for 
servicing interrupts that require little processing 
time. Within an INTERRUPT HANDLER only certain 
OSF Interrupt Management primitives (DISABLE, 
ENTER INTERR!JPT, EXIT INTERRUPT, GET LEVEL, 
SIGNAL INTE.RRUPT) and basic CPU instructions 
can be used, other OSP primitives cannot be. The 
INTERRUPT TASK approach permits all OSP 
primitives to be issued and masks only lower priority 
interrupts. 

Work flow between an INTERRUPT HANDLER and an 
INTERRUPT TASK assigned to the same level is 
regulated with the SIGNAL INTERRUPT and WAIT 
INTERRUPT primitives. The flow is asynchronous. 
When an INTERRUPT HANDLER signals an INTER
RUPT TASK, the INTERRUPT HANDLER becomes 
immediately available to process another interrupt. 
The number of interrupts (specified for the level) the 
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INTERRUPT HANDLER can queue for the INTER
RUPT TASK can be limited to the value specified in 
the SET INTERRUPT ;primitive. When the INTER
RUPT TASK is finished processing, it'issues a WAIT 
INTERRUPT primitive; and is immediately ready to 
process the queue of interrupts that the INTERRUPT 
HANDLER has built with repeated· SIGNAL INTER
RUPT primitives while the INTERRUPT TASK was 
processing. If there were no interrupts at the level, 
the queue is empty and the INTERRUPT TASK is 
SUSPENDED. See the Example (Figure 5) and Fig
ures 6·and 7. 

OSP external INTERRUPT LEVELs ,are directly 
related to. in.ternal TA~ scheduling priorities. The 
OSP maintains a single list of priorities including 
both tasks and INTERRUPT L,EVELs. The priority of 
the executing TASK automatically determines which 
interrupts are masked. Interrupts are managed by 
INTERRUPT LEVEL number. The OSP supports eight 
levels directly and may be extended by means of 
slave 8259As to a total of 57. 

The nine Interrupt Management OSP prirnitives are: 

DISABLE Disables an external INTER
RUPT LEVEL. 

ENABLE Enables an external INTER
RUPT LEVEL. . 

ENTER INTERRUPT Gives an Interrupt· Handler 
its own data 'segment, sepa
rate from the data segment 

'of the interrupted task. 

EXIT INTERRUPT Performs an "END of INTER
RUPT" operation. Used by 
an INTERRUPT HANDLER 
which does not invoke an IN
TERRUPT TASK. Reenables 
interrupts, when the INTER
RUPT HANDLER gives up 
control. 

GET LEVEL Returns the interrupt level 
number of the executing IN
TERRUPT HANDLER. 

RESET INTERRUPT Cancels the previous as
signment made to .an 

. interrupt leve'l by SET IN
TERRUPT primitive request. 
If an INTERRUPT TASK has 
been assigned., it .is also 
deleted. The .interrupt level 
is disal;>led. 

SET INTERRUPT Assigns an INTERRUPT 
HANDLER to an interrupt 
level and, optionally, an IN
TERRUPTTASK .. 
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/' CODE EXAMPLE A INTERRUPT TASK TO KEEP TRACK OF TIME.()F-DAY 

DECLARE SECOND$COUNT BYTE. 
MINUTE,COUNT BYTE, 
HOURSSCOUNT BYTE; 

TIMESTASK: PROCEDURE; 
DECLARE TIMESEXCEPTSCODE WORD; 

ACSCYCLE$COUNT=O; 
CALL ROSSETSINTERRUPT(ACSINTERRUPTSLEYEL, 01 H). 

@AC$HANDLER.O;@TIME$EXCEPTSCODE); 
CALL RQ$RESUMESTASK(INITSTASK$TOKEN.@TIMESEXCEPT$CODE); 
DO HOURSCOUNT=O TO 23; 

DO MINUTE$COUNT=O TO 59; 
DO SECOND$COUNT::O TO 59; 

CALL ROSWAITSINTERRUPT(ACSINTERRUPTSLEYEL. 
@TIMESEXCEPTSCODE); 

IF SECOND$COUNT MOD 5=0 
THEN CALL PROTECTEOSCRTSOUT(BEL); 

END; I' SECOND LOOP '/ 
END; I' MINUTE LOOP '/ 

END; I' HOUR LOOP '/ 
CALL ROSRESETSINTERRUPT(ACSINTERRUPT$LEYEL. @TIME$EXCEPTSCOOE); 
END TIME$TASK; 

r CODe EXAMPLE B INTERRUPT HANDLER TO SUBDIVIDE A.C. SIGNAL BY 60. ./ 

DECLARE ACSCYCLESCOUNT BYTE; 

AC$HANDLER: PROCEDURE INTERRUPT 59; 
DECLARE ACSEXCEPTSCODE WORD; 

AC$CYCLESCOUNT =AC$CYCLE$COUNT + 1; 
IFAC$CYCLESCOUNT>=60 THEN DO; 

ACSCYCLESCOUNT=O; 
CALL RO$SIGNALSINTERRUPT(AC$INTERRUPT$LEYEL,@AC$EXCEPT$CODE); 
END; 

END AC$HANDLEAj 

INTERRUPT 
HANDLER CALLS 
EXIT$INTERRUPT 

NO 

Figure 5, OSP Examples 

INTERRUPT OCCURS AND 
INTERRUPT HANDLEA 

GETS CONTROL 

CONTROL RETURNS TO AN 
APPLICATION TASK 

YES 

. Figure 6, Interrupt Handling Flowchart 
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INTERRUPT 
HANDLER CALLS 

SIGNAL$INTERRUPT 
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w,,~~ 
! ~~~~ EJ " I \ 

-- J INTERRUPT ~ 
........ \ TASK ,-.... 
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Figure 7. Multiple Buffer Example 

SIGNAL INTERRUPT Used by an INTERRUPT 
HANDLER to activate an In
terrupt Task, 

WAIT INTERRUPT Suspends the calling Inter
rupt Task until the INTER
RUPT HANDLER performs a 
SIGNAL INTERRUPT to in
voke it. If a SIGNAL INTER
RUPT for the task has 
occurred, it is processed. 

FREE MEMORY MANAGEMENT 

The OSP Free Memory Manager manages the 
memory pool which is allocated to. each JOB for its 
execution needs. (The CREATE JOB primitive al
locates the new JOB's memory pooffrom the 
memory pool of the parent JOB.) The memory pool is 
part of the JOB resources but is not yet allocated 
between the tasks of the JOB .. When a TASK, MAIL
BOX, or REGION system data type structure is 
preated within that JOB, the OSP implicitly allocates 
memory for it from the JOB's memory pool, so that a 
separate call to allocate memory is not required. OSP 
primitives that use free memory management im
plicitly include CREATE JOB, CREATE TASK, 
DELETE TASK, CREATE MAILBOX, DELETE MAIL
BOX, CREATE REGION, and DELETE REGION. The 
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CREATE SEGMENT primitive explicitly allocates a 
memory area when one is needed by the TASK. For 
example, a TASK may explicitly allocate a SEGMENT 
for use as a memory buffer. The SEGMENT length 
can be any multiple of 16 bytes between 16 bytes and 
64K bytes in length. The programmer may specify 
any number of bytes from 1 byte to 64 KB, the OSP 
will transparently round the value up to the appropri
ate segment size. 

The two explicit memory allocation/deallocation 
primitives are: 

CREATE SEGMENT Allocates a SEGMENT of spe
cified length (in 16-byte-long 
paragraphs) from the JOB 
Memory Pool. 

DELETE SEGMENT Deallocates the SEGMENT's 
memory area, and returns it 
to the JOB memory pool. 

Intertask Communication 

The OSP has built-in intertask synchronization and 
communication, permitting TASKs to pass and share 
information with each other. OSP MAILBOXes con
tain controlled handshaking facilities which guaran
tee that a complete message will always be sent from 
a sending TASK to a receiving TASK. Each MAILBOX 
consists of two interlocked queues, one of TASKs 
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and the other of Messages. Four OSP primitives for 
intertask synchronization and communication are 
provided: 

CREATE MAILBOX Creates intertask message 
exchange. 

DELETE MAILBOX Deletes an intertask mes
sage exchange. 

RECEIVE MESSAGE Calling TASK receives a mes
sage from the MAILBOX. 

SEND MESSAGE Calling TASK sends a 
message to the MAILBOX. 

The CREATE MAILBOX primitive allocates a MAIL
BOX for use as an information exchange between 
TASKs. The OSP will post information at the MAIL
BOX in a FIFO (First-In First-Out) manner when a 
SEND MESSAGE instruction is issued. Similarily, a 
message is retrieved by the OSP if a TASK issues a 
RECEIVE MESSAGE primitive. The TASK which 
creates the MAILBOX may make it available to other 
TASKs to use. 

If no message is available, the TASK attempting to 
receive a message may choose to wait for one or 
continue executing. 

The queue management method for the task queue 
(FIFO or PRIORITY) determines which TASK in the 
MAILBOX TASK queue will receive a message from 
the MAILBOX. The method is specified in the 
CREATE MAILBOX primitive. 

Intertask Synchronization and Mutual 
Exclusion 

Mutual exclusion is essential to multiprogramming 
and multiprocessing systems. The REGION system 
data type implements mutual exclusion. A REGION is 
represented by a queue of TASKS waiting to use a 
resource which must be accessed by only one TASK 
at a time. The OSP provides primitives to use 
REGIONs to manage mutually exclusive data and 
resources. Both critical code sections and shared 
data structures can be protected by these primitives 
from simultaneous use by more than one task. 
REGIONs support both FJFO (First-In First-Out) or 
Priority qu~ueing disciplines for the TASKS seeking 
to enter the REGION. The REGION SDT can also be 
used to implement software locks. 

Multiple REGIONs are allowed, and are automatically 
exited in the reverse order of entry. While in a 
REGION, a TASK cannot be suspended by itself or 
any other TASK, and thereby avoids deadlock. 

There are five OSP primitives for mutual exclusion: 

CREATE REGION Create a REGION (lock). 

SEND CONTROL Give up the REGION. 

ACCEPT CONTROL Request the REGION,. but do 
not wait if it is not available. 

RECEIVE CONTROL Request a REGION, wait if 
not immediately available. 

DELETE REGION Delete a REGION. 

The OSP also provides dynamic priority adjustment 
for TASKs within priority REGIONs: If a higher
priority TASK issues a RECEIVE CONTROL primitive, 
while a (lower-priority) TASK has the use of the same 
REGION, the lower-priority TASK will be trans
parently, and temporarily, elevated to the waiting 
TASK's priority until it relinquishes the REGION via 
SEND CONTROL. At that point, since it is no longer 
using the critical resource, the TASK will have its 
normal priority restored. 
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OSP Control Facilities 

The OSP also includes system primitives that provide 
both control and customization capabilities to a mul
titasking system. These primitives are used to control 
the deletion of SDTs and the recovery of free memory 
in a system, to allow interrogation of operating sys
tem status, and to provide uniform means of adding 
user SDTs and type managers. 

DELETION CONTROL 
Deletion of each OSP system data type is explicitly 
controlled by the applications programmer by set
ting a deletion attribute for that structure. For exam
ple, if a SEGMENT is to be kept in memory until DMA 
activity is completed, its deletion attribute should be 
disabled. Each TASK, MAILBOX, REGION, and SEG
MENT SDT is created with its deletion attribute en
abled (i.e., they may be deleted). Two OSP primitives 
control the deletion attribute: ENABLE DELETION 
and DISABLE DELETION. 

ENVIRONMENTAL CQNTROL 
The OSP provides inquiry and control operations 
which help the user interrogate the application envi
ronment and implement flexible exception handling. 
These features aid in run-time decision making and 
in application error processing and recovery. There 
are five OSP environmental control primitives. 

OS EXTENSIONS 
The OSP architecture is defined to allow new user
defined System Data Types and the primitives to ma
nipulate them to be added to OSP capabilities 
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provided by the built-in System Data Types. The type 
managers created for the user-defined SOTs are 
called user OS extensions and are installed in the 
system by the SET OS EXTENSION primitive. Once 
installed, the functions of the type manager may be 
invoked with user primitives conforming to the OSP 
interface. For well-structured extended architec
tures, each OS extension should support a separate 
user-defined system data type, and every OS exten
sion should provide the same calling sequence and 
program interface for the user as. is provided for a 
built-in SOT. The type manager for the extension 
would be written to suit the needs of the application. 
OSP interrupt vector entries (224-255) are reserved 
for user OS extensions and are not used by the OSP. 
After assigning an interrupt number to the extension, 
the ext.ension user may then call it with the standard 
OSP call sequence (Figure 4), and the unique 
software interrupt number assigned to the 
extension. 

ENABLE DELETION Allows a specific SEGMENT, 
TASK, MAILBOX, or REGION 
SOT to be deleted. 

DISABLE DELETION 

GET TYPE 

GET TASK TOKENS 

GET EXCEPTION 
HANDLER 

SET EXCEPTION 
HANDLER 

SET OS EXTENSION 

SIGNAL EXCEPTION 

Prevents a specific SEG
MENT, TASK, MAILBOX, or 
REGION SOT from being 
deleted. 

Given a token for an in
stance of a system data type, 
returns the type code. 

Returns to the caller infor
mati.on about the current 
task environment. 

Returns information about 
the calling TASK's current in
formation handler: its ad
dress, and when it is used. 

Provides the address and 
usage of an exception 
handler for a TASK. 

Modifies one of the interrupt 
vector entries reserved for 
OS extensions (224-255) to 
point to a user OS extension 
procedure. 

For use in OS extension er
ror processing. 

EXCEPTION HANDLING 

The OSP supports exception handlers. These are 
similar to CPU exception handlers such as OVER
FLOW and ILLEGAL OPERATION. Their purpose is to 

allow the OSP primitives to report parameter errors 
in primitive calls; and errors in primitive usage. Ex
ception handling procedures are flexible and can be 
individually programmed by the application. In gen
eral, an exception handler if called will perform one 
or more of the following functions: 

-Log the Error. 
-Delete/Suspend the Task that caused the 

exception. 
-Ignore the error, presumably because it is not 

serious. 

An EXCEPTION HANDLER is written as a procedure. 
If PLM/86 is used, the "compact," "medium" or 
"large': model of computation should be specified for 
the compilation of the program. The mode in which 
the EXCEPTION HANDLER operates may be speci
fied in the SET EXCEPTION HANDLER primitive. The 
return·information from a primitive call is shown in 
Figure 4. CX is used to return standard system error 
conditions. Table 7 shows a list of these conditions, 
using the default EXCEPTION HANDLER of the OSP. 

HARDWARE DESCRIPTION 

The 80130 operates in a closely coupled mode with 
the iAPX 86/10 or 88/10 CPU. The 80130 resides on 
the CPU local multiplexed bus (Figure 8). The main 
processor is always configured for maximum mode 
operation. The. 80130 automatically selects between 
its 88/30 and 86/30 operating modes. 

The 80130 used in the 86/30 configuration, as shown 
in Figure 8 (or a similar 88/;30 configuration). 
operates at both 5 and 8 MHz without requiring pro
cessor wait states. Wait state memories are fully sup
ported, however. The 80130 may be configured with 
both an 8087 NDX and an 8089 lOP, and provides full 
context control over the 8087. 

The 80130 (shown in Figure 3) is internally divided 
into a control unit (CU) and operating system unit 
(OSU). The OSU contains facilities for OSP kernel 
support including the system timers for scheduling 
and timing waits, and the interrupt controller for 
interrupt management support. 
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iAPX 86/30, iAPX 88/30 System 
Configuration 

The 80130 is both I/O and memory mapped to the 
local CPU bus. The CPU's status (SO-S2) is decoded 
along with 10CS (with BHE and A3-AO) or MEMCS 
(with A13'-Ao). The pins are internally latched. See 
Table 1 for the decoding of these lines. 
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Memory Mapping 

Address lines A19-A14 can be used to form MEMCS/ 
since the 80130's memory-mapped portion is aligned 
along a 16K-byte boundry. The 80130 can reside on 
any 16K-byte boundry excluding the highest 
(FCOOOH-FFFFFH) and lowest (OOOOOH-003FFH). The 
80130 control store code is position-independent ex
cept as limited above, in order to make it compatible 
with many decoding logic designs. A13-AO are 
decoded by the 80130's kernel control store. 

1/0 Mapping 

The I/O-mapped portion of the 80130 must be aligned 
along a 16-byte boundry. Address lines A1s-A4 
should be used to form 10CS/. 

System Performance 

The approximate performance of representitive OSP 
primitives is given in Table 5. These times are shown 
for a typical iAPX 86/30 implementation with an 8 
MHz clock. These execution times are very compara
ble to the execution times of similar functions in 
minicomputers (where available) and are an order of 
magnitude faster than previous generation 
microprocessors. 

Initialization 

Both application system initialization and OSP
specific initialization/configuration are required to 
use the OSp. Configuration is based on a "database" 
provided by the user to the iOSP 86 support package. 
The OSP-specific initialization and configuration in
formation area is assigned to a user memory address 
adjacent ,to the ,80130's memory-mapped location. 
(See Application Note 130 for further details.) The 
configuration data defines whether 8087 support is 
configured in the system, specifies if slave 8259A 
i,nterrupt controllers are' used in addition to the 
80130, and sets the operating system time base (Tick 
Interval). Also located in the configuration area are 
the exception handler control parameters, the ,ad
dress location of the (separate) application system 
configuration area and the OSP extensions in use. 
The OSP application system configuration area may 
be located anywhere in the user memory and must 
include the starting address of the application in
struction code to be executed, plus the locatIons of 
the RAM memory blocks to be managed by the OSP 
free memory manager. Complete application system 
support and the rlilquired 80130 configuration sup
port are provided by the iAPX 86/30 and iAPX 88/30 
OPERATlNGSYSTEM PROCESSOR SUPPORT 
PACKAGE (iOSP 86). 

RAM Requirements 

The OSP manages its own interrupt vector, which is 
assigned to low RAM memory. Working RAM storage 
is required as stack space and data area. The 
memory space must be allocated in user RAM. 

OSP interrupt vector memory locations OH-3FFH 
must be RAM based. The OSP requires 2 bytes of 
allocated RAM. The processor working storage is 
dynamically allocated from free memory. Approxi
mately 300 bytes of stack should be allocated for 
each OSP task. 

TYPICAL SYSTEM CONFIGURATION 

Figure 8 shows the processing cluster of a "typical" 
iAPX 86/30 or iAPX 88/30 OSP system. Not shown are 
subsystems likely to vary with the application. The 
configuration includes an 8086 (or 8088) operating in 
maximum mode"an 8284A clock generator and an 
8288 system controller. Note that the 80130 is located 
on the CPU side of any latches or transceivers. See 
Intel Application Note 130 for further details on 
configuration. 

OSPTimers 

The OSP Timers are connected to the lower half of 
the data bus and are addressed at even addresses. 
The timers are, read as two successive bytes, always 
LSB followed by MSB. The MSB is always latched on 
a read operation and remains latched until read. 
Timers are not gatable. 

Baud Rate Generator 

The baud rate generator is 8254 compatible (square 
wave mode 3). Its output, BAUD, is initially high and 
remains high until the Count Register is loaded. The 
first falling edge of the clock after the Count Register 
is loaded causes the transfer of the internal counter 
to the Count Register. The output stays high for N/2 
[(N+1)/2 if N is odd] and then goes low for N/2 
[(N-1)/2 if N is odd]. On the falling edge of the clock 
which signifies the final count for the output in low 
state, the output returns to high state and the Count 
Register is transferred to the internal counter. The 
whole process is then repeated. Baud Rates are 
shown in Table 6. 

The baud rate generator is located at OCH (12), rela
tive to the 16-byte boundary in the I/O space in which 
the 80130 component is located ("OSF" in the follow
ing example), the timer control word is located at 
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elK 
CONTROL 

elK 52 8288 so 

B086 

BHE SHE Al. 
Al. LOCAL 

AND 
ADDRESS SYSTEM 

INT ADO 
RESOURCES 

AO 

015 

8286 

DO 

. Figure 8. Typical OSP Configuration 

relative address, OEH(14). Timers are addressed with 
IOCS=O. Timers 0 and 1 are assigned to the use by 
the OSp, and should not be altered by the user. 

For most baud-rate generator applications, the com
mand byte 

OB6H Read/Write Baud-Rate Delay Value 

will be used. A typical sequence to set a baud rate of 
9600 using a count value of 833 follows(seeTable 6): 

MOV AX,086H Prepare to Write Delay to 
Timer 3. 

OUT dSF+14,AX Control Word. 
MOV AX,833 

OUT OSF+12,AL LSB written first. 
SCHG AL,AH 

OUT OSF+12,AL MSBwritten after. 

The 80130 timers are subset compatible with 8254 
timers. 

Interrupt Controller 

The Programmable Interrupt Controller (PIC), is also 
an integral unit of the 80130. Its eight input pins 
handle eight vectored priority interrupts. One of 
these pins must be used for the SYSTICK time func
tion in timing waits, using an external connection as 
shown. During the 80130 initialization and configura
tion sequence, each 80130 interrupt pin is individu
ally programmed as either level or edge sensitive. 
External slave 8259A interrupt controllers can be 
used to expand the total number of OSP external 
.interrupts to 57. 

In addition.to standard PIC funtions; 80130 PIC unit 
has an UR output Signal, which when low indicates 
an interrupt acknowledge cycle. UR=O is provided to 
control the 8289 Bus Arbiter SYSB/RESB pin. This 
will avoid the need of requesting the system bus to 
acknowledge local bus non-slave interrupts. The 
user defines the interrupt system as part of the 
configuration. 
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INTERRUPT SEQUENCE 
The asp interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low-to
high transition on edge-sensitive IR inputs or by a 
high input on level-sensitive IR inputs. 

2. The 80130 evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds 
with an interrupt acknowledge cycle which is en
coded in S2-S0' 

4. Upon receiving the first interrupt acknowledge 
from the CPU, the highest-priority interrupt is set 
by the 80130 and the corresponding edge detect 
latch is reset. The 80130 does not drive the ad
dress/data bus during this bus cycle but does 
acknowledge the cycle by making ACK=O and 
sending the LlR value for the IR input being 
acknowledged. 

5. The CPU will then initiate a second interrupt ac
knowledge cycle. During this cycle, the 80130 will 
supply the cascade address of the interrupting 
input at T1 on the bus and also release an 8-bit 
pointer onto the bus if appropriate, where it is 
read by the CPU. If the 80130 does supply the 
pointer, then ACK will be low for the cycle. This 
cycle also has the value LlR for the IR input being 
acknowledged. 

6. This completes the interrupt cycle. The ISR bit 
remains set until an appropriate EXIT INTERRUPT 
primitive (EOI command) is called at the end of 
the Interrupt Handler. 

OSPAPPLICATION EXAMPLE 

Figure 5 shows an application of the asp primitives 
to keep track of time of day in a simplified example. 
The system design uses a 60 Hz A.C. signal as a time 
base. The power supply provides a TTL-compatible 

signal which drives one of 80130 edge-triggered in
terrupt request pins once each A.C. cycle. The Inter
rupt Handler responds to the interrupts, keeping 
track of one second's A.C. cycles. The Interrupt Task 
counts the seconds and after a day deletes itself. In 
typical systems it might perform a data logging oper
ation once each day. The Interrupt Handler and Inter
ruptTask are written as separate modular programs. 

The Interrupt Handler will actually service interrupt 
59 when it occurs. It simply counts each interrupt, 
and at a count of 60 performs a SIGNAL INTERRUPT 
to notify the InterruptTask that a second has elapsed. 
The Interrupt Handler (ACS HANDLER) was assigned 
to this level by the SET INTERRUPT primitive. After 
doing this, the InterruptTask performed the Primitive 
RESUME TASK to resume the application task (INITS 
TASKS TOKEN). 

The main body of the task is the counting loop. The 
InterruptTask is signaled by the SIGNAL INTERRUPT 
primitive in the Interrupt Handler (at interrupt level 
ACS INTERRUPTS LEVEL). When the task is sig
nalled by the Interrupt Handler it will execute the 
loop exactly one time, increasing the time count 
variables. Then it will execute the WAIT INTERRUPT 
primitive, and wait until awakened by the Interrupt 
Handler. Normally, the task will now wait some period 
of time for the next signal. However, since the inter
face between the Handler and the Task is asyn
chronous, the handler may have already queued the 
interrupt for servicing, the writer of the task does not 
have to worry about this possibility. 

At the end of the day, the task will exit the loop and 
execute RESET INTERRUPT, which disables the in
terrupt level, and deletes the interrupt task. The asp 
now reclaims the memory used by the Task and 
schedules another task. If an exception occurs, the 
coded value for the exception is available in TIMES 
EXCEPTS CODE after the execution of the primitive. 

A typical PL/M-86 calling sequence is illustrated by 
the call to RESET INTERRUPT shown in Figure 5. 
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Table 2. OSP System Data Type Summary 

Jobs are the means of organizing the program environment and resources. An application consists of 
one or more jobs. Each iAPX 86/30 system data type is contained in some job. Jobs are independent of 
each other, butthey may share access to resources. Each job has one or more tasks, one of which is an 
initial task. Jobs are given pools of memory, and they may create subordinate offspring jobs, which 
may borrow memory from their parents. 

Tasks are the means by which computations are accomplished. A task is an instruction stream with its 
own execution stack and private data. Each task is part of a job and is restricted to the resources 
provided by its job. Tasks may perform general interrupt handling as well as other computational 
functions. Each task has a set of attributes, which is maintained for it by the iAPX 86/30, which 
characterize its status. These attributes are: 

its containing job 
its register context 
its priority (0-255) 
its execution state (asleep, suspended, ready, running, asleep/suspended). 
its suspension depth 
its user·selected exception handler 
its optional 8087 extended task state 

Segments are the units of memory allocation. A segment is a physically contiguous sequence of 
16-byte, 8086 paragraph·length, units. Segments are created dynamically from the free memory 
space of aJob as one of its Tasks requests memory for its use. A segment is deleted when it is no longer 
needed. The iAPX 86/30 maintains and manages free memory in an orderly fashion, it obtains memory 
space from the pool assigned to the containing job of the requesting task and returns the space to the 
job memory pool (or the parent job pool) when it is no longer needed .. 1t does not allocate memory to 
create a segment if sufficient free memory is not available to it, in that case it returns an error 
exception code. 

Mailboxes are the means of intertask communication. Mailboxes are used by tasks to send and 
receive message segments. The iAPX 86/30 creates and manages two queues for each mailbox. One 
of these queues contains message segments sent to the mailbox but not yet received by any task. The 
other mailbox queue consists of tasks that are waiting to receive messages. The iAPX 86/30 operation 
assures that waiting tasks receive messages as soon as messages are available. Thus at any moment 
one or possibly both of two mailbox queues will be empty. 

Regions are the means of serialization and mutual exclusion. Regions are familiar as "critical code 
regions." The iAPX 86/30 region data type consists of a queue of tasks. Each task waits to execute in 
mutually exclusive code or to access a shared data region, for example to update a file record. 

The OSP interface makes use of a 16-bitTOKEN data type to identify individual OSF data structures. 
Each of these (each instance) has its own unique TOKEN. When a primitive is called, it is passed the 
TOKENs of the data structures on which it will operate. '.' 
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Table 3. System Data Type Codes and Attributes 

S.D.T. Code Attributes 

Jobs 1 Tasks 
Memory Pool 
S.D.T. Directory 

Tasks 2 Priority 
Stack 
Code 
State 
Exception Handler 

Mailboxes 3 Queue of S.D.T.s 
(generally segments) 
Queue of Tasks 
waiting for S.D.T.s 

Region 5 Queue of Tasks 
waiting for mutually 
excl usive code or 
data 

Segments 6 Buffer 
Length 

Table 4. OSP Primitives 

Interrupt Entry Code 
Number in AX 

Parameters 
On Caller's Stack 

184 0100H 'See 80130 User Manual 

CREATE TASK 184 0200H Priority, IP Ptr, Data Segment, Stack 
Seg, Stack Size Task Information, 
ExcptPtr 

DELETE TASK 184 0201H TASK, ExcptPtr 
SUSPEND TASK 184 0202H TASK, ExcptPtr 
RESUME TASK 184 0203H TASK, ExcptPtr 
SET PRIORITY 184 0209H TASK, Priority, ExcptPtr 
SLEEP 184 0204H Time Limit,ExcptPtr 

DISABLE 190 0705H Level, ExcptPtr 
ENABLE 184 0704H Level #, ExcptPtr 
ENTER INTERRUPT 184 0703H Level #, ExcptPtr 
EXIT INTERRUPT 186 NONE Level # ,ExcptPtr 
GET LEVEL 188 0702H Level #, ExcptPtr 
RESET INTERRUPT 184 0706H Level #, ExcptPtr 
SET INTERRUPT 184 0701H Level, InterruptTask Flag Interrupt 

Handler Ptr, Interrupt Handler DataSeg 
ExcptPtr 

SIGNAL INTERRUPT 185 NONE Level, ExcptPtr 
WAIT INTERRUPT 187 NONE Level, ExcptPtr 

CREATE SEGMENT 184 0600H Size, ExcptPtr 
DELETE SEGMENT 184 0603H SEGMENT, ExceptPtr 
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Class 
OSP 

Primitive 

M CREATE MAILBOX 
A DELETE MAILBOX 
I RECEIVE MESSAGE 
L 
B SEND MESSAGE 
0 
X 

R ACCEPT CONTROL 
E CREATE REGION 
G DELETE REGION 
I RECEIVE CONTROL 
0 SEND CONTROL 
N 

E DISABLE DELETION 
N ENABLE DELETION 
V 
I GET EXCEPTION 

R HANDLER 

0 GET TYPE 
N GET TASK TOKENS 
M SET EXCEPTION 
E HANDLER 
N SET OS EXTENSION 
T SIGNAL 
A EXCEPTION 
L 

NOTES: 
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Table 4. OSP Primitives (Continued) 

Interrupt Entry Code Parameters 
Number inAX On Caller's Stack 

184 0300H Mailbox flags, ExcptPtr 
184 0301H MAILBOX, ExcptPtr 
184 0303H MAILBOX, Time Limit ResponsePtr, 

ExcptPtr 
184 0302H MAILBOX,Message Response, ExcptPtr 

184 0504H REGION, El\cptPtr 
184 0500H Region Flags, ExcptPtr 
184 0501H REGION, ExcptPtr 
184 0503H REGION, ExcptPtr 
184 0502H ExcptPtr 

184 0OO1H TOKEN,ExcptPtr 
184 0OO2H TOKEN,ExcptPtr 

184 0800H Ptr,ExcptPtr 
184 OOOOH TOKEN,ExcptPtr 
184 0206H Request, ExcptPtr 

184 0801H Ptr, ExcptPtr 
184 0700H Code,lnstPtr, ExcptPtr 

184 0802H Exception Code, Parameter Number, 
StackPtr,O,O,ExcptPtr 

All parameters are pushed onto the asp stack. Each parameter is one word. See Figure 3 for Call Sequence. 

Expla~i1tion of the Symbol$ 

JOB asp JOB SDT Token 
TASK asp TASK SDTToken 
REGION asp REGION SOT Token 
MAILBOX asp MAILBOX SOT Token 
SEGMENT asp SEGMENT SOT Token 
TOKEN Any SOT Token 

Level 
ExcptPtr 
Message 
Ptr 
Seg 

Interrupt Level Number 
Pointer to Exception Code 
Message Token 
Pointer to Code,Stack etc. Address 
Value Loaded into appropriate Segment Register 
Value Parameter. 
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Table 5. OSP Primitive Performance Examples 

Datatype Class 
Primitive Execution Speed* 

(microseconds) 

JOB CREATE JOB 
TASK CREATE TASK (no preemption) 

SEGMENT CREATE SEGMENT 
MAILBOX SEND MESSAGE (with task switch) 

SEND MESSAGE (no task switch) 
RECEIVE MESSAGE (task waiting) 
RECEIVE MESSAGE (message waiting) 

REGION SEND CONTROL 
RECEIVE CONTROL 

'8 MHz iAPX 86/30 OSP Configuation. 

Table 6. Baud Rate Values 

Baud Rate 8 MHz 5 MHz 

300 26667 16667 
600 13333 8333 

1200 6667 4166 
2400 3333 2083 
4800 1667 1042 
9600 833 521 

8-103 

2950 
1360 
700 
475 
265 
540 
260 
170 
205 
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Table 7a. Mnemonic Codell for Unavoidable Exceptionll 

E$OK Exception Code Value = 0 
the operation was successful 

E$TIME Exception Code Value = 1 
the specified time limit expired before completion of the operations wils possible 

E$MEM Exception Code Value = 2 
insufficient nucleus memory is available to satisfy the request 

E$BUSY Exception Code Value - 3 
specified region is currently busy 

E$LlMIT Exception Code Value - 4 
attempted violation of a job, semaphore, or system limit 

E$CONTEXT Exception Code Value - 5 
the primitive was called in an illegal context (e.g., call to enable for an already enabled 
interrupt) 

E$EXIST Exception Code Value - 6 
a token argument does not currently refer to any object; note that the object could have 
been deleted at any time by its owner , 

E$STATE Exception Code Value = 7 
attempted illegal state transition by a task 

E$NOT$CONFIGURED Exception Code Value = 8 
the primitive called is not configured in this system 

E$INTERRUPT$SATURATION Exception Code Value = 9 
The interrupt task on the requested level has re,ached its user specified saturation point 
for interrupt service requests. No further interrupts will be allowed on the level until the 
interrupt task executes a WAIT$INTERRUPT. (This error is only returned, in line, to 
interrupt handlers.) 

E$INTERRUPT$OVERFLOW Exception Code Value = 10 
The interrupt task on the requested level previously reached its saturation point and 
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an 
ENABLE allowing further interrupts to come in and has received another SIG-
NAL$INTERRUPTcall, bringing it over Its specified saturation point for interrupt service 
requests. (This error is only returned, in line, to interrupt handlers). 

Table 7b. Mnemonic Codell for Avoidable Exceptlonll 

E$ZERO$DIVIDE Exception Code Value - 8000H 
divide by zero interrupt occurred 

E$OVERFLOW Exception Code Val ue - 8001 H 
overflow i nterru pt occu rred 

E$TYPE Exception Code Value = 8002H 
a token argument referred to an object tha was not of required type 

E$BOUNDS Exception Code Value =8003H 
an offset argument is out of segment bounds 

E$PARAM Exception Code Value = 8004H 
a (non-token,non-offset) argument has an illegal value 

E$BAD$CALL Exception Code Value = 8005H 
an entry code for which there is no corresponding primitive was passed 

E$ARRAY$BOUNDS = 8006H Hardware or Language has detected an array overflow 

E$NDP$ERROR Exception Code Value - 8007H 
an 8087 (Numeric data Processor) error has been detected; (the 8087 status information 
is contained in a parameter to the exception handler) 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bins ......... ODC to 70DC 
Storage Temperature ................. -65DC to 150DC 
Voltage on Any Pin With 

Respect to Ground .................... 1.0V to + 7V 
Power Dissipation ........................... 1.0 Watts 

"NOTICE: Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operetion 
of the device at these or any other conditions above those 
indicated in the operatio'nal sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended period may affect device reliability. 

D.C. CHARACTERISTICS (TA = ODC to 70DC, Vcc = 4.5 to 5.5V) 

Symbol Parameter Min. Max. Units Test Conditions, 
Vil Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC + .5 V 

VOL Output low Voltage 0.45 V IOl - 2 mA 

VOH Output High Voltage 2.4 V IOH - -400/LA 

ICC Power Supply Current 300 mA TA - 2,5 C 

III Input leakage Current 10 /LA 0= VIN = VCC 
IlR IR Input load Current 10 /LA VIN - VCC 

-300 /LA VIN =0 
ILO Output leakage Current 10 /LA .45 - VIN - VCC 
VCLI Clock Input low 0.6 V 

VCHI Clock Input High 3.9 V 

CIN Input Capacitance 10 pF 

CIO I/O Capacitance 15 pF 

A.C. CHARACTERISTICS(TA = 0-70DC, VCC = 4.S-5.SVolt, VSS = Ground) 

Symbol Parameter Min. Max. Units Notes 

TCLCL ClK Cycle Period 125 - ns ~ = 20-200 pF 

TClCH ClK lowTime 57 - ns 

TCHCL ClK High Time 44 2000 ns 

TSVCH Status Active Setup Time 65 - ns 

TCHSV Status Active Hold Time 10 - ns 

TSHCL Status Inactive Setup Time 55 - ns 

TCLSH Status Inactive Hold Time 10 - ns 

TASCH Address Valid Setup Time 8 - ns 

TCLAH Address Hold Time 10 - ns 

TCSCL Chip Select Setup Time 20 - ns 

TCHCS Chip Select Hold Time 0 - ns 

TDSCL Write Data Setup Time 60 - ns 

TCHDH Write Data Hold Time 10 - ns 

TJLJH IR lowTime 100 - ns 

TACC Read Data from Address 3TCLCL-TDVCL-TCLCH-20 ns 

TCLDV Read Data Valid Delay - 100 ns 

TCLDH Read Data Hold Time 10 - ns 

TCLDX Read Data to Floating 10 - ns 

TCLCA Cascade Address Delay Time - 50 ns 

TIACA INTA Status to Cascade - 50 ns 
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A.C. CHARACTERISTICS (Continued) 

Symbol Parameter Min. 

TCLCF' Cascade Address Hold Time 10 

TCLVE Acknowledge Delay Time -

TIAVE INTA Status to Acknowledge -
TCHEH Acknowledge Hold Time 10 

TCSAK Chip Select to ACK -
TSACK Status to ACK -

TCHAK Clock toACK -

TCLOD Timer Output DelayTime -
TCLOD1 Timer1 Output Delay Time -

-
TJHIH INT Output Delay -

WAVEFORMS 

A.C. 

elK 

SYSTICK, 
DELAY, BAUD 

/ \ 

IR -=1 TJlJH [ 

Max. 
-
100 

80 

-
110 

140 

140 

200 

200+ TCLCL 

TClCL + 100 

/ \ 
TeLOD 

-I 
X 

Units Notes 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns CL = 100 pF 

ns CL = 100 pF 

ns 

INT 

-, TJHIH y= __ _ 
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WAVEFORMS 

D_C. 

T' 

TCHCL 

CLK ....J 

A 
\ 

SHE,AD 1s-ADo 

,IOCS 

WRIT ECYCLE 

- f-

AD 1s-ADo 

A CK 

TI 

TelCH I 

I:SVCH
• 

I 

iAPX 86/30, iAPX 88/30 
80130-3 

T2 I 
I 

TCLCL TCLS~I 

L 

T3 

TW 

I 
TSHCL 

I--

A I~CL:~ 
BHE, A1S-Ao VALID }----

TCSCL 

I TDSCL 

1 
ADDRESS VALID 'fJltJIX WRITE DATA VALID 

-I j-TSACK 

~ TSACK 
I 

I T4 

I 

j 

H S 

I 
I 

en· 
1 I 
1-1 I-TCSAK 

J 
TCLDX 

REA DCYCLE I+- TCLDV 1--1 0 -OC \ FLDAT 
ADDRESS VALID 

AD, - relYE 

K 
TSACK \ 

TA CYCLE ~E:b t=J 1_ TIACA 

-:;!J. <D CASCADE ADDRESS ) 
FLOAT 

AD, 

2ND IN 

TIAVE 

TCLVE 

AC K 

R TCLVE 
\ 

TIAVE 

NOTES, 
1. CASCADE ADDReSS PRESENTED ON ADS, AD9 AND AD1 0 CORRESPONDING TO CAsa, 

CASl and CAS2 RESPECTIVELY. ALL OTHER AD1 LINES ARE ACTIVE AND HAVE UN
KNOWN·VALUES. 

2. POINTERVAWE IS ACTIVE ONLY IF POtNTER IS GENERATED FROM THE 80130 AND NOT 
FROM EXTERNAL SLAVe UNIT. 

3. ACTIVE LOW ONLY WHEN POINTER DATA IS BEING SUPPLIED BY THE 80130. 
4. LOW ONLY FOR LOCAL INTERRUPT. 
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READ DATA VALID 
FLOAT 

~ 

( ® ) FLOAT 
POINTER 

I 
® -I j-TCHEH 

I 
@ -i/-TCHEH 
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828218283 
OCTAL LATCH 

• Ad~ress .Latch for iAPX 86, 88, 
MC8-80®, MC8-85®, MC8-48@ Families 

• High Output Drive Capability for 
Driving System Data Bus 

• Fully Parallel 8·Bit Data Register and 
Buffer 

• Transparent during Active Strobe 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

The 8282 and 8283 are 8-bit bipolar latches with 3-state output bilffers. They can be used to implement latches, buffers, 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, ali of the principal periph
eral and input/output functions of a microcomputer system can be Implemented with these devices. 

vee 

01. DO, 

015 DO. 

Figure 1. Logic Diagrams Figure 2. Pin Configurations 
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Pin 

STB 

OE 

010-017 

000-007 
(8282) 

000-007 
(8283) 

8282/8283 

Table 1. Pin Description 

Description 

STROBE (Input). STB is an input control 
pulse used to strobe data at the data input 
pins (Ao-A7) into the data latches. This 
signal is active HIGH to admit input data. 
The data is latched at the HfGH to LOW 
transition of STB. 

OUTPUT ENABLE (Input). OE is an input 
control signal which when active LOW 
enables the contents of th'e data latches 
onto the data output pin (Bo-B7)' OE being 
inactive HIGH forces the output buffers to 
their high impedance state. 

DATA INPUT PINS (Input). Data presented 
at these pins satisfying setup time reo 
quirements when STB is strobed and 
latched into the data input latches. 

DATA OUTPUT PINS (Output). When OE is 
true, the data In the data latches is pre· 
sen ted as inverted (8283) or non-inverted 
(8282) data onto the data output pins, 

FUNCTIONAL DESCRIPTION 

8-109 

The 8282 and 8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is Inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-goi ng transients to appear on the data output 
bus. 

AFN·OO727D 



8282/8283' 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias.,.: •............. 0·CtQ,70·C 
Storage Temperature ... " ......... -65·C to + 150·C 
Ali Output and Supply Volt$ges ........ - 0.5V te) +,7V ' 
All Input Voltages .••............... - 1.0V to + 5;5V 
Power Dissipation .•.•.. , .. " ................ 1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum ,Ratings" may cause permanent damage ,to the 
device. This is a stress tating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operatio'nal sections of this specifi
cation is not implied: Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. ' 

P.C. CHARACTERISTICS (Vee = sv i10%, TA = O"Ct070"C) 

Symbol Parameter Min. Max. Units Test Conditions 

Ve Input Clamp Voltage -1 V Ie = -'S,mA 

Ice Power Supply Current 160 mA 

IF Forward Input Current -0.2 mA 'vF = 0.4SV 

IR Reverse Input Current 50 jAA VR = S.2SV ," 

VOL Output Low Voltage .45 II IbL:;: 32, mA 

VOH Output High Voltage 2.4 V !OH = -5mA 

10FF Output Off Current ±50 ,.A VOFF = 0.45 to 5.2SV 

VIL Input Low Voltage 0.8 V Vcc=5.0V See Note 1 

VIH Input High Voltage 2.0 V VCC=S.OV See Note 1 

F= 1 MHz 
CIN Input CapaCitance 12 pF VSIAS =2.SV, Vcc=SV 

TA=2S·C 

NOTE: 

1. Output Loading 10L = 32 mA, IoH = -5 mA, CL = 300 pF.* 

A.C. CHARACTERISTICS (Vce = sv ±10%, TA = O°C to 70°C 
Loading: Outputs-IOL = 32 mA, IoH = -5 mA, CL = 300 pP) 

Symbol Parameter Min. Max. Units Test Conditions 

TIVOV Input to Output Delay (See Note 1) 
-Inverting 5 22 ns 
-Non·lnverting 5 30 ns 

TSHOV STB to Output Delay 
-Inverting 10 40 ns 
-Non·lnverting 10 45 ns 

TEHOZ Output Disable Time 5 18 ns 

TELOV Output Enable Time 10 30 ns 

TIVSL Input to STB Setup Time 0 ns 

TSLIX Input to STB Hold Time 25 ns 

TSHSL STB High Time 1s ns 

TILlH, TOLOH Input, Output Rise Time 20 ns From 0.8V to 2.0V 

TIHIL, TOHOL Input, Output Fall Time 12 ns From 2.0V to 0.8V 

NOTE: *CL = 200 pF for plastic 8282/8283. 
1. See waveforms and test load circuit on following page. 
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8282/8283 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ., 1" AND Q,45V FOR 
A lOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1 ,5V FOR BOTH A 
LOGIC "1" AND "0" 

OUTPUT TEST LOAD CIRCUITS 

1.SV 1.SV 

33Q 180Q 

OUT~ OUT<>--

I300PF. I300PF' 

3·STATE TO VOL 3·STATE TO VOH 

'200 pF for plastic 8282/8283. 

8-111 

2.14V 

52.7Q 

OUT 0---

r300PF' 

SWITCHING 

AFN·OO727D 
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WAVEFORMS 

INPUTS 
\/ \/ 
J\ J\ 

_TlVSL_ !--TSLlX+ 

V \ 
-l TSHSL-\ 

STB 

V \ 
- J \ 

-TiVOV- _n~_ ,,~-C 
VOH-.1V 

\V )-------
Ar\. VOL +.1V 

OUTPUTS 

SEE NOTE 1 
I---TSHOV~ 

NOTE: 1. OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 

2. ALL TIMING MEASUREMENTS ARE MADE AT 1.SV UNLESS OTHERWISE NOTED. 

50 50 

8282 8283 

40 

10 

pF LOAD 

Output Relay VI. Capacitance 
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8284A/8284A-1 
CLOCK GENERATOR AND DRIVER FOR 

iAPX 86, 88 PROCESSORS 

• Generates the System Clock for the 
iAPX 86, 88 Processors: 
5 MHz, 8 MHz with 8284A 
10 MHz with 8284A-1 

• Uses a Crystal or a TTL Signal for 
Frequency Source· 

• Provides Local READY and Multlbus™ 
. READY Synchronization 

REi 0 

X1 
XTAl 

OSCilLATOR 
X2 

F/C 

+3 

EFI 

CSYNC 

RDY1 

AEN1 

RDY2 
·CKt 

AEN2 

FF1 

ASvNC 

Figure 1. 8284A/8284A·1 Block Diagram 

1:\.113 

• 18·Pln Package 

• Single +5V Power Supply 

• Generates System Reset Output from 
Schmitt Trigger Input 

• Capable of Clock Synchronization with 
Other 8284As 

D 

RESET 

OSC . 

PClK 

RDY1 ASYNC 

READY 

ClK 
ClK 

GND 

READY 

Figure 2. 8284A/8234A-1 Pin 
Configuration 
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Table 1. Pin Description 

Symbol Type Name and Function 

AEN1, I Addre •• Enable: AEN is an active lOW 
AEN2 signal. AEN serves to qualify its respective 

Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs a.e tied true (lOW). 

RDY1, I Bus Ready: (Transfer Complete). RDY is an 
RDY2 active HIGH signal which is an indication f.om 

a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
byAEN2. 

ASYNC I Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization 
are provided. When AilYNC is left open 
(internal pull-up resistor is provided) or HIGH 
a single stage of READY syncl;lronization is 
provided. 

READY 0 Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 

X1,X2 I Crystal In: Xl and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 

F/C I FrequencylCrystal Select: F/C is a strapping 
option. When strapped lOW, FIC permits the 
processor's clock to be generated by the crys-
tal. When FICis strapped HIGH, ClK is gener-
ated from the EFI input. 

EFI I Eldernal Frequency: When F/C is strapped 
HIGH, ClK is generated from the input fre-
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired ClK output. 

FUNCTIONAL DESCRIPTION 

General 

The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal
controlled oscillator, a divide·by·three counter, com
plete MULTIBUSTM "Ready" synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 

Oscillator 

The OSCillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 

Symbol Type Name and Function 

ClK 0 Processor Clock: ClK is the clock output 
used by the processor and all devices which 
directly connect to the processor's local bus 
(i.e., the bipolar support chips and other MOS 
devices). ClK has an output frequency which 
is V3 of the crystal or EFI input frequency and a 
V3 duty cycle. An output HIGH of 4.5 volts 
(Vcc= 5V) is provided on this pin to drive MOS 
devices. 

PClK 0 Peripheral Clock: PClK is a TIL level pe-
ripheral clock signal whose output frequency 
is V2 that of ClK and has a 50% duty cycle. 

OSC 0 Oscillator Output: OSC is the TIL level out-
put of the internal oscillator circuitry. Its fre-
quency is equal to that of the crystal. 

RES I Reset In: RES is an active lOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 

RESET 0 Reset: RESET is an active HIGH signal which 
is used to resetthe 8086 family processors. Its 
timing characteristics are determined by 
RES. 

CSYNC I Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes lOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn-
chronized to EFI. When using the internal os-
cillator CSYNC should be hardwired to 
ground. 

GND Ground. 

Vcc Power: +5V supply. 

The crystal frequency should be selected at three times 
the required CPU clock. Xl and X2 are the two cry,stal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resi$tors 
(Rl = R2 = 5100) as shown in the waveform figures are 
recommended. The output olthe oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 

For systems which have a VCC ramp time'" lV/ms andlor 
have inherent board capacitance between X1 or X2. ex
ceeding 10 pF (not including 8284A pin capacitance), the 
two 5100 resistors should be used. This circuit provides 
optimum stability for the oscillator in such extreme condi
tions. It is advisable to limit stray capacitances to less than 
10 pF on Xl and X2 to minimize deviation from operating 
at the fundamental frequency. 

8-114 AFN'()1472C 



8284A/8284A-1 

Clock Generator 
The clock generator consists of a synchronous divide
by-three counter with a special clear input that inhibits 
the counting. This clear Input (CSYNC) allows the out
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn
chronize the CSYNC Input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The Fie input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the +3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 

Clock Outputs 
The ClK output is a 33% duty cycle MOS clock driver 
designed to drive the iAPX 86, 88 processors directly. 
PClK is a TIL level peripheral clock signal whose out· 
put frequency is V2 that of ClK. PClK has a 50% duty 
cycle. 

Reset Logic 
The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the falling 
edge of ClK. A simple RC network can be used to 
provide power·on reset by utilizing this function of the 
8284A. 

READY Synchronization 
Two READY inputs (RDY1, RDY~ are provided to accom
modate two Multi-Master system busses. Each input 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective ROY Signals. If a Multi· 

CLOCK 
SYNCHRONIZE >-+---+-1 D 

EFI 

Q 

Master system is not being used the AEliI pin should be 
tied lOW. 

Synchronization is required for all asynchronous active· 
going edges of either ROY input to guarantee that the 
ROY setup and hold times are mel. Inactive-going edges 
of ROY in normally ready systems do not require syn
chronization but must satisfy ROY setup and hold as a 
matter of proper system design. 

The ASYNC input defines two. modes of READY syn
chronization operation. 

When ASYNC is lOW, two stages of synchronization 
are provided for active READY input signals. Positive· 
going asynchronous READY inputs will first be syn
chronized to flip-flop one at the riSing edge of ClK 
and then synchronized to flip-flop two at the next falling 
edge of ClK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in
puts will be syr.chronized directly to flip-flop two at the 
falling edge of ClK, after which time the READY output 
will go inactive. This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys
tem which cannot be guaranteed by design to meet the 
required ROY setup timing. T R1VCL. on each bus cycle. 

When ASYNC is high or left open, the first READY flip
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of ClK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
ROY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 

D 
Q 

(TO OTHER 8284As) 

Figure 3. CSYNC Synchronization 

8-115 AFN·01472C 



inter 8284A/8284A-1 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .... " ........... O·C to 70·C 
Storage Temperature .............. -65·C to + 150·C 
AU Output and SupplyVolfages ......... -0.5V to + 7V 
Alf Input Voltages .. , ...... : ...•..... -1.0Vto.+5.5V 
Power Dissipath;>n .......................... 1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or ahy other conditions. above 
those indicated in the operational sections of this specifi-' 
cation is not implied. Exposure to, absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA=O·C to 70·C, Vcc=5V± 10%) 

Symbol Parameter Min. 

IF Forward Input Current (ASYNC) 
Other Inputs 

IR Reverse Input Current (ASYNC) 
Other Inputs 

Vc Input Forward Clamp Voltage 

Icc Power Supply Current 

VIL Input lOW Voltage 

VIH Input HIGH Voltage 2.0 

V1HR Reset Input HIGH Voltage 2.6 

VOL Output lOW Voltage 

VOH Output HIGH Voltage ClK 4 
Other Outputs 2.4 

VIHR - VILR RES Input Hysteresis 0.25 

A.C. CHARACTERISTICS (TA=O·C to 70·C, Vcc=5V± 10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min. 

tEHEL External Frequency HIGH Time 13 

tELEH External Frequency lOW Time 13. 

tELEL EFI Period 33 

XTAl Frequency 
.. 

12 

tRWCL RDY1, RDY2 Active Setup to ClK 35 

tRWCH RDY1, RDY2 Active Setup to ClK 35 

tRWCL RDY1, RDY2 Inactive Setup to ClK 35 

tCLR1X RDY1, RDY2 Hold to ClK 0 

tAYVCL ASYNC Setup to ClK 50 

tCLAYX ASYNC Hold to ClK 0 

tAWRW AEN1, AEN2 Setup to RDY1, RDY2 15 

tCLA1X AEN1, AEN2 Hold toClK 0 

tYHEH CSYNC Setup to EFI 20 

tEHYL CSYNC Hold to EFI 10 

tYHYL CSYNC Width 2' tELEL 

tl1HCL RES Setup to ClK 65 

tCLllH RES Hold to ClK 20 

. tlLlH Input Rise Time 

tlLlL Input FaU Time 
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Max. Units Test Conditions 

-1.3 rnA VF=0.45V 
-0.5 mA VF=0.45V 

50 ,..A VR=Vcc 
50 ,..A VR=5.25V 

-1.0 V Ic= -5mA 

162 mA 

0.8 V 

V 

V 

0.45 V 5mA 

V -lmA 
V -lmA 

V 

Max. Units Test Conditions 

ns 90%-90% V1N 

ns 10%-10% VIN 

ns (Note 1) 

25 MHz 

ns ASYNC=HIGH 

ns ASYNC=lOW 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 1) 

ns (Note 1) 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to O.8V 

AFN~01472C 



8284A/8284A-1 

A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 

Symbol Parameter Min. 8284A 

tClCl CLK Cycle Period 125 

tCHCl CLK HIGH Time (V. tClCe! + 2 

tClCH CLK LOW Time (% tClce!-15 

tCH1CH2 CLK Rise or Fall Time 
tCL2Cl1 

tpHPl PCLK HIGH Time !elCl -20 

tplPH PCLK LOW Time tClCl-20 

tAYLCL Ready Inactive to CLK (See Note 3) -8 

tRYHCH Ready Active to CLK (See Note 2) (% tClce!-15 

tCUl CLK to Reset Delay 

tClPH CLK to PCLK HIGH DELAY 

tClPl CLK to PCLK LOW Delay 

tOlCH OSC to CLK HIGH Delay -5 

tOlCl OSC to CLK lOW Delay 2 

tOlOH Output Rise Time (except CLK) 

tOHOl Output Fall Time (except ClK) 

NOTES: 

1. Setup and hold necessary only to guarantee recognition !It next clock. 

2. Applies only to T3 and TW states. 

3. Applies only to T2 states. 

Min. 8284A-1 

100 

39 

53 

!elCl -20 

!elCl -20 

-8 

53 

-5 

2 

Max. Units 

ns 

ns 

ns 

10 ns 

ns 

ns 

ns 

ns 

40 ns 

22 ns 

22 ns 

22 ns 

35 ns 

20 ns 

12 ns 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.SV FOR BOTH A 
LOGIC "1" AND "0." 

8-117 

DEVICE 
UNDER 

TEST 

Cl = 100pF FOR CLK 
Cl = 30pF FOR READY 

Test Conditions 

1.0V to 3.5V 

From 0.8V to 2.0V 

From 2.0V to 0.8V 

-r- lit = ' •• BV 

AFN-01472C 



WAVEFORMS 

CLOCKS AND RESET SIGNALS 

NAME 

EFI 

OSC 

ClK 0 

PClK 0 

CSYNC I 

8284A/8284A·1 

RESET 0 ____ ~/~----------~~t 
NOTE: All TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 

elK 

RDY1,2 

READY 

IRYHCH tRYLCL 

8-118 AFN·01472C 
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WAVEFORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

ClK 

ROY1,2 

tcLR1X 

READY 

tRYHCH tRYLCL 

X1 ClK I lOAD I 
24MHZa I (SEE NOTE 1) 

T X2 

FIC 
R, R2 I 

J. 
CSYNC 

0::- 0::- R 1 = R2 = 5100. 

Clock High and Low Time (Using X1, X2) 

l PULSE I EFI ClK I lOAD I 
GENERATOR I I (SEE NOTE 1) 

VL 
FIC 

r CSYNC 

-

Clock High and Low Time (Using EFI) 

8-1.19 AFN·01472C 
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R, R2 

NOTES: 
1. Ct. - 100 pF 
2. Ct. - 30 pF 

8284A18284A-1 

Vee 

AEJfi ClK 

X1 
24 MHz c:::J READY 

PULSE 
GENERATOR 

TRIGGER 

PULSE 
GENERATOR 

X2 

RDY2 OSC 

FIe 
AEN2 
CSYNC' 

Ready to Clock (Using X1, X2) 

1--t"----1EFI ClK 1----; 

F/~ 

AEfR 
1-----jRDY2 

iEN2 
CSYNC READYI----; 

Ready to Clock (using EFI) 

8-120 

R, = R. = 51011. 
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8286/8287 
OCTAL BUS TRANSCEIVER 

• Data Bus Buffer Driver for IAPX 86,88, 
MCS·80™, MCS·8S™, and MCS·4S™ 
Families 

• High Output Drive Capability for 
Driving System Data Bus 

• Fully Parallel 8·Bit Transceivers 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

The 8286 and 8287 are 8·bit bipolar transceivers with 3·state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 

AO vcc AO vcc 
A1 80 A1 eo 

81 B1 
B2 52 
83 A4 B3 
84 B4 
85 !is 
86 as 
B7 OE §1 

GND T GND T 

Figure 1. Logic Diagrams Figure 2. Pin Configurations 
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8286/8287 

Table 1. Pin Description 

Symbol ~p. ;'" Name and Function 

T I Transmit: T is an input control Signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver's Bo-s,. as outputs with Ao-A7 as inputs. T LOW configures Ao-A7 as 
the outputs with Bo-B7 serving as the inputs. 

OE I Output Enable: OE is an input control Signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 

Ao-A7 1[0 Loclil-SusData Pins: These pins serve to either present dala to or accept data from tile processor's 
local bus depending upon the state ofihe t pin. ' 

Bo-s,.(8286) I/O System Bus Data Pins: These pins serve to either present data to or accept data from the system 
80-67(8287) bus depending upon the state of the T pin. 

FUNCTIONAL DESCRIPTION 

The 8286 and 8287 transceivers are 8-bit transceivers with 
high impedance outputs. With T active HIGH and OE ac
tive LOW, data at the Ao-A7 pins is driven onto the Bo-B7 
pins: With T inactive LOW and OE active LOW, data at the 

Bo-B7 pins is driven onto the Ao-A7 pins. No output low 
glitching will occur whenever the transceivers are enter
ing or leaving the high impedance state. 
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TEST LOAD CIRCUITS 

I.SY I.SV 2.14V 

3312 8812 ~a~. 
OUT OUT OUT r aOOpF' 

3-STATE TO VOL 3-STATE TO VOL SWITCHING 

B OUTPUT A OUTPUT B OUTPUT 

I.SV I.SV 2.28V 

18012 SOO12 ~"~ 
OUT OUT OUT 

r100PF 

3-STATE TO VOH 3.sTATE TO VOH SWITCHING 

B OUTPUT A OUTPUT A OUTPUT 

*200 pF for plastic 8286/8287 

. 8-123 AFN.oI50BC 



8286/8287 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ................. O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. - 1.0V to + 5.5V 
Power Dissipation ............•............. 1 Watt 

"NOTICE: Stresses above those listed' under "Absolute 
Maximum Ratings': may cause permanent damage to the 
device. This is a stress rating only ahd functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vee = +5V ±10%, TA= O°C to 70°C) 

Symbol Parameter Min Max Units Test Conditions 

Ve Input Clamp Voltage -1 V le=-5 mA 

Icc Power Supply Current-8287 130 mA 
-8286 160 mA 

IF Forward Input Current -0.2 mA VF=0.45V 

IR Reverse I n put Current 50 !1A VR= 5.25V 

VOL Output Low Voltage -BOutputs .45 V IOL = 32 mA 
-A Outputs .45 V IOL = 16 mA 

VOH Output High Voltage -BOutputs 2.4 V IOH=-5 mA 
-A Outputs 2.4 V IOH= -1 mA 

IOFF Output Off Current IF VOFF =0.45V 
IOFF Output Off Current IR VOFF =5.25V 

V1L Input Low Voltage -A Side 0.8 V Vee = 5.0V, See Note 1 
-B Side 0.9 V Vee = 5.0V, See Note 1 

V1H Input High Voltage 2.0 V Vee= 5.0V, See Note 1 

F= 1 MHz 
C1N Input Capacitance 12 pF VBIAS=2.5V, Vee=5V 

TA= 25·C 

NOTE: 
1. B Outputs-IOL = 32 rnA, IOH = -5 rnA, Ct. = 300 pP: A Outputs-IOL = 16 rnA, IOH = -1 rnA, Ct. = 100 pF. 

A.C. CHARACTERISTICS (Vee = +5V ±10%, TA = O°C to 70°C) 

Loading: B Outputs-IOL = 32 mA, IOH = -5 mA, CL = 300 pP 
A Outputs-IOL = 16 mA, IOH = -1 mA, CL = 100 pF 

Symbol Paramater 

TIVOV Input to Output Delay 
Inverting 
Non-Inverting 

TEHTV Transmit/Receive Hold Time 

TTVEL Transmit/Receive Setup 

TEHOZ Output Disable Time 

TELOV Output Enable Time 

TILlH, Input, Output Rise Time 
TOLOH 

TIHIL, Input, Output Fall Time 
TOHOL 

" CL - 200 pF for plastic 8286/8287 

NOTE: 
1. See waveforms and test load circuit on following page. 

Min 

5 
5 

5 

10 

5 

10 

8·124 

Max 

22 
30 

18 

30 

20 

12 

Units Test Conditions 

ns (See Note 1) 
ns 

ns 

ns 

ns 

ns 

ns From 0.8 V to 2.0V 

ns From 2.0V to 8.0V 

AFN-ol508C 
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WAVEFORMS 

INPUTS \1 ______ -J/\~ __________________________________________ __ 

V 
J 

\ 
1\ 

TEHOZ -VOH -.1V TELOV-C= 
OUTPUTS \V D>-- - - - --

________ J/!\'-__________ +_ ...... I VOL + .IV 

NOTE: 

1. All timing measurements are made at 1.5V unless otherwise noted. 

fd 
II) 

z 

5 
w 
c 

50 

40 

8287 

200 400 600 800 1000 

pF LOAD 

u 
w 
II) 

z 

5 
w 
c 

50 

10 

-- ""~1'___r-_T_T_V_E_L ____ _ 

200 400 600 800 1000 

pF LOAD 

Output Delay versus Capacitance 
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8288 

BUS CONTROLLER 
FOR iAPX 86, 88 PROCESSORS 

• Bipolar Drive Capability • 3·State Command Output Drivers 

• Provides Advance~··Commands·· • Conflgurable for Use with an 110 Bus 

• Provides Wide Flexi~iIi~y in System • Facilitates Interface to One or Two 
~\ 

Configurations Multi·Mast,r Busses ' 

The Intel. 8288 Bus Controller is a 2D-pln bipolar component for use with medlum-to-Iarge iAPX 86, 88 processing 
systems. The bllscontroller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing System performance .. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 

STAe::\ ~--
112----: 

{

ClK-

CONTROL AEN 
INPUT CEN 

,IOB-

STATUS 
DECODER 

CONTROL 
lOGIC 

+5V 

COM· 
MAND 

SlGI!IAl 
GENER· 
ATOR 

CONTROL 
SIGNAL 
GENeR· 
ATOR 

GND 

MRDC 

• MWTC 

AMWC MUlTIBUS'· 
10iiC COMMAND 

IOWC 
SIGNALS 

AIOWC 

INTA 

DT/R } ADDRESS LATCH, DATA 
DEN TRANSCEIVER, AND 
MCElPDEN INTERRUPT CONTROL 
ALE SIGNALS 

Figure 1. Block Diagram 

8-126 

108 VCC 

ClK so 
51 52 

DTiii MCElPDEN 

ALE DEN 

AEN CEN 

MRDC INTA 

AMWC 10RC 

MWTC AIOWC 

GND 10WC 

Figure 2. 
Pin Configuration 



inter 8288 

Table 1. PIn DescrIptIon 

Symbol Type Name and Funcllon Symbol Type Name and. Function 

Vcc Power: +5V supply. AIOWC 0 Advanced I/O Write Command: The 

GND Ground. 
AIOWC issues an·· I/O Write Command 
earlier in the machine cycle to give I/O 

So. S,. S. I Status Input Pins: These pins are the 
status input pins from the 8086. 8088 or 
8089 processors. The 8288 decodes these 
inputs tq generate command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See.chartunder Command and 

devices an early indication of a write in-
struction. Its timing is the seme as a read 
command signal. AIOWC is active LOW. 

10WC 0 I/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 

Control Logic,) 

CLK I Clock: This' is a plock signal from the 
8284 clock generator and serves to estab-
lish when command and control signals 

10AC 0 I/O Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signal is active 
LOW. 

are generated. AMWC 0 Advanced Memory Write Com-

ALE 0 Addre .. Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal.is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent 0 type latches. 

DEN 0 Data Enable: This signal serves to en-
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 

mand: The AMWC issues a memory write 
command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 

MWTC 0 Memory Write Command: This dim, 
mand line instructS the memory to record 
the data present on the data bus.' This 
Signal is active LOW. . ," , . 

DT/R 0 Data Transmit/Receive: This signal es-
tablishes the direct(on of data flow 
through. the transceivers. A HIGH. on this 
line indicates Transmit (write t() I/O or 

MADC 0 Mamory Read Command: This com-
mand line instructs the memory to drive 
its data onto the data bus; This signal is 
active LOW. 

memory) and a LOW indicates Aeceive INTA 0 Interrupt Acknowledge: This command 
(Aead). line tells an interrupting device that its 

AEN I Address Enable: AEN enables command 
outputs ofthe 8288 Bus Controller at least 
115 ns after it becomes active (LOW). AEN 
going inactive immediately 3-states the 

interrupt has been·acknowledged and 
that it should drive vectoring information 
onto the data bus. This signal is active 
LOW. 

command output drivers. AEN does not MCElPDEN 0 This is a dual function pin. , 

affect the I/O command lines if the 8288 is MCE (lOB Is tied LOW): Master Cascade 
in the I/O Bus mode (lOB tied HIGH). Enable occlirs during an interrupt se-

CEN I Command Enable:· When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH. these same outputs are enabled. 

quence and serves to read a Cascade 
Address from a master PIC (Priority Inter-
rup! Controller) onto the data bus. The 
MCE signal is active HIGH. 
PDEN (lOB Is tied HIGH): Peripheral 
Data Enable enables the data b"s.trans, 

lOB I Input/Output Bus Mode: When the lOB is 
strapped HIGH the 8288 functions in the 

ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LpW. 

I/O Bus mode. When it Is strapped LOW. 
the 8288 functions in the System Bus 
mode. (See sections on I/O Bus and Sys-
tem Bus modes). 

8-127 AFN.{)'504B 



8288 

FUNCTIONAL DESCRIPTION 

Command and Control Logic 
The command logic decOdes the three 8086, 8088 or 8089 
CPU status lines (50; 51, S2l to determine what command 
is to be Issued. 
This chart shows the meaning of each status "word". 

s; S; So Processor State 8288Command 

0 0 0 Interrupt Acknowledge INTA 
0 0 1 Read 1/0 Port 10RC __ 
0 1 0 Write I/O Port 10WC,AIOWC 
0 1 1 Halt None 
1 0 0 Code Access M'RDc 
1 0 1 Read Memory MRDC 
1 1 0 Write Memory MWTc,AMWC 
1 1 1 Passive None 

The command is issued in one of two ways dependent 
on the mode ofthe828BcBus Controller. 
I/O Bus Mode - The 8288 isin the I/O Bus mode if the 
lOB pin is strapped HIGH. In the I/O Bus mode all 110 
command lines (IORC, 10WC, AIOWC, INTA) are always 
enabled (i.e., notdepenaent on AEN). When an I/O com
mand is initiated by the processor, the 8288 immediately 
activates the. command lines using PDEN and DTlRto 
control the 110 bus transceiver. The 1/0 command lines 
shouid'..not be useGtto control the system bus in this 
configuraUon because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex
ternal busses .. No waiting is involved when the CPU 
wants to g~i~access to.the 110 bus. Normal memory ac
cess requires a"Bus Ready" signal (AEN LOW) before it 
will proceed. It is advantageous to use the lOB mode if 
110 or peripherals dedicated to one processor exist in a 
multi·processor system. 

System Bus Mode ~ The 8288 isi n the System Bus mode 
if the lOB pin is strapped LOW. In this mode no command 
is issued until 115 ns after the AEN Line is activated 
(LOW). This mode assumes bus arbitration logic will in
form the bus controller (on the AEN line) when the bus is 
free for use. Both memory and I/O commands wait for bus 
arbitration. This mode is used when only one bus exists. 
Here; both I/O and memory are shared by more than one 
processor. 

COMMAND OUTPUTS 
The advanced write commands are made available to in
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter
ing an unnecessary wait state. 

The command outputs are: 

MRDC - Memory Read Command 
MWTC - Memory Write Command 
10RC - 110 Read Command 
10WC - 110 Write Command 
AMWC - Advanced Memory Write Command 
AiOWc - Advanced I/O Write Command 
INTA - Interrupt Acknowledge 

ifif'i'A (Interrupt Acknowledge) acts as an 110 read during 
an interrupt cycle. Its purpose is to inform an . inter
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 

CONTROL OUTPUTS. 
The control outputs of the 8;288 are Data Enable (DEN), 
Data Transmit/Receive (DT/Ri and Master Cascade 
Enable/Peripheral Data Enable (MCEIPDEN). The DEN 
signal determines when the external bus should be 
enabled ontolhe local bus and the DTIA determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 

The MCElPDEN pin changes function with the two 
modes of the 8288. When the 8288 is in the lOB mode 
(lOB HIGH) the f5t5rn signal serves as a dedicated data 
enable signal-for the I/O or Peripheral System bus. 

INTERRUPT ACKNOWLEDGE AND MCE 
The MCE signal is used during an interrupt acknowl
edge cycle if the 8288 Is in the System Bus mode (lOB 
LOW). During any interrupt sequence there are two inter
rupt acknowledge cycles that occur back to back. Dur
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con
troller's (PIC) cascade address onto the processor's 
local. bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto th.e sYlltem data bus where it is 
read by the processor. 

If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 
Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
~d!!ss latches. ALE also serves to strobe the status (SQ, 
$1' S21 into a latch for halt state decoding. 

COMMAND ENABLE 
The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........•.•.....•• O"C to 70"C 
Storage Temperature ............... -6SoC to +15O"C 
All Output and Supply Voltages •..•....• -O.SV to +7V 
All Input Voltages ...•................ -1.0V to +S.SV 
Power Dissipation ..............•............ 1.S \/\/att 

'NOTICE: Stresses above those listed urider "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a atress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied; Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vee = SV ± 10%, TA = O"C to 70"C) 

Symbol ' Parameter Min. Max. 

Ve ' Input Clamp Voltage -1 

Icc .' Power Supply Current 230 

IF Forward Input Current -0.7 

IR Reverse Input Current SO 

VOL Output Low Voltage 
Command Outputs O.S 
Control Outputs O.S 

VOH Output High Voltage 
Command Outputs 2.4 
Control Outputs 2.4 

V1L 'Input LowVoltage O.B 

VIH Input High Voltage 2.0 

IOFF Output Off Current 100 

A.C. CHARACTERISTICS (Vee = SV ± 10%, TA = O·C to 70"C) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TCLCL CLK Cycle Period 100 

TCLCH CLKLowTime SO 

TCHCL CLK High Time 30 

TSVCH Status Active Setup Time 3S 

TCHSV Status Active Hold Time 10 

TSHCL Status Inactive Setup Time 35 
TCLSH Status Inactive Hold Time 10 

TILIH Input, Rise Time 20 

TIHIL Input, Fall Time 12 

8-129 

Unit ' reat Conditions 

V Ie = -SmA 

rnA 

rnA, VI' = 0.4SV 

/LA VR = Vee 

V ,IOL '=; 32 rnA 
V 10L= 16mA 

V IOH = -S rnA 
V 'IOH = -1 rnA 

V 

V 

p.A VOFF = 0.4 to S.2SV 

Unit Test CondHlona 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From O.BV to 2.0V 

ns f'rom 2:0V to O.BV 
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A.C. CHAftACTERISTICS (Continued) 
TIMING RESPONSES 

Symbol Parameter 

TCVIIIV. Control Active Delay 

TCVNX Control Inactive Delli}' 

TCLLH, ALE MCE Active Delay (from CLK) 
TCLMCH 

TSVLH, ALE MCE Active Delay (from 
TSVMCH Status) 

TCHLL ALE Inactive Delay 

TCLML Command Active Delay 

TCLMH Command Inactive Delay 

TCHDTL . Direction Control Active Delay 

TCHDTH Direction Control Inactive Delay 

TAELCH Command Enable Time 

TAEHCZ Command Disable Time 

TAELCV Enable Delay Time 

TAEVNV AEN to DEN 

TCEVNV CEN to DEN, PDEN 

TCELRH CEN to Command 
TOLOH Output, Rise Time 

TOHOL Output, Fall Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

8288 

Min. Max. Unit 

5 45 ns 

10 45 ns 

20 ns 

20 ns 

4 15 ns 

10 35 ns 

10 35 ns 

50 ns 

30 ns 

40 ns 

40 ns 

115 200 ns 

20 ns 

25 ns 

TCLML ns 
20 ns 

12 ns 

A.C. TESTING: INPU1SARE DRIVEN AT 2.4V FORA LOGIC "1" AND 0.45V FOR 
A LOGIC "0," THE CLOCK IS DRIVEN AT 4.3V AND O.2SV. TIMING MEASURE~ 
MENTS ARE MADE AT 1.SVFOR BOTH A LOGIC .",."' AND "0." 

TEST LOAD CIRCUITS-3·STATE COMMAND OUTPUT TEST LOAD 

1.5V 1.SV 

oo'~'·" 
rOOPF 

r3Q 
OUTi 

1300 pF 

3·STATE TO HIGH 3·STATE TO LOW 

8·130 

2.14V 

o~~·'" 
1300 pF 

COMMAND OUTPUT 
TEST LOAD 

Te.t Conditions 

MRDC 

IORC 

MWTC 10L =32 mA 

IOWC 10H = -5 mA 

INTA CL = 300 pF 

AMWC 

AIOWC 

I 
10L = 16 mA 

Other IOH = -1 mA 

CL = SO pF 

From O.SV to 2.0V 

From 2.0V to O.SV 

2.28V 

O"'~"· 
180PF 

CONTROL OUTPUT 
rEST LOAD 

AFN-Ql504B 
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WAVEFORMS 

STATE _T. T, T, -T3---

l\ 
---TCLCL~ 

-TCLCH-0 L.J' / r\ J 'L-J 
CLK 

TCHSV- ~ - TSVCH - TCHCL- -y- -TSHCl - lCLS~ 
\ V 
1\ 

"" 
X AD DR WRITE (i) VALlO DATA VALID 

ADDRESS/DATA 

TCLlH_ r r9 i.-lCHLL TSVLH 

.... 

ALE 

) 
) 

) 
) 

DEN (WRITE ) 

PDEN (WRITE ) 

) OTiR (READ 
(INTA ) 

MCE 

" 
-

lCVNV-

TCHDTH-- ti 

====C1 \ 
\ 

J 
I 

I 
1--

TCLMCH_it ~~~SVMcT 
1. ADDRE8&fDATA BUS IS SHOWN ONLY FOR RE~ERENce PURPOSES. 

\ 
\ 
-TCLML - _lCLML 

\ 

"" - -lCVNV 

J 

\ 
1\ 

I--

V 
J 

\ 
1\ 

TCHOTl 
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3. ALL TIMING MEASu.,EMENTS ARE MADE AT 1.5\' UNLESS SPECIFIED OTHERWfSE. 
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WAV.EFORMS (Continued) 

DEN, PDEN QUALIFICATION TIMING 

CEN 
\V 
II\, 

m \V 
/1\ 

!--TAEVNV-

DEN 
\I \V 
/1\ 1\ 

I--TCEVNV_ 

I'li!R 

ADDRESS ENABLE (AEN) .TIMING (3-STATE ENABLE/DISABLE) 

OUTPUT 
COMMAND 

CEN 

\~TAElCV~ 

\:5V 

TAElCH_
1 ·OH 

J 

/' 
I! 

TCElRH- -

/ 
-TCElRH-

\ 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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8289 
BUS ARBITER 

• Provide~ Multi-Master System Bus 
protocol 

• Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 

• Provides Simple Interface with 8288 
Bus Controller 

• Four Operating Modes for Flexible 
System Configuration 

• Compatible with Intel Bus Standard 
MULTIBUS™ 

• Provides System Bus Arbitration for 
8089 lOP in Remote Mode 

The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 multi
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 lOP in its REMOTE mode, while providing bipolar buffering and drive capability. 

{
So 

8088/808818089 
STATUS ~ 

INIT 1 BClK 
BREQ MULTIBUS™ 
BPRN COMMAND 
BPRO SIGNALS 

BUSY 
CBRQ 

PROCESSOR I CR~~!~ 
CONTROL RESB } 

ANYRQST AEN SYSTEM 

lOB -L~~~~~=~;;;;;;d- SIGNALS SYSBIIiEmi 

52 VCC 

lOB Si 
So 

RESB ClK 

BClK [QCj( 

INIT CRQlCK 

ANYRQST 

BPRO AEN 
BPRN C8RQ 

GND BIJSY 

+5V 

Figure 1. Block Diagram 

GND VCC 

{
So 

PROCESSOR 51 
STATUS -_ 

- S2 

_ elK 8289 

s~~::~~~ - CRQLCK 
OPTIONS - RESB 

- ANYRQST 
-lOB 

MUlTIBUS 
INTERFACE 

- SYSBIREH } SYSTEM 
Jm;j SIGNALS 

Figure 2. Pin Diagram Figure 3. Functional Pinout 
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Table 1. Pin <Description 

Symbol Type Name and Function Symbol Type Name and Function 

Vcc Power: +5V supply ±10%. AEN 0 Address Enable: The output of the 8289 

GND Ground. 

SO,Sl,S2 I Status InpulPins: The status input pins 

Arbiter to the processor's address latches, 
to the 8288 B,us ContrQller and 8284A· 
Clock Generator. AEN serves to instrucithe 

from an 8086; 8088 or·8089 processor. The Bus Controller and address 'latches when 
8289 decodes these pins to initiate bus re-
quest and surrender !lctions. (See Tai)le 2.) 

ClK I Clock: From the 8284 clock chip and 

to tri-state their output drivers. 

SYSB/ I System .BuslRasldent Bus: An input 
RESB signal when the arbiter is configured in the 

serves to establ,ish when bus arbite~,ac- S.R. Mode (RESB 1s strapped high) which 
tions are initiated. determines when the multi-master system 

lOCK I Lock: A processor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 

bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is ,int,ended to originate from a form of 

bus to any other bus artiter, regardless of 
its priority. 

CROlCK I Common Request lock: An active low 
signal which prevents the arbiter from sur-
rendering the multi,master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 

address-mapping circuitry, as a decoder or 
PROM attached to the resident ad,dress 
bus. Signal transitions and glitches are 
permitted on this pin from </>1 ofT4 to </> 1 of 
T2 of the processor cycle. During the 
period from </>1 ofT2 to </>1 ofT4, only clean 
transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 

RESB I Resident Bus: A strapping option to con- capture or miss it, and the mUlti-master 
figure the arbiter to operate in systems hav- system bus may be requested or surren-
ing both a multi-master system bus and a dered, depending upon the state of the 
Resident Bus. Strapped high, the multi- glitch. The arbiter requests the multi-
master system bus is rE1quested or surren- master system bus in the S.R. Mode when 
dered as a function of the SYSB/RESB the state of the SYSB/RESB pin is high and 
input pin. Strapped low, the SYSB/RESB permits the bus to be surrendered when 
input is ignored. this pin is low. 

ANYROST I Any Request: A strapping option which CBRO I/O Common Bus Request: An input signal 
permits the multi-master system bus to be which instructs the arbiter if there are any 
surrendered to a lower priority arbiter as if other arbiters of lower priority requesting 
it were an arbiter of higher priority (i.e., the use of the mUlti-master system bus. 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus The CBRO pins (open-collector output) of 
is surrendered as soon as it is possible). all the 8289 Bus Arbiters which surrender 
When ANYROST is strapped low, the bus is to the multi-master system bus upon re-
surrendered according to Table 2. If ANY- quest are connected together. 
ROST is strapped high and CBRO is ac-
tivated, the bus is surrendered althe end of The Bus Arbiter running the current trans-
the present bus cycle. Strapping CBRO low fer cycle will not itself pull the CBRO line 
and ANYROST high forces the 8289 ari)iter low. Any other arbiter connected to the 
to surrender the multi-master system bus CBRO line can request the multi-master 
after each transfer cycle. Note that when system bus. The arbiter presently running 
surrender occurs BREO is driven false the current transfer cycle drops its BREO 
(high). signal and surrenders the bus whenever 

lOB I 10 Bus: A strapping option which confi-
gures the 8289 Arbiter to operate in sys-
tems having both an 10 Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 

the proper surrender conditions exist. 
Strapping CBRO low and ANYROST high 
allQws the multi-I'llaster system bus to be 
surrendered after each transfer cycle. See 
the pi~ definition of ANYROST. 

the mUlti-master system bus as a function INIT I Initialize: An active low multi-master sys· 
of the status line, 52.The multi-master sys- lem bus input signal used to reset all the 
tem bus is permitted to be surrendered bus arbiters Oil the multi-master system 
while the processor is performing)O com- bus. After initialization, no arbiters have 
mands and is requested whenever the pro- the use of the mUlti-master system bus. 
cessor performs a memory command. 
Interrupt cycles are assumed as coming 
from the peripheral bus and are treated as 
an 10 command. 
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Table 1. Pin Descriptions (Continued) 

Symbol 'JYpe Name and Function 

BCLI< I BUB' Clock: The mUlti-master system bus 
clock to which all multi-master system bus 
interface signals are synchronized. 

BREQ 0 BUB RequeBt: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 

BPRN I BUB Priority In: The active low signal re-
turned to the arbiter to instruct itthat it may 
acquire the multi-master system bus on the 
next falling edge of BClK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 

FUNCTIONAL DESCRIPTION 

The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86,88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un
aware of the arbiter's existence and issues commands as 
though it has exclusive use of the system bus. If the pro
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
"Not Ready" and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv
ers, and the address latches to access the system. Typi
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate "READY" from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 

Arbitration Between Bus Masters 

In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master Is not accessing the system bus. 
A strapping option (ANYRQST) Is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though It were a master of higher priority. If there are no 
other bus masters requesting the bus, the arbiter main· 
talns the bus so long as Its processor has not entered 

Symbol ~pe Name and Function 

BPRO 0 BUB Priority Out: An active low output 
signal used·in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 

BUSY I/O ' BUBY: An active low open collector 
mUlti-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail-
able. When the multi-master system bus is 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSY Signal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 

the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master's bus request, the HALT State being the only ex
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus Is surrendered or requested under different sets of 
conditions. 

Priority Resolving Techniques 

Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv
ing techniques. All the techniques are based on a priori
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 
resolving techniques, and rotating priority techniques. 

PARALLEL PRIORITY RESOLVING 
The parallel priority resolving technique uses a separate 
bus request line (mtEti) for each arbiter on the multi: 
master system bus, see 'Figure 4. Each BREQ line enters 
into a priority encoder which generates the binary ad; 
dress of the highest priority BREQ line which is active. 
The binary address is decoded by a decoder to select 
the corresponding BPRN (Bus Priority In), line to be 
returned to the highest priority requesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus is no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 
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Upon completing Its transaction the present bus occu
pant recognizes that it no longer has priority and sur
renders the bus by releasing BUSY. BUSY is an active 
low "OR" tied signal line which goes to every bus arbiter 
on the system bus. When BUSY goes inactive (high); the 
arbiter which presently has bus priority (BPRN true) then 

seizes the bus and pulls BUSY low to keep other arbiters 
off of the bus. See waveform timing diagram, Figure 5. 
Note that ali-multi-master system bus transactions are 
synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority 
resolving scheme employed to settle. 

74148 
PRIORITY 
ENCODER 

74138 
3TOB 

DECODER 

Figure 4. Parallel Priority Resolving Technique 

I HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI·MASTER SYSTEM BUS. 
2 ATTAINS PRIORITY. 
3 LOWER PRIORITY BUS ARBITER RELEASES BUSY. 
4 HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 

Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 
The serial priority resolving technique eliminates the 
need for the priority encoder·decoder arrangement by 
daisy·chaining the bus arbiters together, connecting the 
higher priority bus arbiter's BPRO (Bus Priority Out) out
put to the BPRN of the next lower priority. See Figure 6. 

ceRa: : BUSY 

THE NUMBER OF ARBITERS THAT MAY BE DAISY·CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA· 
GATION DELAY FROM ARBITER TO ARBITER. NORMALLY, AT 10 MHz ONLY 3 ARBI· 
TER MAY BE DAISY·CHAINED. 

Figure 6. Serial Priority Resolving 

ROTATING PRIORITY RESOLVING 
The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re·assigned. The priority en
coder is replaced by a more complex circuit which ro
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi·master 
system bus, over time. 

Which Priority Resolving Technique To 
Use 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter· 
nallogic but can accommodate only a limited number of 
bus arbiters before the daisy·chain propagation delay 
exceeds the multi·master's system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 

*1" some system configurations it is possible for a non·1I0 Processor to 
have access to more than one Multi·Master System ,Bus. see 8289 
Application Note. 

8289 MODES OF OPERATION 

There are two types of processors in the iAPX 86 family. An 
Input/Output processor (the 8089 lOP) and the iAPX 86/1 O. 
88/10 CPUs. Consequently. there are two basic operating 
modes in the 8289 bus arbiter. One. the lOB (I/O Peripheral 
Bus) mode. permits the processor access to both an I/O 
Peripheral Bus and a multi-master system bus. The sec
ond. the RESB (ReSident Bus mode). permits the pro
cessor to communicate over both a Resident Bus and a 
multi-master system bus. An I/O Peripheral Bus is a bus 
where all devices on that bus. including memory. are 
treated as I/O devices and are addressed by I/O com
mands. All memory commands are directed to another 
bus. the multi-master system bus. A Resident Bus can 
issue both memory and I/O commands. but it is a distinct 
and separate bus from the multi-master system bus. The 
distinction is that the Resident Bus has only one master. 
providing full availability and being dedicated to that one 
master. 

The lOB strapping option configures the 8289 Bus Ar· 
biter into the lOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped 
false, the arbiter interfaces the processor to a multi· 
master system bus only (see Figure 7). With both op· 
tions strapped true, the arbiter interfaces the processor 
to a multi·master system bus, a Resident Bus, and an I/O 
Bus. 

In the lOB mode, the processor communicates and con· 
trois a host of peripherals over the Peripheral Bus. When 
the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 
8 shows a possible I/O Processor system configuration. 

The iAPX 86 and iAPX 88 processors can communicate 
with a Resident Bus and a multi-master system bus. Two 
bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. In such a 
system configuration the processor would have access to 
memory and peripherals of both busses. Memory map
ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 
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A summary of the modes that the 8289 has. along with 
its response to its status lines inputs. is summarized in 
Table 2. 
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Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 

Slatua Linea From ~ RESB (Mode) Only lOB Mode RESB Mode 

8086 or 8088 or 8089 Only lOB = High RESB = High lOB = Low RESB = High 

52 51 SO lOB = Low SYSB/RESB = High SYSB/RESB = Low SYSB/RESB = High SYSB/RESB = Low 

110 
0 0 0 x x x x 

COMMANDS 
0 0 1 x , x x x 
0 1 0 x x x x 

HALT 0 1 1 x x x x x 

1 0 0 x x 
MEM 

1 0 1 x x 
COMMANDS 

1 1 0 x x 

IDLE 1 1 1 x x x x x 

NOTES: 
1. X = Multi·Master System Bus is allowed to be Surrendered. 
2. .- = Multi·Master System Bus is Requested. 

Pin Multi·Master System Bus 
Mode 

Strapping Requested* '" Surrendered' 

Single Bus 10B= High Whenever the processor's 
HLT + TI. CBRQ+ HPBRQt Multl·Master Mode RESB= Low status lines go active 

RESB Mode Only 10B=High SYSB/RESB" High' (SYSB/RESB" Low + TI) • 
RESB" High ACTIVE STATUS CBRQ+ HLT + HPBRQ 

lOB Mode Only 10B= Low Memory Commands 
(1/0 Status + TI) • CBRQ + 

RESB= Low HLT+HPBRQ 

10B=Low (Memory Command) • 
((1/0 StatusCommands)+ 

lOB Mode·RESB Mode SYSB/RESB" LOW)) • CBRQ 
RESB" High (SYSBIRESB" High) + HPBRQt +HLT 

NOTES: 
• LOCK prevents surrender of Bus to any other arbiter, CROlCK prevents surrender of Bus to any lower priority arbiter. 

"Except lor HALT and Passive or IDLE Status. 
t HPBRO, Higher priority Bus request or BPRiii = 1. 
1. lOB Active Low. 
2. RESB Active High. 
3. + is read as "OR" and. as "AND." 
4. TI= Processor Idle Status 52, 51, So= 111 
5. HLT= Processor Halt Status 52, S;, 00=011 
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BUS 

ARBITER 

REAOY -fF -"'lrr'h CLK 
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Figure 7. Typical Medium Complexity CPU System 
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Figure 8. Typical Medium Complexity lOB System 
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R",DENT BUS 

8289 

o 
A!HZ AEN1I>---------, ..... 

CLOCK 

=ENTBUS--------i ADY11-------1-------- XACK MULTI·MASTER SYSTEM BUS 

svsBIfiEII 

RESIDENT COMMAND 
BUS 

DTIR 
108 ••• 

PROM 
OR 

DECODER 

ADDR 
RESIDENT ADDRESS LATCH 
BUS 121218283 

(2 Oft 3) 

RESIDENT DATAt:======~TRANSCEIVEAK~=~~===~ BUS \ "'~7 

·BY ADDING ANOTHER 8219 ARBITER AND CONNECTING ITS "EN TO ~THE f2II 
WHOSE i'EN ts PRESENTLY GROUNDED, THE PROCESSOR COULD,HAVE ACCEse 
TO TWO MULTI·MASTER IUSES. 

MULTI·MASTER SVSTEM 
BUS ,CONTROL 

Vcc 

MULTI·MASTEA SYSTEM 
COMMAND BUS 

MULTI·MASTER SYSTEM 
ADDRESS BUS 

Figure 9. 8289 Bus Arbiter Shown In System-Resident Bus Configuration 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ................ O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. - 1.0V to + 5.5V 
Power Dissipation ......................... 1.5 Watt 

8289 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C, Vee 1= +5V ±10%) 

Symbol Parameter Min. Max. Units 

Ve Input Clamp Voltage -1.0 V 

IF Input Forward Current -0.5 rnA 

IR Reverse Input Leakage Current 60 I-'A 

VOL Output Low Voltage 
BUSY,CBRQ 0.45 V 
AEN 0.45 V 
BPRO,BREQ 0.45 V 

VOH Output High Voltage 
BUSY,CBRQ Open Collector 

All Other Outputs 2.4 

icc Power Supply Current 165 

V1L Input Low Voltage .8 

V1H Input High Voltage 2.0 

Cin Status Input Capacitance 25 

Cin (Others) Input Capacitance 12 

A.C. CHARACTERISTICS (Vee = +5V ±10%, TA = O°C to 70°C) 

TIMING REQUIREMENTS 

Symbol Parameter Min. 

TClCl ClK Cycle Period 125 

TClCH ClK low Time 65 

TCHCl ClK High Time 35 

TSVCH Status Active Setup 65 

TSHCl Status Inactive Setup 50 

THVCH Status Active Hold 10 

THVCl Status Inactive Hold 10 

TBYSBl BUSYHSetup to BClKt 20 

TCBSBl CBROt tSetup to BClKt 20 

TBlBl BClK Cycle Time 100 

TBHCl BClK High Time 30 

TCllL1 lOCK Inactive Hold 10 

TClLl2 lOCK Active Setup 40 

TPNBl BPRNHto BClK Setup Time 15 

TClSR1 SYSB/RESB Setup 0 

TClSR2 SYSB/RESB Hold 20 

TIVIH Initialization Pulse Width 3TBlBl+ 
3 TClCl 

TILIH Input Rise Time 

TIHIL Input Fall Time 
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V 

rnA 

V 

V 

pF 

pF 

Max. 

TClCl-10 

TClCl-10 

.65[TBlBlJ 

20 

12 

Test Condition 

Vee=4.50V, le= -5 rnA 

Vee = 5.50V, VF = 0.45V 

Vee = 5.50, VR = 5.50 

IOL= 20 rnA 
IOL= 16 rnA 
IOL= 10 rnA 

IOH=400 I-'A 

Unit Test Condition 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8 to 2.0V 

ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Paramater 

TSLBRL BCLK to BREO DelayH 

TBLPOH BCLK to BPROt t (See Note 1) 

TPNPO BPRNt tto BPROt tDelay 
(See Note 1) 

TBLBYL BCLK to BUSY Low 

TBLBYH BC'LK to BUSY Float (See Note 2) 

TCLAEH CLK to AEN High 

TBLAEL BCLK to AEN Low 

TBLCBL BCLK to CBRO Low 

TRLCRH BCLK to CBRO Float (See Note 2) 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

t r Denotes that spec applies to both transitions of the signal. 

NOTES: 

8289 

Min. Max. Unit Test Condition 

35 ns 

40 ns 

25 ns 

60 ns 

35 ns 

65 ns 

40 ns 

60 ns 

35 ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 
2. Measured at .5V above GND. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPut 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC '1" AND 0 45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0 2SV. TIMING MEASURE
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC '1" AND "0 " 

A.C. TESTING LOAD CIRCUIT 

OEVICE 

'1CL~100PF 
UNDER 

TEST 

-::-

CL = 100pF 
CL INCLUDES JIG CAPACITA~CE 
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WAVEFORMS 

STATE --T. T1--I---T,-~I---T3-~I---T. 

elK 

J:ljl:Ji 
(SEE NOTE 1) 

sysalJi!Si 

AEN 
(BEE NOlEa) 

PROCESSOR eLK RELATED 

IUS eLK RELATED 

ADDITIONAL NOTES: 

1IREil., 

...... , 
(1JR01t1) 

NOTES: 
1. I1iCR ACTIVE CAN OCCUR DURING ANY STATE, AS lONG AS THE 

RELATIONSHIPS SHOWN ABOVE WITH RESPECT TO THE ClK ARE MAINTAINED. 
LOCK INACTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. 
:cRm:CK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

2. GLiTCHING OF SYSBJReSB PiN IS PERMITTED DURING THIS TIME. AFTER </> 2 OF 
T1, AND BEFORE </>1 OF T4, SYSBIRESB SHOULD BE STABLE. 

3. AEN lEADING EDGE IS RELATED TO 'BCiJ(, TRAILING EDGE TO CLK. THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PflIORITY IS lOST. 

The signals related to CLK are typical processor Signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCCi<. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bu~ arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume arb~s the bus and is holding busy low. Arbiter #2 detect~rocessor wants the bus and 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPAN when it makes 
the bus request rather than having to walt for another arbiter to release the bus through~.·· Arbiter #1 will relin
quish the multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO#l (tied to 
~ and releasing BUSY. Arbiter #2 now sees that it has priority from BPRNii2 being low and releases CBRQ. As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if 
arbiter #2 didn't want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by 
lowering its BPRO #2 [TPNPO[. 

UNoie that even a higher priority arbiter which is acquiring the bus through msmq will momentarily drop ~ until it has acquired the bus. 
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8041 AH/8041 AH-2/8641 A/8741 A 
UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 
8041AH-2: 12 MHz • Fully Corwatible with MCS-48 TM, 

8041AH: 8 MHz MCS-80 T ,MCS-85 TM, and iAPX-86,88 
8-Bit CPU plus ROM, RAM, I/O, Timer Microprocessor Families 
and Clock in a Single Package • Interchangeable ROM and EPROM 
One 8-Bit Status and Two Data Versions 
Registers for Asynchronous Siave-to-
Master Interface • Expandable I/O 
DMA, Interrupt, or Polled Operation 
Supported • RAM Power-Down Capability 

1024 x 8 ROM/EPROM, 64 x 8 RAM, • Over 90 Instructions: 70% Single Byte 
8-Bit Timer/Counter, 18 Programmable 
I/O Pins • Single 5V Supply 

The Intel® 8041AH/8741A is a general-purpose, programmable interface device designed for use with a variety 
of 8-bit microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 
8-bit CPU, I/O ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to 
enable the UPI device to function as a peripheral controller in MCS-48™, MCS-80™, iAPX-85™, iAPX-86, 
iAPX-88, and other 8- or 16-bit systems. 

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user 
flexibility the program memory is available as ROM in the 8041AH version or as UV-erasable EPROM in the 
8741A version. The 8741A and the 8041AH are fully pin compatible for easy transition from prototype to 
production level designs. The 8741A is a one-time programmable (at the factory) 8741Awhich can be ordered 
as the first 25 pieces of a new 8041AH order. The substitution of 8641 As for 8041AHs allows for very fast 
turnaround for initial code verification and evaluation results. 

The device has two 8-bit, TTL-compatible I/O ports and two test inputs. Individual port lines can function as 
either inputs or outputs under software control. I/O can be expanded with the 8243 device which is directly 
compatible and has 16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for 
generating timing sequences or counting external inputs. Additional UPI features include: single 5V supply, 
low power standby mode (in the 8041AH), single-step mode for debug and dual working register banks. 

MASteR 
SYST£M 

j'
O:- , 

INTERFACE WJi-_ 
Iil>-_ ,,-
Ao--

SYNC 
H-_ 

PROG ..... --

CAY.m{'TA"_~ Le. OR TIMING 
CLOCK XTAl2_ 

INTERNAL 

'"' 
'" 

Figure 1. Block Diagram 
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Table 1. Pin Description 

Pin Pin 
Symbol No. 'TYpe Name and'Functlon Symbol No. Type Name and Function 

TEST 0, 1 I Test Inputs: Input pins which can be SYNC 11 0 Output Clock: Output signal which 
TEST 1 39 directly tested using conditional occurs once per UPI-41A instruction 

branch instructions. cycle. SYNC can be used as a strobe 
for external circuitry; it is also used to 

Frequency Reference: TEST 1 (T,) synchronize single step operation. 
also functions as the event timer input 
(under software control). TEST 0 
(To) is used during PROM program-
ming and verification in the 8741A. 

Do-D7 12-19 I/O Data Bus: Three-state, bidirectional 
(BUS) DATA BUS BUFFER lines used to 

interface the UPI-41A microcomputer 
to an 8-bit master system data bus, 

XTAL 1, 2 I Inputs: Inputs for a crystal, LC or an 
XTAL2 3 external timing signal to determine 

the internal oscillator frequency. 

P,o-P17 27-34 I/O Port 1: 8-bit, PORT 1 quasi-bidirec-
tional I/O Ii nes. 

RESET 4 I Reset: Input used to reset status flip-
flops and to set the program counter 
to zero. 

P2O-P27 21-24 I/O Port 2: 8.bit, PORT 2 quasi-bidirec-
35-38 tionall/O lines. The lower 4 bits (P20-

P2,) interface directly to the 8243 I/O 
expander device and contain address 

RESET is also used during PROM pro-
gramming and verification. 

and data information during PORT 4-7 
access. The upper 4 bits (P24-P27) can 
be programmed to provide interrupt 

SS 5 I Single Step: Single step input used Request and DMA Handshake capa-
in the 8741A in conjunction with the bility. Software conlrol can configure 
SYNC output to step the program P24 as Oulput Buffer Full (OBF) inler-
through each instruction. rupt, P25 as Input Buffer Full (IBF) 

CS 6 I Chip Select: Chip select input used 
to select one UPI-41A microcomputer 
out of several connected to a common 

inlerrupl; P26 as DMA Request 
(DRQ), and P27 as DMA ACKnowledge 
(DACK). 

data bus. PROG 25 I/O Program: Multifunction pin used as 

EA 7 I External Access: External access 
input which allows emulation, testing 

the program pulse input during 
PROM programming. 

and PROM/ROM verification. This 
pin should be tied low if unused. 

RD 8 I Read: I/O read input which enables 
the masler CPU to read data and 

During I/O expander access the PROG 
pin acts'as an address/data strobe to 
the 8243. This pin should be tied high 
if unused. 

status words from the OUTPUT DATA 
BUS BUFFER or status, register. Vce 40 Power: +5V,main power supply pin. 

Ao 9 I Command/Data Select: Address in-
put used by the master processor to 
indicate whether byte transfer is data 
(Ao = 0, F, is reset) or command (Ao = 

VDO 26 Power: +5V during normal opera-
tion. +25V during programming 
operation. Low power standby pin in 
ROM version. 

1, F, is set). Vss 20 Ground: Circuit ground potential. 

WR 10 I Write: I/O write input which enables 
the master CPU to write data and com-
mand words to the UPI-41A INPUT 
DATA BUS BUFFER. 

AFN'()()188C 
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UPI·41A™ FEATURES AND 
ENHANCEMENTS 

1. Two Data Bus Buffers, one for input and one for out· 
put. This allows a much cleaner Master/Slave pro· 
tocol. 

INPUT 

BUS 
BUFFER 

(8) 

INTERNAL 
DATA BUS 

dF DATA 

DO-D7 L---...J 

2. 8 Bits of Status 

OUTPUT 
DATA 
BUS 

BUFFER 
(8) 

FO IBF OBF I 

ST 4-ST 7 are user definable status bits. These bits are 
defined by the "MOV STS, A" single byte, single 
cycle instruction. Bits 4-7' of the accumulator are 
moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 

MOV STS. A Op Code: 90H 

DO 

3. RD and WR are edge triggered. IBF, OBF, F, and INT 
change internally after the trailing edge of RD or WR. 

FLAGS AFFECTED 

AD orWR 

During the time that the host CPU is reading the status 
register, the 8041AH is prevented from updating this 
register or is 'locked out.' 

4. P24 and P25 are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Resel. 

I! the "EN FLAGS" instruction has been executed, 
P24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" .writter:l 10 P24 disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is avail!\ble from the UPI· 
41A (in Output Data Bus Buffer). ' 

If "EN FLAGS" has been executed, P25 becomes the 
IBF (Input Buffer Full) pin. A "1" written to P25 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P25 disables the IBF 

9-3 

pin (the pin remains low). This pin can be used to 
indicate that the UPI·41A is ready for data. 

OBF (INTERRUPT REQUEST) 

lBF (INTERRUPT REQUEST) 

DATA BUS BUFFER INTERRUPT CAPABILITY 

EN FLAGS Op Code: OF5H 

5. P26 and P27 are port pins or DMA handshake pins for 
use with a DMA controller, These pins default to port 
pins on Reset. 

If the "EN DMA" instruction has been executed, P26 
becomes the ORO (DMA ReQuest) pin. A "1" written 
to P26 causes a DMA request (DRQ is activated). ORO 
is deactivated by DACK· RD, DACK· WR, or execution 
of the "EN OM A" instruction. .. 

If "EN DMA" has been executed, P27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. . 

DRQG!: DRQn 
8041AH{ 
B741A 

DACK~ DACK 

DMA HANDSHAKE CAPABILITY 

EN DMA Op Code: OE5H 

8257 

I 1 I 1 I 1 I 0 I 0 I 1 I 0 I 1 I 
~ ~ 

8041AH ENHANCEMENTS OVER 8041 A 

1. The RESET input on the 8041AH was changed to in
clude a 2 stage synchronizer to support reliable reset 
operation for 12 MHz ~peration. 

2. As noted in the status register description, during the 
time that the hostCp,u is reading the status register, the 
8041AH is prevepte'd from updating or is 'locked out.' 

3. When EA is enabled on the8041 A, the program counter 
is placed on Port 1 and the lower two bits of Port 2. On 
the 8041AH, thi&information is multiplexed with PORT 
DATA (see port timing diagrams at end of this data 
sheet), 

4. The 8041AH additionally supports single step mode as 
described I'll the pin description section. 

AFN-OOI88C 
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APPLICATIONS 

DATA f\r~--"--,=-=nli 

8085AH 

ADDR~=~~~ 
CONTROLI-

TO 
PERIPHERAL 
DEVICES 

Figure 3. SOS5AH-S041AH Interface 

8041AHl8741A 

Figure 5. S041AH-S243 Keyboard Scanner 

PROGRAMMING, VERIFYING, AND 
ERASING THE 8741A EPROM 
Programming Verification 

In brief, the programming process consists of: activating 

the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 

Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow
ing is a list of the pins used for programming and a descrip
tion of their functions: 

Pin 

XTAL 1 

Reset 

Test 0 

EA 

BUS 

P20·1 

VDD 
PROG 

Function 

Clock Input (1 to 6MHz) 

Initialization and Address Latching 

Selection of Program or Verify Mode 

Activation of Program!Verify Modes 

Address and Data Input 
Data Output During Verify 

Address Input 

Programming Power Supply 

Program Pulse Input 

9-4 

Rii Rii 

WR WR 
B041AHI 

TO 
8048H PERIPHERAL 

PORT CONTROL 
cs 8741A 

To 
DEVICES 

AO 

BUS DATA BUS 8 DBB -T1 

Figure 4. S04SAH-S041AH Interface 

Figure 6. S041AH Matrix Printer Interface __ 

WARNING: 

An attempt to program a missocketed 8741 A will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the SYNC clock output. The lack of this clock may 
be used to disable the programmer. 

The Program!Verify sequence is: 

1. AO= OV, CS = 5V, EA = 5V, RESET = OV, TESTO = 5V, 
Voo ;:: 5V • clock applied or internal oscillator operating, 
BUS and PROG floating. 

2. Insert 8741A in programming socket 

3. TEST 0 = Ov Iselect program mode) 

4. EA ~ 23V lactivate program model) 1 

5. Address applied to BUS and P20-1 

6. RESET = 5v !latch address) 

7. Data applied to BUS2 

8; Voo ~ 2Sv (programming power)2 

9. PROG ~ Ov followered by one SOms pulse to 23V2 

10. V DD =5v 

11. TEST 0 = 5v Iverify mode) 

AFN-OOI88C 
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12. Reap and verify data on BUS 

13. TEST 0 = Ov 

14. RESET = Ov and repeat from step 5 

15. Programmer should be at conditions of step 1 when 
8741 A is removed from socket. 

NOTE: 
1. When verifying ROM, EA = 12V. 
2. Not used in verify ROM procedure. 

8741A Erasure Characteristics 

The erasure characteristics of the 8741A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang· 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 

9-5 

8741A in approximately 3 years while it would take ap
proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741 A is to be exposed to these 
types of lighting conditions for extended periods of 
time, opaque labels are available from Intel which 
should be placed over the 8741A window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 8741A is 
exposure to shortwave ultraviolet light which has a 
waveiength of 2537 A. The integrated dose (i.e., UV Inten
sity x exposure time) for erasure should be a minimum 
of 15 w·sec/cm2. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 ,..W/cm2 power rating. The 8741A 
should be placed within one inch of the lamp tubes dur
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

AFN'()()1B8C 
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ABSOLUTE MAXIMUM RATINGS* 

AmblentTemperature Under Bias ......... O·C to 70·C 
Storage Temperature ............• - &5·C to + 150·C 
Voltage on Any Pin With Respect 

to Ground ................... ... -O.SV to + 7V 
Power Dissipation .............. , .......... 1.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = o· to +70·C, Vee = voo = +5V ± 10%) 

8041AH/ 
8041AH-2 8641 A/8741 A 

Symbol Parameter Min. Max. Min. Max. Units Test Co,!dlt.lons 

VIL 
Input Low Voltage (Except XTAL 1. XTAL2, 

-0.5 o.a -0.5 o.a V 
RESET 

VIL1 I nput Low Voltage (aXTAL1, XTAL2, 
RESET) -0.5 0.& -0.5 0.& V 

VIH 
Input High Voltage (Except XTAL 1, XTAL2, 

2.0 Vee 2.0 Vee RESET 

VIH1 Input High Voltage (XTAL 1, XTAL2, RESET) 3.a Vee 3.a Vee V 

VOL Output Low Voltage (Do-~) 0.45 0.45 V IOL = 2.0mA 

VOL1 Output Low Voltage (P10P17' P20P27' 
Sync) 0.45 0.45 V IOL = 1.& mA 

VOL2 Output Low Voltage (Prog) 0.45 0.45 V IOL = 1.0 mA 

VOH Output High Voltage (Oo-~) 2.4 2.4 V IOH = -400 !LA 

VOH1 Output High Voltage (All Other Outputs) 2.4 2.4 V IOH = -50 !LA 

IlL 
Input Leakage Current (To, T1, RD, WR, 
CS,Ao, EA) 

±10 ±10 !LA Vss ",VIN ;:,Vee 

Output Leakage Current (00-D7• High Z V.gs + 0.45 

ioFL State) ±10 ±10 !LA "'Vour "'Vee 

III Low Input Load Current (P10P17, P20P27) 0.5 0.5 mA VIL = O.BV 

ILI1 Low Input Load Current (RESET, SS) 0.2 0.2 mA VIL = O.BV 

100 Voo Supply Current 15 15 mA Typical = 5 mA 

ICC + Total Supply Current 125 125 mA Typical = &0 mA 
100 

IIH Input Leakage Current 100 100 NA VIN = Vee 

CIN Input Capacitance 10 10 pF 

Clio I/O Capacitance 20 20 pF 
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D.C. CHARACTERISTICS-PROGRAMMING (T A = 25~C ± 5°C, Vee = 5V ± 5%, Voo = 25V ± 1V) 

Symbol Parameter Min. Max. Unit 

VOOH Voo Program Voltage High Level 24.0 26.0 V 

VOOL VOO Voltage Low Level 4.75 525 V 

VPH PROG Program Voltage High Level 21.5 24.5 V 

VPL PROG Voltage Low Level 0.2 V 

VEAH EA Program or Verify Voltage High Level 21.5 24.5 V 

VEAL EA Voltage Low Level 5.25 V 

100 VDO High Voltage Supply Current 30.0 mA 

IpROG PROG High Voltage Supply Current 160 mA 

lEA EA High Voltage Supply Current 10 mA 

A.C. CHARACTERISTICS (Tcc = O°C to +70°C, Vss = OV,Vcc = VOO = +5V :<:10%) 
DBB READ 

Test Conditions 

8041AH 8041AH-2 8641 A/8741 A 
Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tAR CS, Ao Setup to ROt 0 0 0 ns 

tRA CS, Ao Hold After ROt 0 0 0 ns 

tRR RD Pulse Width 160 160 250 ns 

tAO CS, Ao to Data Out Delay 130 130 225 ns[1] 

tRO ROt to Data Out DEllay .130 130 225 ns[1] 

tOF ROt to Data Float Delay ~ 85 100 ns 

tCY Cycle Time (Except 8741A-8) 2 15 1.25 15 2.5 15 /Ls[21 

tCY Cycle Time (8741A-8) 4.17 15 /Ls[3] 

DBBWRITE 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tAW CS, Ao Setup to WR~ 0 0 0 ns 

tWA 
CS, Ao Hold After 

0 0 0 ns 
WRt 

tww WR Pulse Width 160 160 250 ns 

tow Data Setup to WRt 130 130 150 ns 

two Data Hold AfterWRt 0 0 0 ns 

NOTES: 
1. CL = 150 pF. 
2. 8,12,6 MHz XTAL respectively. 
3. 3.6 MHz XTAL. 
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A.C. CHARACTERISTICS-PROGRAMMING rtA'" 25°C ±SoC. Vcc = 5V ±5%. "'DO = 25V ±1V) 

Symbol Parameter 

tAW Address Setup Time to RESET f 

tWA Address Hold Time After RESET f 

tow Data in Setup Time to PROG f 

two Data in Hold Time After PROG I 

tPH RESET Hold Time to Verify 

tyOOW Voo Setup Time to PROG f 

tYOOH Voo Hold Time After PAOG I 

tpw . Program Pulse Width 

trw Test 0 Setup Time for Program Mode 

tWT Test 0 Hold Time After Program Mode 

too Test 0 to Data Out Delay 

tww RESET Pulse Width to Latch' Address 

tr ... tl Voo and PROG Rise and Fall Times 

tCY CP,U Operation Cycle TitTle 

tRE RESET Setup Time Before EA I. 

--
Note: If TEST 0 is high. 100 can be triggered by RESET f. 

A.C. CHARACTERISTICS 
DMA 

Symbol Parameter 

tACC DACK to WR or RD 

tCAe RD or WR to DACK 

tACO DACK to Data Valid 

, tCRQ RD or WR to ORO Cleared 

Min. 

41cy 

41cy 

41cy 

41cy 

41cy 

41cy 

0 

50 

41cy 

41cy 

41cy 

0.5 

5.0 

41cy 

8041AH 

Min. Max. 

0 

0 

130 

90 

A.C. CHARACTERISTICS 
PORT 2 (TA =ooC to +700C;VCC 7' +5V ±10%) 

8041AH 
Symbol Parameter Min. ~ax.· 

tcp 
Port Control Setup Before Falling 100 
Edge of PROG 

tpc 
Port Control Hold After Falling 
Edge of PROG 

tpR PROG to Time P21nput Must Be Valid 650 

tpF Input Data Hold Time 0 150 

top Output Data Setup time 

tpo Output Data Hold Time 

tpp PROG Pulse Width 

NOTES: 1. CL = 80 pF. 

Max. Unit Telt Condition!! 

60 mS 

41cy 

2.0 IJS 

IJS 

8041'AH-2 8641A/8741A 

Min. Max. Min. Max. Units 

0 0 ns 

0 0 ns 

130 225 ns 

90 200 nsll ] 

8041AH-2 8641 Al8741 A 
Min. Max. Min. Max. Units 

80. 110 nsll ] 

60 100 nsl2] 

650 810 nsll ] 

0 150 0 150 nsl2] 

200 250 nsll ] 

65 nsl2] 

700 1200 ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

DeVICE 

.4 -v:: > TEST POINTS < '.0V-

045 ~~ ________________ 0~.8~ 

UNDER ICL TEST 

CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE 

;-----~ XTAU 
f 16 mHz 

.-:: 15 pF I 

(INCLUDES XTAL, ~ ~ 
SOCKET, STRAY) I 

I 

~~____ 3 XTAL2 

15-2SpF 
(INCLUDES SOCKET. I 

STRAY) "::" 

+ sv 

470Q 

+ sv 

~-+ ____ ----"-I3 XTAU 

470Q 

L-__ _" __ =-j XTALl 

CRYSTAL SERIES RESISTANCE SHOULD BE 
<7SQ AT 6 MHz; <180Q AT 3.6 MHz. 

BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO Vee ARE NEEDED TO ENSURE V,H = 3.8V 
IF TTL CIRCUITRY IS USED. 

LC OSCILLATOR MODE 

-"- ~ 
45"H 20 pF 

120 "H 20 pF 

~ 
5.2 MHz 
3.2 MHz 

rIc ~, "::" TC 

.--...,---1 XTAU 

'--....... --1 XTAL' 

c'= ~+3Cpp 
• 

Cpp ::. 5 - 10 pF PIN·lO·PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATEl Y 20 pF. INCLUDING STRAY CAPACITANCE. 

WAVEFORMS 

READ OPERATION--DATA BUS BUFFER REGISTER 

aOR Ao ~ X 
-',.Fl-

'"' t 
-tRA-

"\ "0 

-"0- --'0' 
-----'AO----

9-9 

jSVsrEM'S 
ADDRESS BUSI 

!REAO CONTR"p~) 
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WAVEFORMS (Contln~ed) 

WRITE OPERATION-DATA BUS BUFFER REGISTER 

~ r (SVSTEM'S 
C"S OR AO ADDRESS BUS) 

~ ~'--'-'W---'-4-----'wW-----IJ~~~'W_'--:_I...~~~~~~~~~~~~~~~~~~~'WRITE CONTROLI 

-'Dw-fl- 'wD 
DATA BUS DATA \J _-OATAVALIO __ V DATA 

IINPUTI ____ M_A_V_CH_A_N_GE..;, __ ...JP t\'-____ M_A_V.;.CH.;.A.;.NG;;;.~.....:. __ _ 

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 

EA 
23V / 

5V _____ J 

1--"-------- PROGRAM ------~~+--VERIFV-----,.t---'-- PROGRAM ---
tTW_ 

TESTO 

DB.-DB, J--
LAST 

ADDRESS 

tww~ 

DATA TO BE 
PROGAAMMEDVALID ---< NEXT ADDR C VALID 

NEXT 
ADDRESS 

VDD +:: ___________ t~-:-VD-D-.~-~-:---------------------
+23-----------

PROG +5----------- r~----- __ -"'''-_______ _ +0 ___ J_ 
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WAVEFORMS (Continued) 

VERIFY MODE (ROM/EPROM) 

~r~------tww------~ 
AESET ~~ ____ ~ ____ _ \ ....... _-

J-- ADDRESS 
(0-7) VALID ---< ... ____ AD_N D_E~_;_SS ____ X ... _~_~_;T_vD_AA_L~_~-I>- - - - - - - • 

__________ -I>c ... _________ A_D_D_A_ES_S_IB_-9_'_V_AL_'_D ________ -I>c ... ___________ N_EX_T_A_D_D_R_ES_S_V_A_lI_D ____________ __ 

NOTES, 

1. PROG MUST FLOAT IF EA IS LOW (i.e .• " 23V). OR IF TO "5V FOR THE 8741A. FOR THE 8041AH PROG MUST ALWAYS FLOAT. 
2. XTAl1 and XTAL2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 jLsec tCY. THIS IS ACCEPTABLE FOA 8741A-8 PARTS AS WELL AS STANDARD PARTS. 
3. AO MUST BE HELD LOW (i.e .• ~ OV) DURING PAOGRAMIVERIFY MODES. 
4. TEST 0 MUST BE HELD HIGH. 

The 8741A EPROM can be programmed by either of two 
Intel products: 

1. PROMPT·48 Microcomputer Design Aid, or 
2. Universal PROM Programmer (UPP series) peripheral 

of the Intellec'" Development System with a UPP-848 
Personality Card. 

DMA 

OACK -----.\j 
~'----(I 

RD ----+-: -~ I 

_I',ccl_ -I'c,cl-

DATABUS ----t---+--...., 

1 i 1 

I-'Aco--l 
ORO 

-1,c.1'----

9-11 
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WAVEFORMS (Continued) 

PORT 2 

SYNC 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

PORT TIMING DURING EA 

SYNC / 
P10-17 

PORT 

P:;1O-21 DATA 

8041 AH/804'1 AH-2/8641 A/8741 A 

PORT 20_3 DATA 

peAT 20_3 DATA 

\ / \ 

X PC X PORT X PC DATA 

ON THE RISING EDGE OF SYNC AND EA IS ENABLED, PORT DATA IS VALID AND CAN BE 
STROBED. ON THE TRAILING EDGE OF SYNC THE PROGRAM COUNTER CONTENTS ARE 
AVAILABLE. 

Table 2. UPI™ Instruction Set 

Mnemonic Description Bytes Cycles Mnemonic Description 

ACCUMULATOR DATA MOVES 

ADD A. Rr Add register to A 1 1 MOVA. Rr Move register to A 
ADD A.@Rr Add data memory 1 1 MOVA.@Rr Move data memory 

to A to A 
ADD A. #data Add immediate to A 2 2 MOVA. #data Move Immediate 
ADDCA. Rr Add register to A 1 1 TOA 

with carry MOV Rr. A Move A to register 
ADDCA.@Rr Add data memory 1 1 MOV@Rr.A Move A to data 

to A with carry memory 
ADDC A. #data Add immediate 2 2 MOV Rr. #data Move immediate to 

to A with carry register 
ANLA. Rr AND register to A 1 1 ~OV@Rr. Move immediate to 
ANLA.@Rr AND data memory 1 1 #data data memory 

toA MOVA. PSW Move PSWtoA 
ANLA. #data AND immediate to A 2 2 MOV PSW. A MoveAto PSW 
ORLA. Rr OR register to A 1 1 XCHA. Rr Exchange A and 
ORLA.@Rr OR data memory 1 1 register 

to A XCH A.@Rr Exchange A and 
ORLA. #data OR immediate to A 2 2 data memory 
XRLA. Rr Exclusive OR regis- 1 1 XCHDA.@Rr Exchange digit of A 

ter to A and register 
XRLA.@Rr Exclusive OR data 1 1 MOVPA.@A Move to A from 

memory to A current page 
XRL A. #data Exclusive OR imme- 2 2 MOVP3.A.@A Move to A from 

diate to A page 3 

9-12 

I Bytes Cycles 

1 1 
1 1 

2 2 

1 1 
1 1 

2 2 

2 2 

1 1 
1 1 
1 1 

1 1 

1 1 

1 2 

1 2 
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Table 2 .. UPPM Instruction Set (Continued) 

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles 

ACCUMULATOR REGISTERS 
INCA Increment A 1 1 
DECA Decrement A 1 1 
CLRA Clear A 1 1 
CPL A Complement A 1 1 
DAA Decimal Adjust A 1 1 
SWAP A Swap nibbles of A 1 1 

INC Rr Increment register 1 1 
INC@Rr Increment data 1 1 

memory 
DECRr Decrement register 1 1 

SUBROUTINE 

RLA Rotate A left 1 1 CALL addr Jump to subroutine 2 2 
RLC A Rotate A left through 1 1 RET Return 1 2 

carry RETR Return and restore 1 2 
RRA Rotate A right 1 1 status 
RRCA Rotate A right 1 1 

through carry FLAGS 

INPUT/OUTPUT CLR C Clear Carry 1 1 

IN A, Pp Input port toA 1 2 
OUTL Pp, A Output A to port 1 2 
ANL Pp, #data AND immediate to 2 2 

port 
ORL Pp, #data OR immediate to 2 2 

port 

CPLC Complement Carry 1 1 
CLR FO Clear Flag 0 1 1 
CPL FO Complement Flag 0 1 1 
CLR Fl Clear F1 Flag 1 1 
CPL Fl Complement Fl Flag 1 1 

BRANCH 
IN A, DBB Input DBB to A, 1 1 

clear IBF 
OUT DBB, A Output A to DBB, 1 1 

set OBF 
MOV STS, A ACA7 to Bits 4-7 of 1 1 

Status 
MOVD A, Pp Input Expand·er 1 2 

port to A 
MOVD Pp, A Output A to 1 2 

Expander port 
ANLD Pp, A AND A to Expander 1 2 

JMP addr Jump unconditional 2 2 
JMPP@A Jump indirect 1 2 
DJNZ Rr, addr Decrement register 2 2 

and jump 
JC addr Jump on Carry=1 2 2 
JNC addr Jump on Carry=O 2 2 
JZ addr Jump on A Zero 2 2 
JNZ addr Jump on A not Zero 2 2 
JTO addr Jump on TO=1 2 2 
JNTO addr Jump on TO=O 2 2 
JTl addr Jump on T1 =1 2 :2 

port 
ORLD Pp, A OR A to Expander 1 2 

JNTt addr Jump on T1=O 2 2 
JFO addr Jump on FO Flag=1 2 2 

port JFl addr Jump on F1 Flag=1 2 2 

TIMER/COUNTER 

MOVA, T Read Timer/Counter 1 1 
MOVT, A Load Timer/Counter 1 1 

JTF addr Jump on Timer Flag 2 2 
= 1, Clear Flag 

JNIBF addr Jump on IBF Flag 2 2 
=0 

STRTT Start Timer 1 1 
STRT CNT start Counter 1 1 

JOBF addr Jump on OBF Flag 2 2 
=1 

STOP TCNT Stop Timer/Counter 1 1 JBb addr Jump on AccLJmula- 2 2 
EN TCNTI Enable Timer/ 1 1 tor Bit 

Counter Interrupt 
DIS TCNTI Disable Timer/ 1 1 

Counter Interrupt 

CONTROL 

EN DMA Enable DMA Hand- 1 1 
shake Lines 

ENI Enable IBF Interrupt 1 1 
DIS I Disable IBF Inter- 1 1 

rupt 
EN FLAGS Enable Master 1 1 

Interrupts 
SEL RBO Select register 1 1 

bank 0 
SEL RBI Select register 1 1 

bank 1 
NOP No Operation 1 1 

9-13 AFN-00188C 



804218742 
UNIVERSAL PERIPHERAL INTERFACE 

8·BIT MICROCOMPUTER 
• 804Z/8742: 12 MHz 
• Pin, Software and Architecturally 

Compatible with 8041A18741A18041AH 
• 8·Bit CPU plus ROM, RAM, I/O, Timer 

and Clock in a Single Package 
• 2048)( 8 ROM/EPROM, 128 )( 8 RAM, 

8·Blt Timer/Counter, '18 Programmable 
.1/0 Pins 

• One 8·Bit Status and Two Data 
Registers for Asynchronous 
Slave·to·Master Interface 

• DMA, Interrupt, or Polled Operation 
Supported 

• Fully Compatible with MC5-48™, 
MCS·S1™, MC5-80™, MC5-8S™, and 
IAPX·86, 88 Microprocessor Families 

• Interchangeable ROM and EPROM 
Versions 

II Expandable I/O 

• RAM Power· Down Capability 

• Over 90 Instructions: 70% Single Byte 

• Single SV Supply 

The Intel 804218742 is a general-purpose Universal Peripheral Interface that allows the designer to grow his own 
customized solution for p~ripheral device control. It contains a low-cost microcomputer with 2K of program memory, 
128 bytes of data memoi§-, 8-bit CPU, I/O ports, 8-bit timer/counter, and clock generator in a Single 40-pin package. 
Interface registers are included to enable the UPI device to function as a peripheral controller in the MCS-48™, 
MCS-51™, MCS-80™, MCS-85™, iAPX-88, iAPX-86 and other 8-, 16-bit systems. 

The 804218742 is software, pin"and architecturally compatible with the 8041AH, 8741A. The 804218742 doubles the on
chip memory space to allow for additional features and performance to be incorporated in upgraded 8041AH/8741A 
designs. For new designs, the additional memory and performance of the 8042/8742 extends the UPI concept to more 
complex motor control tasks, 80-column printers and process control applications as examples. 

To allow full user flexibility, the program memory is available as ROM in the 8042 version or as UV-erasable EPROM in 
the 8742 version. The 8742 and the 8042 are fully pin compatible for easy transition from prototype to production level 
designs. The 8642 is a onEl-time programmable (at the factory) 8742 which can be ordered as the first 25 pillCeS of a new 
8042 order. The substitution of 8642's for 8042's allows for very fast turnaround for initial code verification and evalua
tion results. 

The device has two 8-bit, TTL compatible 110 ports and two test inputs. Individual port lines can function as either 
inputs or outputs under software control. 110 can be expanded with the 8243 device which is directly compatible and 
has 16110 lines. An 8-bit programmable timer/counter is included in th~ UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: Single 5V supply, low power standby mode (in the 8042), 
single-step mode for debug, and dual working register banks. 

Figure 1. Block Diagram Figure 2. Pin Configuration 
The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intet, INTEL, INTELLEC, MeS, 1m. ieS, ICE. UPt, exp, iSBC. iSBX, 
Insite, iRMX, System 2000, CREDIT, iRMXlSO, MULTI BUS, PROMPT, Promware, Megachassis, Library Manager. MAIN MULTI MODULE, and the combination of MeS, ICE. iSBC, iRMX or 

le5 and a numerical suffix. © INTEL CORPORATION, 1981. 9-14 order number:210235-001 
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Table 1. Pin Description 

Pin Pin 
Symbol No. ~pe Name and Function Symbol No_ Type Name and Function 

TEST 0, 1 I Tast Inputs: Input pins which can be SYNC 11 0 Output Clock: Output signal which 
TEST 1 39 directly tested using conditional occurs once per UPI-42 instruction 

branch instructions. cycle. SYNC can be used as a strobe 
for external circuitry; it is also used to 

Frequency Reference: TEST 1 (1",) synchronize single step operation. 
also functions as the event timer In-
put (under software IlOntrol). TEST 0 
(1"0) Is used during PROM program-
ming and verification in the 8742. 

00-07 12-19 I/O Data Bus: Three-state, bidirectional 
(BUS) DATA BUS BUFFER lines used to in-

terface the UPI-42 microcomputer to 
an 8-blt master system data bus. 

XTAL 1, 2 I Inputs: Inputs for a crystal, LC or an 
XTAL2 3 external timing Signal to determine 

the internal oscillator frequency. 

P,o-P17 27-34 I/O Port 1: 8-bit, PORT 1 quasi-bidirec-
tional I/O lines. 

RESET 4 I Re.et: Input used to reset status flip-
flops and to set the program counter 
to zero. 

P2O-P27 21-24 I/O Port 2: 8-bit, PORT 2 quasi-bidirec-
35-38 tional 1/0 lines. The lower 4 bits (P20-

P23) interface directly to the 8243 I/O 
expander device and contain address 

RESET is also used during PROM pro-
gramming and verification. 

and data information during PORT 4-7 
access. The upper 4 bits (P24-P27) can 
be programmed to provide interrupt 

SS 5 I Single Step: Single step input used Request and DMA Handshake capa-
In conjunction with the SYNC out- bility. Software control can configure 
put to step the program through P24 as Output Buffer Full (OBF) inter-
each Instruction. rupt, P25 as Input Buffer Full (IBF) 

CS 6 I Chip Select: Chip select input used to 
select Qne UPI microcomputer out of 
several connected to a common data 

interrupt, P26 as DMA Request 
(DRQ), and P27 as DMA ACKnowledge 
(DACK). 

bus. PROG 25" I/O Program: Multifunction pin used as 

EA 7 I External Access: External access 
input which allows emulation, testing 

the program pulse input during 
PROM programming. 

and PROM/ROM verification. This 
pin should be tied low" if unused. 

RD 8 I Read: 1/0 read input which enables 
the master CPU to read data and 

During 1/0 expander access the PROG 
pin acts as an address/data strobe to 
the 8243. This pin should be tied high 
if unused. 

status words from the OUTPUT DATA 
BUS BUFFER or status register. Vcc 40 Power: +5V main power supply pin. 

Ao 9 I Command/Data Select: Address input 
used by the master processor to in-
dicate whether byte transfer is data 
(Ao=O, F1 is reset) or command 

VOO" 26 Power: + 5V during normal opera-
tion. + 21V during programming 
operation. Low power standby pin in 
ROM version. 

(Ao = 1, F1 is set). Vss 20 Ground: Circuit ground potential. 

WR 10 I Write: 1/0 write input which enables 
the master CPU to write data and 
command words to the UPI INPUT 
DATA BUS BUFFER. 

9-15 AFN.oG'aec 
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UPI·42 FEATURES 

1. Two Data Bus Buffers, one for input and one for out· 
put. This allows a much cleaner Master/Slave pro· 
tocol. 

INPUT dF DATA 
BUS 

BUFFER 
(6) 

00-0, ~8 
OUTPUT 

DATA 
BUS 

BUFFER 
(6) 

2. 8 Bits of Status 

INTERNAL 
DATA BUS 

ST4-ST7 are user definable status bits. These bits are 
defined by the "MOV STS, A" single byte, single 
cycle instruction. Bits 4-7 of the accumulator are 
moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 

MOV STS, A Op Code: 90H 

[=r.~:_o_J·-'-,-'-1 ---'-0 1-0 '--1 ° -'---1 ° J 

3. RD and WR are edge triggered. IBF, OBF, F, and INT 
change internally after the trailing edge of RD or WR. 

AD or WR 

During the time that the host CPU is reading the 
status register, the 804218742 is prevented from up· 
dating this register or is 'locked out.' 

4. P24 and P25 are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Reset. 

If the "EN FLAGS" instruction has been executed, 
P24 becomes the OBF (Output Buffer Full) pin. A "1" 
written to P24 enables the OBF pin (the pin outputs 
the OBF Status Bit). A "0" written to P24 disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI-
41A (in Output Data Bus Buffer). 

If "EN FLAGS" has been executed, P25 becomes the 
IBF (Input Buffer Full) pin. A "1" written to P25 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A "0" written to P25 disables the iBF 

pin (the pin remains low). This pin can be used to 
indicate that the UPI-42 is ready for data. 

OBF (INTERRUPT REOUEST) 

iBF (INTERRUPT REOUEST) 

DATA BUS BUFFER INTERRUPT CAPABILITY 

EN FLAGS Op Code: OF5H 

0, DO 

5. P26 and P27 are port pins or DMA handshake pins for 
use with a DMA controller. These pins default to port 
pins on Reset. 

9-16 

If the "EN DMA" instruction has been executed, P26 

becomes the ORQ (DMA ReQuest) pin. A "1" written 
to P26 causes a OMA request (DRQ is activated). ORQ 
is deactivated by DACK· RD, DACK 'WR, or execution 
of the "EN DMA" instruction. 

If "EN DMA" has been executed, P27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input fqr the Data Bus Buffer registers 
during DMA transfers. 

8041AHi 
874'''' 

ORO P26 1-----1 OROn 

CACK P27 kl----r> OACK 

OMA HANDSHAKE CAPABILITY 

EN DMA Op Code: OE5H 

825' 

LGI,lolol,lol,1 
D, 

6. The RESET input on the 8042/8742 includes a 2·stage 
synchronizer to support reliable reset operation for 
12 MHz operation. 

7. When EA is enabled on the 8042/8742, the program 
counter is placed on Port 1 and the lower three bits of 
Port 2 (MSB = P22, LSB = P1O). On the 8042/8742 this 
information is multiplexed with PORT DATA (see port 
timing diagrams at end of this data sheet). 

8. The 8042/8742 supports Single step mode as 
described in the pin description section. 

AFN-OO'88C 
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APPLICATIONS 

DATA !\r--"---,;;;r-=nfl 

1m B085AH 

ADDA 1----.;----\1: 
PERIPHERAL 
DEVICES 

CONTAOll-__ ---,--rf1 

Figure 3. 8085AH·804218742 Interface 

DBB 

8042 
8742 

DATA BUS --~-~ 

c:::::§iiTAOL,~B~U~S ____ -_--_~_-_-~_-::~~-=-_-_=-=: __ _ 
Figure 5. 804218742·8243 Keyboard Scanner 

PROGRAMMING, VERIFYING, AND 
ERASING THE 8742 EPROM 
Programming Verification 

In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow
ing is a list of the pins used for programming and a descrip
tion of their functions: 

Pin 

XTAL 1 

Reset 

Test 0 

EA 

BUS 

P20-1 

Voo 
PROG 

Function 

Clock Input (1 to 12MHz) 
Initialization and Address Latching 

Selection of Program or Verify Mode 

Activation of Program/Verify Modes 

Addre~s and Data Input 
Data Output During Verify 

Address Input 

Programming Power Supply 

Program Pulse Input 

Ali --- Ali 

\VA \VA TO 8D48H 8042 PERIPHERAL 

PORT CONTROL 
cs 8742 DEVICES 
Ao TO 

BUS DATA BUS 8 088 _T, 

Figure 4. 8048H·804218742 Interface 

Figure 6. 804218742 SO-Column Matrix Printer Interface 

9-17 

WARNING 

An attempt to program a mlssocketed 8742 will result in severe damage 
to the part. An indication of a properly socketed part is the appearance 
of the SYNC clock output The lack of this clock may be used to disable 
the programmer. 

The ProgramlVerify sequence is: 

1. AO = OV, cs = 5V, EA = 5V, RESET = OV, TESTO = 5V, 
Voo = 5V • clock applied or internal oscillator operating, 
BUS and PROG floating. 

2. Insert 8742 in programming socket 

3. TEST 0 = Ov (select program mode) 

4. EA= 18V (active program mode)· 

5_ Address applied to BUS and P20-22 

6_ RESET = 5v (latch address) 

7_ Data applied to BUS·' 

8. VDO = 21V (programming power)" 

9_ PROG = Ov followed by one 50 rna pulse to 21V" 

10_ VOO=5v 

11. TEST 0 = 5v (verify mode) 

AFN-QOl88C 
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12. Read and verify data on BUS 

13. TEST 0 = Ov 

14. RESET = Ov and repeat from step 5 

15. Programmer should be at conditions of step 1 when 

8742 Is removed from socket 

"When verifying ROM, EA= 12V. 
""Not used In verifying ROM procedure. 

8742 Erasure Characteristics 

The erasure characteristics of the 8742 are such that 
erasure bellins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range, Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8742 in approximately 3 years while it would take ap-

9-18 

proximately one week to cause erasure when exposed 
to direct sunlight. If the 8742 is to be exposed to these 
types of lighting conditions for extended periods of 
time, opaque labels are available from Intel which 
should be placed over the 8742 window to prevent unin
tentional erasure. 

The recommended erasure procedure for the 8742 is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 A. The integrated dose (I.e., UV inten
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm 2. The erasure time with this dosage is 
approximately 15 to 20 minutes using an' ultraviolet 
lamp with a 12,000 lAW/cm2 power rating. The 8742 
should be placed within one inch of the lamp tubes dur
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

AFN-OOI88C 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O°C to 70°C 
Storage Temperature ............. - 65°C to + 150°C 
Voltage on Any Pin With Respect 

to Ground ... . .. -O.5V to + 7V 
Power Dissipation ... ...... 1.5Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
devic·e. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability 

D.C. CHARACTERISTICS (T A= 0° to + 70°C, Vee=voo= + 5V ± 10%) 

8042 874218642 

Symbol Parameter Min. Max. Min. Max. Units Notes 

VIL Input Low Voltage (Except XTAL 1, XTAL2, RESET) -0.5 0.8 -0.5 0.8 V 

VIL1 Input Low Voltage (XTAL 1, XTAL2, RESET) -0.5 0.6 -0.5 0.6 V 

V IH Input High Voltage (Except XTAL 1, XTAL2, RESET) 2.2 Vee 2.2 Vee V 

VIH1 Input High Voltage (XTAL1, XTAL2, RESET) 3.8 Vee 3.8 Vee V 

VOL Output Low Voltage (0.-07) 0.45 0.45 V IOL= 2.0 mA 

Vall Output Low Voltage (P10P17, P20 P27 , Sync) 0.45 0.45 V IOL= 1.6 mA 

VOL2 Output Low Voltage (PROG) 0.45 0.45 V IOL= 1.0 rnA 

VOH Output High Voltage (00-07) 2.4 2.4 V IOH= -400p.A 

VOH1 Output High Voltage (All Other Outputs) 2.4 2.4 V IOH= -50p.A 

IlL Input Leakage Current (To, T1, RD, WR, CS, Ao, EA) ±10 ± 10 p.A VSS:s;VIN ;;,: Vee 

IOFL Output Leakage Current (00-07, High Z State) ± 10 ± 10 p.A Vss +0.45 
:S; VOUT:S; Vee 

III Low Input Load Current (P10 P17, P20 P27) 0.5 0.5 rnA VIL =0.8V 

ILl1 Low Input Load Current (RESET, SS) 0.2 0.2 rnA VIL=0.8V 

100 Voo Supply Current 15 15 rnA Typical = 5 rnA 

lee+ 100 Total Supply Current 125 125 rnA Typical=60 rnA 

IIH Input Leakage Current 100 100 ,..A VIN = Vee 

CIN Input Capacitance 10 10 pF 

CliO I/O Capacitance 20 20 pF 

D.C. CHARACTERISTICS-PROGRAMMING (TA=25°C ±5°C, Vee=5V ±5%, Voo=21V ± 1V) 

Symbol Parameter Min. Max. Unit Test Conditions 

VOOH Voo Program Voltage High Level 20.0 21.0 V 

VOOL Voo Voltage.Low Level 475 525 V 

VPH PROG Program Voltagf' High Level 17.5 18.5 V 

VPL PROG Voltage Low Level 02 V 

VEAH EA Program or Verify Voltage High Level 17.5 18.5 V 

VEAL EA Voltage Low Level 5.25 V 

100 Voo High Voltage Supply Current 30.0 mA 

IpROG PROG High Voltage Supply Current 16.0 mA 

lEA EA High Voltage Supply Current 10 mA 

9-19 AFN-00188C 
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A.C. CHARACTERISTICS (TA=O'C to + 70'C, Vss=OV, Vcc=Voo= +5V ± 10%) 
DBB READ 

8042 864218742 

Symbol Parameter Min. Max. Min. 

tAR CS, Ao Setup to RDI 0 0 

tRA CS, Ao Hold After RDf 0 0 

tRR RD Pulse Width 160 160 

tAD CS, Ao to Data Out Delay 130 

tRO RDI to Data Out Delay 130 

tOF RDf to Data Float Delay 85 

tCY Cycle Time 1.25 15 1.25 

DBB WRITE 

Symbol Parameter Min. Max. Min. 

tAW CS, Ao Setup to WRI 0 0 

tWA CS, Ao Hold After WRf 0 0 

tww WR Pulse Width 160 160 

tow Data Setup to WRf 130 130 

two Data Hold After WRf 0 0 

NOTES: 
1. Cl = 100 pF. 
2. 12 MHz XTAL. 

Max. Units 

ns 

ns 

ns 

130 nsll] 

130 nsll] 

85 ns 

15 I'S(2] 

Max. Units 

ns 

ns 

ns 

ns 

ns 

A.C. CHARACTERISTICS-PROGRAMMING (TA=25'C±5'C, Vcc=5V±5%, Voo=21V±1V) 

Symbol Parameter Min. Max. Unit Test Conditions 

tAW Address Setup Time to RESET I 4tcy 

tWA Address Hold Time After RESET I 4tcy 

tow Data In Setup Time to PROG , 4tcy 
two Data In Hold Time After PROG I 4tcy 
tPH RESET Hold Time to Verify 4tcy 
tvoow Voo Setup Time to PROG 1 4tcy 
tVOOH Voo Hold Time After PROG I 0 
tpw Program Pulse Width 50 60 mS f-
tTW Test 0 Setup Ttme for Program Mode 4tcy 
tWT Test 0 Hold Time After Program Mode 4tcy 
too Test 0 to Data Out Delay 4tcy 
tww RESET Pulse W,dth to Latch Address 4tcy 
tr, It Voo and PROG Rise and Fall Times 0.5 20 j.lS 
tCY CPU Operatton Cycle Time 50 j.ls 
tRE RESET Setup Time Before EA I. 4tcy 

Nole: II TEST 0 is htgh, too can be triggered by RESET 1, 
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A.C. CHARACTERISTICS DMA 

8042 864218742 

Symbol Parameter Min. Max. Min. Max. Units 

tACC DACK to WR or RD 0 0 ns 

tCAC RD or WR to DACK 0 0 ns 

tACO DACK to Data Valid 130 130 ns 

tCRQ RD or WR to DRO Cleared 100 100 ns[l] 

NOTE: 
1. CL = 150 pF. 

A.C. CHARACTERISTICS PORT 2 (TA=O·CtO +70·C, VCC= +5V ±100/0) 

8042 864218742 

Symbol Parameter Min. Max. Min. Max. Units 

tcp Port Control Setup Before Falling Edge of PROG 80 100 nsll ] 

tpc Port Control Hold After Falling Edge of PROG 

tpR PROG to Time P2 Input Must Be Valid 

tPF Input Data Hold Time 

top Output Data Setup Time 

tpo Output Data Hold Time 

tpp PROG Pulse Width 

NOTES: 
1. CL=80 pF. 
2. CL =20 pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

"=X x= 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

CRYSTAL OSCILLATOR MODE 

r-----~ XTAL1 : 1·12 
15 pF I MHz 

(INCLUDES XTAL,..L ck 
SOCKET, STRAY) i -

I 

I 3 
L_____ XTAl2 

1S-25pF 
(INCLUDES SOCKET, I 

STRAY) -=-

CRYSTAL SERIES RESISTANCE SHOULD BE 
<750 AT 12 MHz; <1800 AT 3.6 MHz. 
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60 60 nsl2] 

650 650 nsll ] 

0 150 0 150 nsl2] 

200 200 nsll ] 

60 60 nsl2] 

700 700 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 

~C'~150PF 
UNDER 

TEST 

-=-

DRIVING FROM EXTERNAL SOURCE 

+ 5V 

470Q 

t>---+-----"13 XTAL2 

+5V 

470S2 

L----<----=-J XTAL1 

BOTH XTAl1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO Vee ARE NEEDED TO ENSURE VIH = 3.8V 
IF TTL CIRCUITRY IS USED. 
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LC OSCILLATOR MODE 

-"- £ 
45.,H 20 pF 

i20.,H 20pF 

804218742 

!!QMINAl f 

5.2 MHz 
3.2 MHz 

~c ~, 
-=- 1 C 

.----,------1 Xl All 

---<>------1 XTAl2 
Cpp;: 5 - 10 pF PIN·TO·PIN 
CAPACITANCE 

EACH C SHOULD BE APPRQXIMATEL Y 20 pF. INCLUDING STRAY CAPACITANCE. 

WAVEFORMS 

READ OPERATION-DATA BUS BUFFER REGISTER 

es OR Ao =x 1>( 

~'""~I 
I '" 

~ 
-l~A_ 

\ 

---'RD- __ tOf----+-

----tAil ---_ 

WRITE OPERATION-DATA BUS BUFFER REGISTER 

(SYSTEM'S 
ADDR ESS BUS) 

IREAD CONTROLI 

(SYSTEM'S 
ADDRESS BUSI 

l 

"""". =t..-II- r 
~- I f-'W-'-----------------IWA,TE CONTROL) 

-'ow-fl- 'WD 

OA~I~pB~T~ MAY CHANG£ ) --DATAVALlD-~X MAyD~~:NGE ______________ -J ~ ________________ __ 
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WAVEFORMS (Continued) 

COMBINATION PROGRAM/VERIFY MODE (EPROM'S ONLY) 

5. -----/ 
21V 

EA 

!--tTW_ 
PROGRAM ----------t-- VERIFY I·~'---- PROGRAM ----

TESTO ~ v 

f.-- tww ------

RESET ~ r---------------------------1-------------~ 

DBO-DBJ 

tAW I" I tWA J-- ;------\ ,-----""""'\ 
ADDRESS DATA TO BE 

(0-71 VALID PROGRAMMED VALID 

I-- tDD ----j 
V-Vr--D-A-TA""""'\ ---1'---1\. VALID 

LAST 
ADDRESS 

ADDRESS (8·10) VALID 

---< NEXT ADDR x== 
VALID 

NEXT 
ADDRESS 

.. ~ :~---- - ---- --,~~~-~-"'--~-------------------------------------------
.0 -lJ 1.-1 ___ ../r------ - - --""\'-______ _ 

VERIFY MODE (ROM/EPROM) 
21V 

EA 5V--./ 

TESTo 

NOTES; 

ADDRESS 
(Q-71VAlID 

ADDRESS (S·10) VAllO 

\'--------/ \'----
- - -<'" ____ A_~_~_~E_'s_S __ ~X'"_N_O~_~_'v_DA_~_iD_A_'>- - - - - - - • 

NEXT ADDAESSVALID 

1. PROG MUST FLOAT IF EA IS LOW (Le.,= 21V) OR IF TESTO=5V FOR THE 8742. FOR THE 8042 PROG MUST ALWAYS FLOAT. 
2. AO MUST BE HELD LOW (Le., = OV) DURING PROGRAMNERIFY MODES. 
3. TEST 0 MUST BE HELD HIGH. 

The 8742 EPROM can be programmed by the following 
Intel product: 

1. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP·549 
Personality Card. 
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WAVEFORMS (Continued) 

DMA 

DACK -----,~ { 

L.JI 
~ltAccl- ~ltcAcl-

DATA BUS 

ORa 

PORT 2 

SYNC ~------r--'! 
tDpnn_l~ EXPANDER 

PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

PORT 20_3 DATA 

peRT 20-3 DATA 

PORT TIMING DURING EA 

SYNC 

P1O.17 

p.o· •• 

/ \ / 
PORT X PC X PORT 
DATA DATA 

ON THE RISING EDGE OF SYNC AND EA IS ENABLED, PORT DATA IS VAllO AND CAN BE 
STROBED. ON THE TRAILING EDGE OF SYNC THE PROGRAM COUNTER CONTENTS ARE 
AVAILABLE 

9-24 

OUTPUT DATA 

\ 

X PC 
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Table 2. UPFM Instruction Set 

Mnemonic Description Bytes 'Cycles 

ACCUMULATOR 

ADD A, Rr Add register to A 1 1 
ADDA, @Rr Add data memory 1 1 

Mnemonic Description I B~ •• I CYO~'I 
DATA MOVES 

MOVA, Rr Move register to A 1 1 
MOVA,@Rr Move data memory 1 1 

to A to A 
ADD A, #data Add immediate to A 2 2 MOV A, #data Move immediate 2 2 
ADDC A, Rr Add register to A 1 1 TOA 

with carry MOV Rr, A Move A to register 1 1 
ADDCA, @Rr Add data memory 1 1 MOV@Rr,A Move A to data 1 1 

to A with carry memory 
ADDC A, #data Add immediate 2 2 MOV Rr, #data Move immediate to 2 2 

to A with carry register 
ANL A, Rr AND register to A 1 1 MOV@Rr, Move immediate to 2 2 
ANL A, @Rr AND data memory 1 1 #data data memory 

to A MOVA, PSW Move PSW to A 1 1 
ANL A, #data AND immediate to A 2 2 MOV PSW, A Move A to PSW 1 1 
ORL A, Rr OR register to A 1 1 XCH A, Rr Exchange A and 1 1 
ORL A, @Rr OR data memory 1 1 register 

to A XCH A, @Rr Exchange A and 1 1 
ORL A, #data OR immediate to A 2 2 data memory 
XRL A, Rr Exclusive OR regis- 1 1 XCHD A, @Rr Exchange digit of A 1 1 

ter to A and register 
XRL A, @Rr Excl usive OR data 1 1 MOVPA,@A Move to A from 1 2 

memory to A current page 
XRL A, #data Exclusive OR imme- 2 2 MOVP3, A,@A Move to A from 1 2 

diate to A page 3 
INCA Increment A 1 1 
DECA Decrement A 1 1 

TIMER/COUNTER 

CLR A Clear A 1 1 MOV A, T Read Timer/Counter 1 1 
CPLA Complement A 1 1 
DAA Decimal Adjust A 1 1 
SWAP A Swap nibbles of A 1 1 
RLA Rotate A left 1 1 

MOVT, A Load Timer/Counter 1 1 
STRTT Start Timer 1 1 
STRT CNT start Counter 1 1 
STOP TCNT Stop Timer/Counter 1 1 

RLCA Rotate A left through 1 1 
carry 

RRA Rotate A right 1 1 
RRCA Rotate A right 1 1 

EN TCNTI Enable Timer/ 1 1 
Counter Interrupt 

DIS TCNTI Disable Timer/ 1 1 
Counter Interrupt 

through carry CONTROL 
INPUT/OUTPUT EN DMA Enable DMA Hand- 1 1 

IN A, Pp I nput port toA 1 2 
OUTL Pp, A Output A to port 1 2 
ANL Pp, #data AND immediate to 2 2 

port 
ORL Pp, #data OR immediate to 2 2 

port 
IN A, DBB Input DBB to A, 1 1 

clear IBF 

shake Lines 
ENI Enable IBF Interrupt 1 1 
DIS I Disable IBF Inter- 1 1 

rupt 
EN FLAGS Enable Master 1 1 

Interrupts 
SEL RBO Select register 1 1 

bank 0 

OUT DBB, A Output A to DBB, 1 1 
set OBF 

SEL RBl Select register 1 1 
bank 1 

MOV STS, A AvJ-A7 to Bits 4-7 of 1 1 Nap No Operation 1 1 

Status REGISTERS 
MOVDA, Pp Input Expander 1 2 

port to A 
MOVD Pp, A Output A to 1 2 

Expander port 
ANLD Pp, A AND A to Expander 1 2 

INC Rr Increment register 1 1 
INC@Rr Increment data 1 1 

memory 
DEC Rr Decrement register 1 1 

port SUBROUTINE 
ORLD Pp, A OR A to Expander 1 2 

port 
CALL addr Jump to subroutine 2 2 
RET Return 1 2 
RETR Return and restore 1 2 

status 
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Table 2. UPI™ Instruction Set (Continued) 

Mnemonic Description Bytes Cycles 

FLAGS 

CLR C Clear Carry 1 1 
CPLC Complement Carry 1 1 
CLR FO Clear Flag 0 1 1 
CPL FO Complement Flag 0 1 1 
CLR F1 Clear F1 Flag 1 1 
CPL F1 Complement F1 Flag 1 1 

BRANCH 

JMP addr Jump unconditional 2 2 
JMPP@A Jump indirect 1 2 
DJNZ Rr, addr Decrement register 2 2 

and jump 
JC addr Jump on Carry = 1 2 2 
JNC addr Jump on Carry=O 2 2 
JZ addr Jump on A Zero 2 2 
JNZ addr Jump on A not Zero 2 2 
JTO addr Jump on TO=1 2 2 
JNTO addr Jump on TO=O 2 2 
JT1 addr Jump on T1 = 1 2 2 
JNT1 addr Jump on T1 =0 2 2 
JFO addr Jump on FO Flag=1 2 2 
JF1 addr Jump on F1 Flag= 1 2 2 
JTF addr Jump on Timer Flag 2 2 

= 1, Clear Flag 
JNIBF addr Jump on IBF Flag 2 2 

=0 
JOBF addr Jump on OBF Flag 2 2 

=1 
JBb addr Jump on Accumula- 2 2 

tor Bit 

9-26 AFN-00188C 



8231 A 
ARITHMETIC PROCESSING UNIT 

• Fixed Point Single and Double • Compatible with MCS·80™ and 
Precision (16/32 Bit) MCS·85™ Microprocessor Families 

• Floating Point Single Precision • Direct Memory Access or 
(32 Bit) Programmed 1/0 Data Transfers 

• Binary Data Formats • End of Execution Signal 
• Add, Subtract, Multiply and Divide 

General Purpose 8·Bit Data Bus 
Trigonometric and Inverse • • Interface 
Trigonometric Functions 

Standard 24 Pin Package • Square Roots, Logarithms, • 
Exponentiation • + 12 Volt and + 5 Volt Power 

• Float to Fixed and Fixed to Float Supplies 
Conversions • Advanced N·Channel Silicon Gate 

• Stack Oriented Operand Storage HMOS Technology 
The Intel® 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high performance fixed 
and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the mathematical 
capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation of the 
APU algorithms. 

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack. 
Results are then available to be retrieved from the stack. 

Transfers to and from the APU may be handled by the associated processor using conventional programmed I/O, or may be 
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU 
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution. 

In January 1981 Intel will be converting from 8231 to 8231A. The 8231A provides enhancements over the 8231 to allow use 
in both asynchronous and synchronous systems. 

SVACK 4 

SVREQ 5 

OO~~TLg~ I 6 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Pin 
Symbol No. Type 

Vcc 2 

Voo 16 

Vss 1 

ClK 23 I 

RESET 22 I 

CS 18 I 

Ao 21 I 

Ao RD 

0 1 
0 0 
1 1 
1 0 

RD 20 I 

WR 19 I 

EACK 3 I 

SVACK 4 I 

END 24 0 

8231A 

Table 1. Pin Description 

Name and Function 

Power: +5 Volt power supply. 

Power: +12 Volt power supply. 

Ground. 

Clock: An external, TTL compatibie, 
timing Source is applied to the ClK pin. 

Reset: The active high reset signal pro-
vides initialization for the chip. RESET 
also' terminates any operation in. pro-
gress. RESET clears the status register 
and places the 8231A into the idle state. 
Stack contents and command registers 
are not affected (5 clock cycles). 

Chip Select: CS is an active low input 
signal which selects the 8231A and en-
ables communication with the data bus. 

Addre •• : In conjunction with the J!iD 
and WR signals, the Ao control line es-
tablishes the type of communicati.on 
that is to be performed with the 8231 A as 
shown below: 

WR Function 

0 Enter data byte into stack 
1 Read data byte from stack 
0 Enter command 
1 Read status 

Read: This active low input indicates 
that data or status is to be read from the 
8231A if CS is low. 

Write: This active low input indicates 
that data or a command is to be written 
into the 8231A if CS is low. 

End of Execution: This active low input 
clears the end of execution output sig-
nal (END). If EACK is tied low, the END 
output will be a pulse that is one clock 
period wide. 

Service Request: This active low input 
clears the service request output 
(SVREQ). 

End: This active low, open-drain output 
indicates that execution of the pre-
viously entered command is complete. It 
can be used as an interrupt request and 
is cleared by EACK, RESET or any read 
or write access to the 8231. 
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Pin 
Symbol No. Type Name and Function 

SVREQ 5 0 Serv,lce Request: This active high out-
put signar indicates that command 
execution is complete and that post 
execution service was requested in the 
previous command byte. It is cleared by 
SVACK, the next command output to the 
device, or by RESET. 

READY 17 0 Ready; This active high output indi-
cates that the 8231A is able to accept 
communication with the data bus. When 
an attempt is made to read data, write 
data or to enter a new command while 
the 8231A is executing a command, 
READY goes low until execution of the 
current command is complete (See 
READY Operation, p. 5). 

DBo- 8- I/O Data BUI: These eight bidirectional 
DB7 15 lines provide for transfer of commands, 

status and data between the 8231 A and 
the CPU. The 8231A can drive the data 
bus only when CS and RD are low. 

COMMAND STRUCTURE 

Each com mand entered into the 8231 A consists of a single 
8-bit byte having the format illustrated below: 

Bits 0·4 select the operation to be performed as shown 
in the table. Bits 5-6 select the data format appropriate 
to the selected operation. If bit 5 is a 1, a fixed point data 
format is specified. If bit 5 is a 0, floating point format is 
specified. Bit 6 selects the precision of the data to be 
operated upon by fixed point commands only (if bit 
5 = 0, bit 6 must be 0). If bit 6 is a 1, single·precision 
(16-bit) operands are assumed. If bit 6 is a 0, double
precision (32-0It) operands are indicated. Results are 
undefined for all illegal combinations of bits in the com
mand byte. Bit 7 indicates whether a service request is 
to be issued after the command is executed. If bit 7 is a 
1, the service request output (SVREQ) will go high at the 
conclusion oHhe command and will remain high until 
reset by a low level on the service acknowledge pin 
(SVACK) or until' completion of execution of the suc
ceeding command 'where service request (bit 7) is O. 
Each command"issued to the 8231 A requests post execu
tion service based upon the state of bit 7 in the command 
byte. When bit 7 is a 0, SVREQ remains low. 
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Table 2. 32·81t Floating Point Instructions 

Hex(t) Stack Contents(2) Status Flags(4) 
Instruction Description Alter Execution 

Code A B C D Affected 

ACOS Inverse Cosine of A 0 6 R U U U S, Z, E 

ASIN Inverse Sine of A 0 5 R U U U S, Z, E 

ATAN Inverse Tangent of A 0 7 R B U U S, Z 

CHSF Sign Change of A I 5 R B C 0 S, Z 

COS Cosine of A (radians) 0 3 R B U U S, Z 

EXP eA Function 0 A R B U U S, Z, E 

FADD Add A and B I 0 R C 0 U S, Z, E 

FDIV Divide B by A I 3 R C 0 U S, Z, E 

FLTD 32·Bit Integer to Floating Point Conversion I C R B C U S, Z 

FLTS 16·8it Integer to Floating Point Conversion I 0 R B C U S, Z 

FMUL Multiply A and B I 2 R C 0 U S, Z, E 

FSUB Subtract A from B I I R C 0 U S, Z, E 

LOG Common Logarithm (base 10) of A 0 B R B U U S, Z, E 

LN Natural Logarithm of A 0 9 R B U U S, Z, E 

POPF Stack Pop I 8 B C 0 A S, Z 

PTOF Stack Push I 7 A A B C S, Z 

PUPI Push n onto Stack I A R A B C S, Z 

PWR SA Power Function 0 B R C U U S, Z, E 

SIN Sine of A (radians) 0 2 R B U U S, Z 

SORT Square Root of A 0 I R B C U S, Z, E 

TAN Tangent of A (radians) 0 4 R B U U S, Z, E 

XCHF Exchange A and B I 9 B A C 0 S, Z 

Table 3. 32·8it Integer Instructions 

Hex(t) Stack Contents(2) Status Flags(4) 
Instruction Description Alter Execution 

Code A B C D Affected 

CHSD Sign Change of A 3 4 R B C 0 S, Z, 0 

DADO Add A and B 2 C R C 0 A S, Z, C, E 

DDIV Divide B by A 2 F R C 0 U S, Z, E 

DMUL Multiply A and B (R = lower 32·bits) 2 E R C 0 U S, Z, 0 

DMUU Multiply A and B (R _ upper 32·bits) 3 6 R C 0 U S, Z, 0 

DSUB Subtract A from B 2 0 R C 0 A S, Z, C, 0 

FIXD Floating Point to Integer Conversion I E R B C U S, Z, 0 

POPD Stack Pop 3 8 B C 0 A S, Z 

PTOD Stack Push 3 7 A A B C S, Z 

XCHD Exchange A and B 3 9 B A C 0 S, Z -_ ... 
Table 4. 16·81t Integer Instructions 

Hex(t) Stack Contents(3) Status Flags(4) 
Instruction Description After Execution 

Code 
Au AL Bu BL Cu CL Du DL 

Affected 

CHSS Change Sign of Au 7 4 R AL Bu BL Cu CL Du DL S, Z, 0 

FIXS Floating Point to Integer Conversion I F R Bu BL Cu CL U U U S,Z,O 

POPS Stack Pop 7 8 AL Bu BL Cu CL Du DL Au S, Z 

PTOS Stack Push 7 7 Au Au AL Bu BL Cu CL Du S, Z 

SADD Add Au and AL 6 C R Bu BL Cu CL Du DL Au S, Z, C, E 

SDIV Divide AL by Au 6 F R Bu BL Cu CLDU DL U S, Z, E 

SMUL Multiply AL by Au If! = lower 16·bits) 6 E R Bu BL Cu CL Du DL U S, Z, E 

SMUU Multiply AL by Au (R = upper 16·bits) 7 6 R Bu BL Cu CL Du DL U S, Z, E 

SSUB Subtract Au from AL 6 0 R Bu BL Cu CL Du DL Au S, Z, C, E 

XCHS Exchange Au and AL 7 9 AL Au Bu BL Cu CL Du DL S, Z 

NOP No Operation 0 0 Au AL Bu BL Cu CL Du DL 

Notes. I. In the hex code column, SVREO IS a O. 
2. The stack initially is composed of four 32·bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon 

completion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B, C, or D). 
3. 'The stack initially is composed of eight 16-bit numbers (Au, AL, Bu, BL• Cu, CL, Du, Dd. Au is the lOS and AL is NOS. Upon completion of a 

command the stack is composed of: the result (R); undefined (U); or the initial contents (Au, AL, Bu, BL, ... ). 
4. Nomenclature: Sign (S); Zero (Z); Overflow (0); Carry (C); Error Code Field (E). 
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DATA FORMATS 
The 8231A arithmetic processing unit handles operands 
in both fixed point and floating point formats. Fixed 
point oparands may be represented in either single 
(16·bit operands) or double precision (32·bit operands), 
and are always represented as binary, two's comple· 
ment values. 

SINGLE PRECISION FIXED POINT FORMAT 

I VALUE I 
~I I I I I I I I I I I I I I I 

15 0 

DOUBLE PRECISION FIXED POINT FORMAT 

I VALUE I 
sl I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
~ 0 

The sign (positive or negative) of the operand is located 
in the most significant bit (MSB). Positive values are 
represented by a sign bit of zero (S = 0). Negative values 
are represented by the two's complement of the corre· 
sponding positive value with a sign bit equal to 1 (S = 1). 
The range of values that may be accommodated by each 
of these formats is - 32,768 to + 32,767 for single preci· 
sion and - 2,147,483,648 to + 2,147,483,647 for double 
precision. 

Floating point binary values are represented in a format 
that permits arithmetic to be performed in a fashion 
analogous to operations with decimal values expressed 
in scientific notation. 

In the decimal system, data may be expressed as values 
between 0 and 10 times 10 raised to a power that effec· 
tively shifts the implied decimal point right or left the 
number of places necessary to express the result in con· 
ventional form (e.g., 47,572.8). The value·portion of the 
data is called the mantissa. The exponent may be either 
negative or positive. 

The concept of floating point notation has both a gain 
and a loss associated with it. The gain is the ability to 
represent the significant digits of data with values span
ning a large dynamic range limited only by the capacity 
of the exponent field. For example, in decimal notation 
if the exponent field is two digits wide, and the mantissa 
is five digits, a range of values (positive or negative) 
from 1.0000 x 10- 99 to 9.9999 x 10+ 99 can be accom
modated. The loss is that only the significant digits of 
the value can be represented. Thus there is no distinc
tion in this representation between the values 123451 
and 123452, for example, since each would be ex
pressed as: 1.2345 x 105. The sixth digit has been 
discarded. In most applications where the dynamic 
range of- values to be represented is large, the loss of 
significance, and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point format 
could be chosen, although with a loss of potential 
dynamic range. 

The 8231A is a binary arithmetic processor and requires 
that floating point data be represented by a fractional 
mantissa value between .5 and 1 multiplied by 2 raised 
to an appropriate power. This is expressed as follows: 

value = mantissa x 2exponent 

For example, the value 100.5 expressed in this form is 
0.1100 1001 x 27. The decimal equivalent of this value 
may be computed by summing the components (powers 
of two) of the mantissa and then multiplying by the ex
ponent as shown below: 

val ue = (2 - 1 + 2 - 2 + 2 - 5 + 2 - 8) X 27 

= 0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
= 0.78515625 x 128 
= 100.5 

FLOATING POINT FORMAT 
The format for floating point values in the 8231A is given 
below. The mantissa is expressed as a 24-bit (fractional) 
value; the exponent is expressed as a two's complement 
7-bit value having a range of - 64 to + 63. The most 
significant bit is the sign of the mantissa (0 = positive, 
1 = negative), for a total of 32 bits. The binary point is 
assumed to be to the left of the most significant man
tissa bit (bit 23). All floating point data values must be 
normalized. Bit 23 must be equal to 1, except for the 
value zero, which is represented by all zeros. 

I EXPONENT I· MANTISSA -I 
jl ~ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
3130 2423 0 

The range of values that can be represented in this for
mat is ± (2.7 x 10- 20 to 9.2x 1018) and zero. 

FUNCTIONAL DESCRIPTION 

STACK CONTROL 

The user interface to the 8231A includes access to an 8 
level 16-bit wide data stack. Since single preCision fixed 
point operands are 16-bits in length, eight such values 
may be maintained in the stack. When using double 
precision fixed point or floating point formats four 
values may be stored. The stack in these two configura
tions can be visualized as shown below: 

TOS 

NOS 
-- A2 AT 

B2 B1 

-16-

TOS

NOS 

A4 A3 A2 A1 

B4 B3 B2 B1 

-32-

Data are written onto the stack, eight bits at a time, in 
the order shown (A 1, A2, A3, ... ). Data are removed from 
the stack in reverse byte order (A4, A3, A2 ... ). Data 
should be entered onto the stack in multiples of the 
number of bytes appropriate to the chosen data format. 
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DATA ENTRY 

Data entry is accomplished by bringing the chip select 
(CS), the command/data line (Ao), and m low, as shown 
in the timing diagram. The entry of each new data word 
"pushes down" the previously entered data and places 
the new byte on the top of stack (TOS). Data on the bot· 
tom of the stack prior to a stack entry are lost. 

DATA REMOVAL 

Data are removed from the stack in the 8231A by bringing 
chip select (CS), command/data (Ao), and AD low as 
shown in the timing diagram. The removal of each data 
word redefines TOS so that the next successive byte to 
be removed becomes TOS. Data removed from the stack 
rotates to the bottom of the stack. 

COMMAND ENTRY 

After the appropriate number of bytes of data have been 
entered onto the stack, a command may be issued to 
perform an operation on that data. Commands which re
quire two operands for execution (e.g., add) operate on 
the TOS and NOS values. Single operand commands 
operate only on the TOS. 

Commands are issued to the 8231A by bringing the chip 
select (CS) line low, command data (Ao) line high, and 
WR line low as indicated by the timing diagram. After a 
command is issued, the CPU can continue execution of 
its program concurrently with the 8231A command 
execution. 

COMMAND COMPLETION 

The 8231A signals the completion of each command exe
cution by lowering the End Execution line (END). 
Simultaneously, the busy bit in the status register is 
cleared and the Service. Request bit of the command 
register is checked. If it is a "1" the service request out
put level (SVREQ) is raised. END is cleared on.receipt of 
an active low End Acknowledge (EACK) pulse. Similarly, 
the service request line is cleared by recognition of an 
active low Service Acknowledge (SVACK) pulse. 

READY OPERATION 

An active high ready (READY) is provided. This line is 
high in its quiescent state and is pulled low by the 8231A 
under the following conditions: 

1. A previously initiated operation is in progress (device 
busy) and Command Entry has been attempted. In 
this case, the READY line will be pulled low and re
main low until completion of the current command 
execution. It will then go high, permitting entry of the 
new command. 

2. A previously initiated operation is in progress and 
stack access has been attempted. In this case, the 
READY line will be pulled low, will remain in that 
state until execution is complete, and will then be 
raised to permit completion of the stack access. 

3. The 8231A is not busy, and data removal has been re
quested. READY will be pulled low for the length of 
time necessary to transfer the byte from the top of 
stack to the interface latch, and will then go high, 
indicating availability of the data. 
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4. The 8231 A is not busy, and a data entry has been re
quested. READY will be pulled low for the length of 
time required to ascertain if the preceding data byte, 
if any, has been written to the stack. If so READY will 
immediately go high. If not, READY will remain low 
until the interface latch is free and will then go high. 

5. When a status read has been requested, READY will 
be pulled low for the length of time necessary to 
transfer the status to the interface latch, and will 
then be raised to permit completion of the status 
read. Status may be read whether or not the 8231A is 
busy. 

When READY goes low, the APU expects the bus con
trol signals present at the time to remain stable until 
READY goes high. 

DEVICE STATUS 

Device status is provided by means of an internal status 
register whose format is shown below: 

I BUSY 1 SIGN 1 ZERO ~ ERROR 1 CODE -I -~I CARRY I 

BUSY: Indicates that 8231A is currently executing a com
mand (1 =Busy) 

SIGN: Indicates that the value on the top of stack is 
negative (1 = Negative) 

ZERO: Indicates that the. value on the top of stack is 
zero (1 = Value is zero) 

ERROR CODE: This field contains an indication of the 
validity of the result of the last opera
tion. The error codes are: 

0000 - No error 
1000 - Divide by zero 
0100 - Square root or log of negative number 
1100 - Argument of inverse sine, cosine, or 

eX too large 
XX10 - Underflow 
XX01 - Overflow 

CARRY: Previous operation resulted in carry or borrow 
from most significant bit. (1 = Carry/Borrow, 
0= No Carry/No Borrow.) 

If the BUSY bit in the status register is a one, the other 
status bits are not defined; if zero, indicating not busy, 
the operation is complete and the other status bits are 
defined as given above. 

READ STATUS 

The 8231A status register can be read by the CPU at any 
time (whether an operation is in progress or not) by 
bringing the chip select (CS) low, the command/data line 
(Ao) high, and lowering RD. The status register is then 
gated onto the data bus and may be input by the CPU. 

EXECUTION TIMES 
Timing for execution of the 8231A command set is con
tained below. All times are given in terms of clock 
cycles. Where substantial variation of execution times 
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is possible, the minimum and maximum values are 
quoted; otherwise, typical values are given. Variations 
are data dependent. 

Total execution times may require allowances for 
operand transfer into the APU, command execution, and 
result retrieval from the APU. Except for command exe· 

cution, these times will be heavily influenced by the 
nature of the data, the control interface used, the speed 
of memory, the CPU used, the priority allotted to DMA 
and Interrupt operations, the size and number of 
operands to be transferred, and the use of chained 
calculations, etc. 

Table 5. Command Execution Times 

Command Clock Command Clock 
Mnemonic Cycles Mnemonic Cycles 

SADD 17 FADD 54-368 
SSUB 30 FSUB 70-370 
SMUL 84-94 FMUL 146-168 
SMUU 80-98 
SDIV 84-94 FDIV 154-184 
DADD 21 SORT 800 
DSUB 38 SIN 4464 
DMUL 194-210 COS 4118 
DMUU 182-218 
DDIV 208 TAN 5754 
FIXS 92-216 ASIN 7668 
FIXD 100-346 ACOS 7734 
FLTS 98-186 ATAN 6006 
FLTD 98-378 LOG 4474-7132 

DERIVED FUNCTION DISCUSSION 

Computer approximations of transcendental functions 
are often based on some form of polynomial equation, 
such as: 

(1-1) 

The primary shortcoming of an approximation in this 
form is that it typically exhibits very large errors when 
the magnitude of IXI is large, although the errors are 
small when IXI is small. With polynomials in this form, 
the error distribution is markedly uneven over any 
arbitrary interval. 

A set of approximating functions exists that not only 
minimizes the maximum error but also provides an even 
distribution of errors within the selected data represen
tation interval. These are known as Chebyshev Poly
nomials and are are based upon cosine functions. These 
functions are defined as follOWS: 

T nIX) = Cos nO; where n = 0,1,2 ... 
8=COS-1X 

(1-2) 

The various terms of the Chebyshev series can be com
puted as shown below: 

To(X) = Cos (0·8)= Cos (0)= 1 (1-4) 
T1(X)= Cos (COS-1X)= X (1-5) 
T 2(X) = Cos 28= 2Cos2 e-l = 2Cos2(CoS-1X)- 1 (1-6) 

= 2X2_ 1 

Command Clock Command Clock 
Mnemonic Cycles Mnemonic Cycles 
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LN 4298-6956 POPF 12 
EXP 3794-4878 XCHS 18 
PWR 8290-12032 XCHD 26 

NOP 4 XCHF 26 
CHSS 23 PUPI 16 
CHSD 27 
CHSF 18 

PTOS 16 
PTOD 20 
PTOF 20 
POPS 10 
POPD 12 

In general, the next term in the Chebyshev series can be 
recursively derived from the previous term as follows: 

T n(X) = 2X [T n-l(X)] - T n- 2(X); n;;' 2 (1-7) 

Common logarithms are computed by multiplication 
of the natural logarithm by the conversion factor 
0.43429448 and the error function is therefore the same 
as that for natural logarithm. The power. function is 
realized by combination of natural log and exponential 
functions according to the 'equation: 

The error for the power function is a combination of that 
for the logarithm and exponential functions. 

Each of the derived functions is an approximation of the 
true function. Thus the result of a derived function will 
have an error. The absolute error is the difference be
tween the function's result and the true result. A more 
useful measure of the function's error is relative error 
(absolute erroritrue result). This gives a measurement of 
the significant digits of algorithm accuracy. For the 
derived functions except LN, LOG, and PWR the relative 
error is typically 4 x 10-7. For PWR the relative error is 
the summation of the EXP and LN errors, 7x 10-7. For 
LN and LOG, the absolute error is 2 x 10-7. 
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APPLICATION INFORMATION 

The diagram in Figure 4 shows the interface connec
tions for the APU with operand transfers handled by an 
8237 DMA controller, and CPU coordination handled by 
an Interrupt Controller. The APU interrupts the CPU to 
indicate that a command has been completed. When the 
performance enhancements provided by the DMA and 
Interrupt operations are not required, the APU interface 

can be simplified as shown in Figure 3. The 8231A APU is 
designed with a general purpose 8-bit data bus and in· 
terface control so that it can be conveniently used with 
any general 8·bit processor. 

In many systems it will be convenient to use the 
microcomputer system clock to drive the APU clock 
input. In the case of 8080A systems it would be the 
<t>2TTL signal. Its cycle time will usually fall in the range 
of 250 ns to 1000 ns, depending on the system speed. 

ADDRESS BUS 

lOR RD Ao CS 
CPU 

lOW WR 8231A 
ARITHMETIC 

CLOCK ClK PROCESSOR 

READY READY UNIT 

.-t. 

[ 
...t. :::... 

.... .... 7" 
SYSTEM OAT A BUS 

Figure 3. Minimum Configuration Example 

~ ADDRESS BUS 

~ 1f Ir v 

j; 
8205 J. A8-A15 

I 
DECODER es AO-A7 ... 

.EN De ADDRESS 

I p-
O'" -I. LATCH 

AO-A15 8237 ADSTB STB 8282 
DMA CONTROLLER 080- ,~-

"'" ::.. HLDA HLDA 

II I~ 
> D.7 \r-

~ 

~ Ig ~ 
c 

HOLD HRa f2 ~ u 

CLOCK t r MEMR L--1\ 
MEMW 

V 
iOR 

CPU 
lOW 

READY 

r vee 
i 

WR RD CS 'D I~ ~ I~ ~ I~ I~ :{ 

iiifA INTA 
8259A IRO END ~ ~ 8231A 

INTERRUPT 

r ARITHMETIC 
INT INT 

CONTROLLER EACK 
PROCESSOR UNIT 

OBO-DBT DBD-OS7 DBO_DB7 

.: .,... 

1 ""7- ~ ~ 
SYSTEM DATA BUS 1> 

Figure 4. High Performance Configuration Example 
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ABSOLUTE MAXIMUM RATINGS· 
Storage Temperature ............. - 65·C to + 150·C 
Ambient Temperature Under Bias. , ....... O·C to 70·C 
Voo with Respect to Vss ............ - 0.5V to + 15.0V 
Vee with Respect to Vss ............. - 0.5V to + 7.0V 
All Signal Voltages with Respect 

to Vss ...................•...... - 0.5V to + 7.0V 
Power Dissipation ............................ 2.0W 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device 
reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA = O°C to 70°C, Vss = OV, Vee = +5V ± 10%, 

Voo = +12V ± 10%) 

Parameters Description Min. 

VOH Output HIGH Voltage 3.7 

VOL Output LOW Voltage 

VIH Input HIGH Voltage 2.0 

VIL Input LOW Voltage -0.5 

IlL Input Load Current 

IOFL Data Bus Leakage 

Icc Vee Supply Current 

100 Voo Supply Current 

Co . Output Capacitance. 

CI Input Capacitance 

CIO 1/0 Capacitance 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

S.7=< x= 2.0 2.0 

0.8 >TESTPOINTS< 0.8 

0.4 _ _ 

A.C. TESTING: INPUTS ARE DRIVEN AT3.7V FOR A LOGIC"1" AND 0.4V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND O.BV FOR A LOGIC "0." 

Typ. 

50 

50 

8 

5 

10 
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Max. Units Test Conditions 

Volts 10H= - 200 /LA 

0.4 Volts IOL=3.2 mA 

Vee Volts 

0.8 Volts 

±10 /LA Vss :5 VIN :5 Vee 

± 10 /LA Vss +0.45 ,;;; VOUT ,;;; Vee 

95 mA 

95 mA 

pF 

pF fc = 1.0 MHz, Inputs = OV 

pF 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

~C'=150PF TEST 

-= 
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A.C. CHARACTERISTICS (TA = O°C to 7ooC, vss = OV, Vee = +5V ± 10%, VDD = +12V ± 10%) 

READ OPERATION 

Symbol Parameter .211A .. 1281A·3 1211A Units 
Min. Max. Min. Max. Min. Max. 

tAR 110, es Setup to RD 0 0 0 ns 

tRA Ao, es Hold from RD 0 0 0 ns 

tRY READY I from RD I Delay (Note 2) 150 100 100 ns 

tYR READY t to RD t 0 0 0 ns 

Data 3.5tCY 3.5 tCY 3.5tCY ns 
+50 +50 +50 

tRRR READY Pulse Width (Note 3) 

Status 1.5tCY 1.5tCY 1.5tCY ns 
+50 +50 +50 

tROE Data Bus Enable from RD I 50 50 50 ns 

tORY Data Valid to READY t 0 0 0 ns 

tOF Data Float after RD t 50 200 50 150 50 100 ns 

WRITE OPERATION 

Symbol Parame.er 11231A-8 1231A-3 8231 A Units 
Min. Max. Min. Max. Min. Max. 

tAW 110, CS Setup to WR 0 0 0 ns 

tWA 110, CS Hold after WR 60 30 25 ns 

tWY READY I from WR I Delay (Note 2) 150 100 100 ns 

tvw READY t to WR t 0 0 0 ns 

tRRW READY Pulse Width (Note 4) 50 50 50 ns 

tWI Write Inactive Time (Note 4) I Command 4tCY 4tCY 4tCY ns 

I Data 5 tCY 5tCY 5tCY ns 

tow Data Setup to WR 150 100 100 ns 

two Data Hold after W!I 20 20 20 ns 

OTHER TIMINGS 

Symbol Parameter 1231A-8 8231A-3 8231A Units 
Min. Max. Min. Max. Min. Max. 

tCY Clock Period 460 5000 320 3300 250 2500 ns 

tCPH Clock Pulse High Width 200 140 100 ns 

tCPL Clock Pulse Low Width 240 160 120 ns 

tEE END Pulse Width (Note 5) 40Q 300 200 ns 

tEAE EACK I to EN P t Delay 200 175 150 ns 

tAA EACK Pulse Width 100 75 50 ns 

tSA SVACK I to SVREQ I Delay 300 200 150 ns 

tss SVACK Pulse Width 100 75 50 ~s 

NOTES: 
1. Typical values are for TA=25°C, nominal supply voltages and nominal processing parameters. 
2. READY is pulled low for both command and data operations. 
3. Minimum values shown assume no previously entered command is being executed for the datil access. If a previously entered 

command is being executed, READY low pulse width Is the time to complete execution plus the time shown. Status may be read at any 
time without exceeding the time shown. 

4. READY low pulse width is less tha,n 50!J!l when writing into the data port or the control port as long liS the duty cycle requirement (twl) is 
observed and no previous command is being executed. tWI may be safely violated as long as the extended tRRW that results is 
observed. If a previously entered coniinl!nd is being executed, READY low pulse width is thl'! time to complete execution plus the time 
shown. These timings refer specifically to the 8231A. 

5. END low pulse width is specified for EACK tied to VSS. Otherwise tEAE applies. 
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WAVEFORMS 

READ OPERATION 

CLOCK 

READY 

DATA 
BUS 

WRITE OPERATION 

Ao,Cs ~~'AW_) e~'WA 
WR ~ 

READY ----'W-y--1~"~-Y--= -~-I ~ 

D:~~ -----------r:~ l--r_'w_o ____ _ 

INTERRUPT OPERATION 

\'EE" , 
'EAEDt _____________ -'AA- ,_---------

EACK 

'SA=i } ___ '--'SS~1 

SVACK _ Y 

SVREQ / 

-------' 
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8232 
FLOATING POINT PROCESSING UNIT 

• Compatible with Proposed IEEE For
mat and Existing Intel Floating Point 
Standard 

• Single (32-Bit) and Double (64-Bit) 
Precision Capability 

• Add, Subtract, Multiply and Divide 
Functions 

• Stack Oriented Operand Storage 

• General Purpose S-Bit Data Bus Inter
face 

• Standard 24-Pin Package 

• 12V and 5V Power Supplies 

• Compatible with MCS-SOTM, MCS-S5™ 
. and MCS-S6™ Microprocessor Families 

• Error Interrupt 

• Direct Memory Access or Programmed 
1/0 Data Transfers 

• End of Execution Signal 

• Advanced N-Channel Silicon Gate 
HMOS Technology 

The Intel'" 8232 is a high performance floating-point processor unit (FPU). It provides single precision (32-bit) and 
double precision (54-bit) add, subtract, multiply and divide operations. The 8232's floating point arithmetic is a subset 
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities of the host 
microprocessor. 

The operand, result, status and command information transfers take place over an 8-bit bidirectional data bus. Oper
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the 
data stack. The results of the operation are available to the host processor from the stack. 

Information transfers between the 8232 and the host processor can be handled by using programmed I/O or direct 
memory access techniques. After completing an operation, the 8232 activates. an "end of execution" signal that can 
be used to interrupt the host processor. 

Figure 1_ Block Diagram 
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ERROR 
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Symbol Pin No, Type 

Vee 2 

Voo 16 

Vss 1 

CLK 23 I 

RESET 22 I 

CS 18 I 

Ao 21 I 

8232 

Table 1. Pin Description 

Name and Description Symbol Pin No, Type 

POWER SUPPLY: +5V power supply 20 

POWER llIJPPLY: + 12V power supply 

GROUND 

CLOCK: An external tiining source con, 
nected to the CLK input provides the, 
necessary clocking. 

RESET: A HIGH level on this input causes 
initialization. Reset terminates any opera-
tion in progress, and clears the status 
register to zero, The internal stack pOinter 
is initialized and the contents of the stack 
may be affected, After a reset the END 
output, the ERROR output and the SVREO 
output will be LOW, For proper initializa-
tion, RESET must be HIGH for at least five 
CLK periods following stable power 
supply voltages and stable clock, WR 19 

CHIP SELECT: input must be LOW to ac-
complish any read or write operation to 
the 8232, 

To perform a write operation, appropriate 
data Is presented on DBO through DB7 
lines, appro~ate logic level on the Ao in-
put and the CS input is made LOW, When-
everWRand REi inputs are both HIGH and 
CS is LOW, READY goes LOW, However, 
actual writing into the 8232 cannot start 
until WR is made LOW, After initiating the 
write operation by the HIGH to LOW tran-
sition on the WR input, the READY output EACK 

will go HIGH, indicating the write opera-
tion has been acknowle<,tged, The WR in-
put can go HIGH after READY goes HIGH, 
The data lines, the Ao input and the CS in-
put can change when appropriate hold 
time requirements are satisfied. See write 
timing diagram for details. 

To perform a read operation an appropriate 
logic level is established on the Ao input 
and CS is made LOW, The READY outpul 
goes LOW because WR and RD inputs are 

SVACK 

HIGH, The read operation does not start! 
until the REi input goes LOW, READY will' 
go HIGH indicating that read operation iSI 
complete and the required information is, 
available on the DBO through DB7 lines.' 
This information will remain on the data 
lines as long as RD is LOW. The REi input: END 24 o 
can return HIGH anytime after READY' 
goes HIGH. The CS Input and Ao input can, 
change anytime after RD reWrns HIGH,! 
See read timing diagram for details. If the 
CS is tied LOW permanently, READY will' 
remain LOW until the next 8232 read or 
write access. 

~DRESS: The Ao input together wiih the 
RD and WA inputs determines the type of 
transfer to be performed on the data bus 
as follows: 

Ao RD WR Function 

0 1 0 Enter data byte into stack 
0 a 1 Read data byte from stack 
1 1 0 Enter command 
1 0 1 Read status 
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Name and Description 

READ: A LOW level on this input is used 
to read information from an internal 
location and gate that information onto 
the data bus, The CS input must be LOW 
to accomplish the read operation. The Ao 
input determines what internal location Is 
to be read. See Ao, CS input descriptions 
and read timing diagram for details. If the 
END output was HIGH, performing any 
read operation will make the END output 
go LOW after the HIGH to LOW transition 
of the RD input (assuming CS is LOW), If 
the ERROR output was HIGH, performing 
a status register read operation will make 
the ERROR output LOW. This will happen 
after the HIGH to LOW transition of the 
m5' input (assuming ~ is LOW), 

WRITE: A LOW level on this input is used 
to transfer information from the data bus 
into an internal location. The,CS must be 
LOW to accomplish the write operation, 
An determines which internal Ideation is 
to be written. See Ao, CS input descrip
tions and write timing diagram for details. 

If the END output was HIGH, performing 
any write operation will make the END 
output go LOW after the LOW to HIGH 

I 
transition of the W~ input (assuming CS is 
LOW), 

END ACKNOWLEDGE: When LOW, 
makes the END output go LOW, As men
tioned earlier, HIGH on the END output 
Signals completion of a command exe
cution, The END signal is derived from an 
internal flip,flop which Is clocked at the 
completion of a command. This flip-flop is 
clocked to the reset state when EACK Is 
LOW. Consequently, if EACK is tied LOW, 
the END output will be a pulse that is 
approximately one CLK period wide. 

SERVICE ACKNOWLEDGE: A LOW level 
on this input clears SVREQ, If the SVACK 
input is permanently tied LOW, it will 
conflict with the internal setting of the 
SVREO output. Thus, the SVREO 
indication cannot be relied upon if the 
SVACK is tied LOW. 

END OF EXECUTION: A HIGH on this 
output indicates that execution of the 
current command is complete, This output 
will be cleared LOW by activating the 
EACK input LOW or performing any read 
or write operation or device initialization 
using RESET. If EACK is tied LOW, the 
END output will be a pulse (see EACK 
description). 

Reading the status register while a com
mand execution is in progress is allowed. 
However, any read or write operation 
clears the flip-flop that generates the END 
output. Thus, such continuous reading 
could conflict with internal logic setting of 
the END flip-flop at the end of command 
execution. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. Type 

SVREQ 5 o 

ERROR 6 o 

Name and Description 

SERVICE REQUEST: A HIGH on this out· 
put Indicates completion of a command. 
In this sense this output is the same as the 
END output. However, the SVREQ output 
will go HIGH at the completion of a 
command only when the Service Request 
Enable bit was set to 1. The SVREQ can be 
cleared (i.e., go LOW) by activating the 
SVACK input LOW or Initializing the 
device using the RESET. Also, the SVREQ 
will be automatically cleared after 
completion of any command that has the 
service request bit as O. 

ERROR: Output goes HIGH to indicate that 
the current command execution resulted 
in an error condition. The error conditions 
are: attempt to divide by zero, exponent 
overflow and exponent underflow. The 
ERROR output Is cleared LOW on a status 
register read operation or upon RESET. 

The ERROR output is derived from the 
error bits in the status register. These 
error bits will be updated internally at an 
appropriate time during a command exe
cution. Thus, ERROR output going HIGH 
may not coincide with the completion of a 
command. Reading of the status register 
can be performed while a command exe
cution is in progress. However, it should 
be noted that reading the status register 
clears the ERROR output. Thus, reading 
the status register while a command 
execution is in progress may result in an 
internal conflict with the ERROR output. 

FUNCTIONAL DESCRIPTION 

Major functional units of the 8232 are shown in the 
block diagram. The 8232 employs a microprogram con· 
trolled stack oriented architecture with 17·bit wide data 
paths. 

The Arithmetic Unit receives one of its operands from 
the Operand Stack. This stack' is an eight word by 17·bit 
two port memory with last in-first out (LIFO) attributes. 
The second operand to the Arithmetic Unit is supplied 
by the internal 17·bit bus. In addition to supplying the 
second operand, this bidirectional bus also carries the 
results from the output of the Arithmetic Unit when 
required. Writing into the Operand Stack takes place 
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Symbol Pin No. Type 

READY 17 o 

DBO- 8-15 110 
DB7 

Name and Description 

READY: Output is a handshake signal used 
while performing read or write transac· 
tlons with the 8232. If the iiii1i and Ali 
inputs are both HIGH, the READY output 
goes LOW with the CS input in anticlpa· 
tion of a transaCtion. If WR goes LOW to 
initiate a write transaction with proper 
signals established on the DBO-DB7, Ao 
inputs, the READY will return HIGH 
indicating that the write operation has 
been accomplished. The WR can be made 
HIGH after this event. On the other hand, if 
a read operation is desired, the RD Input is 
made LOW after activating CS LOW and 
establishing proper Ao input. (The READY 
will go LOW in response to CS going 
LOW.) The READY will return HIGH, 
indicating completion of read. The R5 can 
return HIGH after this event. It should be 
noted that a read or write operation can be 
initiated without any regard to whether a 
command execution is in progress or not. 
Proper device operation is assured by 
obeying the READY output indication as 
described. 

DATA BUS: Bidirectional lines are used to 
transfer command, status and operand 
information between the device and the 
host processor. DBO is the least signifi
cant and DB7 is the most significant bit 
position. HIGH on a data bus line corre-
sponds to 1 and LOW corresponds to O. 

When pushing operands on the stack 
using the data bus, the least significant 
byte must be pushed first and the most 
significant byte last. When popping the 
stack to read the result of an operation, 
the most significant byte will be available 
on the data bus first and the least sig· 
nlficant byte will be the last. Moreover, for 
pushing operands and .popping results, 
the number of transactions must be equal 
to the proper number of bytes appropriate 
for the chosen format. Otherwise. the 
internal byte pOinter will not be aligned 
properly. The single precision format 
requires 4 bytes and double precision 
format requires 8 bytes. 

from this internal 17·bit DUS when required. Also con· 
nected to this bus are the Constant ROM and Working 
Registers. The ROM provides the required constants to 
perform the mathematical operations while the Working 
Registers provide storage for the intermediate values 
during command execution. 

Communication between the external world and the 
8232 takes place on eight bidirectional input/output 
lines, DBO through DB7 (Data Bus). These signals are 
gated to the internal8·bit bus through appropriate inter· 
face and buffer circuitry. Multiplexing facilities exist for 
bidirectional communication between the internal eight 
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and 17·bit buses. The Status Register and Command 
Register are also located on the 8·bit bus. 

The 8232 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter 
supplies the microprogram addresses and can be par· 
tially loaded from the Command Register. Associated 
with the Program Counter is the Subroutine Stack where 
return addresses are held during subroutine calls in the 
microprogram. The Microinstruction Register holds the 
current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The 
Instruction Decode logic generates various internal con· 
trol signals needed for the 8232 operation. 

The Interface Control logic receives several external in· 
puts and provides handshake related outputs to facili· 
tate interfacing the 8232 to microprocessors. 

Command Format 
The operation of the 8232 is controlled from the host 
processor by issuing instructions called commands. 
The command format is shown below. 

OP CODE 

I I 

The command consists of 8 bits; the least significant 7 
bits specify the operation to be performed as detailed in 
Table 1. The most significant bit is the Service Request 
Enable bit. This bit must be a 1 if SVREQ is to go HIGH 
at the end of executing a command. 

The commands fall into three categories: single pre· 
cisionarlthmetic, double precision arithmetic and data 
manipulation. There are four arithmetic operations that 
can be performed with single precision (32·bit) or double 
precision (64·bit) floating·point numbers: add, subtract, 
multiply and divide. These operations require two oper· 
ands. The 8232 assumes that these operands are 
located in the internal stack as Top of Stack (TOS) and 
Next on Stack (NOS). The result will always be returned 
to the previous NOS which becomes the new TOS. 
Results from an operation are of the same precision and 
format as the operands. The results will be rounded to 
preserve the accuracy. The actual data formats and 
rounding procedures are described in a later section. In 
addition to the arithmetic operations, the 8232 imple· 
ments eight data manipulating operations. These 
include changing the sign of a double or single 
preCision operand located in TOS, exchanging single 
precision operands located at TOS and NOS, as well as 
pushing and popping single or double precision 
operands. See also the sections on status register and 
operand formats. 

The execution times of the commands are all data 
dependent. Table 3 shows one example of each com· 
mand execution time. 

Operand Entry 
The 8232 commands operate on the operands located at 
the TOS and NOS. Results are returned to the stack at 
NOS and then popped to TOS. The operands required for 
the 8232 are one of two formats - single precision 
floating·point (4 bytes) or double precision floating. 
point (8 bytes). The result of an operation has the same 
format as the operands. In other words, operations 
using single precision quantities always result in a 
single precision result, while operations involving 
double precision quantities will result in double 
precision result. 

Operands are always entered into the stack least signifi· 
cant byte first and most significant byte last. The follow· 
ing procedure must be followed to enter operands into 
the stack: 

1. The lower significant operand byte is established on 
the DBO-DB7 lines. 

2. A LOW is established on theAo input to specify that 
data is to be entered into the stack. 

3. The CS input is made LOW. Whenever the WR and RD 
inputs are HIGH, the READY output will follow the CS 
input. Thus, READY output will become LOW. 

4. After appropriate set up time (see timing diagrams), 
the WR input is made LOW. 

5. Sometime after this event, READY will return HIGH to 
indicate that the write operation has been acknowl· 
edged. 

6. Any time after the READY output goes HIGH, the WR 
input can be made HIGH. The DBO-DB7, Ao and CS 
inputs can change after appropriate hold time reo 
quirements are satisfied (see timing diagrams). 

The above procedure must be repeated until all bytes of 
the operand are pushed into the stack. It should be 
noted that for single precision operands 4 bytes should 
be pushed and 8 bytes must be pushed for double pre· 
cision. Not pushing all the bytes of a quantity will result 
in byte pOinter misalignment. 

The 8232 stack can accommodate four single preciSion 
quantities or two double precision quantities. Pushing 
more quantities than the capacity of the stack will result 
in loss of data which is usual with any LIFO stack. 

The stack can be visualized as shown below: 
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TOS __ 

NOS--

A4[ A3J A2.l A1 

B4 ~ B3·~ B2.l B1 

I I I 
I I I 

_32 ___ _ 

:~::I: :; : i: i : I:: : I :~ I! 
... .. >--------64-------
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Table 2. 8232 Command Set 

Single Precision Instructions 

Hex1 Stack Contents2 
Status Flags Instruction Description 

Code After Execution 
Aflected4 

A B C D 

SADD Add A and B 01 R C 0 U S,Z,U,V 

SSUB Subtract A from B 02 R C 0 U S,Z,U,V 

SMUL Multiply A by B 03 R C D U S,Z,U,V 

SDIV Divide B by Alf A exponent = 0, 04 R 
then R= B. 

C 0 U S,Z, U, V, 0 

CHSS Change sign of AS 05 R B C 0 S,Z 

PTOS Push stacks 06 A' A B C S,Z 

POPS Pop stack 07 B C 0 A S,Z 

XCHS Exchange 08 B A C 0 S,Z 

Double Precision Instructions 

Hex1 Stack Contents3 
Status Flags Instruction Description After Execution Code Affected4 

A B 

DADO Add A and B 29 R U S,Z,U, V 

DSUB Subtract A from B 2A R U S,Z,U,V 

DMUL Multiply A by B 2B R U S,Z,U,V 

DDIV Divide B by A. If A = 0, 
then R= B. 

2C R U S,Z,U,V,D 

CHSD Change sign of A5 2D R B S,Z 

PTOD Push stack5 2E A' A S,Z 

POPD Pop stack 2F B A S,Z 

CLR CLR status 00 A B 

Notes: 

1. In the hex code column, SVREQ bit is a O. 

2. The stack initially Is composed of four 32·bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next on Stack (NOS). Upon com· 
pletion of a command the stack is composed of: the result (R); undefined (U); or the Initial contents (A,B,C, or D). 

3. The stack initially is composed of two 54·bit numbers (A, B). A Is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon completion 
of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B). 

4. Any status blt(s) not affected are set to O. Nomenclature: Sign (S); Zero (Z); Exponent Underflow (U); Exponent Overflow (V); Divide Exception (D). 

5. If the exponent field of A is zero, R or A' will be zero. 
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Table 3. Execution Times 

Command TOS NOS Result Clock Periods 

SADD 3F8000oo 3F800000 40000000 58 
SSUB, 3FSOOOOO 3FSOOOoo 00000000 56 
SMUL 40400000 3FCOOOOO 40900000 198 
SDIV 3F8oo000 40000000 3FOOOOOO 228 
CHSS 3F8oo000 - BF800000 10 
PTOS 3F800000 - - 16 
POPS 3F800000 - - 14 
XCHS 3F800000 40000000 - 26 
CHSD 3FFOOOOO 00000000 - BFFOOOOO 00000000 24 
PTOD 3FFOOOOO 00000000 - - 40 
POPD 3FFooOOO 00000000 - - 26 
CLR 3FFOOOOO 00000000 - - 4 
DADD 3FFOOOOO OAOOOOOO 3FFOOOOO 00000000 3FFOOOOO OAOOOOOO 578 
DSUB 3FFOOOOO AOOOOOOO 3FFOOOOO 00000000 3FFOOOOO AOOOOOOO 578 
DMUL BFF8000000000000 3FF80000 00000000 C0020000 00000000 1748 
DDIV BFF8000000000000 3FF80000 00000000 BFFOOOOO 00000000 4560 

Note: TOS, NOS and result are in hexadecimal; clock period is in decimal. 

Command Initiation 
After properly positioning the required operands in the 
stack, a command may be issu.ed. The procedure for 
initiating a command execution is the same as that 
described above for operand entry, except that the Ao 
input is HIGH. 

An attempt to issue a new command while the current 
command execution is in progress is allowed. Under 
these circumstances, the READY output will not go 
HIGH until the current command execution is com· 
pleted. 

Removing the Results 
Result from an operation will be available at the TOS. 
Results can be transferred from the stack to the data 
bus by reading the stack. 

When the stack is read for results, the most significant 
byte is available first and the least significant byte last. 

A result is always of the same precision as the operands 
that produced it. Thus, when the result is taken from the 
stack, the total number of bytes popped out should be 
appropriate with the precision - single precision 
results are 4 bytes and double precision results are 8 
bytes. The following procedure must be used for read· 
ing the result from the stack: 

1. A LOW is established on the Ao input. 

2. The CS input is made LOW. When WR and RD inputs 
are both HIGH, the READY output follows the CS 
input, thus READY will be LOW. 

3. After appropriate set up time (see timing diagrams), 
the RD input is made LOW. 
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4. Sometime after this, READY will return HIGH, indio 
cating that the data is available on the DBO-DB7 
lines. This data will remain on the DBO-DB7 lines as 
long as the RD input remains LOW. 

5. Any time after READY goes HIGH, the RD input can 
return HIGH to complete the transaction. 

6. The CS and Ao inputs can change after appropriate 
hold time requirements are satisfied (see timing dia· 
gram). 

7. Repeat this procedure until all bytes appropriate for 
the precision of the result are popped out. 

Reading of the stack does not alter its data; it only ad· 
justs the byte pointer. Note data must be removed in 
even, byte multiples to avoid a byte pOinter misalign· 
ment. If more data is popped than the capacity of the 
stack, the internal byte pOinter will wrap around and 
older data will be read again, consistent with the LIFO 
stack. 

Reading Status Register 
The 8232 status register can be read without any regard 
to whether a command is in progress or not. The only 
implication that has to be considered is the effect this 
might have on the END and ERROR outputs discussed 
in the signal descriptions. 

The following procedure must be followed to accom· 
plish status register reading: 

1. Establish HIGH on the Ao input. 

2. Establish LOW on the CS input. Whenever WR and 
RD inputs are HIGH, READY will follow the CS input. 
Thus, READY will go LOW. 

3. After appropriate set up time (see timing diagram), 
RD is made LOW. 
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4. Sometime after the HIGH to LOW transition of RD, 
READY will become HIGH, indicating that status reg
ister contents are available on the DBO-DB7 lines. 
These lines will contain this information as long as 
RD is LOW. . 

5. The RD input can be returned HIGH any time after 
READY goes HIGH. 

6. The Ao input and CS input can change after satisfying 
appropriate hold time requirements (see timing 
diagram). 

Status Register 
The 8232 contains an 8-bit status register with the 
following format: 

SIGN ZERO 
DIVIDE EXPONENT EXPONENT 

BUSY RESERVED EXCEPTION UNDERFLOW OVERFLOW RESERVED 
S Z 

D U V 

All the bits are initialized to zero upon reset. Also, 
executing a CLR (Clear Status) command will result in 
all zero status register bits. A zero in bit 7 indicates that 
the 8232 is not busy and a new command may be 
initiated. As soon as a new command is issued, bit 7 
becomes 1 to indicate the device is busy and remains 1 
until the command execution is complete, at which time 
it will become O. As soon as a new command is issued, 
status register bits 0-6 are cleared to zero. The status 
bits will be set as required during the command execu
tion. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon 
unless the ERROR occurs. The following is a detailed 
status bit description. 

Bit 0 Reserved. 

Bit 1 Exponent overflow (V). When 1, this bit indicates 
that the result exponent is more positive than 
+ 127 (+ 1023). The exponent is "wrapped" into the 
negative exponent range, skipping the end values. 

Bit 2 Exponent Underflow (U). When 1, this bit indicates 
that the result exponent is more negative than 
-126 (-1022). The exponent is "wrapped" into the 
positive range by the number of underflow bits, 
skipping -127 (-1023) and +128 (+1024). 

Bit 3 Divide Exception (D). When 1, this bit indicates 
that an attempt to divide by zero is made. Cleared 
to zero otherwise. 

Bit 4 Reserved. 

Bit 5 Zero (Z). When 1. this bit indicates that the result 
returned to TOS after a command is zero. Cleared 
to zero otherwise. 

Bit 6 Sign (S). When 1, this bit indicates that the result 
returned to TOS is negative. Cleared to zero other· 
wise. 

Bit 7 Busy. When 1, this bit indicates the 8232 is in the 
process of executing a command. It will become 
zero after the command execution is complete. 

All other status register bits are valid when the Busy bit 
is zero. 

Data Formats 
The 8232 handles floating-point quantities in two differ
ent formats - single preCision and double precision. 
These formats are the same as those used by Intel in 
other products and those proposed by the IEEE Sub
committee on floating point arithmetic. 

The single precision quantities are 32 bits long, as 
shown below: 

r IMPLIED BIT 

I M 

31 30 23 22 

Bit 31: 

S = Sign of the mantissa. One represents negative and 0 
represents positive. 

Bits 23-30: 

E = These 8 bits represent a biased exponent. The bias 
is 27 - 1 = 127. 

Bits 0-22: 

M = 23-bit mantissa. Together with the sign bit, the man
tissa represents a signed fraction in sign-magni
tude notation. There is an implied 1 beyond the 
most significant bit (bit 22) of the mantissa. In other 
words, the mantissa is assumed to be a 24-bit nor
malized quantity and the most significant bit, which 
will always be a 1 due to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arithmetic, normalizes the result and 
strips the implied bit before returning the results to 
the external data bus. The binary point is between 
the implied bit and bit 22 of the mantissa. 

The quantity N represented by the above notation is 

[
BIAS 

_ ~ BINARY POINT 

N = (_1)s 2E-(27 -1) (1.M) 

Provided E,.O (reserved for 0) or all 1 's (illegal). The 
approximate decimal range for this format is 
±1.17 x 10-38 to ±3.40 x 1038 . The format supports 7 
significant decimal digits. 
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A double precision quantity consists of the mantissa 
sign bit, an 11·bit biased exponent (E), and a 52·bit man· 
tissa (M). 'The bias for double precision quantities is 
210 - 1" The double precision format is illustrated below. 

r- IMPLIED BIT 

I M 

63 62 52 51 , 1 

Bit 63: 

S = Sign of the mantissa. One represents negative and 0 
represents positive. 

Bits 52-62: 

E = These 11 bits represent a biased exponent. The bias 
is 210_1 = 1023. 

Bits 0-51: 

M = 52·bit mantissa. Together with the sign bit the man· 
tissa represents a signed fraction in sign·magni· 
tude notation. There is an Implied 1 beyond the 
most significant bit (pit 51) of the mantissa. In other 
words, the mantissa is assumed to be a 53·blt nor· 
malized quantity and the most significant bit, which 
will always be a 1 d4e to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arit!lmetic, normalizes the result and 
strips the implied bit before returning the result to 
the external data bus. The binary point is between 
the implied bit and bit 51 of the mantissa. 

The quantity N represented by the above notation is 

'BIAS ' C r- BINARY POINT 
10 , 

N =( _l)S 2E-(2 -1) (l.M) 

Provided E '" 0 (reserved for 0) or ali 1s (iliegal). The 
approxi'mate decimal range is ±2.22 x 10-3~ to ±l.BO 
x 10308. THe format supports 16 significant decimal 
digits. 

The following are some examples of single precision 
floating point representations: ' 

Binary 
Floating 

Decimal S E M Point 
0 0 0 0 0000 OOOOH 
1 0 127 0 3F80 OOOOH 

-1 1 127 0 BF80 OOOOH 
255 0 134 .9922 437F OOOOH 

T! 0 128 .5708 4049 OFDBH 

8232 

Rounding 
One of the main objectives In choosing the 8232's Intell 
IEEE proposed floating point arithmetic was to prQvlde 
maximum accuracy with no anomalies. This means that 
a mathematically unsophisticated user will not be 
"surprised" by some of the results. It is prObably 
possible for a sophisticated user to obtain reliable 
results from almost any floating point arithmetic. 
However, In that case there will be an additional 'burden 
on the software. 

The best example of what might be called the 8232's 
"safety, factor" is the inclusion of guard bits for 
rounding. The absence of guard bits leads to the 
problem demonstrated by the following four·blt multi· 
plication: 

.1111 x20 

.1000x21 

.01111000x 21 

Since the last four bits are lost, the normalized result is: 

.1110x 20 

and the identify function is not valid. In the past this 
problem has been avoided (hopefully) by relying on 
excess precision. 

Instead the 8232 uses a form of rounding known as 
"rounrj to even." There are other types of rounding 
provided for in the proposed IEEE standard, but "round 
to even," an unbiased rounding scheme, is required. 
"Round to even" comes into play when a result is 
exactly halfway between two floating point numbers. In 
this case the arithmetic produces the "even" number, 
the one whose last mantissa bit is zero. The 8232 uses 
three additional bits-the Guard bit (G), the Rounding 
bit (R), and the "Sticky" bit (S)-to do the rounding. 
These are bits which hold data shifted out (right) of the 
accumulator. Rounding is carried out by the following 
rljles, as shown in the following figure, after the result is 
normalized. 

Bit 

G R S Rule 

0 0 0 No Round 

0 0 1 
0 1 0 Round Down 
0 1 1 

1 0 0 Round to Even 

1 0' 1 
1 1 0 Round Up 
1 1 1 
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APPLICATIONS INFORMATION 
The diagram in Figure 3 represents the minimum con· 
figuration of an 8232 system. The CPU transfers data to 
and from the 8232 Floating Point Processor using the 
READY line. The 8232 status is checked using polling by 
the CPU. 

8232 

In a high performance configuration (Figure 4), inter· 
rupts are used in place of polling. The interrupts are 
generated for an error condition and to signal the end of 
execution. Operand transfers are handled by the DMA 
controller. 

ADDRESS BUS ~ 

CPU lOR RO AD CS 

lOW WR 8232 
FLOATING POINT 

CLOCK ClK PROCESSOR 

READY READY 

.... 

t 
...:::; 

'< "" ~ SYSTEM DATA BUS 

Figure 3. Minimum Configuration Example 

~ ADDRESS BUS 

~ 1f 11 v 

i 6205 J A8-A15 

I 
DECODER CS AO-A7 

AEN " OE ADDRESS 

I 0- ADSTB 
_-I. LATCH 

AO-A1S 8237 

;1--
STB 8282 

DMA CONTROLLER OBO-
""1'i'" HLDA HlOA • ~ 

DB7 \r-
HOLD HRO 

~ ~ ~ ~ ~ 
0 i 0 . . Q < 

CLOCK t r MEMR ~ 
MEMW 

V 
lOR 

CPU 
lOW 

I 

1 
READY 

1 ~ 
WR RD CS AD - > ~ 

~ 
~ ~ of 0 0 u • ~ < 

INTA INTA 
8259A IRa END ~ ~ 

INTERRUPT 6232 

CONTROLLER IR' ERROR FLOATING POINT 
INT INT PROCESSOR 

DBO-OB7 DBO-OB? EACK DBO-DB? 

1 ~ 1 " SYSTEM DATA BUS 

V 

Figure 4. High Performance Configuration Example 
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ABSOLUTE MAXIMUM RATINGS· 

Storage Temperature .............. -65·Cto +150'C 
Ambient Temperature Under Bias ....... O'C to + 70'C 
VDD with Respect to Vss .............. -0.5V to + 15.0V 
Vee with Respect to Vss .............. -0.5V to + 7.0V 
All Signal Voltages with Respect 

to Vss ........................... -0.5V to + 7.0V 
Power Dissipation ............................ 2.0W 

8232 

"NOTICE: Stresses above those listed under "AbsolLlte 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions tor extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = DOC to 70°C, Vss = OV, Vce = +5V ± 10%, VDD = +12V ±10%) 

Symbol Parjlmeter Min. Typ. Max. Units Test Conditions 

VOH Output HiGH Voltage 3.7 V 10H= -200",A 

VOL Output LOW Voltage 0.4 V IOL=3.2mA 

VIH Input HIGH Voltage 2.0 Vee V 

VIL Input LOW Voltage -0.5 0.8 V 

IlL Input Load Current ±10 ",A Vss ~ VIN ~ Vee 

IOFL Data Bus Leakage ±10 ",A Vss. +0.45,,; Vour ,,; Vee 

Icc Vee Supply Current 50 95 mA 

100 VDD Supply Current 50 95 mA 

Co Output Capacitance 8 pF 

CI Input C,!pacitance 5 pF fe =1.0MHz,lnputs=OV 

CIO I/O Capacitance 10 pF 

A.C. CHARACTERISTICS (TA= DOC to 70·C, Vss= OV, Vee = +5V± 10%, VDD = +12V± 10%) 

READ OPERATION 

8232 8232·3 8232-8 
Symbol Parameter Units 

Min. Max. Min. Max. Min. Max. 

tAR ~. es Setup to RD 0 0 0 ns 

tRA ~, es Hold from RD 0 0 0 ns 

tARy READYI from Ao. eSI Delay (Note 2) 100 100 150 ns 

tYR READY! to RD! 0 0 0 ns 

Data 3.5 tCY 3.5 tCY 3.5 tCY ns +50 +50 +50 
tRRR READY Pulse Width (Note 3) 

Status 1.5 tCY 1.5 tCY 1.5 tCY ns +50 +50 +50 

tROE Data Bus Enable from RDI 50 50 50 ns 

lORY Data Valid to READY! 0 0 0 ns 

tOF Data Float after RD! 20 100 20 150 20 200 ns 
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A.C. CHARACTERISTICS (Continued) 

WRITE OPERATION 

8232 8232·3 8232·8 
Symbol Parameter Unit. 

Min. Max. Min. Max. Min. Max. 

tAW "0. cs Setup to WR 25 25 25 ns 

tWA "0. CS Hold after WR 30 30 60 ns 

tAWY READYI from Ao• CSI Delay (Note 2) 100 100 150 ns 

tyW READYt to WRt 0 0 0 ns 

tAAW READY Pulse Width tAW tAW tAW ns 
+50 +50 +50 

tow Data Setup to WAt 100 100 150 ns 

two Data Hold afterW'At 20 20 20 ns 

OTHER TIMINGS 

8232 8232·3 8232·8 
Symbol Parameter Units 

Min. Max. Min. Max. Min. Max. 

tCY Clock Period 250 2500 320 3300 480 5000 ns 

tCPH Clock Pulse HIGH Width 100 140 200 ns 

tCPL Clock Pulse LOW Width 120 160 240 ns 

tEE END Pulse Width (Note 4) 200 300 400 ns 

tEAE EACKI to EN 01 Delay 150 175 200 ns 

tAA EACK Pulse Width 50 75 100 ns 

tSA SVACKI to SVREQI Delay 100 200 300 ns 

tss SVACK Pulse Width 50 75 100 ns 

NOTES: 

1. Typical values are for T A = 25°C, nominal supply voltages and nominal processing parameters. 

2. READY is pulled low for both command and data operations. 

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is being 
executed, READY low pulse width is the time to complete execution plus the time ~hown. Status may be read at any time without exceeding the time 
shown. 

4. END high pulse width is specified for EACK tied to Vss. Otherwise IEAE applies. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

DEVICE 

37=>( x:= 2.0 2.0 

04 08 >TESTPOINTS< 0 8, 

UNDER i}CC" '50pF 
TEST 

-=-
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WAVEFORMS 

READ OPERATION 

CLOCK 

Ao.cs 

READY 

DATA 
BUS 

WRITE OPERATION 

__ oJ 

INTERRUPT OPERATION 

8232 

,..,t;::IDRY 
~ ___ --,,.xj.. OUTPUT VALID 

END ____ ----'A=~~~ , _____ _ 
nCR \L..-Y 

SYREQ ___ --II J 
~--------_____ ~I~~ ____ --
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8294 
DATA ENCRYPTION UNIT 

• Certified by National 8ureau of 
Standards 

• 00 ByteiSec Data Conversion Rate 

• 64·8It Data Encryption Using 56·81t 
Key 

• DMA Interface 

• 3 Interrupt Outputs to Aid in Loading 
and Unloading Data 

• 7·81t User Output Port 

• Single 5V ± 10% Power Supply 

• Peripheral to MCs.eeTII, MCS-85T11, 
MCS-80TM and MCS-48TM Processors 

• Implements Federal Information 
Processing Data Encryption Standard 

• Encrypt and Decrypt Modes Available 

The Intel~ 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard_ 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words_ The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 

NC VCC 

OATA Xl NC 

BUS OACK 
RESET DRO 

NC SRO 
cs OAV 

GNO NC 

A, AD P6 

SRQ 
P5 

OAV WR P4 

ceMP SYNC P3 

.~~ 
po·ps 00 P2 

01 Pl 
SYNC 02 PO 

D3 VDO 
x, 04 Vcc 
X2 TIMING 

05 CCMP 
06 NC 

+5V--
INTERNAL 07 NC POWER-_ 

GNO-_ BUS GNO NC 

Figure 1. Block Diagram Figure 2. Pin Configuration 

9-49 



Table 1. Pin Description 

Pin Pin 
Symbol No. 1ftIe Name and .Functlon Synibol No. Type Name and Function 

NC 1 No Connection. NC 39 No Connection. 

X1 2 I Cryatal: Inputs for crystal, L-C or exter-
X2 3 nal timing signal to determine internal 

OACK 38 I DMA Acknowledge: Input signal Ir9m 
the 8257 DMA Controller acknowledg-

oscillator frequency. ing that the requested DMA cycle has 

RESET 4 I Reset: A low signal to this pin resets been granted. 

the 8294. ORO 37 0 DMA Request: Output signal to the 

NC 5 No Connection: No connection or tied 8257 OMA Controller requesting a DMA 

high. cycle. 

CS 6 I ChlpSalact: A low signal to this pin 
enables reading and writing to the 8294. 

GND 7 Ground: This pin must be tied to 
ground. 

AD 8 I Read: An active low read strobe at this 
pin enables the CPU to read data and 
status from the internal DEU registers. 

SRO 38 0 Service Request: Interrupt to the CPU 
indicating that the 8294 is awaiting data 
or commands at the input buffer. 
SRO=1 implies IBF=O. 

OAV 35 0 Output Available: Interrupt to the CPU 
indicating that the 8294 has data or 
status available in its output buffer. 
OAV=1 implies OBF=1. 

At, 9 I Address: Address Input used by the 
CPU to select DEU registers during read 
and write operations. 

WR 10 I Write: An active low write strobe at this 
pin enables the CPU to send data and 
'commands to the DEU. 

NC 34 No Connection. 

P6 33 0 Output Port: User output port lines. 
P5 32 Output lines available to the user via a 
P4 31 CPU command which can assert sel-
P3 30 ected port lines. These lines have no-
P2 29 thing to do with the encryption function. 

SYNC 11 0 Sync: High frequency (Clock + 15) out- P1 28 At power-on, each line is in a 1 state. 
put. Can be used as a strobe for external PO 27 . 
circuitry. 

Vee 26 Power: +5V power input. (+5V ±10%) 
Do 12 I/O Data Bus: Three-state, bi-directional Low power standby pin. 
0, 13 data bus lines used. to transfer data be-
D. 14 tween the CPU and the 8294. 
0 3 15 
04 16 
0 5 17 
0 6 18 

Vcc 25 Power: Tied high. 

CCMP 24 0 Conversion Complete: Interrupt to the 
CPU indicating that the encryptionl 
decryption of an 8-byte block is com-
plete. 

0 7 19 NC 23 No Connection. 

GNO 20 Ground: This pin must be tied to NC 22 No Connection. 
ground. 

NC 21 No Connectlo!)_ 
Vcc 40 Power: +5 volt power input: +5V ± 

10%. 
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FUNCTIONAL DESCRIPTION 
OPERATION 

The data conversion sequence is as follows: 

1. A Set Mode command is given, enabling the desired 
Interrupt outputs. 

2. An Enter New Key command is issued, followed by 8 
data inputs which are retained by the DEU for encryp· 
tion/decryption. Each byte must have odd parity. 

3. An Encrypt Data or Decrypt Data command sets the 
DEU in the desired mode. 

After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands may be issued between data 
conversions to change the basic operation of the DEU; 
e.g., a Decrypt Data command could be issued to 
change the DEU from eoorypt mode to decrypt mode 
witho'ut changing either the key or the interrupt outputs 
enabled. 

INTERNAL DEU REGISTERS 

Four internal registers are addressable by the master 
processor: 2 for input, and 2 for output. The following 
table describes how these registers are accessed. 

RD WR CS Ao Register 

1 0 0 0 Data input buffer 
o 1 0 0 Data output buffer 

o 
X 

o 0 Command input buffer 
1 

X 

o 1 

X 
Status output buffer 
Don't care 

The functions of each of these registers are described 
below. 

Data Input Buffer - Data written to this register is inter
preted in one of three ways, depending on the preceding 
command sequence. 

1. Part of a key. 
2. Data to be encrypted or decrypted. 
3. A DMA block count. 

Data Output Buffer - Data read from this register is the 
output of the encryption/decryption operation. 

Command Input Buffer - Commands to the DEU are 
written into this register. (See command summary 
below.) 

Status Output Buffer - DEU status is available in this 
register at all times. It is used by the processor for poll
driven command and data transfer operations. 

STATUS BIT: 6 4 3 2 

FUNCTION: x x KPE CF DEC IBF 

OBF Output Buffer Full; OBF = 1 indicates that output 
from the encryption/decryption function is 
available in the Data Output Buffer. It is reset 
when the data is read. 
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IBF Input Buffer Full; A write to the Data Input Buffer 
or to the Command Input Buffer sets IBF = 1. The 
DEU resets this flag when it has accepted the 
input byte. Nothing should be written when 
IBF= 1. 

DEC Decrypt; indicates whether the DEU is in an en
crypt or a decrypt mode. DEC = 1 implies the 
decrypt mode. DEC = 0 implies the encrypt 
mode. 

CF Completion Flag; This flag may be used to indi
cate any or all of three events in the data transfer 
protocol. 

1. It may be used in lieu of a counter in the 
processor routine to flag the end of an 8-
byte transfer. 

2. It must be used to indicate the validity of 
the KPE flag. 

3. It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA oper
ation. 

KPE Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incorrect 
parity. 

COMMAND SUMMARY 

1 - Enter New Key 

OP CODE: 'I 0'1'1 1'0'1-0 'I 0'1-0 'I 0'1'0 I 
MSB LSB 

This command is followed by 8 data byte inputs which 
are retained in the key buffer (RAM) to be used in 
encrypting and decrypting data. These data bytes must 
have odd parity represented by the LSB. 

2 - Encrypt Data 

OP CODE: 1'0'1 0'1'1'1 '1 1'0'1-'0 1'0'1'0 I 
MSB LSB 

This command puts the 8294 into the encrypt mode. 

3 - Decrypt Data 

OP CODE: 1'0"1 0""'1-1 'I 0-'1-0 1'0'-1 0""'1"0 I 
MSB LSB 

This command puts the 8294 into the decrypt mode. 

4 - Set Mode 

OPCODE: 

where: 

10 I a I 0 I 0 I A I B I C I 01 
MSB LSB 

A is the OAV (Output Available) interrupt enable 
B is the SRQ (Service Request) interrupt enable 
C is the DMA (Direct Memory Access) transfer enable 
D is the CCMP (Conversion Complete) interrupt enable 

AFN-00230C I 
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This command determines which interrupt outputs will 
be enabled. A "1" in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively. A "1" in bit C will 
allow DMA transfers. When bit C is set the OAV and 
SRQ interrupts should also be enabled (bits A,B= 1). 
Following the command in which bit C, the DMA bit, is 
set. the 8294 will expect one data byte to specify the 
ItUlJltel'Yc.t8-ItyUI ~. ro ~ <XInverrod using DMA. 

5 - Write to Output Port 

OP CODE: '11'I-p-6 'I p-5'I-p 4'I-p-3 'I p-2'I-P1'I-p-'o 1 

MSB LSB 

This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. The initial output data is 1111111. Use of 
this port is independent of the encryption/decryption 
function. 

PROCESSORIDEU INTERFACE PROTOCOL 
ENTERING A NEW KEY 

The timing sequence for entering a new key is shown in 
Figure 3. A flowchart showing the CPU software to 
accommodate this sequence is given in Figure 4. 

CF =oJ L 
KPE ______ 'NV_A_"_O ____ ~~ 

·,-.f"L---u--'1.j---LS------SL 

WR -, r-I ~ r;E;- - - U KEY 
U UOATA UOATA DATA 
NEW 
KEY 
COMMAND 

Figure 3. Entering a New Key 

CHECKU KPE 

After the Enter New. Key command is issued, 8 data 
bytes representing the new key are written to the data 
input buffer (most significant byte first). Afterthe eighth 
byte is accepled by the DEU, CF goes true (CF= 1). The 
CF bit goe$ false again when KPE is valid. The CPU can 
then check the KPE flag. If KPE", 1, a parity error has 
been detected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the parity bit 
is the LSB of each byte. 

Since the CF bit is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF = 1 only as long as KPE is 
'invati<!. Therefore, the CPU might not detect that CF= 1 
and the .key entry is complete before KPE becomes 
valid. Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 

1"'-1+1 

NO 

Figure 4. Flowchart for Entering a New Key 

AFN·00230C 



inter 8294 

ENCRYPTING OR DECRYPTING DATA 

Figure 5 shows the timing sequence for encrypting or 
decrypting data. The CPU writes 8 data bytes to the 
DEU's data input buffer for encryption/decryption. CF 
then goes trUe (CF= 1) to indicate that the DEU has 
accepted the '8-byte block. Thus, the CPU may test for 
IBF .. O and CF=' to terminate the input mode, or it 
may 'use a software counter. When the encryption/· 
decryption is complete, the CCMP and OAV interrupts 
are asserted and the OBF flag is set true (OBF = 1). OAV 
arid OBF are set false again after each·of the converted 
data bytes is read back by the CPU. The CCMP interrupt 
is set false, and remains false, after the first read. After 
8 bytes have'been read back by the CPU, CF goes false 
(CF = 0). Thus, the CPU may test for 'CF = 0 to terminate 
the read made. AtS1), the CCMP interrupt may be used to 
initiate a serVice routine which 'performs the next series 
of 8 data reads and 8 data writes. 

ceMP n (IF ENABLED) 

SRaLJL Jl (IF ENABLED) _ 

lB. -.lLJL_~ 
OAV ruL_lL (If ENABLED) 

OB. ruL lL 
c.] I I 
RO LfLI-Lf 
wolJlJ-LJ --8 DATA WRITES 100 ms - MAXIMUM 8 DATA READS 

Figure 5. Encrypting/Decrypting Data 

Figure 6 off.ers two flowcharts outlining the alternative 
means ofimplementing the data conversion protocol. 
Either the CFflag or a software counter may be used to 
end the read and.writ~. modes .. 

SRQ=l implies IBF=O, OAV;=,l implies OBF=l. This 
allows interrupt:!rQutines to do .. ,data transfers without 
checking .status first. However; the OAV service ,routine 
must detect and flag the end of ,a data conversion; 
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USING DMA 

, The timing sequence for data conversions using DMA Is 
shown in Figure 7. This sequence can be better 
understood when considered in conjunction with the 
hardware DMA interface in Figure a. Note that the use of 
the DMA feature requires 3. external AND gates and 2 
DMA channels (one for Input; one for output). Since the 
DEU has only one DMA request pin, the SRQ and OAV 

'outputs are used in conjunction with two of the AND 
gates to create separate DMA request outputs for the 2 
DMA channels. The third AND gate combines the two 
active· low DACK Inputs. 

~FENA~~:~ ________________ -.Jr 
CF =:r-l I 

SRO Lnr1J--l .... ______ , 
OAY Il_JL 

DMAR ~-lSl __ JL 
DACK --U--lSlS--U-
~ Lf--~ 

\Vii 1J1JlJ--1J 
seT DMA 
DMA BLOCK 8 DMA READS 8 DMAWRITES 
MODE COUNT (n) 

----.---~ 
REPEATED n nMES 

Figure 7. DMA Sequence 

8257 

INT-----<J 
RD _____ ~~ 

~----------~~~ 

, , Figure 8. DMA Interface 
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To Initiate a DMA transfer, the CPU must first initialize 
the two DMA channels as shown in the, flowchart in 
Figure 9. It niust then issue a .set Mode command to the 
DEU enabling the OAV, SRQ, and DMAoutputs. TI1,e 
C,CMP interrupt may ,be enab,led or dl~abled, depending 
on whether that output Is desired. Following, the, Set 
Mode command, there must be a data byte giving the 
nUJTlber of a·byte blocks of data (n<256)to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with n9 further CPU 
intervention. Wljen the requested num'ber of blocks 
has been converted, the D£U ,will set CF and assert the 
CCMP Interrupt (if enabled). CCMP then goes false 
again with the next write to the DEU (command or data). 
Upon completion of the c,onverslon, the DMA mode is 
disabled and theDEU returns to the ,encryPt/decrypt 
mode. The enabled Interrupt outputs, however, will 
remain enabled until another Set Mode command is 
issued. 

USING DMA 

INITIALIZE DMA READ CHANNEL POINTER 

INITIALIZE DMA WRITE CHANNEL POINTER 

Figure 9. DMA Flowchart 

SINGLE BYTE COMMANDS 

Figure 10 shows the timing and protocol for single byte 
cpmmands. Note that any of the commar'lds is effective 
as a pacify command in that they may be e,ntered at any 
time, except during a DMA convilrslon: The DEU Is thus 
set to a known state, However, if a command is Issued 
out of sequence, an additional protocol is required 
(Figure 11). The CPU must wait until the command is 
accepted (IBF ::0); A data read mus1'then be 'issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer. ' 
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CPUrDEU INTERFACES 
Figures 12 through 15 illustrate four interlace configura
tions U88d til Uie 'C:PUlDett. dalatJ9nsf8f8: 'In ., ~a"8 
SAO_In .. "'I»' (it~ and.t81 Will ... mea when 
the D&U'l~ad)l.'t. ~.t'-dlua orl!O/mlllllnds. 

SRa U (IF ENABLED) , 
IBF n 
WR U 
cs U 

~ L,,~ 
YES 

I COMMAND REGISTER COMMAND I 
1 
8 

Figure 10. Single Byte Commands 

PACIFY 

COMMAND REGISTER-DOH 

ReAD DATA REGISTER 

Figure 11. Pacify Protocol 
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INTERFACE TO 8088, 8088, WR -

=E:::,:o=sg= iiD -
. cs---

8294 
DEU 

{g~ 8 

Ao---.J 
1....-_---1 

Figure 12. Polling Interface 

.iNT 

MASTER DO.¢¢ 
PROCESSOR-

D, .·8 

INTERFACE I!Ii ---'------c 
8294 

WR-c DEU 

cs-c 

Ao CCMP~ 

Figure 13. Single Interrupt Interface 

11m 
INT2 

MASTER 
PROCESSOR 
INTERFACE 

8294 
DEU 

Ao OAY OC 

Figure 14. Dual Interrupt Interface 
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OMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR OEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 

Figure 15.DMA Interface 

OSCILLATOR AND TIMING CIRCUITS 
The 8294'5 internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A choice of 
crystal, L-C or external clock can be used to derive the 
basic oscillator frequency. 

The resident timing circuit consists 01 an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
16. 

'-----v--' 
INTERNAL TIMING 

SYNC 
OUTPUT 
(2.5 J.lsec) 

Figure 16. Oscillator Configuration 

OSCILLATOR 

The on-board oscillator is a series resonant circuit with 
a frequency range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or inductor and capacitator connected 
between X1 and X2 provide the feedback and proper 
phase shift for oscillation. Recommended connections 
for crystal or L-C are shown in Figure 17. 
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2 
Xi r - li-SMHZ 

< 15 pF 
(INCLUDES XTAL. + T 
SOCKET, STRAy) 8294 

L_ 3 
X2 

15-25 pF ::!: 
(INCLUDES I 

SOCKET, -= 
STRAY) 

;1:' ~, 2 Xl 

8294 

3 Xz -£i~F 

Figure 17. Recommended Crystal 
and L-C Connections 

A recommended range of inductance and capacitance 
combinations is given below: 

L= 120,..H corresponds to 3MHz 
L= 45,..H corresponds to 5MHz 

An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com
patible. The signal must be in the 1 MHz-6MHz fre
quency range and must be connected to pins X1 and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic "1" is above 3.8 volts. The recommended 
connection is shown in Figure 18. 
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+5V 

> 
470n 

fc 
2 

X, 
+5V 

8294 
470n '> 

4> 3 
X2 

STANDARD TTL OR 
OPEN COLLECTOR 

Figure 18. Recommended Connection for External Clock Signal 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ........ O°C to 70°C 
Storage Temperature ............ - 65°C to + 150°C 

Voltage on Any Pin With 
Respect to Ground. . . . . . . . . . . . . . .. -0.5V to + 7V 

Power Dissipation ........................ 1.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause perma'nent damage to the 
device. This is a stress rating only and functional opera· 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA = occ to 70CC, Vee = +5V ±: 10%, Vss = OV) 

Symbol Parameter Limits Unit Test Conditions 
Min. Typ. Max. 

VIL Input Low Voltage (All -0.5 0.8 V 
Except X" X2, RESET) 

V1l1 Input Low Voltage (X1' X2, -0.5 0.6 V 
RESET) 

VIH Input High Voltage (All 2.2 Vee V 
Except X" X2, RESET) 

VIH1 Input High Voltage (X1, X2, 3.8 Vee V 
RESET) 

VOL Output Low Voltage (00-07) 0.45 V IOl=2.0mA 

VOL1 Output Low Voltage (All 0.45 V IOl= 1.6mA 
Other Outputs) 

VOH Output High Voltage (00-07) 2.4 V IOH= -400"A 
VOH1 Output High Voltage (All 2.4 V IOH= -50"A 

Other Outputs) 

III Input Lea~eSurrent ±10 ~ Vss';;; VIN .;;; Vee 
(RO, WR, CS, Aol 

10Fl Output Leakage Current ±10 "A Vss +0.45 .;; VOUT .;; Vee 
(00-07, High Z State) 

100 V DO Supply Current 5 15 mA 

100+ Icc Total Supply Current 60 125 mA 

III Low Input Load Current 0.5 mA Vll=0.8V 
(Pins 24,27-38) 

I Ll1 Low Input Load Current 0.2 mA Vll=0.8V 
(RESET) 

IIH Input High Leakage Current 100 /LA VIN = Vec 
(Pins 24, 27-38) 

CIN Input Capacitance 10 pF 

CliO I/O Capacitance 20 pF 
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A.C. CHARACTERISTICS (TA.:= O°C to 70°C, Vcc = Voo = +5V ± 10%, Vss = OV) 
j 

DBB READ 
Symbol Parameter Min. Max. Unit 

tAR CS, Ao Setup to m5 • 0 ns 

tRA CS, Ao Hold After RD t 0 , ns 

tRR FlO Pulse Width 250 ns 

tAD CS, Ao to Data Out Delay 225 ns 

tRO J1[j • to Data Out Delay 225 ns 

tOF FlO t to Data Float Delay 100 ns 

tCY Cycle Time 2.5 15 ,..S 

DBB WRITE 
Symbol Parameter Min. Max. Unit 

tAW 08, Ao Setup to WR • 0 ns 

tWA OS, Ao Hold After WR t 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR t 150 ns 

two Data Hold to WR t 0 ns 

DMA AND INTERRUPT TIMING 
Symbol Parameter Min. Max. Unit 

tAcc DACK Setup to Control 0 ns 

tCAC ])ACj( Hold After Control 0 ns 

tACO ])ACj( to Data Valid 225 ns 

tCRQ Control L.E. to ORO T.E. 200 ns 

tCI Control T.E. to Interrupt T.E. tcy+500 ns 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

DEVICE 

Test Conditions 

CL= 150pF 

CL= 150pF 

6MHz Crystal 

Test Conditions 

Test Conditions 

CL = 150 pF 

UNDER 

~C'=150PF TEST 

-= 
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WAVEFORMS 

READ OPERATION-OUTPUT BUFFER REGISTER 

CSORAo ] 

-
IAR1 IRO I-IRA-

K (SYSTEM'S 
ADDRESS BUS) 

iiii "\ 1 \. (R EAD CONTROL) 

-100 I-- 10. 

-tAD ~~~p~~-----------<~~",.",d»,------------
WRITE OPERATION-INPUT BUFFER REGISTER 

SORAo 1 r (SYSTEM'S 
, '--_____________ ADDRESS BUS} 

+-IAWJ~'~tww d'}E=-+ --
(WRITE CONTROL} 

1<--------' 

-tDW tWD 

DATA BUS DATA V-DATA VALlD~~ DATA 
(INPUT) _____ -'-.;:M::::AY.:...C::::H.:::A::::NG=E=__--'-_~'" ~'_ ____ .....:M:::A;:..Y=CH::::A::;:N=GE=__ ____ _ 

DMA AND INTERRUPT TIMING 

'\ i--lAcc-

f\... - tCAe 

'\ 
'\.. / 

V 

ORO 

---IcRQ---

tACD 

DATA BUS 

) V VALID 
~ I\. 

OAV SRO 

_Tel 
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829;5 
DOT MATRIX PRINTER CONTROLLER 

• Interfaces Dot Matrix Printers to 
MCS·4S™, MCS.SOISS™, MCS·S6™ 
Systems 

• 40 Character Buffer On Chip 

• Serial or Parallel Communication with 
Host 

• DMA Transfer Capability 

• Programmable Character Density (10 or 
12 Chararcters/lnch) 

• Programmable Print Intensity 

• Single or Double Width Printing 

• Programmable Multiple Line Feeds 

.3 Tabulations 

• 2 General Purpose Outputs 

,The Intel<!l 8295 Dot Matrix Printer Controller providel> an interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 

The chip may be used in a serial or parallel communication mode with the .host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters 
and contains a 7 x 7 matrix character generator accommodating 64 ASCII characters. 

INTERNAL 
BUS 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

PFEED 1 I Paper Feed: Paper feed input 
switch. 

HOME 39 I Home: Home input switch, used by 
the 8295 to detect that the print head 

XTAL1 2 I Crystal: Inputs for a crystal to set in- is in the home position. 

XTAL2 3 ternal .oscillator frequency. For 
proper operation use 6 MHz crystal. 

DACK/SIN 3B I DMA Acknowledge/Serial Input: In 
the parallel mode used as DMAac-

RESET 4 I Resel: Reset input, active low. After knowledgment; in the serial mode, 

reset the 8295 will be set for 12 char- used as input for data. 

acters/inch single width printing, DRO/CTS 37 0 DMA Request/Clear to Send: In the 
soleno!d strobe at 320 msec. parallel mode used as DMA request 

NC 5 No Connection: No connection or output pin to indicate to the 8257 that 

tied high. a DMA transfer is requested; in the 

CS 6 I Chip Select: Chip select input used 
to enable the RD and WR inputs ex-
cept during DMA. 

serial mode used as clear-to-send 
signal. 

IRO/SER 36 0 Interrupt Request/Serial Mode: In 

GND 7 Ground: This pin must be tied to 
ground: 

parallel mode it is an interrupt re-
quest input to the master CPU; in 
serial mode it should be strapped to 

RD 8 I Read: Read input which enables the Vss· 
master CPU to read data and status. 
In the serial mode this pin must be 
tied to Vcc. 

MOT 35 0 Molor: Main motor drive, active .Iow. 

STB 34 0 Solenoid Sirobe: Solenoid strobe 

Vcc 9 Power: +5 volt power input: +5V ± 
10%. 

output. Used to determine duration of 
solenoids activation. 

WR 10 I Write: Write input which enables the 
master CPU to write data and com-
mands to the 8295. In the serial mode 
this pin must be tied to Vss. 

S7 33 0 Solenoid: Solenoid drive outputs; 
So 32 active low. 
S, 31 
S. 30 
S, 29 

SYNC 11 0 Sync: 2.5,...s clock output. Can be So 28 
used as a strobe for external circuitry. S, 27 

Do 12 I/O Data Bus: Three-state bidirectional Voo 26 Power: +5V power input (+5V ± 
D, 13 data bus buffer lines used to interface 10%). Low power standby pin. 
D2 14 the 8295 to the host processor in the 
D3 15 parallel mode. In the serial mode 
D. 16 Do-D2 sets up the baud rate. 
Ds 17 

Vcc 25 Power: Tied high. 

GPI 24 0 General Purpose: General purpose 
GP2 23 0 output pins. 

DB 18 
D7 19 

TOF 22 I Top of Form: Top of form input. used 
to sense top of form signal for type T 

GND 20 Ground: This pin must be tied to printer. 

ground. PFM 21 0 Paper Feed Motor Drive: Paper 

Vcc 40 Power: +5 volt power input: +5 ± feed motor drive, active low. 

10%. 
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FUNCTIONAL DESCRIPTION 

The 8295 interfaces microcomputers to the LRC 7040 
Series dot matrix impact printers, and to other similar 
printers. It provides internal buffering of up to 40 char· 
acters. Printing begins automatically when the buffer is 
full or when a carriage return character is received. It 
provides a modified 7x7 matrix character generator. The 
character set includes 64 ASCII characters. 

COMMAND SUMMARY 
Hex Code 

00 

01 

02 

03 

04 

05 

06 

07 

08 

Description 

Set GP1. This command brings the GP1 pin 
to a logiC high state. After power on it is 
automatically set high. 

Set GP2. Same as the above but for GP2. 

Clear GP1. Sets GP1 pin to logic low state, 
inverse of command 00. 

Clear GP2. Same as above but for GP2. In
verse command 01. 

Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

Print 10 characters/in. density. 

Print 12 characterslin. density. 

Print double width characters. This com· 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

Enable DMA mode; must be followed by 
two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted fir,st. 

PROGRAMMABLE PRINTING OPTIONS 
CHARACTER DENSITY 

The character density is programmable at 10 or 12 char· 
acters/inch (32 or 40 characterslline). The 8295 is auto· 
matically set to 12 characters/inch at power·up.lnvoking 
the Print Double-Width command halves the character 
density (5 or 6 characters/inch). The 10 cl)ar/in or 12 
charfin command must be re-issued to cancel the 
Double·Width mode. Different character density modes 
may not be mixed within a single line of printing. 

PRINT INTENSITY 

The intenSity of the printed characters is determined by 
the amount of time during which the solenoid is on. This 
on-time is programmable via the Set Strobe·Width com· 
mand. A byte following this command sets the solenoid 
on-time according to Table 2. Note that only the three 
least significant bits of this byte are important. 

Communication between the 8295 and the host proc
essor can be implemented in either a serial or parallel 
mode. The parallel mode allows for character transfers 
into the buffer via DMA cycles. The serial mode features 
selectable data rates from 110 to 4800 baud. 

The 8295 also offers two general purpose output pins 
which can be set or cleared by the host processor. They 
can be used with various printers to implement such 
functions as ribbon color selection, enabling form 
release solenoid, and reverse document feed. 

Hex Code 

09 

OA 

OB 

OC 

00 

OE 

OF 

10 

11 

12 

Tab character. 

Line feed. 

Description 

Multiple Line Feed; must be followed by a 
byte speCifying the number of line feeds. 

Top of Form. Enables the line feed output 
until the Top of Form input is activated. 

Carriage Return. Signifies end of a line and 
enables the printer to start printing. 

Set Tab #1, followed by tab position byte. 

Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 

Set Tab #3, followed by tab position byte. 
Should be greater than Tab #2. 

Print Head Home on Right. On some 
printers the print head home position is on 
the right. This command would enable nor· 
m<llieft to right printing with such printers. 

Set Strobe Width; must be followed by 
strobe width selection byte. This command 
adjusts the duration of the strobe activa
tion. 

Table 2. Solenoid On-Time 

07-03 02 01 DO Solenoid On 
(microsec) 

x 0 0 0 200 
x 0 0 1 240 
x 0 1 0 280 
x 0 1 1 320 
x 1 0 0 360 
x 1 0 1 400 
x 1 1 0 440 
x 1 1 1 480 

TABULATIONS 

Up to three tabulation positions may be specified with 
the 8295. The column position of each tabulation is 
selected by issuing the Set Tab commands, each fol· 

9-62 AFN.()()231C 



8295 

lowed by a byte specifying the column. The tab posi· 
tions will then remain valid until new Set Tab commands 
are issued. 

Sending a tab character (09H) will automatically fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 

CPU TO 8295 INTERFACE 
Communication between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard· 
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 

PARALLEL INTERFACE 

Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these registers are accessed. 

1 0 
o 

o 
o 

Register 

Input Data Register 
Output Status Register 

Input Data Register-Data written to this register is 
interpreted in one of two ways, depending on how the 
data is coded. 

1. A command to be executed (OXH or 1XH). 
2. A character to be stored in the character buffer for 

printing (2XH, 3XH, 4XH, or 5XH). See the character 
set, Table 2. 

Output Status Register-8295 status is 'available in this 
register at all times. 

STATUS BIT: 

FUNCTION: PA DE IBF ~ I 

PA-Parameter Required; PA = 1 indicates that a com· 
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 

DE-DMA Enabled; DE = 1 whenever the 8295 is in DMA 
mode. Upon completion of the required DMA transfers, 
the DE flag is cleared. 

IBF-Input Buffer Full; IBF = 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF= 1. 

A flow chart describing communication with the 8295 is 
shown in Figure 3. 

The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt driven systems. This output is 
asserted true whenever the 8295 is ready to receive data. 

To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08H) actio 
vates the DMA channel of the 8295. This command must 
be followed by two bytes speCifying the length of the 
data string to be transferred (least significant byte first). 
The 8295 will then assert the required DMA requests to 
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the 8257 DMA controller without further CPUinterven· 
tion. Figure 4 shows a block diagram of the 8295 in DMA 
mode. 

DONE 

Figure 3. Host to 8295 Protocol Flowchart 

8257 
DMA 

CONTROLLER 

cs 
JIlj 

WR 

DACKx 

DRQx 

ORO 

DACK 

RESET 

8295 

DO 

IRO 

PFEED 

HOME 

OPTIONAL 

PRINTER 

Figure 4. Parallel System Interface 

Data transferred in the DMA mode may be ei.ther com· 
mands or characters or a mixture of both. The procedure 
is as follows: 

1. Set up the 8257 DMA controller channel by sending a 
starting address and a block length. 

2. Set up the 8295 by issuing the "Enable DMA" com· 
mand (08H) followed by two bytes specifying the 
block length (least sighificant byte first). 

The DMA enabled flag (DE) will be true until the 
assigned data transfer is completed. Upon completion 
of the transfer, the flag is cleared and the interrupt reo 
quest (IRQ) signal is asserted. The 8295 then returns to 
the non·DMA mode of operation. 
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SERIAL INTERFACE 

The 8295 may be hardware programmed to operate in 
a serial mode of communication. By connecting the 
IRQ/SER pin (pin 36) to logic zero, the serial mode is 
enabled immediately upon power-up. The serial Baud 
rate is also hardware programmable; by strapping pins 
14, 13, and 12 according to Table 3, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 5. 

Table 3. Serial Baud Rate 

Pin 14 Pin 13 Pin 12 Baud Rate 

a a 0 110 
a a 1 150 
a 1 0 300 
a 1 1 600 
1 0 0 1200 
1 0 1 2400 
1 1 0 4800 
1 1 1 4800 

The serial data format is shown in Figure 5. The CPU 
should wait for a clear to send signal (C1'8) from the 
8295 before sending data. 

SERIAL 
INPUT 

+5 

eTS 

SER 

PFEED 1-------1 
HOME 1--------·-1 

PRINTER 

STOP 
BIT 

Figure 5. Serial Interface to UART (8251 A) 

8295 TO PRINTER INTERFACE 
The strobe output signal of the 8295 determines the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenoid outputs cannot drive the 
printer solenoids directly. They should be buffered 
through solenoid drivers as shown in Figure 6. Recom
mended solenoid and motor driver circuits may be found 

+ 

STB 

Sf 

56 

55 
TO 

54 
SOLENOID 

8295 
DRIVERS 

53 

52 

51 

MOT 
} TO MOTOR 

DRIVERS 
PFM 

Figure 6. 8295 To Printer Solenoid Interface 

OSCILLATOR AND TIMING CIRCUITS 
The 8295'5 internal timing generation is controlled by a 
'Self-contained oscillator and timing circuit. A 6 MHz 
crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
7. The recommended crystal connection is·shown in 
Figure 8. 

SYNC 
OUTPUT 
(2.5 .... e) 

Figure 7. Oscillator Configuration 

r XTALI 

1-6MHZ~ 8295 

f3 
XTAL2 

20 PF± 

in the printer manufacturer's interface guide. Figure 8. Recommended Crystal Connection 
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8295 CHARACTER SET 
Hex Code Print Char. Hex Code Print Char. 

20 space 30 0 
21 ! 31 1 
22 32 2 
23 # 33 3 
24 $ 34 4 
25 % 35 5 
26 & 36 6 
27 37 7 
28 38 8 
29 39 9 
2A 3A 
28 + 38 
2C 3C < 
20 3D 
2E 3E > 
2F 3F ? 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O·C to 70·C 
Storage Temperature ............... - 65· to + 150·C 
Voltage on Any Pin With 

Respect to Ground ................. ,-0.5V to + 7V 
Power Dissipation ......................... 1.5 Watt 

Hex Code Print Char. Hex Code Print Char. 

40 @ 50 P 
41 A 51 Q 

42 8 52 R 
43 C 53 S 
44 0 54 T 
45 E 55 U 
46 F 56 V 
47 G 57 W 
48 H 58 X 
49 I 59 y 

5A J 5A Z 
48 K 58 [ 
4C L 5C \ 
40 M 50 1 
4E N 5E t 
4F 0 5F 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA = O°C to 70°C. Vcc = Voo = +5V ± 10%. Vss = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Typ. Max. 

VIL Input Low Voltage (All -0.5 0.8 V 
Except X,. X2. RESEn 

VIL1 Input Low Voltage (X,. X2• -0.5 0.6 V 
RESEn 

VIH Input High Voltage (All 2.2 Vcc V 
Except X" X2, RESEn 

VIH, Input High Voltage (X" X2, 3.8 Vec V 
RESET) 

VOL Output Low Voltage (00-07) 0.45 V IOL=2.0mA 

VOL1 Output Low Voltage (All 0.45 V 10L= 1.6mA 
Other Outputs) 

VOH Output High Voltage (00-07) 2.4 V 10H= -400/.lA 

VoH, Output High Voltage (All 2.4 V 10H= -50/.lA 
Other Outputs) 

IlL Input Leakage Current ±10 !.IA Vss"; VIN"; Vee 
(RD, WR, CS, Ao) 

10FL Output Leakage Current ±10 /.IA Vss+0.45"; VOUT ,,; Vee 
(00-07, High Z State) 

100 Voo Supply Current 5 15 mA 

100+ Icc Total Supply Current 60 125 mA 

ILl Low Input Load Current 0.5 mA VIL=0.8V 
(Pins 24, 27-38) 

Ill, Low Input Load Current 0.2 mA VIL=0.8V 
(RESEn 

IIH Input High Leakage Current 100 /LA VIN = Vee 
(Pins 22, 38) 

CIN Input Capacitance 10 pF 
CliO I/O Capacitance 20 pF 
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A.C. CHARACTERISTICS (TA = O°C to 70°C, VCC = Voo = +5V ± 10%, VSS = OV) 

DBB READ 

Symbol Parameter Min. Max. Unit Test Conditions 

tAR CS, Ao Setup to RD .. 0 ns 

tRA CS, Ao Hold After RD t 0 ns 

tRR RD Pulse Width 250 ns 

tAO CS, Ao to Data Out Delay 225 ns CL= 150 pF 

tRO RD .. to Data Out Delay 225 ns CL= 150 pF 

tOF RD t to Data Float Delay 100 ns 

tCY Cycle Time 2.5 15 /As 

DBB WRITE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAw CS, Ao Setup to WR .. 0 ns 

tWA CS; Ao Hold After WR t 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR t 150 ns 

two Data Hold to WR t 0 ns 

DMA AND INTERRUPT TIMING 

Symbol Parameter Min. Max. Unit Test Conditions 

tACC DACK Setup to Control 0 ns 

tCAC DACK Hold After Control 0 ns 

tCRO WR to DRO Cleared 200 ns 

tACO DACK to Data Valid 225 ns CL = 150 pF 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

u=x )C 2.0 2.0 

~ >TESTPOINTS< 

0.8 0.8 
0.45 

DEVICE 
UNDER 

~C'0150PF rEST 

-= 
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WAVEFORMS 

READ OPERATION-OUTPUT BUFFER REGISTER 

CSORAo ). K 
I--IAR1 • 

I"" -IRA-

\ 
_IRD 1--1'0 

DATA BUS 1--1. lAD =L -::l 
(OUTPUTI-------------<./:==DATAVALlD==:j)-------------

WRITE OPERATION-INPUT BUFFER REGISTER 

(SYSTEM'S 
ADDRESS BUS) 

(READ CON TROll 

\/\1 (SYSTEM'S 

CSORAo ____ .JIi~--------------4J\'---------------ADDRESS BUS) 

~IAW-IJ41 1----IwW----· .... tWA +I 
~--------------------------

-tDW- ~tWD 

DATA 
MAY CHANGE 

DATA BUS DATA )-DATAVALID-K 
(INPUT) MAY CHANGE -, "\ ________________ -J ~ __________________ __ 

DMA AND INTERRUPT TIMING 

I--lAcc- IcAc- -
iiiiWR 

} 
"eRQ 

DRQ 

tACD 

D~~ ____________ ~ _______ V_ALI_D _______ J)('_ __________ __ 
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WAVEFORMS (Continued) 

PRINTER INTERFACE TIMING 

., .-

\ I 
" MOTOR DRIVE 

""!OME : 1\ 

SOLENOID DATA ) K 
... - I--so, - MHH I--

~~,cJ 
i-PoH- . -SH,- .. 

SOLENOID STROBE 

Pi'mi f ~9 
PFM 

.',',' 

Symbol Parameter Typical 

ROH Print delay from 1.8 ms 
home inactive 

5 0S Solenoid data 25"s 
setup time before 
strobe active 

SHS Solenoid data >1 ms 
hold after strobe 
inactive 

MHA 
'"'" Motor hold time 3.2 ms 

after home active r" 

PSP PFEED setup time 58ms 
after PFM active 

PHP PFM hold time 9.75 ms 
after PFEED active 
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8202A 
DYNAMIC RAM CONTROLLER 

• Provides All Signals Necessary to Control 
2104A, 2117, or 2118 Dynamic Memories 

• Directly Addresses and Drives Up to 64K 
Bytes Without External Drivers . 

• Provides Address Multiplexing and 
Strobes 

• Provides a Refresh Timer and a Refresh 
Counter 

• Refresh Cycles May be Internally or Exter
nally Requested 

• Provides Transparent Refresh Capability 

• Fully Compatible with Intel® 8080A, 
808SA, iAPX 88, and iAPX 86 Family Micro
processors 

• Decodes CPU Status. for Advanced Read 
Capability 

• Provides System Acknowledge and Trans
fer Acknowledge Signals 

• Internal Clock Capability with the 8202A-1 
or 8202A-3 

The Intel® 8202A is a Dynamic Ram System Controller desig,.,ed to provide all signals necessary to use 2104A, 
2117, or 2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed .addresses and 
address strobes, as well as -refresh/access arbitration. The 8202A-1 or 8202A-3 support an internal crystal 
oscillator. 

AHo-AHe 

ALo-ALe 

REFRESH 
COUNTER 

RD/Sl_----__I 
WR---~-__I 

pcs-----... 

REFRQ/ALE ---+--__1 

REFRESH 
TIMER 

ROW 
ADDRESS 

MUX I===~ Mo-M6 

80-----1 

B,/OP, RASl 

ARBITER 

TIMING 
GENERAT9R 

RAS2 

\ ------.:. RAS3 

Figure 1. 8202A Block Diagram 
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AL4 

Offi4 

ALS 

OUTs 

Al6/ 0P3 

Ms 
OND 

Vcc 

AHS 

AH. 

REFRQ/ALE 

pes 

RO/Sl 

WR 

RAS3 

81 / 0P, 

80 

RAS2 

RAS, 

RASo 

Figure 2. Pin Configuration 
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Pin 
Symbol No. Type 

ALO S I 
ALI 8 I 
AL2 10 I 
AL3 12 I 
AL4 14 I 
AL5 IS I 
ALS/OP3 18 I 

AHO 5 I 
AHI 4 I 
AH2 3 I 
AH3 2 I 
AH4 1 , 
AH5 39 I 
AHS 38 I 

BO 24 I 
Bl/0P l 25 I 

PCS 33 I 

WR 31 I 

RD/Sl 32 I 

REFRQ/ 34 I 
ALE 

OUTO 7 0 
OUTI 9 0 
OUT2 11 0 
OUT3 13 0 
OUT4 15 0 
OUT5 17 0 
OUTS 19 0 

WE 28 0 

CAS 27 0 

8202A 

Table 1. Pin Deacrlptlons 

Name and Function 

Address Low: CPU address in-
pots used to Slenerate memory 
row address. 
ALS/OP3 ~sed to "select 4K 
RAM mode. 

Address High: CPU address in-
puts used to generate memory 
column address. 

Bank Select Inputs:' Used to 
gate the appropriate RASo-
RAS3 output for a memory cy-
cle. B 1/ OP 1 option used to se-
lect the Advanced Read Mode. 

Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 

Memory Write Request. 

Memory Read Request: SI 
function used in Advanced Read 
mode selected by OPl (pin 25). 

External Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OP 1 (pin 25). 

Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dy-
namic RAM array. For 4K RAM 
operation, OUTS is designed to 
drive the 2104A CS input. (Note 
that the OU'fO-S pins do not ra-
quire inverters or drivers for 
proper operation. 

Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. 

Column Address Strobe: This 
output is used to latch the Col· 
umn Address into the Dynamic 
RAM array. 

Pin 
Symbol No. Type Name and Function 

RASo 21 0 Row Address Strobe: Used to 

RASI 22 0 latch the Row Address into the' 
RAS2 23 0 bank of dynamic RAMs,select-
RAS3 26 0 ed by the 8202A Bank Select 

pins (Bo, Bl/0Pl). 

XACK 29 0 Transfer Acknowledge: T.his 
output is a strobe indicating val-
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 

SACK 30 0 System Acknowledg~: This 
output indicates the beginning of 
a memory access,pyg!~. It can 
be used as, an &:dvancllp tra,"!-
fer acknowledge'to eliminate 
wait states, ,,(Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XAC~ in the memoryac-
cess cycle). 

(XO)OP2 3S I/O OSCillator Inputs: These inputs 
(Xl) CLK 37 I/O are designed for a quart,z crystal 

to control the frequency of the 
oscillator. If XO/OP2 is connect-
ed to a 1 KQ resistor pulled to 
+12V then Xl/CLK becomes a, 
TTL input for an external clock, 

Reserved for f~tu~e use. 
,. 

N.C. 35 
~', 

VCC 40 Power Supply:+5V. 

GND 20 Ground. 

NOTE: Crystal mode for the 8202A-l or 8202A-30nly. 

,-- Xo WE 

I CAli cs* 'KO I ±5% iiASo 
I x, 
I 8202Ao1 Illli, 

8800 or 
.". ±5% 82020\-3 Illli2 

.". RASa 

Cs < 10pF XAeK 

FUNDAMENTAL XTAL SACK 

Figure 3. Crystal Operation for the 8202A-1 
and the 8202A-3 
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Functional Description 
The 8202A provides a complete dynamic RAM controller 
for microprocessor systems as well as expansion memory 
boards. All of the necessary control signals are provided 
for 2104A, 2117, and 2118 dynamic RAM's. 

All 8202A timing is generated from a single reference 
clock. This clock is provided via an external oscillator or 
an on chip crystal oscillator. All output signal transitions 
are synchronous with respect to this clock reference, ex
cept for the CPU handshake signals SACK and XACK 
(trailing edge). 

CPU memory requests normally use the RD, and WR in
puts.The advanced READ mode'allows ALE and S 1 to be 
used in place of the RD input. 

Failsafe refresh is provided via an internal refresh timer 
which generates internal refresh requests. Refresh re
quests can also be generated via the REFRQ input. 

Anoll-chip synchronizer / arbiter prevents memory and re
fresh requests from affecting ,·a 'Cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to',the 8202A clock; on-chip logic will syn
chronize the requests, and the arbiter will decide if the re
quests should be delayed, pending completion of a cycle in 
progress. 

Option Selection 
The 8202A has three strapping options. WhenOP1 is se
lected (16K mOde only), pin 32 changes from a RD input to 
an S1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See "Refresh Cycles" and "Read Cycles· 
for,more detail. OP1 is SeleCted by tying pin 25 to +12V 
thoUgh a 5.1K ohm resistor: ' 

When OP2 is selected, by connecting pin 36 to +12V 
throll9l!: a 1K ohm resistor, pin 37 changes from,a crystal 
input (X1) to the ClK input for an external TTL clock, 

OPa is sel8ct8\l by connecting Pin 18 to' + 12V through a 
5.1K ohm resistor. The 8202A will change its internal re
fresh timer from 128-row refresh (2118, 2117) to 64-row' 
refresh (21 04A). 

Refresh Timer 
The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed;' the refresh timer will request a refresh 
cycle, External refresh requests will reset the refresh tim
er. 

Description Pin # Normal Function 

B1/0P1 25 Bank (RAS) Select 

Refresh Counter 
The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 

Address Multiplexer 
The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
conjunction with the RAS and CAS outputs, determine .the 
address used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy
cle, Ala-Ale are gated to CUTO-OUT6, then AHO-AH6 
are gated to the address outputs. 

During a refresh cycle, the refreSh counter is gated onto 
the address outputs. All refresh cycles are RA8-0nly re-
fresh (CAS inactive, RASactive). ' 

To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

CUTO-OUT 6 do not neecJ inverters or buffers unless addi-
tional drive is required. ", 

Synchronizer / Arbiter 
The 8202A has t!1ree inputs, REFRQ / ALE (pin 34), RD 
(pin 32) and WR (pin 31). The RD and WR inputs allow an 
external CPU'to request a 'memory read or write cycle, 
respectively. The,REFRQ/ ALE allows refresh requests to 
be requested external to the 8202A. 

All three of these inputs may be asynchronous With, re
spect to the 8202A's clock. The arbiter will resolve con
flicts between refresh and memory requests, for both 
pending cycles and cycles in progress. Read and write re
quests will be given priority over refresh requests. 

System Operation, 
The 8202A is always in one of the following states: 

a) IDLE 
b) TEST Cycle 
c) REFRESH Cycle 
d) READ Cycle 
e) WRITE Cycle 

The 8202A is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8202A will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 

'Option Function 

Advanced·Read Mode 

XO/OP2 36 Crystal Oscillator (8202A·tor 8202A-3) External Oscillator 

ALB/OP3 18 Address Input B4·ROW Refresh 

Figure 4. 8202A Option Selection 
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Test Cycle 
The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are requested by 
activating the RD and WR inputs, independent of PCS. The 
TEST Cycle will reset the refresh address counter and per
form a WRITE Cycle. The TEST Cycle should not be used 
in normal system operation, since it would affect the dy
namic RAM refresh. 

Refresh Cycles 
The 8202A has two ways of providing dynamic RAM re
fresh: 

1) Internal (failsafe) refresh 
2) External (hidden) refresh 

Both types of 8202A refresh cycles activate all of the RAS 
outputs. while CAS, WE, SACK, and XACK remain inac
tive. 

Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
all rows of the dynamic RAM occurs every 2 milliseconds. 
If REFRQ is inactive, the refresh timer will request a re
fresh cycle every 10-16 microseconds. 

External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202A clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A is not in the middle of a cycle. 

Simultaneous memory request and external refresh re
quest will result in the memory request being honored first. 
This 8202A characteristic can be used to "hide" refresh 
cycles during system operation. A circuit similar to 
Figure 5 can be used to decode. the CPU's instruction 
fetch status to generate an external refresh request. The 
refresh request is latched while the 8202A performs the 
instruction fetch; the refresh cycle will start immediately 
after the memory cycle is completed, even if the RD input 
has not gone inactive. If the CPU's instruction decode time 
is long enough, the 8202A can complete the refresh cycle 
before the.next memory request is generated. 

Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (IREF), then, in ef
fect, all refresh cycles will be caused by the external re
fresh request, and the internal refresh timer will never 
generate a refresh request. 
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~--....:.. REFRO 

SO~ - .. 8202A 

Figure 5. Hidden Refresh 

Read Cycles 
The 8202A can accept two different types of memory 
Read requests: 

1) Normal Read, via the RD input 
2) Advanced Read, using the S 1 and ALE inputs 

The user can select the desired Read request configura
tion via the B1 /OP1 hardware strapping option on pin 25. 

Normal Read Advanced Read 

Pin 25 B1 input +12 Volt Option 
Pin 32 RD input Sl input 
Pin 34 REFRQ input ALE input 
# RAM banks 4 (RAS 0-3) 2 (RAS 2-3) 
Ext. Refresh Yes No 

Figure 6. 8202A Read Options 

Normal Reads are requested by activating the RD input, 
and keeping it active until the 8202A responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tCHs) is met. 

Advanced Read cycles are requested by pulsing ALE 
while S 1 is active; if S 1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal. Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8202A will set the internal delayed
SACK latch. When the Read cycle is eventually started, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de
lay was designed to compensate for the CPU's READY 
setup and hold times. The delayed-SACK latch is cleared 
after every READ cycle. 

Based on system requirements, either SACK or XACK can . 
be used to generate the CPU READY signal. XACK will 
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normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 

Write Cycles 
Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Write cycles are 
"early-write" cycles; WE goes active before CAS goes ac
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 

General System Considerations 
All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pull up PCS to prevent erroneous memory requests, 
and should also pullup WR to keep the 8202A out of its 
test mode. 

In order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The 8202A tAD AC parameter should be used for 
this system calculation. 

The BO-B 1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 

The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastjible states inducing system errors. The 8202A 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 
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A microprocessor system is concerned with the time data 
is valid after RD goes low. See Figure 7. In order to calcu
late memory read access times, the dynamic RAM's A.C. 
specifications must be examined, especially the RAS-ac
cess time (tRAC) and the CAS-access time (tCAC). Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable tcc,max (8202A) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal
culate the overall read access time. 

Since the 8202A normally performs "early-write" cycles, 
the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 

Delaying the WR input will delay all 8202A timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 

If the WE output is externally delayed beyond the CAS ac
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 

AD ~'---_--;------JI 
I I 
!-o: .~--tRlDV .: 

DATA------« B-
I i 
'---IAAC--+t 
I I 

\ i / 
I 

I tCAe I 
I----t 

------~I 1;-----
CAS '\ if 

Figure 7 _ Read Access Time 
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Figure 8. Typical 8088 System 
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8202A 

ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Biaa ............ O·C to 70·C 
Storage Temperature ................ -65·C to +150·C 
Voltage On any Pin 

With Respect to Ground ................ -0.5V to +7V4 
Power Dissipation .......... ; ................. 1.5 Watts 

'NOTE: Stresses sbove those listed under "Absolute Maxi
mum Rstings" msy csuse permsnent damsge to the device. 
This is a stress rsting only snd functionsl operation of the de
vice at these or any other conditions above those indicated in 
the operational sections of this spe~ification Is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = o·c to 70·C; VCC = 5.0V ± 10%, VCC = 5 OV + 5% for 8202A-3 GND = OV -
Symbol Parameter 

Vc Input Clamp Voltage 

ICC Power Supply Current 

'F Forward Input Current 
ClK 
All Other Inputs3 

'R Reverse Input Current3 

VOL Output low Voltage 
SACK,XACK 
All Other Outputs 

VOH Output High Voltage 
SACK,XACK 
All Other Outputs 

V'l Input low Voltage 

V,Hl Input High Voltage 

V,H2 Option Voltage 

C'N 'nput Capacitance 

NOTES: 
1. 'R = 200 mA for pin 37 (elK) for external clock mode. 
2. For test mode RO & WR must be held at GND. 
3. Except for pin 36. 
4. 

+12 Volt 1K 

±10% 

5.1 K 

5.1 K 

Resistor Tolerance: ± 5% 

Min Max Units Te.tCondltlona 

-1.0 V IC = -!i mA 

270 mA 

-2.0 mA VF = 0.45V 
-320 p,A VF = 0.45V 

40 !LA VR=VCC (Note 1) 

0.45 V 'Ol""5mA 
0.45 V 'Ol=3mA 

V,l = 0.65V 
2.4 V 'OH = -1 mA 
2.6 V 'OH = -1 mA 

0.8 V VCC = 5.0V (Note 2) 

2.0 V VCC = 5.0V 

V (Note 4) 

F=lMHz 
30 pF VBIAS = 2.5V, VCC = 5V 

TA = 25·C 

3. OP2 

8202A 

25 
OP1 

18 
OP3 

9-75 AFN 01838A 



8202A 

A.C. CHARACTERISTICS 
TA .=Qoc to 10°C, Vee/,= 5V ± 10%, Vee"" 5y ± 5% for 8202A·3 

Measurements made with respect to RASa-RAS3/CAS, WE,QUTO-QUT6 are at 2.4V and 0.8V. All 
other pihs are measured at 1 5V All times are in nsec' 

Symbol Parameter ·1 Min Max" 

tp Clock Period 40 54 

tpH ExternalClockHigh Tim!! . 20 ..... 

tPL External Clock Low Time-above (» 20 mHz 17 '. 

tPL External Clock Low Time-below «) 20 mHz 20 

tRC Memory Cycle Time IOtp - 30 1.2tp 
.. 
tREF Refresh Time (64 cycles-4K mode) 548tp 57E?tp 

tREF RefreshTime (128 cycles-16K mode) 264tp 288tp 

tRP RAS Precharge Time 4tp - 30 

tRSH RAS Hold -After CAS 5tp - 30 

tASR Address setup to RAS tp - 30 

tRAH Address Hold FroniRAS tp - 10 

tASC Address Setup to CAS tp- 30 

tCAH Address Hold from CAS 5tp - 20 

tCAS CAS Pulse Width 5tp - 10 

twcs WE Setup to CAS tp - 40 

tWCH WE Hold After CAS 5tp - 35 

tRS RD,WR, ALE, REFRQ delay from RAS 51p 

tMRP RD, WR setup to RAS 0 

tRMS REFRQ setup to RD, WR 2tp 

tRMP REFRQ setup to RAS 2tp 

tpcs PCS Setup to RD, WR, ALE 20 

tAL S 1 Setup to ALE '15 

ILA S 1 Hold from ALE 30 

tCR RD, WR, ALE 10 RAS Delay tp + 30 2tp + 70 

tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp+ 85 

ISC CMD Setup to Clock 15 

tMRS RD, WR selup to REFRQ 5 

tCA RD, WR, ALE to SACK Delay 2tp + 47 

tcx CAS to XACK Delay 5tp - 25 5tp + 20 

tcs CAS to SACK Delay 5tp- 25 51p + 40 

tACK XACK to CAS Setup 10 

txw XACK Pulse Width tp - 25 

tCK SACK, XACK turn-off Delay 35 

tKCH CMD Inactive Hold after SACK, XACK 10 

ILL REFRQ Pulse Width 20 

tCHS CMD Hold Time 30 

tRFR REFRQ to RAS Delay 41p + 100 

IWW WR to WE Delay 0 50 

lAD CPU Address Delay 0 40 
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WAVEFORMS 
Normal Read or Write Cycle 

Advanced Read Mode 

ALE"'· 

tRS~ 

CAS 

XACK 

8202A 

tCR 
-4-- MIN-'--" 

--- ~<i~ ----.I'----...,,---'-----'....J 

-tCA-
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 

8202A 

~ ~ ________ V_AL_'D_A_OO_R_ES_S _____ ,,",-_---,~ ______________ _ 

-~'A~---- -..::.1'i~-

\ , 

tRSH 'I 
I 

teAs 

'\ / 
-'ASR-'" -'RAH- !--'ASC-+ _tCAH_ 

OUTO-0UT6 ~ ROW ~ COLUMN K 

Write Cycle Timing 

\ I 
~ I 

.1 

--~~-2r\ 

---- ~'i~---... --- tww -
\ 1/ I 

~twcS" ~tWCH . 
tcc 
MIN 

. tcc 
MAX 
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WAVEFORMS (cont'd) 
Read or Write Followed By External Refreah 

RD,WR \ 
1\ 
....-t .. RS .......... ____ ILL ---.. 

REFRQ / \ 
J \ 

I_IRS-:'" . lAMP ......-tRP--' 

~~l~-----+ 

1\ \ 
IRC . 

i ICC 
MIN ~ 

tec . MAX 

External Refresh Followed BY Read or Write 

AD, Wli 

---,-_-__ S==.~:~~----------------I~--::~:====~.-,---------------------
REFRQ 

-ILL 

"'s-I~·~--

1------ IRe ------1 
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inter 8202A. 

WAVEFORMS (cont'd) 
Clock And SyatemTlmlng 

Table 2 8202A Output Test 
Loading. 

Test Load 
Pin 

SACK.XACK CL=30pF 
OUTO-OUT6 CL =160 pF 
RASO-RAS3 CL=60pF 
WE CL = 224 pF 
CAS CL = 320 pF 

NOTES: 
1. tsc is a reference point only. ALE. RD. WR. and REFRQ inputs do 

not have to be externally synchronized to B202A clock. 
2. If tRS min and tMRS min are met then. tCA. tCR. and ICC are 

valid. olherwise tcs is valid. 
3. tASR. IRAH. tASC. tCAH. and IRSH depend upon 80-81 and CPU 

address remaining slable throughout the memory cycle. The ad
dress inpuls are nol lalched by Ihe B202A. 

4. For back-to-back refresh cycles. IRC max = 131p 
5. IRC max is valid only if tRMP min is mel (READ. WRITE followed 

by REFRESH) or IMRP min is mel (REFRESH followed by READ. 
WRITE). 

B. tRFR is valid only if IRS min and tRMS min are met. 
7. IXW min applies when RD. WR has already gone high. Olherwise 

XACK follows RD. WR. 
B. WE goes high according 10 IWCH or tWW. whichever occurs 

first. 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 11" TEST 

CL INCWDES JIG CAPACITANCE 
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The typical rising and falling characteristic curves for the 
OUT, RAS, CAS and WE output buffers can be used to 
determine the effects of capacitive loading on the A.C. 

Timing Parameters. Using this design tool in conjunction 
with the timing waveforms, the designer can determine 
typical timing Shifts based on system capacitive load. 

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 

5.Dr-------r------t----~~------_r------,_------r_------r_----_,----~C=A~~~C~I~=AN=C~E~:~PF 

660 

0.8 f----+-~~iIf:=3ilIii5;;:2f=--_+--__+--___j~--+_--+_--+--_l 

O.O~----~----_lr------L------L-----~----~------~----~------+_----~ 

~5n.~ TIME 

5.0r-____ -,r-____ _+------~------_r------,_------._------r_----_,----~C~A~~~C~IT~A~NC=E~:~PF 

E ... 
~ 2Ar_----~r---~_+~~~~--~~~~~~~------+_------r_----~------_+------~ 
~ 
o 

TIME 

NOTE: MEASUREMENT CONDITIONS: 
Use the Test Load as the base capacitance for estimating timing 
shifts for system critical timing parameters. 

TA = 25°C 
Vee = +5V 
tp = 50 ns 

Pins not measured are loaded with the 
Test Load capacitance. 
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Example: Find the effect on tCR and tccusing 64 
2118 Dynamic RAMs configured in 4 banks. 

1. Determine the typical RAS and CAS capacitance: 
From the data sheet RAS = 4 pF and CAS = 4 pF. 
:. RAS load = 64 pF + board capacitance. 

CAS load = 256 pF + board capacitance. 
Assume 2 pF/in (trace length) for board 
capacitance. 

2. From the waveform diagrams, we determine that 
the fallin9, edge timing is needed for tCR and tcc. 
Next find the curve that best· approximates the 
test load; i.e., 68 pF for RAS and 330 pF for CAS. 

3. If we use 72 pF for RAS loading, then the tCR 
(max.) spec should be increased by about 1 ns. 
Similarly if we use 288 pF for CAS, then tcc (min.) 
and (max.) should decrease about 1 ns. 



8203 
64K DYNAMIC RAM CONTROLLER 

• Provides All Signals Necessary to Control 
64K (2164), 16K (2117, 2118) and 4K 
(2104A) Dynamic Memories 

• Directly Addresses and Drives Up to 64 
Devices Without External Drivers 

• Provides Address Multiplexing and 
Strobes 

• Prov.ides a Refresh Timer and a Refresh 
Counter 

• Provides Refresh/Access Arbitration 

• Internal Clock Capability with the 8203-1 
and the 8203-3 

• Fully Compatible with Intel® 8080A, 
808SA, iAPX 88, and iAPX 86 Family Micro
processors 

• Decodes CPU Status for Advanced Read 
Capability in 16K mode 

• Provides System Acknowledge and Trans
fer Acknowledge Signals 

• Refresh Cycles May be Internally or Exter
nally Requested (For Transparent Refresh) 

• Internal Series Damping Resistors on All 
Outputs 

The Intel@8203 is a Dynamic Ram System Controller designed to provide all signals necessary to use 2164, 2118, 2117, 
or 2104A Dynamic RAMs in microcomputer systems. The 8203 provides multiplexed addresses and address strobes, 
refresh logic, refresh / access arbitration. Refresh cycles can be started internally or externally. The 8203-1 and the 8203-
3 support an internal crystal oscillator. The 8203-3 is a ± 5% VCC part. 

RDIS1-------! 

""------1 
""------1 

.. 

Figure 1. 8203 Block Diagram 

"""'" GE/EFiATOR 
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Pin 
Symbol No. 

ALa' -6 
ALI .S 
AL2 10 
AL3 12 
AL4 14 
ALs. 16 
ALa/OP3 18 

AHa s. 
AHI 4 
AH2 3 
AH3 2 
AH4 1 
AH5' 39 
AH6 38 

BO/AL7 24 
Bl 1OP11 25 
AH7 

:,,' 

PCS 33 

WR 31 

RDISI '32 

. 

REFRQ{ . ;34 
ALE. 

OUTO 7 
OUTI 9 
OUT2 ·11 
OUT3 :.13 
OUT4 15 
OUTS 17 
OUT6 19 

.;. 

WE 28 

CAS 27 

8203 

Table 1 .. Pln'Deacrlptions 

Type Name and Function 

··Adt;lress Low: CPU- address in-
puts used to. generate. m8f!lory 
row address. 
AL6/0P3 used'I'~ select 4K 
RAM mode. 

",,' 

Address High: CPU address in-
puts used to generate memory 
column address:' . .. 

, .... ;' 

I Bank Select Inputs: Used to 
I gate the appropri.ate RAS output 

i6r a memory cycle. B 11 OP lOP' 
tion used to select the. Advanced 
Read Mode. (Not available in 
64K mode.) See Figure 5. 

. When in 6~K RAM Mode, pins 24 
an~ 2~ opera,e .as the AL7 and 
AH] address inputs. 

I Protected Chip Select: Used, to 
enable the memory read and 
write inputs .. Once a cycle is 
started, it will not abort even if 
PCS goes inactive before cycle 
completion. 

I Memory Write Request. 

I Memory Read Request: S 1 
function used in Advanced Read 
mode selected by OPI (pin 25) . 

I E.xternal Refresh Request: ALE 
function used in Advanced Read 
mode, selected by OPI (pin 25). 

0 Output of the Multiplexer: 
0 These outputs 'aredesigned to 
0 driVe the addresses of the Oy-
0 namic RAM array. (Note that the 
0 OUTO-7 pins do 'riot require.in-
0 verters or drivers for properap-
0 eration.) ..•. 

0 Write Enable:' Drives the Write 
Enable inputs of the Dynamic 
RAM array. 

0 Column Address Strobe: This 
output is used to latch the Col-
umn Address into the Dynamic 
RAM array. 

... Pin 
Symb()1 No. . Type Name and Function 

: . RASa 21" 0':" :-Row Address Strobe: .Used to 

. .RAS 1: 22 0 latch the Row Address into the 
RAS21 23 0 bank' of dynamic RAMs, select-
OUT7 "-,, ad by the 8203 Bank Select pins 
RAS3/BO 26 1/0 (Bo, Bl/OP1). In 64K mode, 

only RASb and RASiare.avail-
able; pin 23:.operates as OUT7 
and pin 26 operates as the BO 
bank se.lect input. 

XACK 29 0 Transfer Acknowledge: This 
output is a strobe indicating val-
id data during a read cycle or 
data wtiiten du'iing a write cycle. 
XACK can be used to la~.ch valid 
data from the RAM array. 

SACK .. 
, 

30 O· System Acknowledge;. ·This 
output indicates the beginning of 
a memory access cycl4il.:: It ...• can 
be used all an advan~ed trans-
fer acknowledg'e to eliminate 
wait states. (Note: If a memo~ 
access request is madedui1ng 8;' 
refresh cycle, SACK is delayed 

.. until XACK in the memory ac-
cess cycle). 

XO/OP2 36 110 Oscillator Inputs: These inputs 
XI/CLK 37 110 are designed for a quartz crystal 

to control the frequency of the 
oscillator. If XO/OP2 is shorted 
to pin 40 (Vcc)'or'if XO/OP2 is 
connected tp +12V thrOugh a 
1 Kg resistor the~ XII CLK be-
comes a TTL input for an exter-
nal clock. (Note: Crystal mode 
for the 8203-1 and the 8203'3 
only) . 

16K/64K 35 I Mode Select: This input selects 
16K mode (2117, 2118) or 64K 
mode (2184) .. Pins 23-26 
change function based on the 

."~ . mode of operation. 

VCC' 40 Po.wer Supply: +5V. 

GND 
-~ 

20 Ground. 
... 

Funotional Description 
The 8203 provides a complete dynamic RAM controller for 
microprocessor systems as. well as expansion mamory 
boards. All of the neceasaiy:control· signals are provided 
for 2164, 2118,2117, and 2104A dynamic RAM's. 

The 8203 has thres 'modes, one for 4K dynamic RAM's, 
one for 16K's and one for 64K's, controlled by pin 35 and 
pin 18. 
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intJ 8203 

.-- XO WE 

I CAS 

CS* = 
.KO I ±5% RASo 

I X. I C!!J... 8203-1 
RAS1 or 

6800 T 8203-3 
':" ±5% I RA52 _I 

':" RASa 

Cs <'0pF XACK 

FUNDAMENTAL XTAL SACK 

Figure 3. Crystal Operation for the 8203-1 and 
8203-3 

All 8203 timing is generated from a single reference clock. 
This clock is provided via an external oscillator or an on
chip crystal oscillator. All output signal transitions are syn
chronous with respect to this clock reference, except for 
the trailing edges of the CPU handshake signals SACK and 
XACK. 

CPU memory requests normally use the RD and WR in
puts. The Advanced-Read mode allows ALE and S 1 to be 
used in place of the RD input. 

Failsafe refresh is provided via an internal timer which gen
erates refresh requests. Refresh requests can also be 
generated via the REFRQ input. 

An on-chip synchronizer I arbiter prevents memory and re
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8203 clock; on-Chip logic will syn
chronize the requests, and the arbiter will decide if the re
quests should be delayed, pending completion of a cycle in 
progress. 

16K/64K Option Selection 
Pin 35 is a strap input that controls the two. 8203 modes. 
Figure 4 shows the four pins that IiIre multiplexed. In 16K 
mode (pin 35 tied to Vee or left open), the 8203 has two 
Bank Select inputs to select one of four RAS outputs. In 
this mode, the 8203 is exactly compatible with the Intel 
8202A Dynamic RAM Controller. In 64K mode (pin 35 tied 
to GND), there is only one Bank Select input (pin 26) to 
select the two RAS outputs. More than two banKS of 64K 
dynamic RAM's can be used with external logic. 

Description Pin #. Normal Function 

Bl/0Pl (16Konly)1 AH7 25 Bank (RAS) Select 

Other Option Selections 
The 8203 has three strapping options. When OP1 is se
lected (16K mode only), pin 32 changes from a RD input to 
an S 1 input, and pin 34 changes from a REFRQ input to an 
ALE Input. See "Refresh Cycles· and "Read Cycles" for 
more detail. OP1 is selected by tying pin 25 to +12V 
through a 5.1K ohm resistor. 

When OP2 is selected, the internal oscillator is disabled 
and pin 37 changes from a crystal input (X1) to a CLK 
input for an external TIL clock. OP2 is selected by short
ing pin 36 (XOIOP2) directly to pin 40 (VCC). No current 
limiting resistor should be used. OP2 may also be selected 
by tying pin 36 to +12V through a 1Kn resistor. 

OP3 is selected by connecting pin 18 to + 12V through a 
5.1 K ohm resistor, the 8203 will change its internal refresh 
timer from 128-row refresh (2164, 2118, 2117) to 64-row 
refresh (2104A). 

Refresh Timer 
The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the approp·riate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh 
timer. 

Refresh Counter 
The refresh counter is used to sequentially refresh all of 
the memory's rows. The 8-bit counter is incremented after 
every refresh cycle. 

Pin # 16K Function 64K Function 

23 RAS2 Address Output (OUT7) 
24 Bank Select (BO) Address Input (AL7) 
25 Bank Select (Bl) Address Input (AH7) 
26 RAS3 Bank Select (BO) 

Figure 4. 16K/64K Mode Selection 

Inputs Outputs 

B1 BO RASo RAS1 RAS2 RAS3 

0 0 0 1 1 1 
16K 0 1 1 0 1 1 
Mode 1 0 1 1 0 1 

1 1 1 1 1 0 

64K - 0 0 1 - -
Mode - 1 1 0 - -

Figure 5. Bank Selection 

Option Function . 

Advanced·Read Mode 

XO/OP2 36 Crystal Oscillator (8203-1 and 8203-3) External Oscillator 

AL6/0P3 18 Address Input 64-Row Refresh 

Figure 6. 8203 Option Selection 
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Address Multiplexer 
The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
conjunction with the RAS and CAS outputs, determine the 
address . used by the dynamic RAMs for read, write, and 
refresh cycles. During the first part of a read or write cy
cle, ALO-AL7 are gated to OUTO-OUT7, then AHO-AH7 
are gated to the address outputs. 

During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re
fresh (CAS inactive, RAS active). 

To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 

OUTo-0Df7 do not need inverters or buffers unless addi
tional drive is required. 

Synchronizer / Arbiter 
The 8203 has three inputs, REFRO/ ALE (pin 34), RD (pin 
32) and WR (pin 31). The RD and WR inputs allow an ex
ternal CPU to request a memory read or write cycle, re
spectively. The REFRO / ALE input allows refresh requests 
to be requested external to the 8203. 

All three of these inputs may be asynchronous with re
spect to the 8203's clock. The arbiter will resolve conflicts 
between refresh and memory requests, for both·pending 
cycles and cycles in progress. Read and write requests 
will be given priority over refresh requests. 

System Operation 
The 8203 is always in one of the following states: 

a) IDLE 
b) TEST Cycle 
c) REFRESH Cycle 
d) READ Cycle 
e) WRITE Cycle 

The 8203 is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8203 will leave the IDLE 
state to perform the desired cycle. If no other cycles are 
pending, the 8203 will return to the IDLE state. 

Test Cycle 
The TEST Cycle is used to check operation of several 
8203 Internal functions. TEST cycles are requested by ac
tivating the PCS, RD and WR inputs. The TEST Cycle will 
reset the refresh address counter and perform a WRITE 
Cycle. The TEST Cycle should not be used in normal sys
terri operation, since it would affect the dynamic RAM re
fresh. 

Refresh Cycles 
The 8203 has two ways of providing dynamic RAM 
refresh: 

1) Internal (failsafe) refresh 
2) External (hidden) refresh 

Both types of 8203 refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain 
inactive. 

Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8203 clock to ensure that refresh of all 
rows of the dynamic RAM occurs every 2 milliseconds 
(128 cycles) or every 4 milliseconds (256 cycles). If 
REFRO is inactive, the refresh timer will request a refresh 
cycle every 10-16 microseconds. 

9-86 

External refresh is requested via the REFRO input (pin 34). 
External refresh control is not available when the Ad
vanced-Read mode is selected. External refresh reqllests 
are latched, then synchronized to the 8203 clock. 

The arbiter will allow the refresh request to start a refresh 
cycle only if the 8203 is not in the middle of a cycle. 

When the 8203 is in the idle state a simultaneous memory 
request and external refresh request will result in the mem
ory request being honored first. This 8203 characteristic 
can be used to "hide" refresh cycles during system oper
ation. A circuit similar to Figure 7 can be used to decode 
the CPU's instruction fetch status to generate an external 
refresh request. The refresh request is latched while the 
8203 performs the instruction fetch; the refresh cycle will 
start immediately after the memory cycle is completed, 
even if the RD input has not gone inactive. If the CPU's 
instruction decode time is long enough, the 8203 can com
plete the refresh cycle before the next memory request is 
generated. 

If the 8203 is not in the idle state then a simultaneous mem
ory request and an external refresh request may result in 
the refresh request being honored first. 

Figure 7. Hidden Refresh 
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Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF), then, in ef
fect, all refresh cycles will be caused by the external re
fresh request, and the internal refresh timer will never 
generate a refresh request. 

Read Cycles 
The 8203 can accept two different types of memory Read 
requests: 

1) Normal Read, via the RD input 
2) Advanced Read, using the S1 and ALE inputs (16K 

mode only) 

The user can select the desired Read request configura
tion via the B 1 / OP 1 hardware strapping option on pin 25. 

Normal Read Advanced Read 

Pin 25 Bl input OPI (+12V) 
Pin 32 RD input SI input 
Pin 34 REFRQ input ALE input 
# RAM banks 4 (RAS 0.3) 2 (RAS 2-3) 
Ext. Refresh Yes No 

Figure 8. 8203 Read Options 

Normal Reads are requested by activating the RD input, 
and keeping it active until the 8203 responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tCHS) is met. 

Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is simi liar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 

If a Read cycle is requested while a refresh cycle is in 
progress, then the 8203 will set the internal delayed
SACK latch. When the Read cycle is eventually started, 
the 8203 will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de
lay was designed to compensate for the CPU's READY 
setup and hold times. The delayed-SACK latch is cleared 
after every READ cycle. 

Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CP.U can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 
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Write Cycles 
Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8203 Write cycles are 
"early-write" cycles; WE goes active before CAS goes ac
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 

General System Considerations 
All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests. 

In order to minimize propagation delay, the 8203 uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The tAD AC parameter should be used for this sys
tem calculation. 

The BO-B 1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 

The 8203 uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8203 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8203. 

A microprocessor system is concerned when the data is 
valid after RD goes low. See Figure 9. In order to calculate 
memory read access times, the dynamic RAM's A.C. 
specifications must be examined, especially the RAS-ac
cess time (tRAC) and the CAS-access time (tCAC). Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable tcc,max (8203) + tCAC 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal
culate the overall read access time. 

Since the 8203 normally performs "early-write" cycles, 
the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM's data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8203 WE output. 

Delaying the WR input will delay all 8203 timing, including 
the READY handshake signals, SACK and XACK, which 
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may increase the number of WAIT states generated by the 
CPU. 

If the WE output is externally delayed beyond the CAS ac
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 

The RASa-3, CAS, OUTo-e, and WE outputs contain on
chip series damping resistors (typically 20m to minimize 
overshoot. 

Some dynamic RAMs require more than 2.4V VIH. Noise 
immunity may be improved for these RAMs by adding pull
up resistors to the 8203's outputs. Intel RAMs do not re
quire pull-up resistors. 
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Figure 10. Typical 8088 System 
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ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias ............ O°C to 70°C 
Storage Temperature ................ -65°C to + 150°C 
Voltage On any Pin 

With Respect to Ground ................ -0.5V to + 7V4 
Power Dissipation ............................ 1..5 Watts 

'NOTE: Stresses above those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

D.C, CHARACTERISTICS TA = O°C to 70°C' VCC = 50V + 10% (50V + 5% for 8203-3)' GND = OV - -
Symbol Parameter 

Vc Input Clamp Voltage 

ICC Power Supply Current 

IF Forward Input Current 

ClK, 64K/16K Mode select 
All Other Inputs3 

IR Reverse Input Current3 

VOL Output low Voltage 
SACK,XACK 

All Other Outputs 

VOH Output High Voltage 
SACK,XACK 

All Other Outputs 

Vil Input low Voltage 

VIHl Input High Voltage 

VIH2 Option Voltage 

CIN Input Capacitance 

NOTES: 
1. IR = 200 p.A for pin 37 (elK). 
2. For test mode RD & WR must be held at GND. 
3. Except for pin 36 in XTAl mode. 
4. 

+12 Volt 5.1KQ 25 

±10% 

5.1Kn 18 

Resistor Tolerance: ± 5% 

OP, 

OP3 

8203 

Min Max Units Test Conditions 

-1.0 V Ie = -5 mA 

290 mA 

-2.0 mA VF = 0.45V 
-320 p.A VF = 0.45V 

40 p.A VR = VCC; Note 1 

0.45 V 10l = 5 mA 
0.45 V 10l = 3mA 

Vil = 0.65 V 
2.4 V 10H = -1 mA 
2.6 V 10H = -1 mA 

0.8 V VCC = 5.0V (Note 2) 

2.0 VCC V VCC = 5.0V 

VCC V (Note 4) 

F=lMHz 

30 pF VBIAS = 2.5V, VCC = 5V 
TA = 25°C 
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A.C. CHARACTERISTICS 
TA = o·c to 70·C; VCC = 5V ± 10% (5.0V ± 5% for 8203-3); GND = OV 

Measurements made with respect to RASO-RAS3, CAS, WE, OUTO-OUT6 are at 2.4V and 0.8V. Ali 
other pins are measured at 1.5V. All times are in nsec. 

Symbol Parameter Min Max 

tp Clock Period 40 54 

tpH External Clock High Time 20 

tpL External Clock Low Time-above (» 20 mHz 17 

tpL External Clock Low Time-below (~) 20 mHz 20 

tRC Memory Cycle Time lOtp - 30 12tp 

tREF Refresh Time (64 cycles-4K mode) 548tp 576tp 

tREF Refresh Time (128 cycles) 264tp 288tp 

tRP RAS Precharge Time 4tp - 30 

tRSH RAS Hold After CAS 5tp - 30 

tASR Address Setup to RAS tp - 30 

tRAH Address Hold From RAS tp - 10 

tASC Address Setup to CAS tp - 30 

tCAH Address Hold from CAS 5tp - 20 

tCAS CAS Pulse Width 5tp - 10 

twcs WE Setup to CAS tp - 40 

tWCH WE Hold After CAS 5tp - 35 

tRS RD, WR, ALE, REFRQ delay from RAS 5tp 

tMRP RD, WR setup to RAS 0 

tRMS REFRQ setup to RD, WR 2tp 

tRMP REFRQ setup to RAS 2tp 

tpcs PCS Setup to RD, WR, ALE 20 

tAL Sl Setup to ALE 15 

tLA S 1 Hold from ALE 30 

tCR RD, WR, ALE to RAS Delay tp + 30 2tp + 70 

tcc RD, WR, ALE to CAS Delay 3tp + 25 4tp + 85 

tsc CMD Setup to Clock 15 

tMRS RD, WR setup to REFRQ 5 

tCA RD, WR, ALE to SACK Delay 2tp + 47 

tcx CAS to XACK Delay 5tp - 25 5tp + 20 

tcs CAS to SACK Delay 5tp - 25 5tp + 40 

tACK XACK to CAS Setup 10 

txw XACK Pulse Width tp - 25 

tCK SACK, XACK turn-off Delay 35 

tKCH CMD Inactive Hold after SACk. XACK 10 

tLL REFRQ Pulse Width 20 

tCHS CMD Hold Time 30 

tRFR REFRQ to RAS Delay 4tp + 100 

tww WR to WE Delay 0 50 

tAD CPU Address Delay 0 40 
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Notes 
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WAVEFORMS 
Normal Read or Write Cycle 

iiD, Wii 

Advanced Read Mode 
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WAVEFORMS (cont'd) 
Memory Compatibility Timing 

8203 
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WAVEFORMS (cont'd) 
Read or Write Followed By External Refresh 
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WAVEFORMS (cont'd) 
Clock And System Timing 

Table 2 8203 Output Loading. 
All specifications are 
for the Test Load un
less otherwise noted. 

Pin Test Load 

SACK,XACK CL = 30 pF 
aUTo-OUTs CL = 1S0pF 
RASO-RAS3 CL = so pF 
WE CL = 224 pF 
CAS CL = 320 pF 

NOTES: 
1. tsc is a reference point only. ALE, RD, WR, and REFRQ inputs do 

not have to be externally synchronized to 8203 clock. 
2. If tRS min and tMRS min are met then tCA, tCR, and tcc are valid, 

otherwise tcs is valid. 
3. tASR, IRAH, IASC, ICAH, and IRSH depend upon 80-81 and CPU 

address remaining slable Ihroughoullhe memory cycle. The ad
dress inpuls are not lalched by Ihe 8203. 

4. For back-Io-back refresh cycles, IRC max = 131p 
5. IRC max is valid only if IRMP min is mel (READ, WRITE followed 

by REFRESH) or IMRP min is mel (REFRESH followed by READ, 
WRITE). 

6. IRFR is valid only if IRS min and IRMS min are mel. 
7. IXW min applies when RD, WR has already gone high. Olherwise 

XACK follows RD, WR. 
8. WE goes high according to tWCH or tWW. whichever occurs 

firsl. 
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A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 
TeST 

NOTE; CL includes jig capacitance 
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The typical rising and falling characteristic curves for the 
OUT, RAS, CAS and WE output buffers can be used to 
determine the effects of capacitive loading on the A.C. 

Timing Parameters. Using this design tool in conjunction 
with the timing waveforms, the designer can determine 
typical timing shifts based on system capacitive load. 

A.C. CHARACTERISTICS FOR DIFFERENT CAPACITIVE LOADS 

'.0 r-__ ...... ___ t--__ ...... ___ r-__ -r ___ r-__ -r ___ r-__ cA.,Pr~C_I~_A_NC;..E_"''_,' 

0.0 '----.....L.---t----'----"'----T-_'-----'----'-----L.---r--~-.-n.-_l~ 

1.0 r-__ ...... ___ t--__ -.-___ r-__ -r ___ r-__ -r ___ r-__ CA_AArC_IT_A_NC_E_"''_,' 

NOTE: MEASUREMENT CONDITIONS: 
Use the Test Load as the base capacitance for estimating timing 
shifts for system critical timing parameters. TA = 25°C 

Vee = +5V 
tp=50ns 

Pins not measured are loaded with 
the Test Load capacitance 
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Example: Find the effect on tCR and tcc using 32 2164 
Dynamic RAMs configured in 2 banks. 

1. Determine the typical RAS and CAS capacitance: 
From the data sheet RAS = 5 pF and CAS = 5 pF. 

RAS load = 80 pF + board capacitance. 
CAS load = 160 pF + board capacitance. 
Assume 2 pF / in (trace length) for board capaci
tance and for this example 4 inches for RAS and 
8 inches for CAS. 

9-97 

2. From the waveform diagrams, we determine that the 
falling edge timing is needed for tCR and tCC. Next find 
the curve that best approximates the test load; i.e., 
68 pF for RAS and 330 pF for CAS. 

3. If we use 88 pF for RAS loading, then tCR (min.) spec 
should be increased by about 1 ns, and tCR (max.) 
spec should be increased by about 2 ns. Similarly if we 
use 176 pF for CAS, then tcc (min.) should decrease 
by 3 ns and tcc (max.) should decrease by about 7 ns. 
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8206 
ERROR DETECTION AND CORRECTION UNIT 

• Detects and Corrects All Single Bit 
Errors 

• Detects All Double Bit and Most 
Multiple Bit Errors 

• 52 ns Maximum for Detection; 67 ns 
Maximum for Correction (16 Bit 
System) 

• Expandable to Handle 80 Bit Memories 

• Syndrome Outputs for Error Logging 

• Separate Input and Output 
Busses-No Timing Strobes Required 

• Supports Reads With and Without 
Correction, Writes, Partial (Byte) 
Writes, and Read-Modify-Writes 

• HMOS Technology for Low Power 

• 68 Pin Leadless JEDEC Package 

• Single +5V Supply 

The HMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each 8206 
handles 8 or 16 data bits and up to 8 check bits. 8206's can be cascaded to provide correction and detection for 
up to 80 bits of data. Other 8206 features include the ability to handle byte writes, memory initialization, and 
error logging. 

010-15 

STB-~:;L=: 

SYOfCBO/PPOO_7 y..-+--; 

PPIfPOS/NSL 

POSO_1 
NSLo_l 

2 POSO.1 

16 

r------~ ~---~~ERROR 

r----~ ~---~~CE 

16 

II 

DATA 
CORRECTION 

16, 

Vss Vee Vii. SMa. 1 

Figure 1. 8206 Block Diagram 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

Olo_,s 1,68-61, I Data In: These inputs accept a 16 bit data word from RAM for error detection 
59-~3 and/or correction. 

CBI/SYIO 5 I Check Bits In/Syndrome In: In a single 8206 system, or in the master in a multi-
CBI/SYI, 6 I 8206 system, these inputs accept the check bits (5 to 8) from the RAM. In a 
CBI/SYI2 7 I single 8206 16 bit system, CBlo_s are used. In slave 8206's these inputs accept 
CBI/SYI3 8 I the syndrome from the master. 
CBI/SYI4 9 I 
CBI/SYls 10 I 
CBI/SYIS 11 I 
CBI/SYI7 12 I 

OO/WOlo 51 I/O Data Out/Write Data In: I~ad cycle, data accePted~lo_,s appears...!! 
OO/WOI, 50 I/O these outputs corrected if CRCT is low, or uncorrected if RCT is high. The BM 
00/W012 49 I/O inputs- must be high to enable the output buffers during the read cycle. In a 
00/W013 48 I/O write cycle, data to be written into the RAM is accepted by these inputs for com-
DO/w014 47 I/O puting the write check bits.!.!:l a partial-write cycle, th~byte not to be modified 
OO/WOls 46 I/O appears at either 000-7 if BMo is high, or 008-'S if BM, is high, for writing to 
OO/WOIS 45 I/O the RAM. When WZ is active, it causes the 8206 to output all zeros at OOo_,s, 
00/W017 44 I/O with the proper write check bits on CBO. 
OO/WOls 42 I/O 
00/W019 41 I/O 
OO/WOI,O 40 I/b 
OO/WOI" 39 I/O 
00/WOI'2 38 I/O 
00/W01'3 37 I/O 
00/W0114 36 I/O 
OO/WOI,s 35 I/O 

SYO/CBO/PPOo 23 0 Syndrome Out/Check Bits Out/Partial Parity Out: In a single 8206 system, or 
SYO/CBO/PPO, 24 0 in the master in a multi-8206 system, the syndrome appears at these outputs 
SYO/CBO/PP02 25 0 during a read. During a write, the write check bits appear. In slave 8206's the 
SYO/CBO/PP03 27 0 partial parity bits used by the master appe~ at these outputs. The syndrome is 
SYO/CBO/PP04 28 0 latched (during read-modify-writes) by R/W going low. 
SYO/CBO/PPOs 29 0 
SYO/CBO/PPOS 30 0 
SYO/CBO/PP07 31 0 

PPlo/POSO 13 I Partial Parity In/Position: In the master in a multi-8206 system, these inputs 
PPI,IPOS, 14 I accept partial parity bits 0 and 1 from the slaves. In a slave 8206 these inputs in-

form it of its position within the system (1 to 4). Not used in a single 8206 
system. 

PPI2/NSLo 15 I Partial Parity In/Number of Slaves: In the master ina multi-8206 system, these 
PPI3/NSL, '6 I inputs accept partial parity bits 2 and 3 from the slaves. In a multi-8206 system 

these inputs are used in slave number 1 to tell it the total numberof slaves in the 
system (1 to 4). Not used in other slaves or in a single 8206 system. 

PPI4/CE 17 I/O Partial Parity In/Correctable Error: In the master in a multi-8206 system this 
pin accepts partial parity bit 4. In slave number 1 only, or in a sin?Jve 8206 
system, this pin outputs the correctable error flag. CE is latched by R going 
low. Not used in other slaves. 

PPls 18 I Partial Parity In: In the master in a multi-8206 system these pins accept partial 
PPls 19 I parity bits 5 to 7. The number of partial parity bits equals the number of check 
PPI7 20 I bits. Not used in single 8206 systems or in slaves. 

ERROR 22 0 Error: This pin outputs the error flag in ~ingle 8206 system or in the master of 
a multi-8206 system. It is latched by R/W going low. Not used in slaves. 

CRCT 52 I Correct: When low this pin causes data correction during a read or read-
modify-write cycle. When high, it causes error correction to be disabled, 
although error checking is still enabled. 

STB 2 I Strobe: STB is an input control used to strobe data at the 01 inputs and check-
bits at the CBI/SYI inputs. The signal is active high to admit the inputs. The 
signals are latched by the high-to-Iow transition of STB. 
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Table 1. Pin Description (Continued) 

Symbol Pin No. ~pe Name and Function .. 

BMa 33 I Byte Marks: When high, the Data Out pins are enabled for a read cycle. When 
BM1 32 I low, the Data Out buffers are tristated for a write cycle. BMo controls 000_7, 

while ~1 controls DOa-15. 10 partial (byte) writes, the byte mark input is low 
for the new byte to be written. .. 

RJW 21 I Read/Wrtte: When high this pin causes the 8206 to perform detection and 
correction·tif CRCT is low). When low, it causes the 8206 to generate check bits. 
On the high-to-Iow transition the syndrome is latched internally for read~ 
modify-write cycles. 

WZ 34 I Write Zero: When low this input overrides the BMo-1 and R/W inputs to cause 
the 8206 to output all zeros at 000-15 with the corresponding check bits at 
CB00-7. Used for memory initialization. 

M/S 4 I Master/Slave: Input tells the 8206 whether it is a master (high) or a slave (lOW). 
SEDCU 3 I Single EDC Unit: Input tells the master whether it is operating as a single 8206 

(low) or as the master in a multi-8206 system (high). Not used in slaves. 

Vee 60 I Power Supply: +5V 

VSS 26,43 I Ground 

FUNCTIONAL DESCRIPTION 

The 8206 Error Detection and Correction Unit 
provides greater memory system reliability through 
its ability to detect and correct memory errors. It is a 
single chip device that can detect and correct all 
single bit errors and detect all double bit and some 
higher multiple bit errors. Some other odd multiple 
bit errors (e.g., 5 bits in error) are interpreted as 
single bit errors, and the CE flag is raised. While 
some even multiple bit errors (e.g., 4 bits in error) are 
interpreted as no error, most are detected as double 
bite.rrors. This error handling is a function of the 
number of check bits used by the 8206 (see Figure 2) 
and· the specific Hamming code used .. Errors in 
check bits are not distinguished from errors in a 
word. 

For more information on error correction codes, see 
Intel Application Notes AP-46 and AP-73. 

ASingle8206 handlesS or 16 bits of data, and up t05 
8206's can be cascaded in order to handle data· 
paths of 80 bits. For a single 8206 8 bit system, the 
Dls-15, DOIWDls_15 and BM1 inputs are grounded. 
See the Multi-Chip systems section·for information 
on 24-80 bit systems. 

The 8206 has a "flow through" architecture. It sup
ports two kinds of error .correction architecture: 1) 
Flow-through,or correct-always; and 2) Parallel, or 
check~only. There are two separate 16-pin busses, 

DATA WORD BITS CHECK BITS 

8 5 

16 6 

24 6 

32 7 

40 7 

48 8 

56 8 

64 8 

72 8 

80 8 

Figure 2. Number of Check Bits Used by 8206 

. one to accept data from the RAM (01) and the other 
to deliver corrected data to the system bus (001 
WDI). The logic is entirely combinatorial during a 
read cycle. This is in contrast to an architecture with 
only one bus, with bidirectional bus drivers that 
mustfirst read the data and then be turned around to 
output the corrected data. The latter architecture 
typically requires additional hardware (latches 
and/or transceivers) and may be slower in a system 
due to timing skews of control signals. 
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READ CYCLE 

With the Rm pin high, data is received from the RAM 
outputs into the 01 pins where it is optionally latched 
by the STB signal. Check bits are generated from the 
data bits and compared to the check bits read from 
the RAM into the CBI pins. If an error is detected the 
ERROR flag is activated and the correctable error 
flag (CE) is used to inform the system whether the 
error was correctable or not. With the BM inputs 
high, the word appears corrected at the DO pins if 
the error was 9C)rrectable, or unmodified. if the error 
was uncorrectable. 

If more than one 8206 is being used, then the check 
bits are read by the master. The slaves generate a 
partial parity output (PPO) and pass it to the master. 
The master 8206 then generates and returns the 
syndrome to the slaves (SYO) for correction of the 
data. 

The 8206 may alternatively be used in a "check
only" mode with the ~ pin left high. With the 
correction facility turned off, the propagation delay 
from memory outputs to 8206 outputs is signifi
cantly shortened. In this mode the 8206 issues an 
ERROR flag to the CPU, which can then perform one 
of several options: lengthen the current cycle for 
correction,restart the instruction, perform a diag
nostic routine, etc. 

A syndrome word, five to eight bits in length and 
containing all necessary information about the exis
tence and location of an error, is made available to 
the system at the SYOO_7 pins. Error logging may be 
accomplished by latching the syndrome and the 
memory address of the word in error. 

WRITE CYCLE 

For a full write, in which an entire word is written to 
memory, the data is written directly to the RAM, 
bypassing the 8206. The same data enters the 8206 
through the WDI pins where checkbits are gener
ated. The Byte Mark inputs must be low to tristate 
the DO drivers. The check bits, 5 to.8 in number, are 
then written to the RAM through the CBO pins for 
storage along with the data word. In a mUlti-chip 
system, the master writes1he check bits using par
tial parity information from the slaves. 

In a partial write, part of the data word is overwritten, 
and part is retained in memory. This is accomplished 
by performing a read-modify-write cycle. The com
plete old word is read into the 8296 .and cOf~cteQ; 
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with the syndrome internatlylatched by R/W going 
low. Only that part of the word not to be modified is 
output onto the DO pins, as controlled .by the Byte 
Mark inputs. That portion of the word to be overwrit
ten is supplied Qy the system bus. The 8206 then· 
calculates check bits for the new word, using the 
byte from the pr.evious read and the new byte f·rom 
the system bus, and writes them to the memory. 

READ-MODIFY-WRITE CYCLI;S 

Upon detection of an error the 8206 may be used. to 
correct the bit in error in memory. This reduces the 
probability of getting multiple-bit errors in sub
sequent read cycles. This correction is handled by 
executing read-modify-writecycles. 

Theread-modify-write cycle is controlled by the Rm 
input. After (during)' the read cycle, the system 
dynamic RAM controller or CPU examines the 8206 
ERROR and CE outputs to<letermine if a correctable 
error occurred. If it did, the dynamic RAM controller. 
or CPU forces Rm low, telling the 8206 to latch the 
generated syndrome and drive the corrected check 
bits onto the CBO outputs. The corrected data is' 
available on the DO pins. The DRAM controller then 
writes the corrected data and corresponding check· 
bits into memory. 

The 8206 may be used to perform read-modify
writes in one or two RAM cycles. If it is done in two 
cycles, the 8206 latches are used ·to hold the data· 
and check bits from the read cycle to be used in the 
following write cycle. The Intel 8207 Advanced 
Dynamic. RAM controller allows read-modify-write· 
cycles in one memory cycle. See the System 
Environment section. 

INITIALIZATION 

A memory system, (lperati ng.with ECC req u.i res some· 
form of initialization at system power-up in order to 
set valid data and .cheek bit information in memory. 
The 8206 supports;memory initialization by the write 
zero function. By activating the WZ pin, the 8206 will 
write a data pattern ·of zeros and the associated 
check bits in the current write cYcte. By thus writing 
to all memOry at power-up, a' controller can set 
memory to vaiid data and check bits. Massive mem
ory failure, as signified by both data and check bits. 
~II ones or zeros, will be detect.ed asa,n uncorrectll~; 
ble.error. . .... 

AFN'()1966A 
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MULTI-CHIP SYSTEMS 

A single 8206 handles 8 or 16 bits of data and 5 or 6 
check bits, respectively. Up to 5 8206's can be cas
caded for 80 bit memories with 8 check bits. 

When cascaded, one 8206 operates as a master, and 
all others as slaves. As an example, duril1g a read 
cycle in a 32 bit system with one master and one 
slave, the slave calculates parity on its portion of the 
word-"partial parity"-and presents it to the mas
ter through the PpO pins. The master combines the 
partial parity from the slave with the parity it calcu
lated from its own portion of the word to generate 

3a. 48 BIT SYSTEM 

3b. 64 BIT SYSTEM 

3e. 80 BIT SYSTEM 

the syndrome. The syndrome is then returned by the 
master to the slave for error correction. In systems 
with more than one slave the above descriptio,lcon
tinues to apply, except that the partial. parity outputs 
of the slaves must be XOR'd externally. Figure 3 
shows the necessary external logic for multi-chip 
systems. Write and read-modify-write cycles are car
ried out analogously. See the System Operation sec
tion for multi-chip wiring diagrams. 

There are several pins used to define whether the 
8206 will operate as a master or a slave. Tables 2 and 
3 illustrate how these pins are tied. 

SLAVE 2 

PPO 

SLAVE 3 

PPO 

SLAVE 3 

PPO 

SLAV~4 

PPO 

Figure 3. External Logic For Multi-Chip Systems 

9-102 AFN·01966A 



intJ 8206 

Table 2. Master/Slave Pin Assignments 

Pin No. Pin Name Master Slave 1 Slave 2 Slave 3 Slave 4 

4 
3 

13 
14 
15 
16 

'See Table 3. 
NOTE: 

M/S 
SEDCU 
PPIO/POSO 
PPI1/POS1 
PPI2/NSLo 
PPI3/NSL1 

+5V 
+5V 
PPI 
PPI 
PPI 
PPI 

Gnd Gnd Gnd Gnd 
+5V +5V +5V +5V 
Gnd +5V Gnd +5V 
Gnd Gnd +5V +5V . +5V +5V +5V . +5V +5V +5V 

Pins 13. 14, 15, 16 have internal pull-up resistors and may be left as N.C. where specified as connecting to +5Y. 

Table 3. NSL Pin Assignments for Slave 1 

Number of Slaves 
Pin 1 

PPI2/NSLo Gnd 
PPI3/NSL1 Gnd 

The timing specifications for multi-chip systems 
must be calculated to take account of the external 
XOR gating in 3, 4, and 5-chip systems. Let tXOR be 
the delay for a single external TTL XOR gate, Then 
the following equations show how to calculate the 
relevant timing parameters for 2-chip (n=O), 3-chip 
(n=1), 4-chip (n=2), and 5-chip (n=2) systems: 

Data-in to corrected data-out (read cycle) = 
TDVSV + TPVSV + TSVQV + ntXOR 

Data-in to error flag (read cycle) = 
TDVSV + TPVEV + ntXOR 

Data-in to correctable error flag (read cycle) = 
TDVSV + TPVSV + TSVCV + ntXOR 

Write data to check-bits valid (full write cycle) = 
TQVQV + TPVSV + ntXOR 

Data-in to check-bits valid (read-mod-write cycle) = 
TDVSV + TPVSV + TSVQV + TQVQV + TPVSV + 

2ntXOR 

Data-in to check-bits valid (non-correcting read
modify-write cycle) = 

TDVQU + TQVQV + TPVSV + ntXOR 

HAMMING CODE 

The 8206 uses a modified Hamming code which was 
optimized for multi-chip EDCU systems. The code is 
such that partial parity is computed by all 8206's in 

2 
+5V 
Gnd 

3 4 
Gnd +5V 
+5V +5V 

parallel. No 8206 requires moretime for propagation 
through logic levels than any other one, and hence 
no one device becomes a bottleneck in the parity 
operation. However, one or two levels of external 
TTL XOR gates are required in systems with three to 
five chips. The code appears in Table 4. The check 
bits are derived from the table by XORing or XNOR
ing together the bits indicated by 'X's in each row 
corresponding to a check bit. For example, check bit 
o in the MASTER for data word 1000110101101011 
will be "0." It should be noted that the 8206 will 
detect the gross-error condition of all lows or all 
highs. 

Error correction is accomplished by identifying the 
bad. bit and inverting it. Table 4 can also be used as 
an error syndrome table by replacing the 'X's with 
'1 '5. Each column then represents a different syn
drome word, and by locating the column corre
sponding to a particular syndrome the bit to be cor
rected may be identified. If the syndrome cannot be 
located then the error cannot be corrected. For 
example, if the syndrome word is 00110111, the bit 
to be corrected is bit 5 in the slave one data word (bit 
21). 

The syndrome decoding is also summarized in Table 
5, which can be used for error logging. By finding 
the appropriate syndrome word (starting with bit 
zero, the least significant bit), the result is either: 1) 
no error; 2) an identified (correctable) si'ngle bit 
error; 3) a double bit error; or 4) a multi-bit uncor
rectable error. 
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Table 4. ModHled Hamming Code Check Bit Generation 

Check bits are generated by XOR'ing (except for the CSO and CS1 data bits, which are XNOR'ed in the Master) the data 
bits in the rows corresponding to the check bits. Note there are 6 check bits in a 16-bit system, 7 in a 32-bit system, and 
8 in 48-or-more-bit systems. 

BVTENUMBER 0 1 OPERATION 2 3 OPERATION, 
BIT NUMBER o 1 234 567 o 1 234 567 o 1 2 345 6 7 o 1 2 3 4 5 6 7 

CBO = x x - x - x x - x--x-x-- XNOR - x x x - x x - -xx--x-- XOR 
CBl = x~x--x··"x - x - x x - x - XNOR x x x - - x - x x x - - - - - x XOR 

CHECK CB2 = - x x - x - x x --x-x--x XOR - x x x - x x x --xx---- XOR 
CB3 = x x x x x - - - x x x - - - - - XOR x x - - x - x x x--xx--- XOR ! 

BITS CB4 = - - - x x x x x -----xxx XOR x x - - x x x x - - - - x - x - XOR 

j 
CB5 = .. .. .. .. .. .. .. .. x x x x x x x x XOR - - - x x x x x -----xxx XOR 
CB6 = .. .. .. .. .. .. .. .. -------- XOR -------- x x x x x x x x XOR 
CB7 ,; .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. XOR .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. XOR 

DATA BITS o 0 0 0·0 0 0 0 00111111 111 122 2 2 2 2 2 2 2 2 3 3 
I o 1 234 567 890 1 234 5 6 7 8 901 2 3 4 5 6 7 8 9 0 1 

16 BIT OR MASTER SLAVE #1 

BVTENUMBER 4 5 6 7 8 9 OPERATION 
BIT NUMBER o 1 2 3 456 7 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7 

CBO = x x - x - x x - x - - x - x - - x-x-xx- -x-xx- - x - - x x x - x x - - x x - - x - - XOR 
CBl = x - x - - x - x - x - x x - x - - x x - - - x x x x x - - - x - - x x x - x x x - - x x - - - - XOR 

CHECK CB2 = - x x - x - x x - - x - x - - x - x x x - x x - - x x - - x - - x - - x - x x - - x x - - x - x XOR 
CB3 = x x x x x - - - x x x - - - - x - x - - x x - x x - - x x - --xxxx- - x x x - - x - - - XOR 

BITS CB4 = - - - x x x x x - - - - - x x x - - - x x x x x - - - - - x x x - x x - - - x x x x x - - - x - XOR 
CB5 = x x x x x x x x - - - - - - - - - - - - - - - - x x x x x x x x x - x x x x - x - - - x - - - x XOR 
CB6 = x x x x x x x x - - - - - - - - x x x x x x x x - - - - - - - - x x - - x x x x - - - - x - x - XOR 
CB7 = - - - - - - - - x x x x x x x x - - - - - - - -xxxxx.xxx- - - - - - - - x x x x x x x x XOR 

DATA BITS 33333 3 3 3 4.4444444 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 667 7 7 7 7 7 7 7 7 7 
2 3 4 5 6 789 o 1 2 3 4 567 ~~Ol_2 3 4 5 67890 1 2 3 45678901 234 567 8 9 

SLAVE #2 I I SLAVE #3 I I SLAVE #4 

I 

l 

I 

"@} 
~ 
/iiiiI 
~ 
~ 

I 
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Table 5. Syndrome Decoding 

0 0 1 0 
Syndrome 1 0 0 1 

Bits 2 0 0 0 
7 6 5 4 3 0 0 0 
0 0 0 0 N CBO CB1 

0 0 0 1 CB4 0 

0 0 1 0 CB5 D 

0 0 1 1 0 13 

0 1 0 0 CB6 D 

0 1 0 1 0 52 

0 1 1 0 D 29 

0 1 1 1 30 0 

1 0 0 0 CB7 D 

1 0 0 1 D 45 

1 0 1 0 D 59 

1 0 1 1 63 D 

1 1 0 0 D U 

1 1 0 1 78 D 

1 1 1 0 U D 

1 1 1 1 D U 

N = No Error 
CBX = Error in Check Bit X 

X = Error in Data Bit X 
0= Double Bit Error 

0 

0 
14 

0 

55 

31 

0 

0 
46 

75 

D 

U 

D 

D 

U 

1 
1 
0 
0 
0 

5 

11 

0 

25 

D 

0 

37 

43 

D 

D 

62 

0 

U 

U 

D 

U = Uncorrectable Multi-Bit Error 

DATA MEMORY 
16 BITS 

-L 01 DO 

"i 

0 1 
0 0 
1 1 
0 0 

CB2 D· 

0 6 

0 19 

15 D 

D 26 

51 0 

64 D 

0 38 

D 77 

47 D 

79 D 

0 U 

U D 

0 U 

0 U 

U 0 

CHECK BITS 
7 BITS 

01 DO 

0 
1 
1 
0 
0 

7 

12 

D 

49 

0 

0 

39 

44 

D 

D 

U 

D 

U 

U 

D 

1 0 1 0 1 0 1 0 1 
1 0 0 1 1 0 0 1 1 
1 0 0 0 0 1 1 1 1 
0 1 1 1 1 1 1 1 1 
18 CB3 0 0 0 0 1 2 0 

0 D 3 16 D 4 0 0 17 

D D 8 9 0 10 D D 67 

21 20 D D 66 D 22 23 D 

0 D 48 24 D 27 0 0 50 

70 28 D 0 65 D 53 54 0 

69 68 D D 32 0 33 34 0 

0 D 35 71 0 36 D D U 

D 0 40 41 D 42 D 0 U 

74 72 D 0 U D 73 U D 

58 60 0 D 56 D U 57 0 

D D U U 0 61 D D U 

U 76 0 0 U D U U 0 

D D U U 0 U D D U 

D D U U 0 U D D U 

U U 0 D U D U U 0 

SYSTEM ENVIRONMENT 

The 8206 interface to a typical 32 bit memory system 
is illustrated in Figure 4. For larger systems, the 
partial parity bits from slaves two to four must be 

DATA MEMORY 
16 BITS 

01 DO 

32 BIT 
DATA 
BUS ¢=) x 

C 
V 
R ~ == ~ 

L...--

T t 

" Jl 
OOIWOI 01 SYO!CBO CBlo_6 SYIO_6 DOIWOI 01 

PPIO-6 PP00-6 POSo 

~~ = PPI1 

~ 
r- CRCT POS1 

CONTROL { WI. CSI7 lr-' WI. NSL, I-
LINES 8206 8206 NSL1 I-STB MASTER lr-' STB SLAVE 

RlW MIS T+ V V-- RlW MIS I-
SEOCU PPI S.7 

~ 8Mo 

II 
SMo !!EDCU 

~I 8M, 
EIiIiOii I---- 8M, SYI7 

MARKS 
CE 

I 
ERROR 

SIGNALS I 

+5V 

Figure 4. 32·81t 8206 System Interface 
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XOR'ed externally, which calls for one level of XOR 
gating for three 8206's and two levels for four or five 
8206's. . 

The 8206 is designed for direct connection to the 
Intel 8207 Advanced Dynamic RAM Controller, due 
to be sampled in the first quarter of 1982. The 8207 
has the ability to perform dual port memory control, 

ACKB 1 ACKB 

ADDR ---" An CMD/PEA --,I 
CD 

CMD/PEB CMD/PEB WE ~ 
8207 

.MUX ACRe 
wz 

ClK>--- ClK PSEN -ADDRB 

. CE 
ERROR 

DBM 
MUX 

l"- I" 
ADDR 

R/W 

- ACKA PSEL 
CMD/PEA 

ADORA 

ACKA -

r-~ 

BYTE 
MARK 

DECODER 

----

WE 
D' 

and Figure 5 illustrates a highly integrated dual port 
RAM implementation using the 8206 and 8207. The 
8206/8207 combination permits such features as au
tomatic scrubbing (correcting errors in memory dur
Ing refresh), extending RAS and CAS timings for 
Read-Modify-Writes in single memory cycles, and 
automatic memory initialization upon reset. To
gether these two chips provide a complete dual
port, error-corrected dynamic RAM subsystem. 

DYNAMIC 
RAM 

32 BITS + 
7 CHECK BITS 

CB'DO/CBO 

I- h 
I L ~ 

L}rn L ERLR SYO/ DIICB' D' 
R/W CBO 

+5Y- STB PP' PPO STB - +5V 

. .r< 8206 

of 
8206 

CRCT MASTER CRCT SLAVE 

wz wz 
BM DO/WD' BM DOIWOI 

Q Q 
llt= II I -i>o---ii r-

+11 
'---

~ 

~ XCVR 

b r-RD 

STB OEI 
LATCH 

PORTA PORTa 

Figure 5. Dual Port RAM Subsystem with 8206/8207 (32-blt bus) 

9-106 



inter 8206 

MEMORY BOARD TESTING 

The 8206 lends itself to straightforward memory 
board testing with a minimum of hardware over
head. The following is a description of four common 
test modes and their implementation. 

Mode O-Read and write with error correction. 
Implementation: This mode isthe normal 
8206 operating mode. 

Mode 1-Read and write data with error correction 
disabled to allow test of data memory. 
Implementation: This mode is performed 
with CRCT deactivated. 

Mode 2-Read and write check bits with error cor
rection disabled to allow test of check bits 
memory. 
Implementation: Any pattern may be writ
ten into the check bits memory by judi
ciously choosing the proper data word to 
generate the desired check bits, through 
the use of the 8206 Hamming code. To 
read out the check bits it is fi rst necessary 

.050 
(1.27) 

to fill the data memory with all zeros, 
which may be done by activating WZ and 
incrementing memory addresses with WE 
to the check bits memory held inactive, 
and then performing ordinary reads. The 
check bits will then appear directly at the 
SYO outputs, with bits CBO and CB1 
inverted. 

Mode 3·-Write data, without altering or writing 
check bits, to allow the storage of bit 
combinations to cause error correction 
and detection. 
Implementation: This mode is im
plemented by writing the desired word to 
memory with WE to the check bits array 
held inactive. 

PACKAGE 

The 8206 is packaged in a 68-pin, lead less JEDEC 
type A hermetic chip carrier. Figure 6 illustrates the 
package, and Figure 7 is the pinout. 

rl= -I 
.800 

(20.32) 

PIN NO. 18 PIN NO'1:J~PIN NO 1 MARK 

J.---- 960 
(24.38) 

Figure 6. 8206 JEDEC Type A Package 
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TOP 

is is ci .s-
o g ~ ~ ~ 
0 

0 0 0 

}I I 

va 
BMO r BMI 

SYO,[ 

01 9 SY03 

Vss Vee 

SV02 [ 

r SVOo 

ERROR 
RllN 

01, 

~ PIN NO.1 MARK 
~ 

il: i iii .. .. .. 0 0 

BOTTOM 

is is is is 
~ ~ ~ ~ 

0 0 0 
0 0 c 0 

I~ 

ClIl:T WZ 

"'[ 
.BMO 

BMI 

TYO' 

Dl9 SY03 

Vee Vss 

l 
JSY0

2 
SYOo 

ERROR 

RllN 

] PPI7 

01, PPI5 

.S'm;0 I L--J Qt;Q~ 
iii i i i w 

" 0 .. .. 

Figure 7. 8206 Pinout Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ......... O°C to 700C 
Storage Temperature ............... -65°C to +1500C 
Voltage On Any Pin 

With Respect to Ground ............ -0.5V to + 7V 
Power Dissipation .......................... 2.5 watts 

-NOTE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70°C. VCC = 5.0V ± 10%. Vss= GND) 

Symbol Parameter Min. Max. Unit Test Conditions 

Icc Power Supply Current 
-Single 8206 or 230 mA 

Slave #1 
-Master in Multi-Chip 190 mA 

or Slaves #2.3.4 

VIL 
1 

Input Low Voltage -0.5 0.8 V 

VIH 
1 

Input High Voltage 2.0 VCC+ V 
0.5V 

Output Low Voltage 
VOL -DO 0.4 V IOl = 8mA 

-All Others 0.4 V IOl = 2.0mA 

Output High Voltage 
VOH -DO.CBO 2.6 V IOH = -2mA 

-All Other Outputs 2.4 V IOH = -O.4mA 

I/O Leakage Current 
ILO -PPI4/CE ± 20 (.LA 0.45V "'" VI 10 "'" Vee 

-DO/WDIO_15 ± 10 (.LA 

Input Leakage Current ___ 
III - PPIO-3. 5-7. CBIS-7. SEDCU ± 20 (.LA OV "",VIN ""'Vec 

-All Other Input Only Pins ± 10 (.LA 

NOTES: 

1. SEDCU (pin 3) and MIS (pin 4) are device strapping options and should betied to Vee or GND. VIH min = Vee ~0.5V and VI L max = 0.5V. 
2. PPIO-7 (pins 13-20) and CB16_7 (pins 11.12) have internal pull-up resistors and if left unconnected will be pulled to Vee. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

"=X )C 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A,C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND OASY FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2.QV FOR A LOGIC "1 
AND a.BV FOR A LOGIC "0 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER ICc TEST 

CllNCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS (TA = O°C to 70°C. Vee = +5V ± 10%. VSS = OV. CL = 100pF; all times are in nsec.) 

8206 8206-8 

Symbol Parameter Min. Max. Min. Max. Notes 

TRHEV ERRORValid from R/Wt 25 34 

TRHCV CEVaiid from R/Wt (Single 8206) 44 59 

TRHOV Corrected Data Valid from R/Wt 49 66 1 --
TRVSV SYO/CBO/PPOValid from R/W 42 56 1 

TDVEV ERROR Valid from Data/Check Bits In 52 70 

TOVCV CE Valid from Data/Check Bits In 70 94 

TDVOV Corrected Data Valid from Data/Check Bits In 67 90 

TDVSV SYO/PPO Valid from Data/Check Bits In 55 74 -- -
TBHOV Corrected Data Access Time 32 43 

--
TDXOX Hold Time from Data/check Bits In 0 0 1 

TBLOZ Corrected Data Float Delay 5 28 5 38 1 

TSHIV STB High to Data Valid 30 40 

TIVSL Data/Check Bits In to STBJ, Set-up 0 0 

TSLIX Data/Check Bits In from STBt Hold 20 30 --
TPVEV ERROR Valid from Partial Parity In 30 40 

TPVQV Corrected Data (Master) from Partial Parity In 56 76 1 

TPVSV Syndrome/Check Bits Out from Partial Parity In 38 51 1 
~-

TSVQV Corrected Data (Slave) Valid from Syndrome 51 69 

TSVCV CEValid from Syndrome (Slave number 1) 48 65 

TQVQV Che~k Bits/Partial Parity Out from Write Data In 59 80 1 

TRHSX _Checl~ Bits/Partial Parity Out from R/W, WZ Hold 0 0 1 
--~ 

TRLSX Syndrome Out from R/W Hold 0 0 

TOXQX Hold Time from Write Data In 0 0 1 

TSVHL Syndrome Out to R/WJ, Set-up 17 22 

TDVRL Data/Check Bits In to R/W Set-up 34 46 1 
~-

TOVQU Uncorrected Data Out from Data In 32 43 

TTVQV Corrected Data Out from CRCTJ, 30 40 

TWLQL WZJ, to Zero Out 30 40 

TWHQX Zero Out from WZt Hold 0 0 

NOTE 
1. A.C. Test Levels for eBO and DO are 2.4V and O.BV. 
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WAVEFORMS 

READ-16 BIT ONLY 

RIW_---f~ : 

1 1 1 1 
1 I I 1 

~ I I 

~---+i~~ 1 ft~--------
1 1 I---TBHQV -l 1 1 
1 1 I I I 

e~: ---<~ i i ~"' ~~: ---
I 1 

I , I !.--TBlQZ __ 
• TRHQV _ I ---I I : : ~d .:-roro. ~ 

I. TRVSV -I 1 1 

SYO -----+-l---t----': )0/ E aw4 ! 'W' k= 
I 1 11 II-' -+-1 ---'TIIVSV-----I, 1 

DO 

I~. +-1 ___ ~TOVQV-------..Il I 1 

~=~!~i·~~~i0~R~~%~~~~~~---~LlD---X= 
I 

,. I TOVEV "I 1 

1.1 Tovev "I 1 
____ I~I~.~~~~TRH~eV~~~~~"I~--------1 
eE_--J)0/mw~ VALID x= 
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WAVEFORMS (Continued) 

READ-MASTER/SLAVE 

STa JA I 1i-----i---I TSHIV I 
I I I : 

R/W -----l'[/f I TIVSL....J I:SLl; II L 

I I I r -I r-- TBLQZ-t 

! : /t I I I I I 
8M __ ...... I_L.......I! I : I \1:-1"--_-+: __ 

II ~ I: I I 

cg:-~~ ! i ''''': 1 I I 

~. :. ~ =~~~ I' I--m"'~ I ::;~:~::: ------. I ~z$~ ! VALID ~I 
-- I I I 7f"+----

I I-TPVQV-! I I 

DO (MASTER) ----,-: -WYfl7pt ,,"' »-
I I I-TPVSV-j I I 

SYD(MASTER) _______ W/ //7$/// VALID XI ,"-----I 

SVI (SLAVE) 4L 4 t---
I : I l-TSVQV_: I I. 

DO(SLAVE)-~l-'~&/A VALID ~ 
I r--TPVEV,J I I 

ERROR~~~~~~~~~Z~~~~~:. ~~LlD--X~ 
: ~SVCV .. I I 

~I'~~~~TR~HC~V~~~"I~ ___ ~I 
CE~~A VALID X_ 
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WAVEFORMS (Continued) 

FULL WRITE-16 BIT ONLY 

/--- TRVSY -t 
I 1 

)' R/W 

i : 
I 1 

1 

l..-l TRLSX 1 
1 TRHSX 1 
1----1 

I 1 1 

~ 
I 1 1 

8M I 1 1 
I 1 1 
1 1 1 

: _TBLOZ .. \ I 1 1 

1 I 1 1 

1 I 1 
\ 1 \ 

DOIWDI DATA OUT }--{ I 1 
WRITE DATA IN 1: 1 1 

1 I \ 
\ 1 ~ 

I- TQVQV 
"I 

TQXOXI 

\ 1 
I I 1 

SYO/CBO SYN Wd< CB X 

FULL WRITE-MASTER/SLAVE 
!----TRVSV-l 

\ 

~----------~~ : ~ 
I I 

\ 
\rBLQ~1 I ~ 
I \ I \ 

fiM~: : : 
: I 1 : 
\ !-t-TQVQV-! 1 

SVN 

1 \ I: I \ 1 
DATA OUT }--{! : WRITEDATA'N )~-tl----

~--------~I----------~I I 
DO/WDI 

I : Tr.:.j 

P:~:~:~::: _________ -t!.JX0-7~ - :k= 
I-TRLSX --I I' TPVSV • 1 : 

SYO/CBO __ SYN __ --J~4 CB k= 
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WAVEFORMS (Continued) 

READ MODIFY WRITE-16 BIT ONLY 

~7: tt,....., -----
JIVI .... 41-----TIVSL----..' 141----TSLlX-----.,-1 -t,...., , I I 

I I I 

RiW Jf '{ A---+:--
I I I------~I~ I I 
.. , .... 1 - ___ ·TDvRL.---.... _'_TRvsv---! I , 

! 'I I I, II 
~ I: ><~-----~-~L4ID:------~:r-~: --~ 

, I, I ,!RHSX ~ ", 
J.-- TSHQV --l '1 _I 

, " , I I 
cg: -{: i VALID: ~ : , 

:' .. - ---TRHQV--' ~, -...,-, ,'! i " I TDXOX --. t+- I 
-',:---_-TDVQV. jeT j ! ~ 

DOIWDI ---J.,-+-' --~~: ff 1 

, I I I ToxGX:lL 
I ~I_---TRVSV-----t-I 1-1 i-TRLSX , , . 

TSVRL H-I " , 
svo/cao --,-1--,~,r'7""Z-r-:~"'--'-Z-r-:Z4r-T-r~: SVN ~,....,....~7"'t7""-CB --K 

, I I I I 

I-I'~' ---TDVSV'-----I_, !.--TQVQV-I 
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WAVEFORMS (Continued) 

READ MODIFY WRITE-MASTER/SLAVE 

? "I J: 
__ --../ I ~'-. ______ / i 

I I 1 

R/IY 

1 1 f---TRHSX-+I 
II 1 I 
~-------------i--------~'" I ~ X 1 

---~ II!----TBHQV, 1 /---TBLQZ-l II 
I t- TIVSL -f I , 

-A: I I I r l I I 
STB ../1, I I I 1'\1 I : 

I I I ~II---------------+I~ 
I~SHI: I- I TDVSV ---J : I Iii 

01 CBI 

PPO(SLAVE) 

PPI (MASTER) 

DO/WDI (MASTER) 

--~(~~: ------ri ~!-,r-AL-,D---r--------~----~i ! 
: I : 1 1 1 
f.-- TRVSV--j I !--TSVRL--r-TRVSv-f I 

/r~~I~-------r'1 
I 

~~~---;~~~I-----, I 
I I I I 1 
iTP~SV-: : 1 I 
I I I I 1 1 

----~-----r! ~~Y;~'~---+i---~-LlD----~~ 
I I I I I . I I_TPVSV_I I j4--TPVQV--I 1 

I ' I I I I 1 

SYD/CBO(M~JZ7A{ SYN X7~ CB K 
SYI (SLAVE) I I 

DO/WDI (SLAVE) 

I ~TQVQV--l 
I I 
I I 
i ~~Z~Zri{~---V--ALlD------~~ 
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WAVEFORMS (Continued) 

NON-CORRECTING READ 

CRc;T~, ~~-----'\l) 

I I 
1 I 
I I ' 

BM'7:i i '\lj-I--
1 I' :1,,, TTVQV .. ' I I" TBLQZ _I 
: :~"-,-' --TDVQU--"'_ : f+-TTVQVi I ,,, TDXQX_ 1 1 

c~l, ,:tr, ,~, ---~-"':'t-,----+: ---~--;..l---") ! I 
1 I 1 1 I 
1 J 1 1 1 

"!'-'--TBHQV------! 1 ' I 1 1 

I I 1 1 1 1 

DO/WDI -------WA UNCORRECTED {' CORRECTED ) UNCORRECTED & 

WRITE ZERO , ~1"---TWLQi.---"C---"--'--~_1 

wz-----"""' I : J£ 
"~I~,~-------I~-----J~I 

NOTE: 

!~: ::A~~EC::i~AVE 

j-: 1 ,I 
1 
i- TQVQV(1)-I 

1 

I 
I 
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PROGRAMMABLE FLOPPY DISK CONTROLLER 

• IBM 3740 Soft Sectored Format Compatible 

• Programmable Record Lengths 

• Multi-Sector Capability 

• Maintain Dual Drives with Minimum Software 
Overhead Expandable to 4 Drives 

• Automatic Read/Write Head Positioning and 
Verification 

• Internal CRC Generation and Checking 

• Programmable Step Rate, Settle-Time, Head 
Load Time, Head Unload Index Count 

• Fully MCS-801M and MCS-85™ Compatible 

• Single + SV Supply 

• 40·Pln Package 

The Intel"' 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8·blt microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 

DRO = -----, 
INT 

RESET 

cs ------' 

CPU INTERFACE 

INTE.RNAl 

DATA sus 

SERIAL 
INTERFACE 

CONTROllER 

1----- WRDATA 

NSYNC 

~----~ 
--- OATAWINOOW 

I--,=~----- PLO/SS 

DRIVE 
INTERfACE 

CONTROLLER 

DISK INTERFACE 

SELECT 0 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK/STEP 
DIRECTION 
LOW CURRENT 
FAULT RESETIQPO 

Figure 1. Block Diagram 
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fAULTRESET/OPD 

SELEeTO 

4 MHz eLK 

RESET 

READY 1 

SELECT 1 

DACK 

DRO 

iii) 

WR 

INT 

DBO 

DB' 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

GND 

Vee 

LOW CURRENT 

LOAD HEAD 

DIRECTION 

SEEK/STEP 

WA ENBLE 

INDEX 

WR PROTECT 

READY 0 

TRKO 

caUNT/OPI 

WR DATA 

FAULT 

UNSEPDATA 

DATA WINDOW 

PLO/SS 

CS 

INSYNC 

A, 

A, 

Figure 2. Pin Configuration 
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Table 1. Pin Description 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

Vcc 40 +5VSupply. Fault Reset! 1 0 Fault Reset: The optional 
OPO fault reset output line is used 

GND 20 Ground. to reset an error condition 
which is latched by the drive. 

Clock 3 I Clock: A square wave clock. If this line is not used for a 
fault reset it can be used as 

Reset 4 I Reset: A high ~ignalon the an optional output line. This 
reset input forces the 8271 to line is set with the write spe-
an idle state. The 8271 re- cial register command. 
mains idle until a command is 
issued by the CPU. The out- Write Enable 35 0 Write Enable: This signal 
put signals of the drive inter- enables the drive write logic. 
face are forced inactive 
(LOW). Reset must be active Seek/Step 36 0 Seak/Step: This multi-
for 10 or more clock cycles. function line is used during 

drive seeks. 
CS 24 I Chip Select: The I/O Read 

and 110 Write inputs are Direction 37 0 Direction: The direction line 
enabled by the chip select specifies the seek direction. 
signal. A high level on this pin steps 

the R/W head toward the 
DB7-DBo 19-12 I/O Data Bus: The Data Bus lines spindle (step-in), a low level 

are bidirectional. three-state steps the head away from the 
lines (8080 data bus com- spindle (step-out). 
patible). 

Load Head 38 0 Load Head: The load head 
WR 10 I Write: The Write signal is line causes the drive to load 

used to signal the control the Read/Write head against 
logic that a transfer of data the diskette. 
from the data bus to the 8271 
is required. Low Current 39 0 Low Current: This line 

notifies the drive that track 43 
RD 9 I Reael: The Read signal is or greater is selected. 

used to signal the control 
logic that a transfer of data Ready I, 5 I Ready 1: These two lines in-
from the 8271 to the data bus Ready 0 32 dicate thatthe specified drive 
is required. is ready. 

INT 11 0 Interrupt: The interrupt sig- Fault 28 I Fault: This line is used by the 
nal indicates that the 8271 drive to specify a file unsafe 
requires service. condition. 

A,-Ao 22-21 I Address Line: These two 
lines are CPU Interface Reg-
ister select lines. 

Count!OPI 30 I Count/OPI: If the optional 
seek/direction/count seek 
mode is selected, the count 

DRQ 8 0 Data Request: The DMA pin receives pulses to step 
request Signal is used to re- the R/W head to the desired 
quest a transfer of data be- track. Otherwise, this line can 
tween the 8271 and memory. be used as an optional input. 

DACK 7 I Data Acknowledge: The 
DMA acknowledge Signal Write Protect 33 I Write Protect: This signal 
notifies the 8271 that a DMA specifies that the diskette in-
cycle has been granted. For serted is write protected. 
non-DMA transfers, this sig-
nal should be driven in the TAKO 31 I Track Zero: This signal indi-
manner of a "Chip Select." cates when the R1W head is 

positioned over track zero. 
Select 1- 6 0 Selected Drive: These lines 
Select 0 2 are used to specify the Index 34 I Index: The index signal gives 

selected drive. These lines an indication of the relative 
are set by the command byte. position of the diskette. 
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Table 1. Pin Description (Continued) 

Pin 
Symbol No. Type Name and Function 

PLO!SS 25 I Phase·Locked Oscillator! 
Single Shot: This pin is used 
to specify the type of data 
separator used. 

Write Data 29 0 Write Data: Composite write 
data. 

Unseparated . 27 I UnSeparated Data: This 
Data input is the unseparated data 

and clocks. 

Data Window 26 I Data Window: This is a data 
window established by a 
single-shot or phase-locked 
oscillator data separator. 

INSYNC 23 0 Input Synchronization: This 
line is high when 8271 has at-
tained input data synchroni-
zation. by detecting 2 bytes of 
zeros followed by an ex-
pected Address Mark. It will 
stay high until the end of the 
ID or data field. 

FUNCTIONAL DESCRIPTION 

General 
The 8271 Floppy Oisk Controller (FOC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-85 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 

The 8271 FOC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and used of 
many of the control tasks associated with implementing a 
floppy disk interface. The FOC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 

I n addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc,), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 

CPU Interface Description 

This interface minimizes CPU involvement by supporting 
a set of high level commands and both OMA and non-OMA 
type data transfers and by providing hierarchical status 
information regarding the result of command execution. 

The CPU utilizes the control interface (see the Block 
diagram) to specify the FOC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the At, Ao, RO and WR signals. If an 8080 based 
system is used, the RO and WR signals can be driven by 
the 8228's I/OR and I/OW signals. The registers are 
defined as fOllows: 

Command Register 

The CPU loads an appropriate command into the 
Command Register which has the fOllowing format: 

At AD 07 06 05 04 03 02 01 Do 

I 0 I 0 I I 

~-----COMMAND OPCODE 

SURFACE/DRIVE 

(SELECT 0, 1) 

Parameter Register 

Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 

At AD 07 06 05 04 03 02 01 Do 

I 0 I, 

L-_____ - EXPECTED PARAMETER 

Result Register 

The Result Register is used to supply the outcome of FOC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 

9-119 

At AD 07 Os 05 04 03 02 01 Do 

I 0 I' 0 I 0 I I 0 I 

I T I 'I ~.:"~:::~;: 
DELETED DATA FOUND 

L-----------NOT USED '" 00 

AFN-00223li1 
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A, 

A. 

CPU INTERFACE 

DATA BUS 

1---- WRDATA 

1>----iiii"DATA 
I>----~ 

SELECT 0 
SELECT 1 
WRENABlE 
LOAD HEAD 
SEEK/STEP 
DIRECTION 
lOW CURRENT 
FAULTRESETI 
OPO 

Figure 3. 8271 Block Diagram Showing CPU 
Interface Functions 

StatuI Register 

Reflects the state of the FDC. 

IIII . .-~--".-. 1 = INTERRUPT AEQUEST 

1 = RESULT REGISTER FULL 

t = PARAMETER REGISTER FULL 

L-_________ 1 = COMMAND REGISTER FULL 

L-----------l = COMMAND BUSY 

Reset Register 

Allows the 8271 to be reset by the program. Reset must 
be active for 11 or more chip clocks. 

INT (Interrupt Line) 

Another element of the control interlace is the Interrupt 
line (I NT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until ,he 
result register is read. 

DMA Operation 

The 8271 can transfer data in either DMA or non DMA 
mode. The data' transfer rate of a floppy disk drive is high 
enough (one byte every 32 usec) to justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 

ORO: DMA Request: 
The DMA request signal is used to request a transfer of 
data between the 8271 and memory. 

DACK: DMA Acknowledge: 
The DMA acknowledge signal notifies the 8271 that a DMA 
cycle has been granted. 

RD. WR: Read, Write 
The read and write signals are used to specify the 
direction of the data transfer. 

DMA transfers require the use of a DMA controller such as 
the Intel@8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. 

To request a DMA transfer, the FDC raises DRO. DACK 
and RD enable DMA data onto the bus <independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 I'sec, the command is cancelled, a iate 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 

When configured to transfer data in non·DMA mode, the 
CPU must pass data to the FDC in response to the non· 
DMA data requests indicated by the status word. The 
data is passed to and from the chip by asserting the 
DACK and the RD or WR signals. Chip select should be 
inactive (HIGH). 

oe,.., 

O'Q ___ ----, .... 

A, .. 
RESET 

cPU INTERFACE 

Figure 4. 8271 Block Diagram Showing Disk Interface 
Functions 
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Disk Drive Interface 
The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1) with the addition of minimal support hardware. 

The FDC Disk Drive Interface has the following major 
functions. 

READ FUNCTIONS 

Utilize the user supplied data window to obtain the clock 
and data patterns from the unseparated read data. 

Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 

WRITE FUNCTIONS 

Encode composite write data. 

Compute the ID and data field CRCs and append them to 
their respective fields. 

CONTROL FUNCTIONS 

Generate the programmed step rate, head load time, head 
settling time, head unload delay, and monitor drive 
functions. 

w=j DATA ~ SEPARATOR 

DA""""fAWiNDOW 

UNSEPARATED DATA 

~ WRITE DATA 

to. WRITE ENABLE 

=.. SEEK/STEP 

to. DIRECTION 

COUNT/OPI 

.... LOAD HEAD .. 
iNDEX 

DUAL 
8271 

TRACK 0 
FLOPPY 

FDC DISK 
DRIVE 

~ SELECT 0 

~ SELECT 1 

Joo.... LOW CURRENT .. 
WRITE PROTECT 

WRITE FAu[f 

.... WRITE FAULT RESET/OPO 

Y 
REAOYO 

REA5YT 

NOTE: INPUTS TO CHIP MAY REaUIRE AECEIVERS 
(AT LEAST PULL UP/DOWN PAIRS). 

Figure 5. 8271 Disk Drive Interface 

Data Separation 

The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the Address Marks. 

The window generation logic may be implemented using 
either a single-shot separator or a phase-locked oscillator. 

Single-Shot Separator 

The single-shot separator approach is the lowest cost 
solution. 

The FDC samples thevalueof Data Window on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = full bit-cell. low input = half bit-cell). 
PLO/SS should be tied to Ground. 

9-121 

Insync Pin 

This pin gives an indication of whether the 8271 is 
synchronized with the serial data stream during read 
operations. This pin can be used with a phase-locked 
oscillator for soft and hard locking. 

IN SYNC 

FOUND SYNC & to MARK 
READ 10 FIELD BUT 
TRACK OR SECTOR 
INCORRECT 

/ 
FQUNDSYNC & DATA MARK 
NOT AN ID MARK 

FOUND SYNC & ID MARK 
10 FIELD CORRECT 

/ 
I 

FOUND SYNC & DATA MARK 
READ DATA SECTOR 

AFN-00223B 
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UNSEPARATED 
DATA 

8271/8271·6 

DATA WINDOW 
RETRIGGERABLE 

SINGLE·SHOT 8271 FDC 
2.851'5 WINDOW* 

I 
} LO/SS 

*FOR MINI·FLOPPY DATA WINDOW = 5.71'sec 

Figure 6. Single-Shot Data Separator Block Diagram 

UNSEPARATED 
DATA 

I'I1ase-Locked Oscillator Separator 

tos;;'100ns 

Figure 7. Single-Shot Data Window Timing 

The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 

Insync may be used to provide soft and hard locking 
control for the phase·locked oscillator. 

PLO/SS should be tied to Vee (+5Vl. 

.~ I DATAW'.DDW ., 
UNSEPARA TED 

I 
PLO 8271 FOC 

DATA 

1 . . ~ i 1""/,, 
L _____________________ J 

IN SYNC· . +5V 
·OPTIONAL 

Figure 8. PLO Data Separator Block Diagram 
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"DATA WINDOW MAY BE 180 0 OUT OF PHASE IN PLO DATA SEPARATION MODE. 

Figure 9. PLO Data Window Timing 

Disk Drive Control Interface Write Enable 

The disk drive control interface performs the high level 
and programmable flexible disk drive operations. It 
custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 

The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable is a logical zero, 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 

WRITEDAT~ ____ ~ 

--l I-- tWE f-- tWE-J 

WRITE ENABLE I I~ ___ _ 

Figure 10. Write Enable Timing 
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Seek Control 

Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be implemented two ways to 
provide maximum flexibility in the subsystem design. One 
instance is when the programmed step rate is not equal to 
zero. In this case, the 8271 uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 

The Direction pin is a control level indicating the direction 
in which the R/W head is stepped. A logic high level on this 
line moves the head toward the spindle (step-in). A logic 
low level moves the head away from the spindle (step-out). 

Another instance Is when the programmable step rate is 
equal to zero, in which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count input pin. 

DIRECTION 

SEEK/STEP r-1 n _ _ _ n 
~ L-...I L- __ ..... __ _ 

DIR<cnoj 

SEEK/STEP I ----1-1 
COUNT 

I-Is~ ~ ~lpS 

STANDARD: lms';;;ls';;;255ms 

MINI·FLOPPY: 2ms';;; Is .;; 510ms 

Figure 11. Seek Timing 

- .... ~ ...... --

lOS =Iso =ICS = 1 OI'S 

ISC;;' 11's 

Ipc;;'20l's 

Ic;;' 1ms 

LAST COUNT 

Figure 12. Seek/Step/Count Timing 
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Head Seek Settling Time 

The 8271 allows the head settling time to be programmed 
from 0 to 255ms, in increments of 1ms. 

The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or writing on the diskette is possible (R/W Enable), The 
R/W head is assumed loaded. 

SEEK OR LAST STEP 
r LAST STEP COMPLETE 

I~ 
WRITE/READ ENABLE 

*tsw r
---_ ...... ,----

STANDARD: O';;*tsw';;255ms 

MINI· FLOPPY: 0 ';;*tsw';; 510ms 
*R/W HEAD IS ASSUMED LOADED. 

Figure 13. Head Load Settling Timing 

Load Head 

When active, load head output pin causes the drive's 
read/write head to be loaded on the diskette. When the 
head is initially loaded, there is a programmed delay (0 to 
SOms in 4ms increments) prior to any read or write 
operation. Provision is also made to unload the head 
following an operation within a programmed number of 
diskette revolutions. 

r------- - - --
LOAD HEAD ---------_ ....... 

tLw--1 

EARLIEST WRITE ENABLE 
OR INTERNAL READ DATA 

STANDARD: O';;tLW';;SOms 

MINI-FLOPPY: 0.;; tLW .;; H~Oms 

r
I 

Figure 14. Head Load to Read/Write Timing 
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Index 

The Index input is used to determine "Sector not found" 
status and to initiate format track/read 10 commands and 
head unload Index and Count operations. 

Figure 15. Index Timing 

Track 0 

This input pin indicates that the diskette is at track O. 
During any seek operation, the stepping out of the 
actuator ceases when the track 0 pin becomes active. 

Seleet 1, 0 

Only one drive may be selected at a time. The 
InpuVOutput pins that must be externally qualified with 
Select 0 and Select 1 are: 

Unseparated Data 
Data Window 
Write Enable 
Seek/Step 
Count/Optional Input 
Load Head 
Track 0 
Low Current 
Write Protect 
Write Fault 
Fault Reset/Optional Output 
Index 

When a new set of select bits is specified by a new com· 
mand or the FDC finishes the index count before head 
unload, the following pins will be set to the 0 state: 

Write Enable (35) 
Seek/Step (36) 
Direction (37) 
Load Head (38) 
low Head Current (39) 

The select pins will be set to the state specified by the 
command or both are set to zero following the index 
count before head unload. 

Low Current 

This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Generally 

this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 

Write Protect 

The 8271 will not write to a disk when this input pin is 
active and will interruptthe CPU if a Write attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 

This signal normally originates from a sensor which 
detects the presence or absence of the Write Protect 
hole in the diskette jacket. 

Write Fault and Write Fault Reset 

The Write Fault input is normally latched by the drive 
and indicates any condition which could endanger data 
integrity. The 8271 interrupts the CPU anytime Write 
Fault is detected during an operation and immediately 
resets the Write Enable, Seek/Step, Direction, and Low 
Current signals. The write fault condition can be cleared 
by using the write fault reset pin. If the drive being used 
does not support write fault, then this pin should be 
connected to Vee through a pull-up resistor. 

Ready 1, 0 

These two pins indicate the functional status of the disk 
drives. Whenever an operation is attempted on a drive 
which is not ready, an interrupt is generated. The inter
face continually monitors this input during an operation 
and if a Not Ready condition occurs, immediately ter· 
minates the operation. Note that the 8271 latches the 
Not Ready condition and it can only be reset by the exe· 
cution of a Read Drive Status command. For drives that 
do not support a ready Signal, either one can be derived 
with a one shot and the index pulse, or the reedy inputs 
can be grounded and Ready determined through some 
software means. 
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PRINCIPLES OF OPERATION 

As an 8080 peripheral device, the8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication with the CPU is established by the 
activation of CS and RD or WR. The A1. Ao inputs select 
the appropriate registers on the chip: 

DACK CS A1 Ao RD WR Operation' 

1 0 0 0 0 1 Read Status 
1 0 0 0 1 0 Write Command 
1 0 0 1 0 1 Read Result 
1 0 0 1 1 0 Write Parameter 
1 0 1 0 1 0 :Write Reset Reg. 
0 1 X X 1 0 Write Data 
0 1 X X 0 1 Read Data 
0 0 X X X X Not Allowed 

The FDC operation is composed of the following 
sequence of events. 

8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 

THE 8271 IS ON ITS OWN TO CARRY OUT THE COMMANDS. 

THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
THE OUTCOME OF THE OPERATION. 

START 

Figure 16. Passing the Command and Parameters 
to the 8271 
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The Command Pha.e 

The software writes a command to the command register. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
Is busy. Issuing a command while another command is in 
progress is illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter is over 
written and lost. 

END 

NOTE: 

STANDARD RESULT RETURNED CAN BE 
DETERMINED BY MASKING OUT THE 
DRIVE SELECT BITS OF THE COMMAND 
BYTE (BITS 7 AND 6) AND CHECKING 
FOR A VALUE OF LESS THAN 2C16 (IF 
LESS THAN 2016. STANDARD RESULT 
IS RETURNED). 

IMMEDIATE RESULT RETURNED CAN 
BE DETERMINED BY ADDITIONALLY 
MASKING OUT BITS 5 AND 4 OF THE 
COMMAND BYTE AND CHECKING FOR 
A VALUE OF C16 OR GREATER (IF C18 
OR GREATER, IMMEDIATE RESULT 
RETURNED). 

Figure 17. Checking for Result Type Following 8271 
Command and Parameters 

The Execution Pha.e 

During the execution phase the operation specifi" 
during the command phase is performed. During tm. 
phase, there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 

" 
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EXECUTION PHASE BASIC CHARACTERISTICS 

The following table summarizes the various commands 
with corresponding execution phase characteristics. 

Table 2. Execution Ph.ase Basic Characteristics 

2 3 4 5 6 7 8 
Deleted Write! Seek Completion 

COMMANDS Data Head Ready Protect Seek Check Result Interrupt 

SCAN DATA SKIP LOAD j x YES YES YES YES 

SCAN DATA AND XFER LOAD j x YES YES YES YES 
DEL DATA 
WRITE DATA x LOAD j j YES YES YES YES 

WRITE DEL DATA x LOAD j j YES YES YES YES 

READ DATA SKIP LOAD j x YES YES YES YES 

READ DATA AND XFER LOAD j x YES YES YES YES 
DEL DATA 

READID x LOAD j x YES NO YES YES 

VERIFY DATA AND XFER LOAD j x YES YES YES YES 
DEL DATA 

FORMAT TRACK x LOAD j j YES NO YES YES 

SEEK x LOAD Y x YES NO YES YES 

READ DRIVE STATUS x x x NO NO NOTE 5 NO 
SPECIFY x x x NO NO NO NO 
RESET x UNLOAD x x NO NO NO NO 
R SP REGISTERS x x x NO NO NOTES NO 
W SP REGISTERS x x x NO NO NO NO 
Note: 1. "x" ~ DON'T CARE 2. "j" ~ check 3. "-" ~ No change 4. "y" - Check at end of operation 5. See "READ DRIVE STATUS" command. 

6. See "READ SPECIAL REGISTER" command. 

Explanation of the execution phase characteristics table. 

1, Deleted Data Processing 

If deleted data is encountered during an operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte, However, if the operation is marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 

2. Head 

The Head column in the table specifies whether the 
Read/Write head will be loaded or not. If the table 
specifies load, the head IS loaded after it is positioned 
over the track. The head loaded by a command remains 
loaded until the user specified number of index pulses 
have occurred. 

3. Ready 

The Ready column indicates if the ready line (Ready 
1, Ready 0) associated with the selected drive is 
checked. A not ready state is latched by the 8271 un· 
til the user executes a read status command. 

4. Write Protect 

The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 

S. Seek 

Many of the 8271 commands cause a seek to the 
desired track. A cu~rent track register is maintained for 
each drive or surface. 

6. Seek Check 

Operations that perform Seek Check verify that 
selected data in the 10 field is correct before the 8271 
accesses the data field. 
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POLLED INTERRUPT 

Figure 18. Getting the Result 

The Re.ult Pha.e 
During the Result Phase, the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: 

1. The successful completion of an operation. 
2. An error detected during an operation. 

PROGRAMMING 

A1 Ao 

0 0 
0 1 
1 0 
1 1 

STATUS REGISTER 

COMMAND BUSY 

COMMAND REG FULL 
PARAMETER REG fULL 

CS RD 

Status Reg 
Result Reg 

-
-

FDC Status 

Bit 7: Command Busy 

CS WR 

Command Reg 
Parameter Reg 
Reset Reg 

-

The command busy bit is set on writing to the command 
register. Whenever the FDC is busy processing a 
command, the command busy bit is set to a one. This bit is 
set to zero after the command is completed. 

Bit 6: Command Full 

The command full bit is set on writing to the command 
buffer and cleared when the FDC begins processing the 
command. 
Bit 5: Parameter Full 

This bit indicates the state of the parameter buffer. This bit 
is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 

Bit 4: Result Full 

This bit indicates the state of the result buffer. It is valio 
only after Command Busy bit is low. This bit is set when 
the FDC finishes a command and is reset after the result 
byte is read by the CPU. The data in the result buffer Is 
valid only after the FDC has completed a command. 
Reading the result buffer while a command is in progress 
yields no useful information. 

Bit 3: Interrupt Request 

This bit reflects the state of the FDC INT pin. It is set 
when FDC requests attention as a result of the comple
tion of an operation or failure to complete an intended 
operation. This bit is cleared by reading the result 
register. 

Bit 2: Non-DMA Data Request 

When the FDC is utilized without a DMA controller, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt is generated (interrupt 
request bit is set) with each data byte written to or read 
from the diskette. 

Bits 1 and 0: 

Not used (zero returned!' 

After reading the Status Register, the CPU then reads the 
Result Register for more information. 

THE RESULT (tEGISTER 

This byte format facilitates the use of an address table 
to' look up error routines and messages. The standard 
result byte format is: 

I I 0 I t IL __ L_ NOTUSED=O 

- COMPLETION CODE 

COMPLETION TYPE 

'---------DELETED DATA fOUND 

'-----------NOT USED = 00 

Bits 7 and 6: 

Not used (zero returned!. 

Bit 5: 

Deleted Data Found: This bit is set when deleted data is 
encountered during a transaction. 

Bits 4 and 3: Completion Type 

The completion type field provides general information 
regarding the outcome of an operation. 

The completion type field provides general information 
regarding the outcome of an operation. 

Completion 
Type 

00 
01 
10 

11 

Event 

Good Completion - No Error 
System Error - recoverable errors; 
operator intervention probably required 
for recovery. 
Command/Drive Error - either a program 
error or drive hardware failure. 
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BIts 2 and 1: Completion Code It is important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required, the user may simply brancn on a 
zero result (a zero result is a good completion). The next 
level of complexity is at the completion type interface. The 
completion type supplies enough information so that the 
software may distinguish between fatal and non-fatal 
errors. If a completion type 01 occurs, ten retries should 
be performed before the error is considered unre
coverable. 

The completion code field provides more detailed 
information about the completion type (See Table). 

Completion Completion 
Type Code 

00 00 

00 01 
00 10 
00 11 
01 00 
01 01 
01 10 
01 11 
10 00 
10 
10 
10 
11 
11 
11 
11 

01 
10 
11 
00 
01 
10 
11 

Definition 

Successful Completion/ 
Scan Not Met 

Scan Met Equal 

Scan Met Not Eq ual 

Clock Error 

Late DMA 

ID Field CRC Error 

Data Field CRC Error 

Drive Not Ready 

Write Protect 

Track 00 Not Found 

Write Fault 

Sector Not Found 

Event 

Good Completion/ 
Scan Not Met 
Scan Met Equal 
Scan Met Not Equal 

Clock Error 
Late DMA 
ID CRC Error 

The Completion Type/Completion Code interface sup
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion is required. 

Data CRC Error 
Drive Not Ready 
Write Protect 
Track 0 Not Found 
Write Fault 
Sector Not Found BiIO: 

Not used (zero returned). 

Table 3. Completion Code Interpretation 

Interpretation 

The diskette operation -specified was completed without error. ff scan operation 
was specified, the pattern scanned was not found on the track addressed. 

The data pattern specified with the scan command was found on the track 
addressed with the specified comparison, and the equality was met. 

The data pattern specified with the scan command was found with the 
specified comparison on the track addressed, but the equality was not met. 

During a diskette read operation, a clock bit was missing (dropped), Note that this 
function is disabled when reading any of the 10 address marks (which contain 
missing clock pulsesl. If this error occurs, the operation is terminated immedi
ately and an interrupt is generated. 

During either a diskette read or write operation, the data channel did not respond 
within the allotted time interval to prevent data from being overwritten or lost. This 
error immediately terminates the operation and generates an interrupt. 

The CRC word (two bytes) derived from the data read in an ID field did not match 
the CRC word written in the ID field when the track was formatted. If this error 
occurs, the associated diskette operation is prevented and no data is transferred. 

During a diskette read operation, the CRC word derived from the data field read 
did not match the data field CRC word previously written. If this error occurs, the 
data read from the sector should be considered invalid. 

The drive addressed was not ready. This indication is caused by any of the 
following conditions: 
1. Drive not powered up 
2. Diskette not loaded 
3. Non-existent drive addressed 
4. Drive went not ready during an operation 
Note that this completion code is cleared only through an FDC read drive 
status command. 

A diskette write operation was specified on a write protected diskette. The 
intended write operation is prevented and no data is written on the diskette. 

During a seek to track 00 operation, the drive failed to provide a track 00 
indication after being stepped 255 times. 

This error is dependent on the drive supported and indicates that the fault input to 
the FDC has been activated by the drive. 

Either the sector addressed could not be found within one complete revolution of 
the diskette (two index marks encountered) or the track address specified did not 
match the track address contained in the ID field. Note that when the tra"tk 
address specified and the track address read do not match, the FDCautomatically 
increments its track address register (stepping the drive to the next track) and 
again compares the track addresses. If the track addresses still do not match, the 
track address register is incremented a second time and another comparison is 
made before the sector not found completion code is set. 
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INITIALIZATION 

Ra •• tCommand 

::: I : I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I' I 
Function: The Reset command emulates the action of 
the reset pin. It is issued by outputting a one followed 
by a zero to the Reset register. 

1. The drive control signals are forced low. 
2. An in-progress command.is aborted. 
3. The FOC status register flags are cleared. 
4. The FOC enters an idle state until the next command is 

issued. 
Reset must be active for 10 or more clock cycles. 

SPECIFY COMMAND 

Many of the interface characteristics of the FOC are 
specified by the systems software. Prior to initiating any 
drive operation command, the software must execute 
the three specify commands. There are two types of 
specify commands selectable by the first parameter 
issued. 

First Parameter 

OOH 
10H 
18H 

Specify Type 

Initialization 
Load bad Tracks Surface '0' 
Load bad Tracks Surface '1' 

The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive's inherent operating characteristics and 
also is used following a formatting operation or 
installation of another diskette to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 

Inltlallzetlon: 

eMD 0 0 o I 0 I 1 I ' I o I 1 I o I 1 

PAR 0 1 o I 0 I 0 I o I 1 I ' I o I 1 

PAR 0 1 STEP RATP 

PAR 0 1 HEAD SETTLING TlMP 

0 1 INDEX CNT BEFORE ! HEAD LOAD TIME-
HEAD UNLOAD" 

PAR 

'Note: Mini-floppy parameters are doubled. 

Parameter 0 - OOH = Select Specify Initialization. 
Parameter 1 - 07-00 = Step Rate (Q-255ms in 1ms steps). 
Parameter 2 - 07-00 = Head Settling Time (0-255ms in 1 

ms steps). {O- 510ms in 2ms steps} 0= standard, 
{}= mini 

Parameter 3 - 07-04 = Index Count - Specifies the 
number of Revolutions (0-14) which are to occur before 
the FOC automatically unloads the R/W head. If 15 is 
specified, the head remains loaded. 

03-00 = Head Load Time (0-60ms in steps of 4ms). 
{O - 120ms in 8ms steps} () = standard, {} = min i 

9-131 

Load Bad Track. 

1 6 3 

eMD 0 0 o I o I 1 I 1 I o I 1 i 
PAR 0 1 o I o I o I 1 I 1/01 o 1 
PAR 0 1 BAD TRACK NO.1 

PAR 0 1 BAD TRACK NO.2 

PAR 0 , CURRENT TRACK 

ParameterO: 1 OH = Load Surface zero bad tracks 
18H = Load Surface one bad track 

Parameter. 1: 

o I 
o 1 

Bad track address number 1 (Physical Address). 

DO 

1 

0 

It is recommended to program both bad tracks and cur
rent track to FFH during initialization. 

SEEK COMMAND 

The seek command moves the head to the specified track 
without loading the head or verifying the track. 

The seek operation uses the specified bad tracks to 
compute the physical track address. This feature insures 
that the seek operation positions the head over the correct 
track. 

When a seek to track zero is specified, the FOG steps 
the head until the track 00 signal is detected. 

If the track 00 signal is not detected within (FF)H steps, a 
track 0 not found error status is returned. 

A seek to track zero is used to position the read/write head 
when the current head position is unknown (such as after 
a power up). 

PAR:~~ __ ~ __________________________ ~ 

Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
cOrrect track is located. 

READ DRIVE STATUS COMMAND 

This command is used to interrogate the drive status. 
Upon completion the result register will hold the final 
drive status. 

A, Ao 07 06 05 04 03 02 0, Do 

eMD I 0 I 0 I S~L I S~L I 1 I 0 I 1 I 1 0 I 0 I 

IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 

*Note the two ready bits are zero latching. Therefore. to clear the drive 
not ready condition, assuming the drive is ready, and to detect it via soft
ware, one must issue this command twice. 
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NON·DMA 
YES OR 

j SINGLE 

START seT NON·DMA 
ACTUATOR? 

ANDIOR 
SINGLE ACTUATOR 

NO 
POWER·UP 

ALI.. DRIVES 

SEEK TO SEeK TO 
TRACK 0 TRACK 0 

RESET ON DRIVE 0 ON DRIVE 1 
INTERFACE 

RESET 
FDC 

SPECIFY 
DRIVE 

CHARACTERISTICS 

SPECIFY 
BAD TRACKS 

DRIYEO 

SPECIFY 
BAD TRACKS 

DRIVE 1 

NO 

Figure 19. Initialization of the 8271 by the User 

Read/Write Special Registers 

This command is used to access special registers within 
the 8271. 

CMD: 

PAR: 

Command code: 
3DH Read Special Register 
3AH Write Special Register 

For both commands, the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only the Read Special 
Register command supplies a result. 

Table 4. Special Registers 

Register Address 
Description in Hex Comment 

Scan Sector Number 06 See Scan Description 

Scan MSB of Count 14 See Sea'n Description 

Scan LSB of Count 13 See Scan Description 

Surface 0 Current Track 12 

Surface 1 Current Track 1A 

Mode Register 17 See Mode Register 
Description 

Drive Control Output Port 23 See Drive Output 
Port Description 

Drive .control Input Port 22 See Drive Input 
Port Description 

Surface a Bad Track 1 10 

Surface a Bad Track 2 11 

Surface 1 Bad Track 1 18 

Surface 1 Bad Track 2 19 

Mode Register Write Parameter Format 

117 06 D5 D4 0 3 D2 0 1 do 

1111101010101~ 

Bits 6 & 7 

Must be one. 

Bits 5-2 

= 0 DMA MODE, = 1 NON DMA 

= 0 DOUBLE. = 1 SINGLE ACTUATOR 

(Not used), Must be set to zero. 

·Bit 1 

Double/Single Actuator: Selects single or double actuator 
mode. If the single actuator mode is selected, the FDG 
assumes that the physical track location of both disks is 
always the same. This mode facilitates control of a drive 
which has a single actuator mechanism to move two 
heads. 

·Bit 0 

Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero, the FDG operates in the DMA 
mode IDMA RequestlAGKI. If this bit is a one, the FDG 
operates in non-DMA mode. When the FDG is operating in 
DMA mode, interrupts are generated at the completion of 
commands. If the non-DMA mode is selected, the FDG 
generates an interrupt for every data byte transferred. 

*Bits a and 1 are initialized to zero. 
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Non·DMA Transfers in DMA Mode 

if the user desires, he may retain the use of interrupts 
generated upon command completions. This mode is 
accomplished by selecting the DMA capability, but 
using the DMA REQ/ACK pins as effective INT and CS 
signals, respectively. 

Drive Control Input Port 

Reading this port will give the CPU exactly the data that 
the FDC sees at the corresponding pins. Reading this 
port will update the drive not ready status, but will not 
clear the status. (See Read Drive Status Command for 
Bit locations.) 

Drive Control Output Port Format 

I I I 

~ WRHE ENABLE 

SEEK/STEP 

DIRECTION 

LOAD HEAD 

LOW HEAD CURRENT 

WRITE FAULT RESETI 
OPTIONAL OUTPUT 

SELECT 0 

SELECT 1 

Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault 
reset signal. This signal is used to clear a write fault 
indication within the drive. On mini·sized drives, this bit 
can be used to turn on or off the drive motor prior to initi
ating a drive operation. A time delay after turn on may be 
necessary for the drive to come up to speed. The regis
ter must be read prior to writing the register in order to 
save the states of the remaining bits. When the register 
is subsequently written to modify bit 5, the remaining 
bits must be restored to their previous states. 

IBM DISKETTE GENERAL FORMAT 
INFORMATION 
The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either one or both sides 
(surfaces) of the diskette. On double-sided diskettes. the 
corresponding top and bottom tracks are referred to as a 
CYLINDER. Each track is further divided into fixed length 
sections or SECTORS. The number of sectors per track-
26,15 or8- is determined when a track is formatted and is 
dependent on the sector length - 128, 256 or 512 bytes 
respectively - specified. 

All tracks on the diskette are referenced to a physical 
index mark (a small hole' in the diskette). Each time the 
hole passes a photodetector cell (one revol ution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to ' 
initiate a track formatting' operation. ' 

Track Format 

Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can hold a 

, whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 
use of diskette space can be chosen depending upon the 
record length required, 
Tracks are numbered from 00 (outer-most) to 76 (inner
most) and are used as follows: 

TRACK 00 reserved as System Label I rack 
TRACKS 01 through 74 used for data 
TRACKS 75 and 76 used as alternates, 

Each sector consists of an 10 field (which holds a unique 
address for the sector) and a data field. 

The 10 field is seven bytes long and is written for each 
sector when the track is formatted, Each 10 field consists 
of an 10 field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 

The Gaps separating the index mark and the 10 and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec
tronics from reading or writing and compensation for rota
tional speed and other diskette-to-diskette and drive-to
drive manufacturing tolerances to ensure that dllta written 
on a diskette by one system can be read by another 
(diskette interchangeability). 

IBM Format Implementation Summary 

Track Format 

The disk has 77 tracks, numbered physically from OOto 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM format track 00 cannot be a bad track. 

Sector Format 

Each track is divided into 26,15, or8 sectors of 128,256, 
or 512 bytes length respectively, The first sector is 
numbered 01, and is physically the first sector after the 
physical index mark, The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software, 
Each sector consists of an ID' field and a data field. All 
fields are separated by gaps, The beginning of each field 
is indicated by 6 bytes of (QQ)H followed by a one byte 
address mark, 

Address Marks 

Address 'Marks are unique bit patterns, one byte in length 
which are used to identify'the beginning of 10 and Data 
fields, Address Mark bytes are unique from all other data 
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~~~~ -- --

--
-__ - - -'0 Field 

A 

Ult Sector G.p 
~ .. 

Index 

II Sector 01 Sector 02 

Da'a Field 
A 

128. 268. or 512 Bytes 

AM2: Data: hex Fa or F8 
F8 '" data field 
F8" c:ontr(J' field 
(The contrall.1eI can 
begi"withaOaranF: 
Q = deleted record 

Record F ;;; defective record 
Number ClDck: hex e71 

.... x 00 far 128 byte per .~r forINt 
Hex 01 for 256 byte per sector format 
Hex 02'or 512 byte per .etor format 

Hex 01 ttwough 1A 'or 128 byte pIr .etor format di_tte 
Hex 01 ttwough OF for 256 bvce par .. Clor format diskette 
Hex 01 through 08 for 612 byte per .etar fa,.,.., diskette 

Hex 00 for one-sided diskettes and side 0 of two·sided disk.ttllS 
He_ 01 fo, side 1 of two·sided diskette. 

Hex 00 through 4A (Decimal 1 through 74. Cvlinder.76end 76 
ere used a. alternate cvlil1ders.I 

AM1: identifie.ID field 
Data: hex FE 
Clock: hex C7 

Figure 20. Track Format 

bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cell.) There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 

10 Field 

MARK C H 

--
SectorD3 

CD 
o 
<D 
o 

Pre-index pp. 

Post·lndex gap. 

Cyclic redundancy check. 
The check bytes .r. 
gen ... ted during a write 
operation. They ar. used 
during a read op.,.tion 
to verity thlt dII'l Is 
read correctly. 

@ Post·'!?pp. 

@ Post·ct.taglp. 

R N CRC 

Index Address Mark 

The Index Address Mark is located at the beginning of 
each track and is a fixed number of bytes in front of the 
first record. 

C = Cylinder (Track) Address, 00-74 
H = Head Address 

10 Address Mark 

The 10 Address Mark byte is located at the beginning of 
each 10 field on the diskette. . 

Data Address Mark 

R = Record (Sector) Address, 01-26 
N = Record (Sector) Length, 00-02 
Note: Sector Length = 128 x 2N bytes 
CRC = 16 Bit CRC Character (See Selow) 

Data Field 

CRC 

The Data Address Mark byte is located atthe beginning of 
each non-deleted Data Field on the diskette. 

MARK I DATA I CRC I CRC 

Deleted Data Address Mark 

The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 

Clock Data 
Address Mark Summary Pattern Pattern 

Index Address Mark 07 FC 
10 Address Mark (;7 FE 
Data Address Mark C7 FS 
Deleted Data Address fv!ilrk C7 F8 
Sad Track 10 Address Mark C7 FE 

_.' 

Data is 128, 256, or 512 bytes long. 

Note: All marks, data, 10 characters and CRC 
characters are recorded and read most 
Significant bit first. 

CRC Character 

The 16-bit CRC character is generated using the 
~~~er~tor polynominal X16 + X12 + X5 + 1, normally 
initialized to (FF)H. It is generated from all characters 
(except the CRC in the 10 or data field), inclu.ding the data 
(not the clocks) in the address mark. It is recorded and 
read most significant bit first. 
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Data Format 

Data is written (general case) in the following manner: 

MISSING 
CLOCK CLOCK CLOCK CLOCK 

DATA "0" DATA "'" DATA "1" DATA "1" 

TF = FULL BIT TIME = NOMINALLY 41-18-
TH= HALF BIT TIME= NOMINALLY 2,.s· 

References 

"The IBM Diskette for Standard Data Interchange," IBM 
Document GA21-9182-0. "System 32," Chapter 8, IBM 
Document GA21-9176-0. 

Bad Track Format 

The Bad Track Format is the same as the good track 
format except that the bad track I D field is initialized as 
follows: 

C = H = R = N = (FFIH 

When formatting, bad track registers should be set to 
FFH for the drive during the formatting, thus specifying 
no badtrac.ks. Thus, all tracks are left available for for
matting. 

The track following the bad track(s) should be one 
higher in number than track before the bad track(s). 

Upon completion of the format the bad tracks should be 
set up using the write special register command. The 
8271 will then generate an extra step pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 

Format Track 
Format Command 

CMD: 0 0 S~L I S~L ! ' I o I 0 I o I ' I ' 
PAR: 0 , TRACK ADDRESS 

PAR: 0 , GAP 3 SIZE MINUS 6 

PAR: 0 , RECORD LENGTH I NO. OF SECTORS/TRACK 

PAR: 0 , GAP 5 SIZE MINUS 6 

PAR: 0 , GAP 1 SIZE MINUS 6 

The format command can be used to initialize a disk track 
compatible with the IBM 3740 format. A Shugart "IBM 
Type" mini-floppy format may also be generated. 

The Format command can be used to initialize a disk
ette, one track at a time. When format command is used, 
the program must supply 10 fields for each sector on the 
track. During command execution, the supplied 10 fields 
(track head sector addresses and the sector length) are 
written sequentially on the diskette. The 10 address 
marks originate from the 8271 and are written auto
matically as the first byte of each 10 field. The CRC char
acter is written in the last two bytes of the ID field and is 
derived from the data written in the first five bytes. Dur
ing the formatting operation, the data field of each sec
tor is filled with data pattern (E5)H' The CRC, derived 
from the data pattern is also appended to the last byte. 

1. The parameter 2 (07 - 05) of the Format command specify 
record length, the bits are coded the same way as in the 
Read Data commands. 

2. The programmable gap sizes (gap 3, gap 5, and gap 1) must 
be programmed such that the 6 bytes of zero (sync) are sub
tracted from the intended gap size i.e., if gap 1 Is intended 
to be 16 bytes long,programmed length must be 16 - 6 = 10 
bytes (of FFH'S). 

Mini-Floppy Disk Format 

The mini-floppy disk format differs from the standard 
disk format in the following ways: 

1. Gap 5 and the Index Address mark have been elimi
nated. 
2. There are fewer sectors/tracks. 

GAPS 

The following is the gap size and description summary: 

Gap 1 Programmable 
Gap 2 17 Bytes 
Gap 3 Programmable 
Gap 4 Variable 
Gap 5 Programmable 

The last six bytes of gaps 1,2,3 and 5 are (OOIH, all other 
bytes in the gaps are (FFIH. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FFIH. Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 

Gap 1: 
N bytes FF's 
6 bytes a's for sync 

Gap 2: 
11 bytes FF's 
6 bytes a's for sync 

Gap 3: 
N bytes FF's 
6 bytes a's for sync 

Gap 4: 
FF's only 

Gap 5: 
N bytes FF's 
6 bytes a's for sync 

This gap separates the index ad
dress mark of the index pulse from 
the first ID mark. It is used to pro
tect the first ID field from a write on 
the last physical sector of the cur
rent track. 

This gap separates the ID field from 
the data mark and field such that 
during a write only the data field 
will be changed even if the write 
gate turns on early, due to drive 
speed changes. 

This gap separates a data area from 
the next ID field. It is used so that 
during drive speed changes the 
next ID mark will not be overwritten, 
thus causing loss of data. 

This gap fills out the rest of the disk 
and is used for slack during format
ting. During drive speed variations 

. this gap will shrink or grow if the 
disk is re-formatted. 

This gap separates the last sector 
from the I ndex Address mark and 
is used to assure that the index ad
dress mark is not destroyed by 
writing on the last physical data 
sector on the track. 

The number of FF bytes is programmable for gaps 1, 3 
and 5. 
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INDEX 

ClATA I I FIELD GAP4 GAP 5 II I ID I I DATA 
" GAP 1 FIELD GAP 2 FIELD I GAP 3 I F:~LD I GAP 2 

GAPS 

GAP': POST INDEX GAP 

I" 
I 

GAP 2: POST 10 FIELD GAP 

I" 
I 

GAP 3: POST DATA FIELD GAP 

I 
L 

:/,BITS 

GAP 4: FINAL GAP 

I" 
I 

GAP5: INITIAL GAP 

I" 
I 

~ INDEX ADDRESS MARK 

'I 
SYNC I 

"I 
SYNC I 

L WRITE GATE TURN.oN FOR UPDATE OF NEXT 
DATA FIELD. 

"I 
I SYNC J 

NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED 
TO WITHIN ± '" 1 BIT BY COUNTING THE BVTes 
IN THE GAP UNTIL 1 BYTE BEFORE THE 

,TURN-ON. 

WRITE GATE TURN.()FF FROM UPDATE OF PREVIOUS OATA FIELD. 

NOTE: IBM FORMAT REQUIRES AT LEAST 2BINARY "1" BITS AS A DATA FIELD POSTAMBLE. 

"I 

"I 
SYNC I 

Figure 21. Track Format 
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n::::CAL 

~~I RNA< "~,I 'IPOI'I :1'08"·1 J ~ J"&CTO: 1'""". l I 'os, ~:I~~·I& INDEX INDeX INDEX SECTOR FIELD SECTOR 1 SECTO.' DR'A 
DATA GAP ClAP ADDRESS GAP 1 GAP FIELD Z FIELD REl. 
FIELD (GAP4) (GAP 5) MARK (GAP 1) 10 FIELD (GAP 2) 

DATA FIELD ~~_ IDFIELD (00::2) OATA FIELD GAP 10 FtELD GAP DATA 
(GAP .. (OAP2) FIELD 

I ~ ~I~I I 
I HEXFF I (:::~ I I HEXFF I tH:"~ I I HEX FF I(::~ I 

.. BYTES •• vn:S "B'IT1!S .B'IT1!S n 8YT£S , BYTEB 11BYTI!S 'S'IT1!S 
(TYPICAL) (TVPICA~ 

I 

IA=~I 121 II an USER DTA BYTES I ~:,1 ~~21 I A~':a'fll A~:C~I "'::5 I ::'::'1 ~=~= =, I '::2 I 
BYTE 1 BYTEZ IYTE3 BYJE4 ITT .. lYlE. 1YTE7 

NUMBER OF BYTES 

NUMBER GAP 1 GAP 2 GAP 3 GAPS 
ID FIELD DATA FIELD GAP 4 OF SECTORS 

·ONES SYNC ONES SYNC ·ONES SYNC ·ONES SYNC 

26 26 6 7 11 6 131 27 
15 26 6 7 11 6 259 46 
8 26 6 7 11 6 515 90 
4 26 6 7 11 6 1027 224 
2 26 6 7 11 6 2051 255 
1 26 6 7 11 6 4099 0 

'Program Specified 

Figure 22. Standard Diskette Track Format 

---.ll PHYSICAL 
'NDI!X 
MARK 

1'~'1 PINAL I ,: ISEC'O', I~~· OATA GAP GAP 1 GAP 
FIELD (GAP" (GAP 1) IDFIELD (CIAP2) 

I ~ 

SltTOR 1 
OATAFIELD 

t HEX FF 'I::X~ I I HEXFF I :;:~ I 
" BYTEI • BYTES 11 BYTES I BYTES 
(TYPICAL) 

I 

I POST I : I POST ,. I DATA SI!CTOR PIEUI 
'IELD 2 GAP 

(0'1': fI 10 FIELD (GAP 2) 

SECTOR 2 
DATA FIELD 

6 275 40 6 
6 129 40 6 
6 146 40 6 
6 236 40 6 
6 719 40 6 
0 1007 40 6 

5208 Bytes Per Track 

~ 11"·CTDR:I~·'If/!·~:·f FIELD 3 aAP DATA coO:.. 10 FIELD (GAP 2) ,.II.D 

HUFF 

• BYTES .IYTES 

I A1f,f I 12 ........ DA'AI'IT1!S I I~' I ~.I 
me 1 mt 2 BYTE a BYTE" BYTE I BYTII IYTE' 

NUMBER OF BYTES 

NUMBER GAP 1 GAP 2 GAP 3 
OF SECTORS ID FIELD DATA FIELD GAP 4 

·ONES SYNC ONES SYNC ·ONES SYNC 

18 16 6 7 11 6 131 11 6 24 
10 16 6 7 11 6 259 21 6 30 
5 16 6 7 11 6 515 74 6 88 
2 16 6 7 11 6 1027 255 6 740 
1 16 6 7 11 6 2051 0 0 1026 

• Program Specified 3125 Byles Per Track 

Figure 23. Mlnl·Dlskette Track Format 
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( START ) 

NO 

TCSTOP !~~{ 
DMA ENABLE BITS '-----r--.....,---' 

} ~~~~ LOAD AND 

'-----r-----' DMA ENABLE BITS 

Figure 24. User DMA Channel Initialization Flowchart 

Read ID Command 

CMD: 0 0 siL I s5 L I 0 ! 1 I 1 I 0 I 1 I 1 

PAR: 0 1 TRACK ADDR ESS 

PAR: 0 1 o I 0 I 0 I 0 I 0 I 0 I o I 0 

PAR: 0 1 NUMBER OF 10 FIELDS 

The Read 10 command transfers the specified number of 
10 fields into memory (beginning with the first ID field after 
I ndexl. The CRC character is checked but not transferred. 

These fields are entered into memory in the order In 
which they are physically located on the disk, with the 
first field being tlJe one starting at the index pulse. 

Data ProceSSing Commands 

All the routine Read/Write commands examine specific 
drive status lines before beginning execution, perform 
an implicit seek to the track address and load the drive's 
read/write head. Regardless of the type of command 
(i.e., read, write or verify), the 8271 first reads the 10 
field(s) to verify that the correct track has been located 
(see $ector not found completion code) and also to 
locate. the addressed sector. When. a transfer is com· 
plete (or cannot be completed), the 8271 sets the inter
rupt request bit in the status register and provides an in
dication of the outcome of the operation in the result 
register. 

If a CRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined by 
examining the Scan Sector Number register using the 
Read Special Register command. 

Full power ofthe multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller. For example, in a 128 byte per sector 
multisector write command, the entire data block 
(containing 128 bytes times the number of sectors) can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired track, verifying the 10 field, and locating the 
data field of the first record to be written. The 8271 then 
DMA-accesses the first sector and starts counting and 
writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 

Note, execution of multi-sector operations are faster if 
the sectors are not interleaved. 

128 Byte Single Record Format 

CMD: 0 0 

PAR: 0 1 

PAR: 0 1 

Commands 

READ DATA 

~;L I S~L I COMMAND OPCODE 

TR,ACK ADDA 0-255 

SECTOR 0-255 

READ DATA AND DELETED DATA 
WRITE DATA 
WRITEOELETED DATA 
VERIFY DAiA AND DELETED DATA 

Op~ode 

12 
16 
OA 
OE 
1E 
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Variable Length/Multi-Record Format 

CMD: 0 0 Si L I S~L I COMMAND OPCDDE 

PAR: 0 , TRACK ADDR 0·255 

PAR: 0 , SECTOR 0·255 

PAR: 0 , LENGTH I NO. OF SECTORS 

07-05 of Parameter 2 determine the length of the di~1( 
record. 

000 
00 1 
o 1 P 
o 1 1 
1 00 
1 0 1 
1 1 0 
1 1 1 

128 Bytes 
256 Elytes 
512 Bytes 
1024 Bytes 
2048 Bytes 
4096 Bytes 
8192 Bytes 
16,384 Bytes 

Commands 

READ DATA 
READ DATA AND DELETED DATA 
WRITE DATA 
WRITE DELETED DATA 
VERIFY DATA AND DELETED DATA 
SCAN DATA 
SCAN DATA AND DELETED DATA 

Read Commands 

Read Data, Read Data and Deleted Data. 

Function 

Opcode 

13 
17 
OB 
OF 
1F 
00 
04 

The read command transfers data from a specified disk 
record or group of records to memory. The operation of 
this command is outlined in execution phase table. 

Write Commands 

Write Data, Write Deleted Data. 

Function 

The write command transfers data from memory to a 
specified disk record or group of records. 

Verify Command 
Verify Data and Deleted Data. 

Function 

The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a record or a group of records has been written 
correctly by verifying the CRC character. 

Scan Commands 

CMD: 0 0 S;L I S~L I 0 I o I 0 I~DAT~I 0 I S.DElD 0 

PAR: 0 , TRACK ADDR 0·255 

PAR: 0 , SECTOR 0·255 

0 , LENGTH 
I 

NO. OF SECTORS 

PAR: 0 , SCAN TYPE I STEP SIZE 

PAR: 0 , FIELD LENGTH (KEY) 

Command Scan Data 
Scan Data and Deleted Data 

Scan Commands, Scan Data and Scan Data and Deleted 
Data, are used to search a specific data pattern or "key" 
from memory. The 8271 FDC operation during a scan is 
unique in that data is read from memory and from the 
diskette simultaneously. 

During the scan operation, the key is compared 
repetitively (using the 8257 DMA Controiler in auto load 
mode) with the data read from the diskette (e.g., an eight 
byte key would be compared with the first eight bytes (1-8) 
read from the diskette, the second eight bytes (9-16), the 
third eight bytes (17-24), etc.>. The scan operation is 
concluded when the key is located or when the specified 
number of sectors have been searched without locating 
the key. When concluded, the 8271 FOC requests an 
interrupt. The program must then read the result register 
to determine if the scan was successful (if the key was 
located>. If successful, several of the FDC's special 
registers can be examined (read special registers 
command) to determine more specific information 
relating to the scan (i.e., the sector number in which the 
key was located, and the number of bytes within the sector 
that were not compared when the key was located>' 

The 8271 does not do a sliding scan, it does a fixed 
block linear search. This means the key in memory is 
compared to an equal length block in a sector; when 
these blocks meet the scan conditions the scan will 
stop. Otherwise, the scan continues until all the sectqrs 
~pecified have been searched. . 

The following factors regarding key length must be 
considered when establishing a key in memory. 

1. When searching multiple sectors, the length of the key 
must be evenly divisible into the sector length to 
prevent the key from being split at subsequent sector 
boundaries. Since the character FFH is not compared, 
the key in memory can be padded to the required length 
using this character. For example, if the actual pattern 
compared on the diskette is twelve characters in length, 
the field length should be sixteen and four bytes of I'FH 
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would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sec· 
tor would end at the sector boundary and the first 
byte of the next sector would be compared with the 
first byte of the key. Splitting data over sector bound· 
arys will not work properly since the FDC expects the 
start of key at each sector boundary. 

2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of the sector, the key must be offset using 
the character FF16. For example, if the first byte of a 
nine byte pattern begins on the fifth byte of the sector, 
four bytes of FF16 are prefixed to the key (and three 
bytes of FF16 are appended to the key to meet the 
length requirement) so that the first actual comparison 
begins on the fifth byte. 

The Scan Commands require five parameters: 

Parameter 0, Track Address 

Specifies the track number containing the sectors to be 
scanned. Legal values range from OOH to 4CH (0 to 76) for 
a standard diskette and from OOH to 22H (0 to 34) for a 
mini-sized diskette. 

Parameter 1, Sector Address 

Specifies the first sector to be scanned. The number of 
sectors scanned is specified in parameter 2, and the order 
in which sectors are scanned is specified in parameter 3. 

, Parameter 2, Sector Length/Number of Sectors 

The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation). 
The number of sectors field (bits 4-0) specifies the number 
of sectors to be scanned. The number specified ranges 
from one sector to the physical number of sectors on the 
track. 

Parameter 3 

DrD6: 

OO-EO 

01-GEO 

Indicate scan type 

Scan for each character within the field 
length (key) equal to the corresponding char· 
acter within the disk sector. The scan stops 
after the first equal condition is met. 

Scan for each character within the disk sec
tor greater than or equal to the correspond
ing character within the field length (key). 
The scan stops after the first greater than or 
equal condition is met. 

10-LEO Scan for each character within the disk seC
tor less than or equal to the corresponding 
character within the field length (key). The 
scan stops after the first less than or equal 
condition is met. 

D5-DO: Step Size: The Step Size field specifies the 
offset to the next sector in a multisector 
scan. In this case, the next sector address is 
generated by adding the Step Size to the 
current sector address. 

Parameter 4, Field Length 

Specifies the number of bytes to be compared (length of 
keyJ. While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisible into the 
sector length to prevent the key from being split at sector 
boundaries, if the multisector scan commands are used. 

Scan Command Results 

More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 

Read Special Register 

Parameter 
(Hex) 

Results 

06 

14 

13 

The sector number of the sector in which the 
specified scan data pattern was located. 

MSB Count - The number of 128 byte blocks 
remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128 byte block 
read. 

LSB Count - The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 128 and is decremented with each byte 
compared. 

Upon a scan met condition, the equation below can be 
used to determine the last byte in the located pattern. 

Pointer= sector length - ((Register 14H)·128 + (Register 13H)) 
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8271 Scan Command Example 

Assume there are only 2 records on track 0 with the 
following data: 

Record 01: 01 02 03 04 05 06 07 08 000 .... 00 
Record 02: 01 02 AA 55 00 00 00 00 ........ 00 

Field [l[ Starting # of Completion 
Special Registers [4) 

Command Length Sector # Sectors Key[2) Code[3] R06 R14 R13 Comment 

SCAN EQ 2 1 1 01.02 SME 01 0 1270 Met in first field 

SCAN EQ 2 1 1 02.03 SNM X X X Not met 
SCAN EQ 2 1 1 FF[5),05 SNM X X X Not met with don't care 
SCAN EQ 2 1 1 FF[5),06 SME 01 0 1230 Met with don't care 

· SCAN EQ 2 1 2 AA,55 SME 02 0 1250 Met in Record 02 
SCAN EQ 2 2 1 01,02 SME 02 0 1270 Starting sector # 1 
SCAN EQ 4 1 1 05,06,07,08 SME 01 0 1210 Field, Key length = 4 

· SCAN GEQ 4 1 1 05,06,07,08 SME 01 0 1210 GEQ-SME 

· SCAN GEQ 4 1 1 05,04,07,08 SMNE 01 0 1210 GEQ-SMNE 

· SCAN GEQ 4 1 2 00,03,AA,44 [6) SNM X X X GEQ-SNM 

• SCAN LEQ 4 1 1 01,03,FF,04 SMNE 01 0 1250 LEQ-SMNE 
• SCAN LEQ 4 1 1 01,02,FF,04 SME 01 0 1250 LEQ-SME 

NOTES: 

1. Field Length - Each record is partitioned into a numberof fields equal tothe record size divided by the field length. 
Note that the record size should be evenly divisable by the field length to insure proper operation of multi record 
scan. Also, maximum field length = 256 bytes. 

2. Key - The key is a string of bytes located in the user system memory. The key length should equal the field length. 
By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip 
lance per field I. 

3. Completion Code - Shows how Scan command was met or not met. 
SNM - SCAN Not Met - a a lalso Good Completel 
SME - SCAN Met Equal - a 1 
SMNE - SCAN Met Not Equal - 1 a 

4. Special Registers 
R06 - This register contains the record number where the scan was met. 
R14 - This register contains the MSB count and is decremented every 128 characters. 

R14 = 21 - 1 
Length (Rl (Initialize at 

(07-05 of PAR 2) Record Size Beginning of Record) 

000 128 Bytes a 
001 256 Bytes 1 
010 512 Bytes 3 
011 1024 Bytes 7 
• • • • • • • • • 

R13 - This register contains a mod,ulo 128 LSB count which is initialized to 128 at beginning of each record. This 
count is decremented after each character is compared except for the last character in a pattern match 
situation. 

5. The OFFH character in the key is treated as a don't care character position. 

6. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key, 
byte 2 of each field is compared to byte 2 of the key, etc. 
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ABSOLUTE MAXIMUM RATINGS· 

AmbientTemperature Under Bias ........ O·C to 70·C1 

Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground ................. - 0.5V to + 7V 
Power Dissipation .......................... 1 Watt 

D.C. CHARACTERISTICS (Vcc= +5.0V :t5% 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

8721 and 8271·8: TA=O·C to 70·C; 8271-6: TA=O·C to 50·C) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 (Vcc+ 0.5) V 

VOLD Output Low Voltage (Data Bus) 0.45 V IOL=2.0 mA 

VOLI Output Low Voltage (Interface Pins) 0.5 V 10L= 1.6 mA 

VOH Output High Voltage 2.4 V IOH= -220 p.A 

'lL Input Load Current :t 10 p.A VIN = Vcc to OV 

loz Off·State Output Current :t 10 p.A VOUT=VCC to 0.45V 

Icc Vcc Supply Current 180 mA 

CAPACITANCE (TA = 25°C; Vcc = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF tc=1MHz 

CliO 110 Capacitance 20 pF Unmeasured Pins Returned to GND 

NOTE: 1. Ambient temperature under bias for 8271-6 is O'C to 50·C. 

A.C. CHARACTERISTICS (Vcc = +5.0V ±5%) 
(8271 and 8271-8: TA= COC to 70°C; 8271-6: TA= O°C to 50°C) 

READ CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAC Select Setup to RD 0 ns Note 2 

teA Select Hold from RD 0 ns Note 2 

tRR RD Pulse Width 250 ns 

tAD Data Delay from Address 250 ns Note 2 

tRD Data Delay from RD 150 ns CL= 150 pF, Note 2 

tDF Output Float Delay 20 100 ns CL = 20 pF for Minimum; 
150 pF for Maximum 

toe DACK Setup to RD 25 ns 

teo DACK Hold from RD 25 ns 

tKD Data Delay from DACK 250 ns 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAc Select Setup to WR 0 ns 

tCA Select Hold from WR 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR 150 ns 

two Data Hold from WR 0 ns 

toc DACK Setup to WR 25 ns 

tco DACK Hold from WR 25 ns 

Parameter Test Conditions 

Request Hold from WR or RD (for Non-Burst Mode) 

OTHER TIMINGS 

827118271-6 
Symbol Parameter 

Min. Max. 
Unit Test Conditions 

t RSTW Reset Pulse Width 10 tCY 

tr Input Signal Rise Time 20 ns 

t f Input Signal Fall Time 20 ns 

tRSTS Reset to First IOWR 2 tCY 

tCY Clock Period 250 Note 3 

tCL Clock Low Period 110 ns 

tCH Clock High Period 125 ns 

tos Data Window Setup to Unseparated Clock and Data 50 ns 

tOH Data Window Hold from Unseparated Clock and Data 0 ns 

NOTES: 
1. All timing measurements are made at the reference voltages unless otherwise specifi~d: Input "1" at 2.0V, "0" at O.8V 

Output "1" at 2.0V, "0" at O.BV 

2. tAD, tRO, tAC, and tCA are not concurrent specs. 
3. Standard Floppy: tCy=250 ns ±0.4% Mini-Floppy: tCy=500 ns ±0.4% 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

24 -Y20 2.0V-

045~08 > TEST POINTS < 08~ 
A.C TESTING INPUTS ARE DRIVEN AT 2 4V FOA A LOGIC "1 AND 0 45V FOR 
A LOGIC 0 ' TIMING MEASUREMENTS ARE MADE AT 2 OV FDA A LOGIC 1 
AND 0 BV FOR A LOGIC 0 
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WAVEFORMS 

READ 

DACK :J }{ 

-tDc----- ~tcD------...:1 
)i X - - <I ~tcA-1 

~ 
tRR 

,U 
-tAC- tRD 

~ 
I--tDF-l-_______ 

--- ------------
tAD 

tKD 

DATA BUS 

WRITE 

DACK 

tDC~ ~tCD 

~ )( 

I----tAC-~- tww ~tCA-l 
AO. At. CS 

DATA BUS )[ }{ 

tDW twD----I 

DMA 

DRO 

r tCC=t 

\~----~----------------------------
~OR~ ----------------~~ __________________________________ __ 

CHIP CLOCK 
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WAVEFORMS (Continued) 

READ DATA 

*tCY = 250 ns ··'Cy = 500 ns 

F = 161CY ±8 ICY 
H= BtCy±4tCY 

'STANDARD FLEXIBLE DISK DRIVE TIMING 
"MINI·FLOPPY TIMING 

SINGLE-SHOT DATA SEPARATOR 

UNSEPARATED 
DATA 

8271/8271-6 
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WRITE DATA 

PULSE WIDTH PW = ICY ± 30 ns 
H (HALF BIT CELL) = 8 ICY 
F (FULL BIT CELL) = 16 ICY 

*'Cy = 250 ns ~ 0.4% 
250 ns ±30 ns 
2.0~s:t 8ns 
4.0 ",8 :t 16 ns 

"ICY = 500 ns ± 0.4% 
500 ns :t30 ns 
4.0J.i1 :t:16n. 
8.0 JA8 =32 na 

PLO DATA SEPARATOR 

UNSEPARATED~ 
DATA 

_ -_ .. _\ tos>so ns 
'DATA 

WINDOW 

* DATA WINDOW MAY BE 1800 OUT OF PHASE 
IN PLO DATA SEPARATION MODE. 
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8272 
SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLER 

IBM Compatible in Both Single and • Data Transfers in DMA or Non·DMA 
Double Density Recording Formats Mode 

Programmable Data Record lengths: • Parallel Seek Operations on Up to 
128,256,512, or 1024 Bytes/Sector Four Drives 
Multi·Sector and Multi·Track Transfer 

Compatible with Most Capability • 
Microprocessors Including 8080A, 

Drive Up to 4 Floppy Disks 8085A, 8086 and 8088 

Data Scan Capability - Will Scan a • Single·Phase 8 MHz Clock 
Single Sector or an Entire Cylinder's 
Worth of Data Fields, Comparing on a • Single +5 Volt Power Supply 
Byte by Byte Basis, Data in the 
Processor's Memory with Data Read • Available in 40·Pin Plastic Dual·in·line 
from the Diskette Package 

The 8272 is an LSI Floppy Disk Controller (FDG) Chip, which contains the circuitry and control functions for interfacing 
a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density format (FM), or IBM 
System 34 Double Density format (MFM) including double sided recording. The 8272 provides control signals which 
simplify the design of an external phase locked loop, and write precompensation circuitry. The FDC simplifies and 
handles most of the burdens associated with implementing a Floppy Disk Drive Interface. 

OBO·7 REGISTERS 

SERIAL 
INTERFACE 

CONTROLLER 

DRIVE 
INTERFACE 

CONTROLLER 

READY 
WRITE PROTECT/TWO sIDe 

....-INDEX 
FAULTITRACK 0 

DRIVE SELeCT 0 
DRIVE SELECT 1 
MFM MODE 

RWJSEEK 
HEAD LOAD 

elK ---.. HEAD SELECT 
Vee ---.. LOW CURRENT/DIRECTION 

GND ~ FAULT RESET/STEP 

Figure 1. 8272 Internal Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

Pin Connac:- Pin Connac-
Symbol No. Type tlon To Nama and Function Symbol No. Typa tlonTo Name snd Function' 

RST 1 I ,.p Rasat: Places FDC in Vcc 40 D.C. Powar: +5V 
Idlestate. Resets output 
lines to FDD to "0" ~/SEEK 39 0 FDD Raad Write I SEEK: 
(low). When "1" (high) Seek 

mode selected and 
RD 2 1['] ,.p Raad: Control signal when "0" (low) Readl 

for transfer of data from Write mode selected, 
FDC to Data Bus, when 
"0" (low). lCT/DIR 38 0 FDD Low Currant/Direction: 

lowers Write current 
WR 3 1['] ,.p Wrlta: Control signal on inner tracks in 

for transfer of data to Read/Write mode, de-
FDC via Data Bus, when 
"0" (low). 

termines direction head 
will step In Seek mode. 

CS 4 I ,.p Chip Salact: IC selected FR/STP 37 0 FDD Fault Reaat/Step: Re-
whe!!...::O" (Io~ allow-
ing RD and WR to be 

sets fault FF in FDD in 
ReadiWrite mode, pro-

enabled. vides step pulses to 
move head to another 

Ao 5 1[1] ,.p Data/Status Raglster cylinder in Seek mode. 
Selact: Selects Data 
Reg (Ao = 1) or Status HDl 36 0 FDD Head Load: Command 
Reg (Ao = 0) content be which causes read/Write 
sent to Data Bus. head in FDD to contact 

diskette. 
DBo-DB7 6-13 1/011] ,.p Data Bus: Bidirectional 

8-Bit Data Bus. ROY 35 I FDD Ready: Indicates FDD 
is ready to send or re-

ORO 14 0 DMA Dsts DMA Raquast: ceive data. 
DMA Request is being 
made by FDC when WP/TS 34 I FDD Write Protect I Two-
ORO "1." Side: Senses Write Pro-

tect status in Readl 
DACK 15 I DMA DMA Acknowladge: Write mode, and Two 

DMA cycle is active Side Media In Seek 
when "0" (Iowj and mode. 
Controller Is perlorm-
ing DMA transfer. FlT/TRKO 33 I FDD Fault/Treck 0: Senses 

FDD fault condition in 
TC 16 I DMA Tarmlnal Count: Indi- Read/Write mode and 

cates the termination of Track ° condition in 
a DMA transfer when Seek mode. 
"1" (hlgh)[2]. 

PS,.PSo 31.32 0 FDD PreCompensation (pre-
lOX 17 I FDD Index: Indicates the shift): Write precom-

beginning of a disk pensation status during 
track. MFM mode. Determines 

early, late, and normal 
INT 18 0 ,.p Intarrupt: Interrupt Re- times. 

quest Generated by 
FDC. WR DATA 30 0 FDD Write bata: Serial clock 

and data bits to FDD. 
ClK 19 I Clock: Single Phase 8 

MHz SquarewaveClock. DS"DSo 28,29 0 FDD Drive Salect: Selects 
FDD unit. 

GND 20 Ground: D.C. Power 
Return. HDSEl 27 0 FDD Head Selact: Head 1 

selected when "1" 
' .. 

Note1: Disabled when CS ... 1. 
(high) Head ° selected 
when "0" (low). 

Note 2: tc must be activated to terminate the Execution Phase 01 any command. 
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Table 1. Pin Description (Continued) 

.-
Pin Connec· 

Symbol No. Type lion To Name and Funclion 

MFM 26 0 PLL MFM Mode: MFM mode 
when "1," FM mode 
when "0." 

WE 25 0 FDD Write Enable: Enables 
wrile data into FDD. 

VCO 24 0 PLL VCO Sync: Inhibits VCO 
in PLL when "0" (low), 
enables VCO when "1." 

RD DATA 23 I FDD Read Data: Read data 
from FDD, containing 
clock and data bits. 

8212 SYSTEM BLOCK DIAGRAM 

CPU I 
~ 

SYSTEM BUS 

-"" "'" -"'> 

" 'T ~ 
DATA -Br 

ORO WINDOW PLl 

AD DATA ) 
WR DATA 

DR'VE ) 
8237 DACK 8272 

~ 'NPUT CONTROL 

DMA 
FDC INTERFACE CONTROLLER 

) OUTPUT CONTROL.1\. 
TC Y TERMINAL 

COUNT 

DESCRIPTION 
Hand-shaking signals are provided in the 8272 which 
make DMA operation easy to incorporate with the aid of 
an external DMA Controller chip, such as the 8237. The 
FOG will operate in either DMA or Non-DMA mode. In 
the Non-DMA mode, the FDC generates interrupts to the 
processor for every transfer of a data byte between the 
CPU and the 8272. In the DMA mode, the processor need 
only load a command into the FDC and all data transfers 
occur under control of the 8272 and DMA controller. 

There are 15 separate commands which the 8272 will 
execute. Each of these commands require multiple 8-bit 

Pin Connec-
Symbol No. . Type lion To Name and Function 

DW 22 I PLL Data Window: Gener-
ated by PLL, and used 
to sample data from 
FDD. 

WRCLK 21 I Write Clock: Write data 
rate to FDD FM = 500 
kHz, MFM = 1 MHz, with 
a pulse width of 250 ns 
for both FM and MFM. 

Must be enabled for all 
operations, both Read 
and Write. 

bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands 
are available. 

Read Data 
Read 10 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 

FEATURES 

Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate (Restore to 

Track 0) 
Sense Interrupt Status 
Sense Drive Status 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read elec
tronics. The track stepping rate, head load time, and 
head unload time may be programmed by the user. The 
8272 offers many additional features such as multiple 
sector transfers in both read and write modes with a 
single command, and full IBM compatibility in both 
single (FM) and double density (MFM) modes. 

8272 REGISTERS - CPU INTERFACE 
The 8272 contains two registers which may be accessed 
by the main system processor; a Status Register and a 
Data Register. The 8-bit Main Status Register contains 
the status information of the FDC, and may be accessed 
at any time. The 8-bit Data Register (actually consists of 
several registers in a stack with only one register pre
sented to the data bus at a time), stores data, com
mands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register 
in order to program or obtain the results after execution 
of a command. The Status Register may only be read 
and is used to facilitate the transfer of data between the 
processor and 8272. 
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The relationship between the Status/Data registers and 
the signals RD, WR, and Ao is shown below. 

Ao RD \ilFi FUNCTION 

0 0 1 Read Main Status 
Register 

0 1 0 Illegal 

0 0 0 Illegal 

1 0 0 Illegal 

1 0 1 Read from Data Register 

1 1 0 Write into Data Register 

The bits in the Main Status Register are defined as 
follows: 

BIT NUMBER NAME SYMBOL DESCRIPTION 

.DBO FOD 0 Busy DOB FOD number 0 is in the Seek· 
mode. 

DB, FOD 1 Busy D,B FOD number 1 is in the Seek 
mode. 

DB2 FOD 2 Busy D2B FOD number 2 is in the Seek 
mode. 

DB3 FOD 3 Busy D3B FOD number 3 is in the Seek 
mode. 

DB4 FOC Busy CB A read or write command is 
in process. 

DBS Non·DMA mode NOM The Foe is in the nan·DMA 
mode. This bit is set only 
during the execution phase 
in non·DMA mode. Tran-
sition to "0" state indicates 
execution phase has ended. 

DBe Data InputJOutput 010 Indicates direction of data 
transfer between FDC and 
Data Register. If 010="1" 
then transfer is from Data 
Register to the Processor. 
If 010 = "0", then transfer 
is from the Processor to 
Data Register. 

DB7 Request for ROM Indicates Data Register is 
Master ready to send or receive 

data to or from the Proc-
essor. Both bits 010 and 
ROM should be used to 
perform the handshaking 
functions of "ready" and 
"direction" to the 
processor. 

The 010 and ROM bits in the Status Register indicate 
when Data is ready and in which direction data will be 
transferred on the Data Bus. 

DATA IN·OUT 
(DlO) 

REQUEST 
FOR MASTER 

(RaM) 

OUT OF PROCESSOR AND INTO FDC 

I A I 
NOTES: 00 - DATA REGISTER READY TO BE WRITTEN INTO BY PROCESSOR 

lID - DATA REGISTEA NOT AEADY TO BE WRITTEN INTO BY PROCESSOR 

~ - DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ BY THE 
PROCESSOR 

[Q] - DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ BY 
PROCESSOR 

STATUS REGISTER TIMING 

A I 

The 8272 is capable of executing 15 different com
mands. Each command is initiated by a multi-byte 
transfer from the processor, and the result after execu
tion of the command may also be a multi-byte transfer 
back to the processor. Because of this multi-byte inter· 
change of information between the 8272 and the proc
essor, it is convenient to consider each command as 
conSisting of three phases: 

Command Phase: The FDC receives all information 
required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation it 
was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping in· 
formation are made available to 
the processor. 

During Command or Result Phases the Main Status 
Register (described earlier) must be read by the proc
essor before each byte of information is written into or 
read from the Data Register. Bits D6 and 07 in the Main 
Status Register must be in aO and 1 state, respectively, 
before each byte of the command word may be written 
into the 8272. Many of the commands require multiple 
bytes, and as a result the Main Status Register must be 
read prior to each byte transfer to the 8272. On the other 
hand, during the Result Phase, 06 and D7 in the Main 
Status Register must both be 1's (06= 1 and 07= 1) 
before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each 
byte transfer to the 8272 is required in only the Com
mand and Result Phases, and NOT during the Execution 
Phase. 

During the Execution Phase, the Main Status Register 
need not be read. If the 8272 is in the Non-DMA Mode, 
then the receipt of each data byte (if 8272 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 
(INT = 1). The generation of a Read signal (110 = 0) will 
reset the Interrupt as well as output the Data onto the 
D!ita Bus. For example, if the processor cannot handle 
Interrupts fast enough (every 13!-,s for MFM mode) then 
it may poll the Main Status Register and then bit 07 
(ROM) functions just like the Interrupt signal. If a Write 

Command is in process then the WR signal performs 
the reset to the Interrupt signal. 

If the 8272 is in the DMA Mode, no Interrupts are gener
ated during the Execution Phase. The 8272 generates 
ORa's (DMA Requests) when each byte of data is 
available. The DMA Controller responds to this request 
with both a DACK = 0 (DMA Acknowledge) and a RD = 0 
(Read signal). When the DMA Acknowledge Signal goes 
low (DACK = 0) then the DMA Request is reset (ORO = 0). 
If a Write Command has been programmed then aWR 
signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has 
occurred) then an Interrupt will occur (INT = 1). This 
signifies the beginning of the Result Phase. When the 
first byte of data is read during the Result Phase, the In
terrupt is automatically reset (INT = 0). 

It is important to note that during .the Res",lt Phase all 
bytes shown in the Command Table must be.read. The 
Read Data Command, for example, has seven bytes of 
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data in the Result Phase. All seven bytes must be read in 
order to successfully complete the Read Data Com
mand. The.8272 will not accept a new command until all 
seven bytes have been read. Other commands may reo 
quire fewer bytes to be read during the Result Phase. 

The 8272 contains five Status Registers. The Main 
Status Register mentioned above may be read by the 
processor at any time. The other four Status Registers 
(STO, ST1,ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing a command. The particular command which 
has been executed determines how many of the Status 
Registers will be read. 

The bytes of data which are sent to the 8272 to. form the 
Command Phase, and are read out of the 8272 in the 
Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be 
sent first and the other bytes sent in the prescribed se· 
quence. No foreshortening of the Command or Result 
Phases are allowed. After the last byte of data in the 
Command Phase is sent to the .8272 the Execution 
Phase automatically starts. In a similar fashion, when 

the last byte of data is read out In the Result Phase, the 
command is automatically ended and the 8272 is ready 
for a new command. A command may be aborted by 
simply sending a Terminal Count signal to pin 1.6 
(TC = 1). This is a convenient means of ensuring that the 
processor may always get the 8272's attention eveni! 
the disk system hangs up in an abnormal manner. 

POLLING FEATURE OF THE 8272 
After the Specify command has been sent to the 8272, 
the Drive Select Lines DSO and DS1 will automatically 
go into a polling mode. In between commands (and be· 
tween step pulses in the SEEK command) the 8272 polls 
all four FDDs looking ior a change in the Ready line from 
any of the drives. If the Ready line changes state (usual· 
Iy due to a door opening or closing) then the 8272 will 
generate an interrupt. When Status Register 0 (STO) is 
read (after Sense Interrupt Status is issued), Not Ready 
(NR) will be indicated. The polling of the Ready line by 
the 8272 occurs continuously between instructions, 
thus notifying the processor which drives are on or off 
line. 

Table 2. 8272 Command Set 

I DATA BUS. I I DATA BUS I 
PHASE R/W II? De DS D4 D3 D2 D, DO I REMARKS PHASE R/W D7 D8 DS D4 D3 D2 D, DO REMARKS 

READ DATA WRITE DATA 

Command W MT MFM SK 0 0 1 , 0 Command Codes Command W MT MFM 0 0 0 , 0 1 Command Codes 

W 0 0 0 0 0 HOS OS1 OSO W 0 0 0 0 0 HOS DS1 !DSO 

W C Sector 10 information W C Sector 10 information 
W H prior to Command W H prior to Command 
W A execution W A execution 
W N W N 
W EOT W EOT 
W GPL W GPL 
W OTL W OTL 

Execution Data transfer Execution Data ,transfer 
between the FDD between the main-
and main-system system and FDD 

Result A STO Status information Result A ____ STO Status information 
A ST 1 after Command A ST' after Command 
A ST 2 execution A ST2 execution 
A C A C 
A H Sector 10 information A H Sector 10 information 
A A after command A A after Command 
A N execution A N execution 

READ DELETED DATA WRITE DELETED DATA 

Command W MT MFM SK 0 1 1 0 0 Command Codes Command W MT MFM 0 0 1 0 0 1 Command Codes 

W 0 0 0 0 0 HOS OS, DSO W 0 0 0 0 0 HOS OS, OSO 

W C Sector 10 information W C Sector 10 information 
W H prior to Command W _____ H ~. _____ prior to Command 
W A execution W A execution 
W N W N 
W EOT W EOT __ ~~_ 
W GPL W GPL 
W OTL W OTl 

Execution Data transfer Execution Data transfer 
between the FDD between the FDO 
and main-system and main-system 

Result A STO Status information Result A STO Status information 
A ST1 after Command A ST 1 after Command 
A ST2 execut'ion A ST2 - execution 
A 

_____ C 
A C 

A H Sector 10 information A H Sector ID Information 
A A aftel' Command A A after Command 
A N execution A N execution 

Note: 1. Symbols used in this table are described at the end of this section. 

2. AO = 1 for aU operations. 

3. X= Don't cafe, usually made to equal binary O. 
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Table 2. 8272 Command Set (Continued) 

I DATA BUS J I DATA BUS 

PHASE RIW 07 06 Os 04 03 02 01 DO REMARKS PHASE RIW Dr 06 Os 04 03 02 °1 DO REMARKS 

READ A TRACK SCAN LOW OR EQUAL 

Command W 0 MFM SK 0 0 0 1 0 Command Codes Command W MT MFM SK 1 1 0 0 1 Command Codes 

W 0 0 0 0 0 HOS OSl OSO W 0 0 0 0 0 HOS OSl OSO 

W C Sector ID information W C Sector 10 information 
W H prior to Command W H prior Command 
W R execution W R execution 
W N W N 
W EDT W EDT 
W GPl W GPl 
W OTl W STP 

Execution Data transfer Execution Data compared 
between the FDO between the FDD 
and main-system. and main-system 
FOG reads all of 
cylinders contents Result R STO Status information 
from index hole to R ST 1 after Command 
EDT R ST2 execution 

R C 
Result R ____ STO Status information R H Sector 10 information 

R ST 1 after Command R R after Command 
R ST 2 execution R N execution 
R C 

SCAN HIGH OR EQUAL R H Sector 10 information 
R R after Command Command W MT MFM SK 1 1 1 0 1 Command Codes 
R N execution 

W 0 0 0 0 0 HOS OS1 OSO 
REAOID W C Sector ID information 

Command W 0 MFM 0 0 1 0 1 0 Commands W H prior Command 
W R execution 

W 0 0 0 0 0 HOS OSl OSO W N 
W EDT 

Execution The first correct 10 W GPl 
information on the W STP 
Cylinder is stored in 
Data Register Execution Data compared 

between the FOO 
Result R STO Status information and main-system 

R ST1 after Command 
R ST 2 execution Result R ST 0 Status information 
R C R ST 1 after Command 
R H Sector 10 information R ST 2 execution 
R R during Execution R C 
R N Phase R H Sector 10 information 

R R after Command 
FORMAT A TRACK R N execution 

Command W 0 MFM 0 0 1 1 0 1 Command Codes RECALIBRATE 
W 0 0 0 0 0 HOS OS1 OSO 
W N 

Command W 0 0 0 0 0 1 1 1 Command Codes 
Bytes/Sector 

W SC Sectors/Cylinder W 0 0 0 0 0 0 OSl OSO 
W GPl _____ Gap 3 Execution Head retracted to 
W 0 f'iller Byte Track 0 

Execution FOC formats an SENSE INTERRUPT STATUS 
entire cylinder Command W 0 0 0 0 1 0 0 0 Command Codes 

Result R " STO Status information Result R STO~ ___ Status information at 
R STI after Command R PCN the end of each seek 
R ST 2 execution operation about the 
R C _____ FOC 
R H In this case, the 10 

SPECIFY R R information has no 
R N meaning Command W 0 0 0 0 0 0 1 1 Command Codes 

SCAN EQUAL W _ SAT __ ... _____ HUT _ 
W HlT .',NO 

Command W MT MFM SK 1 0 0 0 1 Command Codes 

W 0 0 0 0 0 HOS OSl OSO SENSE DRIVE STATUS 

W _____ C Sector 10 information Command W 0 0 0 0 0 1 0 0 Command Code's 
W H prior to Command W 0 0 0 0 0 HOS OSl OSO 
W R execution 
W N Result R ST 3 Status information 

W EDT about FOO 

W GPl 
SEEK W STP 

Command W 0 0 0 0 1 1 1 1 Command Codes 
Execution Data compared W 0 0 0 0 0 HOS OSl OSO 

between the FOD 
W NCN and main-system 

Result R STO Status information Execution Head is pqsitioned 

R ST 1 after Command over PIoper' Cylinder 

R ST 2 execution on Diskette 

R C INVALID 
R H Sector lD information 
R R after Command Command W ____ Invalid Codes ____ Invalid Command 
R N execution Codes (NoOp- FOC 

goes into Standby 
State) 

Result R STO ST 0=80 
(16) 
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Table 3. Command Mnemonics 
SYMBOL NAME DESCRIPTION 

AO Address Line a Ao controls selection of Main Status 
Register (AO= 0) or Data Register (AO= 1). 

C Cylinder Number C stands for the current selected Cylinder 
track number a through 76 of the medium. 

0 Data o stands for the data pattern which Is 
going to be written into a Sector. 

07-00 Data Bus a·blt Data Bus where 07 is the most 
significant bit, and DO Is the least 8~nifl· 
cant bit. 

050,051 Drive Select DS stands for a selected drive number 0 
or1. 

OTL Data Length When N is defined as 00, DTl stands for 
the data length which users are going to 
read out or write Into the Sector. 

EOT End of Track EOT stands for the final Sector number of 
a Cylinder. 

GPL Gap Length GPl stands for the length of Gap 3 
(spacing between Sectors excluding veo 
Sync Field). 

H Head Address H stands for head number 0 or 1, as 
specified In 10 field. 

HDS Head Select HOS stands for a selected head number 0 
or 1 (H = HOS in all command words). 

HLT Head Load Time HLT stands for the head load time in the 
FOD (2 to 254ms in 2ms Increments). 

HUT Head Unload Time HUT stands for the head unioad time after 
a read or write operation has occurred (16 
to 240 ms in 16 ms Increments). 

MFM FM orMFM Mode If MF is low, FM mode is selected and if 
It is high, MFM mode is selected. 

MT Multi-Track If MT is high, a multi·track operation is to 
be performed (8 cylinder under both HOO 
and H01 will be read or written). 

N Number N stands for the number of data bytes 
written in a Sector. 

COMMAND DESCRIPTIONS 
During the Command Phase, the Main Status Register 
must be polled by the CPU before each byte is written 
into the Data Register. The 010 (OB6) and ROM (OB7) 
bits in the Main Status Register must be in the "0" and 
"1" states respectively, before each byte of the com· 
mand may be written inta..the 8272, The beginning of the 
execution phase for any of these commands will cause 
010 and ROM to switch to "1" and "0" states respective
ly. 

READ DATA 

A set of nine (9) byte words are required to place the 
FOC into the Read Data Mode. After the Read Data com
mand has been issued the FOC loads the head (if it is in 

SYMBOL NAME DESCRIPTION 

NCN New Cylinder Number NeN stands for a new Cylinder number, 
which is gOing to be reached as a result 
of the Seek operation. Desired position of 
Head. 

NO Non-OMA Mode NO stands for operation in the Non·OMA 
Mode. 

PCN Present Cylinder PeN stands for the Cylinder number at 
Number the completion of SENSE INTERRUPT 

STATUS Command. Position of Heacl at 
present time. 

R Record A stands for the Sector number, which 
will be read or written_ 

RIW Read/Write A/W stands for either Read (R) or Write 
(W) signal. 

SC Sector SC indicates the number of Sectors per 
Cyllnder. 

SK Skip SK stands for Skip Deleted Data Address 
Mark. 

..-
SAT Step Rate Time SRT stands for the Stepping Rate for the 

FOD (1 to 16 ms in 1 ms increments). The 
same Stepping Rate applies to all drives 
(F=1 ms, E=2 ms, etc.). 

ST 0 Status 0 ST 0-3 stand for one of four registers 
ST 1 Status 1 which store the status information after 
ST 2 Status 2 a command has been executed. This 
ST 3 Status 3 Information Is available during the result 

phase after command execution. These 
registers should not be confused with the 
main status register (selected by AO=O). 
ST 0-3 may be read only after a command 
has been executed and contain Information 
relevant to that particular command. 

STP During a Scan operation, if STP= 1, the 
data in contiguous sectors Is compared 
byte by byte with data sent from the 
processor (or DMA), and If STP = 2, then 
alternate sectors are read and compared. 

compares with the sector number read off the diskette, 
then the FOC outputs data (from the data field) byte-by
byte to the main system via the data bus, 

After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
"Multi-Sector Read Operation." THe' Read Data Com
mand may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the FOC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data Command. 

the pnloaded state), waits the specified head settling The amount of data which can be handled with a Single 
time (defined in the Specify Command), and begins command to the FOC depends upon MT (multi-track), 
reading 10 Address Marks and 10 fields, When the cur- MFM (MFM/FM), and N (Number of Bytes/Sector). Table 4 
rent sector number ("R") stored in the 10 Register (lOR) below shows the Transfer Capacity. 

Table 4. Transfer Capacity 
Multi.Track MFM/FM BytealSector Maximum Transfer Capacity Final Sector Read 

MT MFM N (ByteslS.cto.., (Number of Sectors) from Diskette 

0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256)(26)= 6,656 or 26 at Side 1 

1 0 00 (128)(52) = 6,656 
26 at Side 1 

1 1 01 (256)(52)= 13,312 

0 0 01 (256)(15) = 3,640 15 at Side 0 
0 1 02 (512)(15)= 7,680 or 15 at Side 1 

1 0 01 (256) (30)= 7,680 
15 at Side 1 

1 1 02 (512) (30)= 15,360 

0 0 02 (512) (8) = 4,096 8 at Side 0 
0 1 03 (1024)(8) = 8,192 or 8 at Side 1 

1 0 02 (512) (16)= 8,192 
a at Side 1 

1 1 03 (1024) (16)= 16,384 
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The "multi-track" function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular 
cylinder, data will be transferred starting at Sector 1, 
Side 0 and completing at Sector L, Side 1 (Sector L = last 
sector on the side). Note, this function pertains to only 
one cylinder (the same track) on each side of the 
diskette. 

When N = 0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the ac
tual data length in a Sector, the data beyond DTL in the 
Sector, is not sent to the Data Bus. The FDC reads (inter
nally) the complete Sector performing the CRC check, 
and depending upon the manner of command termina
tion, may perform a Multi-Sector Read Operation. When 
N is non-zero, then DTL has no meaning and should be 
set to OFFH. 

At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. If the 
processor issues another command before the head 
unloads then the head settling time may be saved be
tween subsequent reads. This time out is particularly 
valuable when a diskette is copied from one drive to 
another. 

If the FDC detects the Index Hole twice without finding 
the right sector, (indicated in "R"), then the FDC sets 
the ND (No Data) flag in Status Register 1 to a 1 (hlogh), 
and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respective
ly.) 

After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data Er
ror) flag in Status Register 1 to a 1 (high), and if a CRC er
ror occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high), and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respec
tively.) 

If the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the CM (Con
trol Mark) flag in Status Register 2 to a 1 (high), and ter
minates the Read Data Command, after reading all the 
data in the Sector. If SK= 1, the FDC skips the sector 
with the Deleted Data Address Mark and reads the next 
sector. 

During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 JAs in the FM Mode, and every 
13 JAS in the MFM Mode, or the FDC sets the OR (Over 
Run) flag in Status Register 1 to a 1 (high), and ter
minates the Read Data Command. 

If the processor terminates a read (or write) operation in 
the FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. 
Table 5 shows the values for C, H, R, and N, when the 
processor terminates the Command. 

Table 5. 10 Information When Processor 
Terminates Command 

Flna' Sector Transferred 10 
ID Information a. A •• ult Ph ... 

MT EOT Proce.sor C H R N 

1A Sector 1 to 25 at Side 0 
OF Sector 1 to 14 at Side 0 NC NC R+1 NC 
08 Sector 1 to 7 at Side 0 

1A Sector 26 at Side 0 
OF Sector 15 at Side 0 C+1 NC R=01 NC 
08 Sector 8 at Side 0 

0 
1A Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 NC NC R+1 NC 
08 Sector 1 to 7 at Side 1 

1A Sector 26 at Side 1 
OF Sector 15 at Side 1 C+1 NC R=01 NC 
08 Sector 8 at Side 1 

1A Sector 1 to 25 at Side 0 
OF Sector 1 to 14 at Side 0 NC NC R+1 NC 
08 Sector 1 to 7 at Side 0 

1A Sector 26 at Side 0 
OF Sector 15 at Side 0 NC LSB R=Ol NC 
08 Sector 8 at Side 0 

1 
1A Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 NC NC R+1 NC 
08 Sector 1 to 7 at Side 1 

1A Sector 26 at Side 1 
OF Sector 15 at Side 1 C+1 LSB R=Ol NC 
08 Sector 8 at Side 1 

Notes: 1. NC (No Change): The same value as the one at the begInning of command 
execution. 

2. LSB (Least Significant Bit): The least significant bit of H is 
complemented. 

WRITE DATA 

A set of nine (9) bytes are required to set the FDC into 
the Write Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 
ID Fields. When the current sector number ("R"), stored 
in the ID Register (IDR) compares with the sector 
number read off the diskette, then the FDe takes data 
from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 

After writing data into the current sector, the Sector 
Number stored in "R" is incremented by one, and the 
next data field is written into. The FDC continues this 
"Multi-Sector Write Operation" until the issuance of a 
Terminal Count signal. If a Terminal Count signal is sent 
to the FDC it continues writing into the current sector to 
complete the data field. If the Terminal Count signal is 
received while a data field is being written then the re
mainder of the data field is filled with 00 (zeros). 
The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (incorrect 
CRG) in one of the ID Fields, it sets the DE (Data Error) 
flag of Status Register 1 to a 1 (high), and terminates the 
Write Data Command. (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively.) 

The Write Command operates in much the same manner 
as the Read Command. The following items are the 
same; refer to the Read Data Command for details: 

• Transfer Capacity 
• EN (End of Cylinder) Flag 
• ND (No Data) Flag 
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• Head Unload Time Interval 
• 10 Information when the processor terminates com-

mand (see Table 2) 
• Definition of DTL when N = 0 and when N#<O 

In the Write Data mode, data transfers between the proc
essor and FDC must occur every 31 ",s in the FM mode, 
and every 15 "'s in the MFM mode. If the time interval 
between data transfers is longer than this then the FDC 
sets the OR (Over Run) flag in Status Register 1 to a 1 
(high), and terminates the Write Data Command. 

WRITE DELETED DATA 

This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Command 
except that when the FOC detects a Data Address Mark 
at the beginning of a Data Field (and SK= 0 (low)), it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terminate the 
command. If SK= 1, then the FDC skips the sector with 
the Data Address Mark and reads the next sector. 

READ A TRACK 

This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE, the FDC starts reading 
all data fields on the track as continuous blocks of data. 
If the FDC finds an error in the 10 or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector with 
the value stored in the lOR, and sets the NO flag of 
Status Register 1 to a 1 (high) if there is no comparison. 
Multi-track or skip operations are not allowed with this 
command. 

This command terminates when EOT number of sectors 
have been read. If the FOC does not find an 10 Address 
Mark on the diskette after it encounters the INDEX 
HOLE for the second time, then it sets the MA (missing 
addr~ss mark) flag in Status Register 1 to a 1 (high), and 
terminates the command. (Status Register 0 has bits 7 
and 6 set to 0 and 1 respectively.) 

READID 

The READ 10 Command is used to give the present posi
tion of the recording head. The FDC stores the values 
from the first 10 Field it is able to read. If no proper 10 
Address Mark is found on the diskette, before the IN
DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to a 1 (high), and if no data Is found then the NO (No 
Oata) flag is also set in Status Register 1 to a 1 (high) 
and the command is terminated. 

FORMAT A TRACK 

The Format Command allows an entire track to be for
matted. After the INDEX HOLE is detected, Data is writ
ten on the Diskette: Gaps, Address Marks, 10 Fields and 
Data Fields, all per the IBM System 34 (Double Density) 
or System 3740 (Single Density) Format are recorded. 
The particular format which will be written is controlled 
by the values programmed into N (number of bytes/sec
tor), SC (sectors/cylinder), GPL (Gap Length), and 0 
(Data Pattern) which are supplied by the processor dur
ing the Command Phase. The Data Field is filled with 
the Byte of data stored in D. The 10 Field for each sector 
is supplied by the processor; that is, four data requests 
per sector are made by the FDC for C (Cylinder Number), 
H (Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette to be formatted 
with nonsequential sector numbers, if desired. 

After formatting each sector, the processor must send 
new values for C, H, R, and N to the 8272 for each sector 
on the track. The contents of the R register is in
cremente~ by one after each sector is formatted, thus, 
the R register contains a value of R + 1 when i.t is read 
during the Result Phase. This incrementing and format
ting continues for the whole track until the FDC en
counters the INDEX HOLE for the second time, where
upon it terminates the command. 

If a FAULT signal is received from the FDO at the end of 
a write operation, then the FDC sets the EC flag of 
Status Register 0 to a 1 (high), and terminates the com
mand after setting bits 7 and 6 of Status Register 0 to 0 
and 1 respectively. Also the loss of a READY signal at 
the beginning of a command execution phase causes 
command termination. 

Tabl.e 6 shows the relationship between N, SC, and GPL 
for various sector sizes: 

Table 6_ Sector Size Relationships 

FORMAT SECTOR SIZE N SC GPL1 GPL2 REMARKS 

128 bytes/Sector 00 lA(16) 07(16) 18(16) IBM Oiskette 1 
FM Mode 256 01 OF(16) OE(16) 2A(16) IBM Olskette 2 

512 02 06 1B(16) , 3A(16) 

1024 bytes/Sector 03 04 - -
FM Mode 2048 04 02 - -

4006 05 01 - -
256 01 1~16) OE(16) 36(16) IBM Diskette 20 
512 02 OF(16) 1B(16) 54(16) 

MFMMode 
1024 03 06 35(16) 74(16) IBM Diskette 20 
2048 04 04 - -
4006 05 02 - -
8192 06 01 - -

Note: 1. Suggested values of GPL in Read or Write Commands to avoid splice pOint 
between data field and ID field of contiguous sections. 

2. Suggested values of GPL in format command. 
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SCAN COMMANDS 

The SCAN Commands allow data which is being read 
from the diskette to be compared against data which Is 
being. supplied from the main system (Processor in 
NON-DMA mode, and DMA Controller in DMA mode). 
The FDC compares the data on a byte-by-byte basis, and 
looks for a sector of data which meets the conditions of 
DFDD == .Dprocessor, DFDD" Dprocessor, or DFDD .. DProcessor· 
Ones complement arithmetic is used for comparison 
(FF = largest number, 00 = smallest number). After a 
whole sector of data Is compared, If the conditions are 
not met, the sector number is incremented (R + STP -
R), and the scan operation is continued. The scan opera
tion continues until one of the following conditions oc
cur; the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOn, or the ter
minal count signal is received. 

If the conditions for scan are met then the FDC sets the 
SH (Scan Hit) flag of Status Register 2 to a i (high), and 
terminates the Scan Command. If the conditions for 
scan are not met between the starting sector (as 
specified by R) and the I~st sector on the cylinder (EOn, 
then the FDC sets the SN (Scan Not Satisfied) flag of 
Status Register 2 to a 1 (high), and terminates the Scan 
Command. The receipt of a TERMINAL COUNT signal 
from the Processor or DMA Controller during the scan 
operation will cause the FDC to complete the com
parison of the particular byte which is in process, and 
then to terminate the command. Table 7 shows the 
status of bits SH and SN under various conditions of 
SCAN. 

Table 7_ Scan Status Codes 

STATUS REGISTER 2 
COMMAND 

BIT2_SN BIT3-SH 
COMMENTS 

Scan Equal 0 1 DFDD = DProce880r 
1 0 DFDD'" DProcessor 

0 1 DFDD = DProc88sor 
Scan Low or Equal 0 0 0FDD < DProces8or 

1 0 DFDD ~ DProcessor 

0 1 0FDD = Dprocessor 
Scan High or Equal 0 0 DFDO > DProc88sor 

1 0 DFDD ~ Dproc888or 

If the FDC encounters a Deleted Data Address Mark on 
one of the sectors (and SK = 0), then it regards the sec
tor as the last sector on the cylinder, sets CM (Control 
Mark) flag of Status Register 2 to a 1 (high) and ter
minates the command. If SK= 1, the FDC skips the sec
tor with the Deleted Address Mark, and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
(Control Mark) flag of Status Register 2 to a 1 (high) in 
order to show that a Deleted Sector had been en
countered. 
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When either the STP (contiguous sectors STP = 01, or 
alternate sectors STP = 02 sectors are readj or the MT 
(Multi-Track) are programmed, it is necessary to 
remember that the last sector on the track must be read. 
For example, If STP = 02, MT = 0, the sectors are 
numbered sequentially 1 through 26, and we start the 
Scan Command at sector 21; the following will happen. 
Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the Index Hole will be en
countered before the EaT value of 26 can be read. This 
will result in an abnormal termination of the command. 
If the EaT had been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed 
in a normal manner. 

During the Scan Command data Is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the 
OR (Over Run) flag set in Status Register 1, It Is nec
essary to have the data available in less than 27,..s (FM 
Mode) or 13 ,..s (MFM Mode). If an Overrun occurs the 
FDC terminates the command. 

SEEK 

The read/write head within the FDD is moved from 
cylinder to cylinder under control of the Seek Command. 
The FDC compares the PCN (Present Cylinder Number) 
which Is the current head pOSition with the NCN (New 
Cylinder Number), and performs the following operation 
if there is a difference: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a 0 (low), 
and Step Pulses are Issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. 
After each Step Pulse is issued NCN is compared 
against PCN, and when NCN = PCN, then the SE (Seek 
End) flag is set in Status Register 0 to a 1 (high), and the 
command Is terminated. 

During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it Is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and In this manner parallel seek operations may 
be done on up to 4 Drives at once. 

If an FDD is in a NOT READY state at the beginning of 
the command execution phase or during the seek opera
tion, then the NR (NOT READY) flag is set in Status 
Register 0 to a 1 (high), and the command is terminated. 
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RECALIBRATE 

This command causes the read/write head within the 
FDD to retract to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track 0 signal from the FDD. As long as the Track 
o signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track 0 signal goes 
high, the SE (SEEK END) flag in Status Register 0 is set 
to a 1 (high) and the command is terminated. If the Track 
o signal is still low after 77 Step Pulses have been 
issued, the FOe sets the SE (SEEK END) and EC (EQUIP
MENT CHECK) flags of Status Register 0 to both 1s 
(highs), and terminates the command. 

The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command. 

SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for one of 
the following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Com{T1and 
c. Read 10 Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. However, interrupts caused by 
reasons 2 and 3 above may be uniquely ideniified with 
the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and 
via bits 5, 6, and 7 of Status Register 0 identifies the 
cause of the interrupt. 

Table 8_ Seek, Interrupt Codes 

SEEK END INTERRUPT CODE 
BIT 5 BIT6 BIT7 CAUSE 

0 1 1 Ready Line changed 
state, either polarity 

1 0 0 Normal Termination 
of Seek or Rec!llibrate 
Command 

1 1 0 Abnormal Termination of 
Seek or Recalibrate 
Command 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter
rupt Status Command after these commands to effec
tively terminate them and to provide verification of the 
head position (PCN). 

SPECIFY 

The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01 = 16 ms, 02 = 32 ms .... OF = 
240 ms). The SRT (Step Rate Time) defines the time in· 
terval between adjacent step pulses. This timer is pro· 
grammable from 1 to 16 ms in increments of 1 ms (F = 1 
ms, E = 2 ms, 0 = 3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in in· 
crements of 2 ms (01 = 2 ms, 0:1 = 4 ms, 03 = 6 ms .... 
FE=254 ms). 

The time intervals mentioned above are a direct function 
of the clock (CLK on pin 19). Times indicated above are 
for an 8 MHz clock, if the clock was reduced to 4 MHz 
(mini-floppy application) then all time intervals are in
creased by a factor of 2. 

The choice of DMA or NON·DMA operation is made by 
the NO (NON·DMA) bit. When this bit is high (NO = 1) the 
NON-DMA mode is selected, and when NO = 0 the DMA 
mode is selected. 

SENSE DRIVE STATUS 

This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information. 

INVALID 

If an invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the com· 
rnand. No interrupt is generated by the 8272 during this 
condition. Bit 6 and bit 7 (010 and RQM) in the Main 
Status Register are both high ("1") indicating to the 
processor that the 8272 is in the Result Phase and the 
contents of Status Register 0 (STO) must be read. When 
the processor reads Status Register 0 it will find a 80H 
indicating an invalid command was received. 

A Sense I nterrupt Status Command must be sent after a 
Seek or Recalibrate interrupt, otherwise the FDC will 
consider the next command to be an Invalid Command. 

In some applications the user may wish to use this com
mand as a No·Op command, to place the FOC in a stand· 
by or no operation state. 
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Table 9. Status Registers 

BIT BIT 

NO. NAME SYMBOL 
DESCRIPTION 

SYMBOL 
DESCRIPTION 

NO. NAME 

STATUS REGISTER 0 STATUS REGISTER 1 (CONT ~ 

0 7 Interrupt IC 07= 0 and 06= 0 
Code Normal Termination of Command, 

0, Not NW During execution of WRITE DATA, 
Writable WRITE DELETED DATA or Format A 

(N1). Command was completed and Cylinder Command, if the FOC 
properly executed. detects a write protect signal from 

06 07=0 and 06= 1 the FOO, then this flag is set. 

Abnormal Termination of Com-
mand, (An. Execution of Command 
was started, but was not 
successfully completed. 

Do Missing MA If the FOC cannot detect the 10 
Address Address Mark after encountering the 
Mark index hole twice, then this flag is set. 

0 7= 1 and 06=0 
Invalid Command issue, (Ie). 
Command which was issued was 
never started. 

If the FOC cannot detect the Data 
Address Mark or Deleted ,Data 
Address Mark, this flag is set. Also 
at the same time, the MD (Missing 
Address Mark in Data Field) of 

0 7= 1 and 06= 1 Status Register 2 is set. 
Abnormal Termination because 
during command execution the STATUS REGISTER 2 

ready signal from FDD changed 
state. 

0 7 Not used. This bit is always 0 (low). 

0 5 Seek End SE When the FOC completes the 
SEEK Command, this flag is set to 1 

06 Control CM During executing the READ DATA or 
Mark SCAN Command, if the FOC 

encounters a Sector which contains 
(high). a Deleted Data Address Mark, this 

0_ Equipment EC If a fault Signal is received from the flag is set. 

Check FOO, or if the Track 0 Signal fails to 
occur after 77 Step Pulses (Recali-
brate Command) then this flag is set. 

05 Data Error in DO If the FOC detects a CRG error in 
Data Field the data field then this flag is set. 

0 3 Not Ready NR When the FDD is in the not-ready 
state and a read or write command is 

0_ Wrong WC This bit is related with the ND bit, 
Cylinder and when the contents of C on the 

medium is different from that stored 
issued, this flag is set. 11 a read or 
write command is issued to Side 1 

in the lOR, this flag is set. 

of a single sided drive, then this flag 0 3 Scan Equal SH During execution, the SCAN 
is set. Hit Command, if the condition of 

O2 Head HO This flag is used to indicate the 
"equal" is satisfied, this flag is set. 

Address state of the head at Interrupt. O2 Scan Not SN During executing the SCAN 

0, Unit Select 1 US 1 These flags are used to indicate a 
Satisfied Command, if the FDC cannot find a 

Sector on the cylinder which meets 

Do Unit Select 0 usa Drive Unit Number at Interrupt the condition, then this flag is set. 

STATUS REGISTER 1 0, Bad BC This bit is related with the NO bit, 

0 7 End of EN When the FDC tries to access a 
Cylinder and when the content of C on the 

medium is different from that stored 
Cylinder Sector beyond the final Sector of a in the lOR and' the content of C is 

Cylinder, this flag is set. FF, then this flag is set. 

06 Not usad. This bit is always 0 (low). Do Missing MO When data is read from the medium, 

05 Data Error DE When the FOC detects a CRC error Address if the FOe cannot find a Data 

in either the ID field or the data field, Mark in Data Address Mark or Deleted Data 

this flag is set. Field Address Mark, then this flag is set. 

D_ Over Run OR If the FOC is not serviced by the STATUS REGISTER 3 
main-systems during data transfers, 
within a certain time interval, this 
flag is set. 

0 7 Fault FT This bit is used to indicate the 
status of the Fault signal from the 
FOO. 

0 3 Not used. This bit always 0 (low). 
Os Write WP This bit is used to indicate the 

02 No Data NO During execution of READ DATA, Protected status of the Write Protected signal 
WRITE DELETED DATA or SCAN from the FOO. 
Command, if the FDC cannot find 
the Sector specified in the lOR 
Register, this flag is set. 

0 5 Ready ROY This bit is used to indicate the status 
of the Ready signal from the FOO. 

During e:"'dcuting the READ 10 Com-
mand, if the FDC cannot read the 

0_ Track 0 TO This bit is used to indicate the status 
of the Track 0 signal from the FOO. 

10 field without an error, then this 
flag is set. 

0 3 Two Side TS This bit is used to indicate the status 
of the Two Side signal from the FOD. 

During the execution of the READ A 
Cylinder Command, if the starting 

O2 Head HO This bit is used to indicate the status 
Address of Side Select signal to the FOO. 

sector cannot be found, then this 
flag is set. 0, Unit Select 1 US 1 This bit is used to indicate the status 

of the Unit Select 1 signal to the FOO. 

Do Unit Select 0 US 0 This bit is used to indicate the status 
of the Unit SelectO signal tathe FOO. 
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ABSOLUTE MAXIMUM RATINGS* 
Operating Temperature .................. O°C to + 70°C 
Storage Temperature ............. -40·C to + 125°C 
All Output Voltages ............. " -0.5 to + 7 Volts 
All Input Voltages ................. - 0.5 to + 7 Volts 
Supply Voltage Vee ............... -0.5 to + 7 Volts 
Power Dissipation .......................... 1 Watt 

NOTICE: Stress above those listed under "Absolute Max
imum Ratings" may cause permanent damage to the de
vice. This is a stress rating only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to +70°C, Vee = +5V ± 5%) 

Limits Test 
Symbol Parameter Min. Max. Unit Conditions 

VIL, Input Low Voltage -0.5 0.8 V 

VIH, Input High Voltage 2.0 Vee+ 0.5 V 

VIL, (CLK & WR CLK) -0.5 0.65 V 

VIH, (CLK & WR CLK) 2.4 Vee+ 0.5 V 

VOL Output Low Voltage 0.45 V IOL=2.0 mA 

VOH Output High Voltage 2.4 Vee V IOH = - 200 lolA 
Icc Vee Supply Current 150 mA 

IlL 
Input Load Current 10 ,..A VIN = Vee 
(All Input Pins) -10 ,..A VIN=OV 

ILOH High Level Output 10 ,..A Vour= Vee 
Leakage Current 

IOFL Output Float ±10 ,..A 0.45V ", Your ", Vee 
Leakage Current 

CAPACITANCE (TA = 25°C, Ie = 1 MHz, Vee = OV) 

Limits Test 
Symbol Parameter 

Min. Max. Unit Conditions 

CIN(CP) Clock Input Capacitance 20 pF All Pins Except 

CIN Input Capacitance 10 pF Pin Under Test 
Tied to AC 

Cour Output Capacitance 20 pF Ground 
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A.C. CHARACTERISTICS (TA = O°C to 70°C; VCC = +5.0V ± 5%) 

Symbol Parameter Min. Max. Unit Test Conditions 

tCY Clock Period 125 ns 
tCH Clock High Period 40 ns Note4 
tRST Reset Width 14 tCY 

Read Cycle 
tAR Select Setup to ADI 0 ns 
tRA Select Hold from ADt 0 ns 
tRR AD Pulse Width 250 n. 
tRO Data Delay from RDI 200 n. 
tOF Output Float Delay 20 100 n. 

Write Cycla 
tAW Select Setup to WRI 0 n. 
tWA Select Hold from WRt 0 n. 
tww WR Pulse Width 250 ns 
tow Data Setup to WRt 150 n. 
two Data Hold from WRt 5 ns 

Intarrupts 
tRI INT Delay from ROt 500 ns 
tWI INT Delay from WRt 500 ns 

DMA 
tROCY ORO Cycle Period 13 ~s 

tAKRO DACKI to DROI 200 ns 
tROR DROt to RDI 800 n. 8 MHz clock 
tROW DROt to WRI 250 n. 8 MHz clock 
tRORW DROt to ROt or WRt 12 ~s 8 MHz clock 

FDD Interface TYpl 

tWCY WCK Cycle Time 20r4 --- -- - - MFM=O---
~s Note 2 r- !.£r2_ ----

350 - - _Mt:!;1=...!. ___ 
tWCH WCKHighTime 250 100 ns 
tcp Pre·Shift Delay from WCKt 20 100 ns 
tCD WDA Delay from WCKt 20 100 ns 
twoo Write Data Width twcH -50 ns 
tWE WEt to WCKt or WEI to WCKI Delay 20 IW ns 

Window Cycle Time 
r----- ---- -MFM=O---tWWCY 2 
_---1_ ~. 2!'B!'=1 ___ --------

tWRO Window Setup to ROOt 15 ns 
tROW Window Hold from RDDI 15 ns 
tROD ROD Active Time (HIGH) 40 ns 

FDD 
SEEK! 
DIRECTION/ 
STEP 

tus USO•1 Setup to RW/SEEKt 12 ~s 

tso RW/SEEK Setup to LCTIDIR 6.8 ~s 

tos RW/SEEK Hold from LCTIDIR 30 ~s 

tOST LCTIDIR Setup to FR/STEPt 1 ~s 

tSTO LCT/DIR Hold from FRiSTEPI 24 ~s 8MHz clock 
tSTU DSO•1 Hold from FRiStepl 5 ~s 

tSTP STEP Active Time (High) 5 ~s 

tsc STEP Cycle Time 33 ~s Note 3 
tFR FAULT RESET Active Time (High) 8 10 ~s 

t,OX INDEX Pulse Width 625 ~s 

tTC Terminal Count Width 1 tCY 

NOTES: 

1. Typical values forTA=25'C and nominal supply voltage. 

2. The former values are used for standard floppy and the latter values are used for mini.floppies. 

3. tsc = 33~s min. is for different drive units. In the case of same unit, tsc can be ranged from 1 ms to 16ms with 8 MHz clock period, and 2 ms to 32ms 
with 4 MHz clock, under software control. 

4. From 2.0Vj to +2.0V~. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

U=X >C 2.0 2.0 > TEST POINTS < . 
~ 0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0,45V FOR 
A Lome "0," TIMING MEASUREMENTS ARE MADE AT 2,OV FOR A LOGIC' 1" 
AND a.BV FOR A LOGIC "0," 

WAVEFORMS 

PROCESSOR READ OPERATION 

8272 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

lCL~100PF TEST 

':" 

CL =:: 100 pF 
CL INCLUDES JIG CAPACITANCE 

DACK . 
A"CS, =i =r= 

--...... -.,-,----..-----1 •• ---------------------~.-,-,.~~~~~~~~~~~-~~~~------.-"' .. 

I_-----I,D,----_~ ..---tOF 

DATA - - - - - - - - - - - -

I .. 

INT 
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WAVEFORMS (Continued) 

PROCESSOR WRITE OPERATION 

,,",CS,DACK 

I----.ww-----i 

-4--tOW 

DATA 

' . 
• NT 

DMA OPERATION 

~-----------------~y------------------~ 

ORO 

j.-_____ tRaRw _________ ---;~ 

WR or RD 
I----.ROW------I 

I----.ROR------\ 
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WAVEFORMS (Continued) 

CLOCK TIMING 

eLK 

FDD WRITE OPERATION 

WRITE ENABLE 
(WEI 

NORMAL 

LATE 

EARLY 

INVALID 

8272 

ICp 

PRESHIFT 0 PRESHIFT 1 

0 0 

0 1 

1 0 

1 1 
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WAVEFORMS (Continued) 

SEEK OPERATION 

LeTI 
DIRECTION 

STEP 

FLT RESET 

FAULT RESET 
FAIL UNSAFE RESET 

8272 

STABLE 

I------ISTU-----I~ 

lOS 

I-----------ISC----------~ 

INDEX 
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8272 

WAVEFORMS (Continued) 

FDD READ OPERATION 

.mom ~. 
~ rt"DO-1 ~'--------------

READDA_T_A _________ { ... ~e----twRO 
WINDOW . 

-------------
-----lwwcv--------! 

TERMINAL COUNT RESET 

RESET 
TC 
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inter 
8251 A 

PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous 
Operation 

• Synchronous 5-8 Bit Characters; 
Internal or External Character 
Synchrc)nization; Automatic Sync 
Insertion 

• Asynchronous 5-8 Bit Characters; 
Clock Rate-1, 16 or 64 Times Baud 
Rate; Break Character Generation; 
1, 1V2, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 

• Synchronous Baud Rate-DC to 
64K Baud 

• Asynchronous Baud Rate-DC to 
19.2K Baud 

• Full-Duplex, Double-Buffered 
Transmitter and Receiver 

• Error Detection-Parity, Overrun and 
Framing 

• Compatible with an Extended Range 
of Intel Microprocessors 

• 28-Pin DIP Package 
• All Inputs and Outputs are TTL 

Compatible 

• Single +5V Supply 
• Single TTL Clock 

The Intel® 8251A is the enhanced version of the industry standard, Intel 8251 Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel's microprocessor 
families such as MCS-68, 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed 
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM 
"bi-sync"). The USARTaccepts data characters from the CPU in parallel format and then converts them into a 
continuous serial data stream for transmission. Simultaneously, it can receive serial data streams and convert 
them into parallel data characters for the CPU. The USARTwili signal the CPU whenever it can accept a new 
character for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USARTat any time. These include data transmission errors and control signals such as 
SYNDET, TxEMPTY. The chip is fabricated using N-channel silicon gate technology. 

hD 

TxADY 

TRANSMIT T,E 
CONTROL 

_TxC 

cs 

= 
DTR 

RECEIVE MODEM 
BUFFER R,D 

CTS CONTROL 
IS ·P) 

RTS 

/ RxADY 

RECEIVE R;c 
INTERNAL CONTROL 
DATA BUS __ SYNDET 

Figure 1. Block Diagram 

"INTEL CORPORATION, 1981 
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0, 0, 

DJ Dc 

R,D Vee 

GND R,C 

0, DTR 

D, RTS 

D, DSR 

D, RESET 

hC ClK 

WR hD 

cs TxEMPTY 

CTS 

SYNDET!BD 

RxADY TxRDY 

Figure 2. Pin Configuration 

MAY 1981 
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FEATURES AND ENHANCEMENTS 

The 8251A is an advanced design of the industry 
standard USART, the Intel® 8251. The 8251A 
operates with an extended range of Intel 
microprocessors and maintains compatibility with 
the 8251. Familiarization time is minimal because of 
compatibility and involves only knowing the addi
tional features and enhancements, and reviewing 
the AC and DC specifications of the 8251A. 

The 8251A incorporates all the key features of the 
8251 and has the following additional features and 
enhancements: 

• 8251A has double-buffered data paths with sepa
rate I/O registers for control, status, Data In, and 
Data Out, which considerably simplifies control 
programming and minimizes CPU overhead. 

• In asynchronous operations, the Receiver detects 
and handles "break" automatically, relieving the 
CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted interrupts from a disconnected USART. 

• At the conclusion of a transmission, TxD line will 
always return to the marking state unless SBRK is 
programmed. 

• Tx Enable logic enhancement prevents a Tx Dis
able command from halting transmission until all 
data previously written has been transmitted. The 
logic also prevents the transmitter from turning 
off in the middle of a word. 

• When External Sync Detect is programmed, Inter
nal Sync Detect is disabled, and an External Sync 
Detect status is provided via a flip-flop which 
clears itself upon a status read. 

• Possibility of false sync detect is minimized by 
ensuring that if double character sync is program
med, the characters be contiguously detected and 
also by clearing the Rx register to all ones 
whenever Enter Hunt command is issued in Sync 
mode. 

• As long as the 8251 A is not selected, the RD and 
WR do not affect the internal operation of the 
device. 

• The 8251A Status can be read at any time but the 
status update will be inhibited during status read. 

• The 8251A is free from extraneous glitches and 
has enhanced AC and DC characteristics, provid
ing higher speed and better operating margins. 

• Synchronous Baud rate from DC to 64K. 

FUNCTIONAL DESCRIPTION 

General 

The 8251A is a Universal Synchronous/Asynchro
nous Receiver/Transmitter designed for a wide 
range of Intel microcomputers such as 8048, 8080, 
8085, 8086 and 8088. Like other I/O devices in a 
microcomputer system, its functional configuration 
is programmed by the system's software for maxi
mum flexibility. The 8251A can support most serial 
data techniques in use, including IBM "bi-sync." 

In a communication environment an interface 
device must convert parallel format system data into 
serial format for transmission and convert incoming 
serial format data into parallel system data for recep
tion. The interface device must also delete or insert 
bits or characters that are functionally unique to the 
communicationlechnique. In essence, the interface 
should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to in
terface the 8251A to the system Data Bus. Data is 
transmitted or received by the buffer upon execution 
of INput or OUTput instructions of the CPU. Control 
words, Command words and StatUs information are 
also transferred through the Data Bu's Buffer. The 
Command Status, Data-In and Data"Out registers 
are separate, 8-bit registers communicating with the 
system bus through the Data Bus Buffer. 

This functional block accepts inputs from the system 
Control bus and generates control signals for overall 
device operation. It contains the Control Word Reg
ister and Command Word Register that store the 
various control formats for the device functional 
definition. 

RESET (Reset) 

A "high" on this input forces the 8251A into an "Idle" 
mode. The device will remain at "Idle" until a new set 
of control words is written into the 8251 A to program 
its functional definition. Minimum RESET pulse 
width is 6 tCY (clock must be running). 

A command reset operation also puts the device into 
the "Idle" state. 
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ClK (Clock) 

The ClK input is used to generate internal device 
timing and is normally connected to the Phase 2 
(TIL) output of the Clock Generator. No external 
inputs or outputs are referenced to ClK but the 
frequency of ClK must be greater than 30 times the 
Receiver or Transmitter data bit rates. 

WR (Write) 

A "low" on this input informs the 8251 A that the CPU 
is writing data or control words to the 8251A. 

RD (Read) 

A "low" on this input informs the 8251 A that the CPU 
is read ing data or status information from the 8251 A. 

Figure 3. 8251A Block Diagram Showing Data 
Bus Buffer and Read/Write logic ' 
Functions 

c/o RD WR cs 
0 0 1 0 8251A DATA = DATA BUS 
0 0 0 DATA'BUS = 8251A DATA 

0 0 STATUS = DATA BUS 
1 0 .0 DATA BUS = CONTROL 

X 1 1 0 .!;IATA BUS= 3·STATE 
X X X DATA BUS = 3·STATE 

C/O (Control/Data) 

This input, in conjunction with the WR and RD in
puts, informs the 8251A that the word on the Data 
Bus is either a data character, control word or status 
information. 

1 = CONTROUSTATUS; 0 = DATA. 

CS (Chip Select) 

A "low" on this input selects the 8251 A. No reading or 
writing will occur unless the device is selected. 
When CS is high, the Data Bus is in the float state and 
RD and WR have no effect on the chip. 

Modem Control 

The 8251A has a set of control inputs and outputs 
that can be used to simplify the interface to almost 
any modem. The modem control signals are general 
purpose in nature and can be used for functions 
other than modem control, if necessary. 

DSR (Data Set Ready) 

The DSR input signal is a general-purpose, 1-bit in
verting input port. Its condition can be tested by the 
CPU using a Status Read operation. The DSR input 
is normally used to test modem conditions such as 
Data Set Ready. 

DTR (Data Terminal Ready) 

The DTR output signal is a general-purpose, 1-bit 
inverting output port. It can be set "low" by pro
gramming the appropriate bit in the Command In
struction word. The DTR output signal is normally 
used for modem control such as Data Terminal 
Ready. 

RTS (Request to Send) 

The RTS output signal is a general-purpose, 1-bit 
inverting output port. It can be set "low" by pro
gramming the appropriate bit in the Command In
struction word. The RTS output signal is normally 
used for modem control such as Request to Send. 

CTS (Clear to Send) 

A "low" on this input enables the 8251A to transmit 
serial data if the Tx Enable bit in the Command byte 
is set toa "one." If either a Tx Enable off or CTS off 
condition occurs while the Tx is in operation, the Tx 
will tran.smit all the data in t~e USART, written prior 
to Tx D(sable command before shutting down. 
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Transmitter Buffer 

The Transmitter Buffer accepts parallel data from the 
Data Bus Buffer, converts it to a serial bit stream, 
inserts the appropriate characters or bits (based on 
the communication technique) and outputs a com
posite serial stream of data on the TxD output pin on 
the falling edge of TxC. The transmitter will begin 
transmission upon being enabled if CTS = O. The 
TxD line will be held in the marking state immedi
ately upon a master Reset or when Tx Enable or CfS 
is off or the transmitter is empty. 

Transmitter Control 

The Transmitter Control manages all activities asso
ciated with the transmission of serial data. It accepts 
and issues signals both externally and internally to 
accomplish this function. 

TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is 
ready to accept a data character. The TxRDY output 
pin can be used as an interruptto the system, since it 
is masked by TxEnable; or, for Polled operation, the 
CPU can check TxRDY using a Status Read opera
tion. TxRDY is automatically reset by the leading 
edge of WR when a data character is loaded from 
the CPU. 

Note that when using the Polled operation, the 
TxRDY status bit is not masked by TxEnable, but will 
only indicate the Empty/Full Status of the Tx Data 
Input Register. 

TxE (Transmitter Empty) 

When the 8251A has no characters to send, the 
TxEMPTY output will go "high." It resets upon 
receiving a character from the CPU if the transmitter 
is enabled. TxEMPTY remains low when the trans
mitter is disabled even if it is actually empty. 
TxEMPTY can be used to indicate the end of a trans
mission mode, so that the CPU "knows" when to 
"turn the line around" in the half-duplex operational 
mode. 

In the Synchronous mode, a "high" on this output 
indicates that a character has not been loaded and 
the SYNC character or characters are about to be or 
are being transmitted automatically as "fillers." 
TxEMPTY does not go low when the SYNC charac
ters are being shifted out. 

INTERNAL 
DATA BUS 

RECEIVE 
BUFFER 

(S 'PI 

Figure 4. 8251A Block Diagram Showing Modem 
and Transmitter Buffer and Control 
Functions 

TxC (Transmitter Clock) 

The Transm itter Clock controls the rate at which the 
character is to be transmitted. In the Synchronous 
transmission mode, the Baud Rate (1x) is equal to 
the TxC frequency. In Asynchronous transmission 
mode, the baud rate is a fraction of the actual TxC 
frequency. A portion of the mode instruction selects 
this factor; it can be 1, 1/16 or 1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 
TxC equals 110Hz in the 1 x mode. 
TxC equals 1.72 kHz in the 16x mode. 
TxC equals 7.04 kHz in the 64x mode. 

The falling edge of TxC shifts the serial data out of 
the 8251A. 

Receiver Buffer 

The Receiver accepts serial data, converts this serial 
input to parailel format, checks for bits or characters 
that are unique to the communication technique 
and sends an "assembled" character to the CPU. 
Serial data is input to RxD pin, and is clocked in on 
the rising edge of RxC. 
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Receiver Control 

This functional block manages all receiver-related 
activities which consists of the following features. 

The RxD initialization circuit prevents the 8251A 
from mistaking an unused input line for an active 
low data line in the "break condition." Before 
starting to receive serial characters on the RxD 
line, a valid "1" must first be detected after a chip 
master Reset. Once this has been determined, a 
search for a valid low (Start bit) is enabled. This 
feature is only active in the asynchronous mode, 
and is only done once for each master Reset. 

The False Start bit detection circuit prevents false 
starts due to a transient noise spike by first detect
ing the falling edge and then strobing the nominal 
center of the Start bit (RxD = low). 

Parity error detection sets the corresponding 
status bit. 

The Framing Error status bit is set if the Stop bit is 
absent at the end of the data byte (asynchronous 
mode). 

RxRDY (Receiver Ready) 

This output indicates that the 8251A contains a char
acter that is ready to be input to the CPU. RxRDY can 
be connected to the interrupt structure of the CPU 
or, for polled operation, the CPU can check the con
dition of RxRDY using a Status Read operation. 

RxEnable, when off, holds RxRDY in the Reset Con
dition. For Asynchronous mode, to set RxRDY, the 
Receiver must be enabled to sense a Start Bit and a 
complete character must be assembled and trans
ferred to the Data Output Register. For Synchronous 
mode, to set RxRDY, the Receiver must be enabled 
and a character must finish assembly and be trans
ferred to the Data Output Register. 

Failure to read the received character from the Rx 
Data Output Register prior to the assembly of the 
next Rx Data character will set overrun condition 
error and the previous character will be written over 
and lost. If the Rx Data is being read by the CPU 
when the internal transfer is occurring, overrun er
ror will be set and the old character will be lost. 

RxC (Receiver Clock) 

The Receiver Clock controls the rate at which the 
character is to be received. In Synchronous Mode, 
the Baud Rate (1 x) is equal to the actual frequency of 
RxC. In Asynchronous Mode, the Baud Rate is a 
fraction of the actual RxC frequency. A portion of 
the mode instruction selects this factor: 1, 1/16 or 
1/64 the RxC. 

For example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hz in the 1 x mode; 
RxC equals 4800 Hz in the 16x mode; 
Axe equals 19.2 kHz in the 64x mode. 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz in the 1x mode; 
RxC equals 38.4 kHz in the 16x mode; 
RxC equals 153.6 kHz in the 64x mode. 

Data is sampled into the 8251A on the rising edge of 
RxC. 

NOTE: In most communications systems, the8251A 
will be handling both the transmission and reception 
operations of a single link. Consequently, the 
Receive and Transmit Baud Rates will be the same. 
Both TxC and RxC will require identical frequencies 
for this operation and can be tied together and con
nected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 

TRANSMIT 
hD BUFFER 

0, IP . S~ 

TxROY 

TRANSMIT 
TxEMPTY CONTROL 
TXC 

Figure 5. 8251A Block Diagram Showing 
Receiver Buffer and Control Functions 

9-169 AFN·01573C 



inter 8251A 

SYNDET (SYNC Detect! 
BRKDET Break Detect) 

This pin is used in Synchronous Mode for SYN
DET and may be used as either input or output, 
programmable through the Control Word. It is reset 
to output mode low upon RESET. When used as an 
output (internal Sync mode), the SYNDET pin will go 
"high" to indicate that the 8251A has located the 
SYNC character in the Receive mode. If the 8251A is 
programmed to use double Sync characters (bi
sync), then SYNDETwill go "high" in the middle of 
the last bit of the second Sync character. SYNDET is 
automatically reset upon a Status Read operation. 

When used as an input (external SYNC detect mode), 
a positive going signal will cause the 8251A to start 
assembling data characters on the rising edge of the 
next RxC. Once in SYNC, the "high" input signal can 
be removed. When External SYNC Detect is pro
grammed, Internal SYNC Detect is disabled. 

BREAK (Async Mode Only) 

This output will go high whenever the receiver 
remains low through two consecutive stop bit se
quences (including the start bits, data bits, and 
parity bits). Break Detect may also be read as a 
Status bit. It is reset only upon a master chip Reset or 
Rx Data returning to a "one" state. 

\ 

\ 

\ 

ADDRESS BUS \ 
Ao 

CONTROL BUS, 

i70R I/O W RESET 
., 

(TTL) 

DATA BUS 

L :. 

8 

, 7-
C/D cs °7-°0 RD WR RESET ClK 

8251A 

Figure 6. 8251Alnterface to 8080 Standard, 
System Bus 

\ 

DETAILED OPERATION DESCRIPTION 

General 

The complete functional definition of the 8251A is 
programmed by the system's software. A set of con
trol words must be sent out by the CPU to initialize 
the 8251A to support the desired communications 
format. These control words will program the: BAUD 
RATE, CHARACTER LENGTH, NUMBER OF STOP 
BITS, SYNCHRONOUS ,or ASYNCHRONOUS OPER
ATION, EVEN/ODD/OFF PARITY, etc. In, the 
Synchronous Mode, options are also provided to 
select either internal or external character 
synchronization. 

Once programmed, the 8251A is ready to perform its 
communication functions. The TxRDY output is 
raised "high" to signal the CPU that the 8251A is 
ready to receive a data character from the CPU. This 
output (TxRDY) is reset automatically when the CPU 
writes a character into the 8251 A. On the other hand, 
the 8251A receives serial data from the MODEM or 
I/O device. Upon receiving an entire character, the 
RxRDYoutput is raised "high" to signal the CPU that 
the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the 
CPU data read operation. 

The 8251A cannot begin transmission until the Tx 
Enable (Transmitter Enable) bit is set in the Com
mand Instruction and it has received a ClearTo Send 
(CTS) input. The TxD output will be held in the mark
ing state upon Reset. 

9-170 

cic'", 1 

ciD = 1 

ciD = 1 

ciD = 0 

cic= 1 

cic = 0 

ciD= 1 

MODE INSTRUCTiON 

SYNC CHARACTER 1 

SYNC CHARACTER, 2 

COMMAND INSTRUCTION 

DATA 

COMMAND INSTRUCTION 

DATA 

COMMAND INSTRUCTION 

} 
SYNC MODE 

ONLY· 

* The second SYNC character I8Ik1pped n MODE InstnIctkm hal program
med the 8261A to single character lntemal SYNC Mode. Both SYNC 
characters are SkIpped It MODE lnstnIcUon has ProgrMImadthe 8251A 10 
ASYNC mode or External SYNC mode. 

Figure 7. Typical Data Block 
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Programming the 8251 A 

Prior to starting data transmission or reception, the 
8251A must be loaded with a set of control words 
generated by the CPU. These control signals define 
the complete functional definition of the 8251A and 
must immediately follow a Reset operation (internal 
or external). 

The control words are split into two formats: 

1. Mode Instruction 
2. Command Instruction 

Mode Instruction 

This instruction defines the general operational 
characteristics of the 8251A. It must follow a Reset 
operation (internal or external). Once the Mode In
struction has been written into the 8251A by the 
CPU, SYNC characters or Command Instructions 
may be written. 

Command Instruction 

This instruction defines a word that is used to control 
the actual operation of the 8251A. 

Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7). The Mode Instruction must 
be written immediately following a Reset 
operation, prior to using the 8251A for data 
communication. 

All control words written into the 8251A after the 
Mode Instruction will load the Command Instruc
tion. Command Instructions can be written into the 
8251 A at any time in the data block during the opera
tion of the 8251A. To return to the Mode Instruction 
format, the master Reset bit in the Command In
struction word can be set to initiate an internal Reset 
operation which automatically places the 8251A 
back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or 
Sync characters. 

Mode Instruction Definition 

The 8251A can be used for either Asynchronous or 
Synchronous data communication. To understand 
how the Mode Instruction defines the functional 
operation of the 8251 A, the designer can best view 
the device as two separate components, one 
Asynchronous and the other Synchronous, sharing 

9-171 

the same package. The format definition can be 
changed only after a master chip Reset. Forexplana
tion purposes the two formats will be isolated. 

NOTE: When parity is enabled it is not considered 
as one of the data bits for the purpose of program
ming the word length. The actual parity bit received 
on the Rx Data line cannot be read on the Data Bus. 
In the case of a programmed character length of less 
than 8 bits, the least significant Data Bus bits will 
hold the data; unused bits are "don't care" when 
writing data to the 8251A, and will be "zeros" when 
reading the data from the 8251A. 

Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 
8251A automatically adds a Start bit (low level) fol
lowed by the data bits (least significant bit first), and 
the programmed number of Stop bits to each char
acter. Also, an even or odd Parity bit is inserted prior 
to the Stop bit(s), as defined by the Mode Instruc
tion. The character is then transmitted as a serial 
data stream on the TxD output. The serial data is 
shifted out on the falling edge otTxC at a rate equal 
to 1,1/16, or 1/64 that of theTxC, as defined by the 
Mode Instruction. BREAK characters can be contin
uously sent to the TxD if commanded to do so. 

When no data characters have been loaded into the 
8251A theTxD output reamins "high" (marking) un
less a Break (continuously low) has been 
programmed. 

L-_____ ~~~!~~iLNtBloE = DISABLE 

'--______ ~~EE0~~RtT6 .?~~~RATION/CHECK 

(ONLY AFFECTS Tx; Rx 
NEVER REQUIRES MORE 
THAN ONE STOP BIT) 

Figure 8. Mode Instruction Format, 
Asynchronous Mode 
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Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this 
line triggers the beginning of a START bit. The 
validity of this STARTbitis checked by again strob
ing this bit at its nominal center (16X or 64X mode 
only). If a low is detected again, it is a valid START bit, 
and the bit counter will start counting. The bit coun
ter thus locates the center of the data bits, the parity 
bit (if it exists) and the stop bits. If parity error oc
curs, the parity error flag is set. Data and parity bits 
are sampled on the RxD pin with the rising edge of 
RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals 
the end of a character. Note that the receiver re
quires only one stop bit, regardless of the number of 
stop bits programmed.This character is then loaded 
into the parallel I/O buffer of the 8251 A. The RxRDY 
pin is raised to signal the CPU that a character is 
ready to be fetched. If a previous character has not 
been fetched by the CPU, the present character 
replaces it in the I/O buffer, and the OVERRUN Error 
flag is raised (thus the previous character is lost). All 
of the error flags can be reset by an Error Reset 
Instruction. The occurrence of any of these errors 
will not affect the operation of the 8251 A. 

GENERATED 
DO 01---- Ox BY 8251A 

DOES NOT APPEAR 

RECEIVER INPUT DO 01----0X ON THE DATA BUS 

ST6i:I 
BI~ L 

t t. t t 
RxD 1L.._ST..:.:'..:.~T---,G __ DA_r-;A. "I-'T_S ---'----'_-' 

, STb;! 
BrrS L -PROGRAMMED 

CHARACTER 
LENGTH 

TRANSMISSION FORMAT 

CPU BYTE (5-8 BITS/CHAR) 

I· DATA C~ARACTER ·1 
L... -----i,; ... ----'. 

ASSEMBLED SERIAL DATA OUTPUT (TxO) 

~~~_DA_T_A~CH~AR_~_T_ER_-,-~~~~~"~I=J 
RECEIVE FORMAT 

SERIAL DATA INPUT (AxO) 

SToD 
BITS 

1----'-----'-----1 
DATA CHARACTER 

CPU BYTE (5-8 BITS/CHAR)" 

;' DATA CHA~ACTER 

"NOTE: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 
BITS THE UNuseD BITS ARE SET TO "ZEAO". 

Figure 9. AsynchronoUs Mode 

Synchronous Mode (Transmission).· 

The TxD output is continuously high until the CPU 
sends its first character to the 8251Awhich usually is 
a SYNC character. When the CTS line goes low, the 
first character is serially transmitted out. All charac
ters are shifted out on the falling edge ofTxC. Data is 
shifted out at the same rate as the TxC. 

Once transmission has started, the data stream at 
the TxD output must continue at the TxC rate. If the 
CPU does not provide the 8251A with a data charac
ter before the 8251A Transmitter Buffers· become 
empty, the SYNC characters (or character if in single 
SYNC character mode) will be automatically in
serted in the TxD data stream. In this case, the 
TxEMPTY pin is raised high to signal that the 8251 A 
is empty and SYNC characters are. being sent out. 
TxEMPTY does not go low when the. SYNC is being 
shifted out (see figure below). The TxEMPTY pin is 
internally reset by a data Character being written 
into the 8251A. 
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AUTOMATICALLY INSERTED BY USART 

1\ .. ... 
TxO I DATA 1 DATA 1 SYNC 1 1 SYNC 21 DATA 1 - - - - - I 

TxEMPTV / ~\\\i~~i~~~~~'~:;UT::IJ~:~: 

-~" NOMINAL CENTER OF LAST BIT 

Synchronous Mode (R~ceive) 

In this mode, character synchronization can be inter
nally or externally achieved. If the SYNC mode has 
been programmed, ENTER HUNT command should 
be included in the first command instruction word 
written: Data on. the RxD pin is th~n sampled. on 
the rising edge of RxC. The content of the Rx buffer 
is compared at every bit boundary with .the first 
SYNC character until a match occurs. If the 8251A 
has been programmed for two SYNC characters, the 
subsequent received characte.r is also compared; 
when both SYNC characters have been detected, 
the USARTends the HUNT mode and is in character 
synchronization. The SYNDET pin is then set high, 
and is reset automatically by a STATUS READ. If 
parity is programmed, SYNDETwili nof be set until 
the middle of the parity bit instead of the middle of 
the last data bit. 

In the external SYNC mode, synchronization is 
achieved by applying a high level on the SYNDET 
pin, thus forcing the 8251A out of the HUNT mode. 
The high level can be removed after one RxC cycle. 
An ENTER HUNT command has no effect in the 
asynchronous mode of operation .. 

AFN-01573C 
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Parity error and overrun error are both checked in 
the same way as in the Asynchronous Rx mode. 
Parity is checked when not in Hunt, regardless of 
whether the Receiver is enabled or not. 

0, 0, 0 5 0, 0 3 0, 0, 0, 

scs I ESD I EP I PEN I L,I L, I a I a I 

I 
I 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
(1" ENABLE) 
W = DISABLE) 

EVEN PARITY GENERATION/CHECK 
,,, EVEN 
0= 000 

EXTERNAL SYNC DETECT 
, = SYNDET IS AN INPUT 
a = SY~DET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0= DOUBLE SYNC CHARACTER 

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 

Figure 10. Mode Instruction Format, 
Synchronous Mode 

The CPU can command the receiver to enter the 
HUNT mode if synchronization is lost. This will also 
set all the used character bits in the buffer to a 
"one," thus preventing a possible false SYNDET 
caused by data that happens to be in the Rx Bufferat 
ENTER HUNT time. Note that the SYNDET F/F is 
reset at each Status Read, regardless of whether 
internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync 
Detection is still functional, but only occurs 'at the 
"known" word boundaries. Thus, if one Status Read 
indicates SYNDET and a second Status Read also 
indicates SYNDET, then the programmed SYNDET 
characters have been received since the previous 
Status Read. (If double character sync has been 
programmed, then both sync characters have been 
contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal 
Sync Detect is disabled, and the SYNDET F/F may be 
set at any bit boundary. 
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RECEIVE FORMAT 

SYNC 
CHAR 1 

CPU BYTES (5·8 BITS/CHAR) 

DATA CHARACTERS 

ASSEMBLED SERIAL DATA OUTPUT (TxO) 

DATA CHA~j-AC_T_ER_S_--, 

SERIAL DATA INPUT (RxO) 

SYNC I 
CHAR 2 DATA CHA:RAj-C_TE_R_S_---' 

CPU BYTES (5·8 BITS/CHAR) 

DATA CH:~ACTERS 

Figure 11. Data Format, Synchronous Mode 

COMMAND INSTRUCTION DEFINITION 

Once the functional definition of the 8251A has been 
programmed by the Mode Instruction and the sync 
characters are loaded (if in Sync Mode) then the 
device is ready to be used for data communication. 
The Command Instruction controls the actual opera
tion of the selected format. Functions such as: 
Enable Transmit/Receive, Error Reset and Modem 
Controls are provided by the Command Instruction. 

Once the Mode Instruction has been written into the 
8251A and Sync characters inserted, if necessary, 
then aU further "control writes" (C/D = 1) will load a 
Command Instruction. A Reset Operation (internal 
or external) will return the 8251A to the Mode In
struction format. 

Note: Internal Reset on Power-up 

When power is first applied, the 8251A may come up 
in the Mode, Sync character or Command format. To 
guarantee that the device is in the Command In
struction format before the Reset command is is
sued, it is safest to execute the worst-case 
initialization sequence (sync mode with two sync 
characters). Loading three OOHs consecutively into 
the device with C/D = 1 configures sync operation 
and writes two dummy OOH sync characters. An In
ternal Reset command (40H) may then be issued to 
return the device to the "Idle" state. 

AFN~01573C 
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D, D6 D5 D, D3 D, D, DO 

I EH I IR I RTS I ER ISBRKI R,E I DTR IT'ENI 

Lr TRANSMIT ENABLE 

I 1 = enable 
o = disable 

LI DATA TERMINAL I READY 
"high" will force OTR 

output to zero 

J RECEIVE ENABLE 

J 
1 - enable lo dls<lhle 

I SEND BREAK 

I CHARACTER I' forces TxO "low" 
o = normal operation 

J ERROR RESET I I' = reset error flags 
PE, OE, FE 

_I REQUEST TO SE~p 

I I "high" will force RTS 
output to lera 

J INTERNAL RESET 

I "high" returns 8251A to I Mode Instruction Format 

I ENTER HUNT MODE' I I 1 = enable search for Sync 
Characters 

* IHAS NO EFFECT 
IN ASYNC MODEl 

Note: Error Reset must be performed whenever RxEnable 
and Enter Hunt are programmed. 

Figure 12. Command Instruction Format 

STATUS READ DEFINITION 

In data communication systems it is often necessary 
to examine the "status" of the active device to ascer
tain if errors have occurred or other conditions that 
require the processor's attention. The 8251A has 
facilities that allow the programmer to "read" the 
status of the device at any time during the func
tional operation. (Status update is inhibited during 
status read.) 

A normal "read" command is issued by the CPU with 
C/O = 1 to accomplish this function. 

Some of the bits in the Status Read Format have 
identical meanings to external output pins so that 
the 8251A can be used in a completely polled or 
interrupt-driven environment. TxRDY is an 
exception. 

Note that status update can have a maximum delay 
of 28 clock periods from the actual event affecting 
the status. 
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D, D6 D5 D, D3 D, D, Do 

II DSR I SYNDET/ I BAKDET FE 1 OE I PE I hEMPTyl R,RDY I T,RDY 

I I I ~ 

SAME DEFINITIONS AS 1/0 PINS 

PARITY ERROR 
The PE flag is set when a parity 
error IS detected. It is reset by 
the E R bit of the Co'mmand 
Instruction. PE does not inhibit 

operation of the 8251A 

OVERRUN ERROR 
The DE flag IS set when the CPU 
does not read a character belore 
the next one becomes available - It IS reset by the EA bit of the 

Command Instruction. DE does 
not inhibit operauon 01 the 8251A 
however, the preVIOusly overrun 
character IS lost. 

FRAMING ERROR lAsync onlyl 
The FE flag IS set when a valid 
Stop bit IS not detected at the 
end of every character It IS reset 
by the ER bit of the Command 
Instruction. FE does not IIlhlbll 
the operation of the 8251A 

DATA SET READY: Indicates 
that the DSR 15 at a lero level 

Note 1: TxRDY status bit has different meanings from the 
TxRDY output pin', The former is not conditioned 
by CTS and TxEN; the latter is conditioned by both 
CTS and TxEN. 

i.e. TxRDY status bit = DB Buffer Empty 

TxRDY pin out c DB Buffer Empty· ICTS- 01· 
ITxEN--11 

Figure 13. Status Read Format 

APPLICATIONS OF THE 8251A 

ADDRESS BUS I \ 
I I 

~II 
CONTROL BUS I 

I 

DATA BUS ~ 

UB~ 
I 

I 
I ,.----, I 

R,D IEiATOTTll~ 
T,D 

I CONVERT I-----t-
8251A L _ ~p.:: _ J ,-;;r}::~:l :.~) , 

FIxe Ll TxC I BAUD RATE I CRT I GENERATOR TERMINAL 

Figure 14. Asynchronous Serial Interface to CRT 
Terminal, DC-96DD Baud 
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L-____ r __ -_-_-_-_-_~~AD~D~R~E~~~~BU=S~--------------__ ~ 

R,D 1--------1 
T,D 1---------1 

8251A Rxe 

fXC 10------4 

SYNDET I--------l 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
DEVICE 

Figure 15. Synchronous Interface to Terminal or 
Peripheral Device 

\ ADDRESS BUS \ 
I 

l I 
CONTROL BUS 'l 

I 
\ DATA BUS \ 

~~~8~~ 
R,D I-
T,D f-----o r--

10-
PHONE 

55Ft ASYNC LINE I-
DfR P------- MODEM INTER· 

t---- FACE 
8251A ffi 10-

ATS p---

I Axe R BAUD 
T,(C 

RATE 
GENERATOR TELEPHONE 

LINE 

Figure 16. Asynchronous Interface to Telephone 
Lines 
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SYNC 
MODEM 

PHONE 
LINE 

INTER· 
FACE 

TELEPHONE 
LINE 

Figure 17. Synchronous Interface to Telephone 
Lines 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .......... O°C to TO°C 
Storage Temperature ................ -65°C to +150°C 
Voltage On Any Pin 

With Respect To Ground ............. -0.5V to + TV 
Power Dissipation ............................. 1 Watt 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = O°C to TO°C, Vee = 5.0V ±5%, GND = OV) 

Symbol Parameter Min. Max. 

Vil Input Low Voltage -0.5 0.8 

VIH Input High Voltage 2.0 Vee 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 2.4 

IOFL Output Float Leakage ±10 

III Input Leakage ±10 

Icc Power Supply Current 100 

CAPACITANCE (TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Max. 

CIN Input Capacitance 10 

Clio I/O Capacitance 20 

A.C. CHARACTERISTICS (TA = O°C to TO°C, Vee = 5.0V ±5%, GND = OV) 
Bus Parameters (Note 1) 
READ CYCLE 

Symbol Parameter Min. Max. 

tAR Address Stable Before READ (GS, G/D) 0 

tRA Address Hold Time for READ (CS, C/D) 0 

tRR READ Pulse Width 250 

tRD Data Delay from READ 200 

tDF READ to Data Floating 10 100 

WRITE CYCLE 

Symbol Parameter Min. Max. 

tAW Address Stable Before WRITE 0 

tWA Address Hold Time for WRITE 0 

tww WRITE Pulse Width 250 

tow Data Set-Up Time for WRITE 150 

two Data Hold Time for WRITE 20 

tRY Recovery Time Between WRITES 6 

9-176 

Unit Test Conditions 

V 

V 

V IOl = 2.2 mA 

V IOl = -400 JJ.A 

JJ.A VOUT = Vee TO 0.45V 

JJ.A VIN = Vee TO 0.45V 

mA All Outputs = High 

Unit Test Conditions 

pF fc = 1MHz 

pF Unmeasured pins returned 
to GND 

Unit Test Conditions 

ns Note 2 

ns Note 2 

ns 

ns 3,Cl =150pF 

ns 

Unit Test Condtions 

ns 

ns 

ns 

ns 

ns 

tCY Note 4 
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A.C. CHARACTERISTICS (Continued) 

OTHER TIMINGS 

Symbol Parameter 

tCY Clock Period 

t.o' Clock High Pulse Width 

tE Clock Low Pulse Width 

tR. tF Clock Rise and Fall Time 

tOTx TxD Delay from Falling Edge of TxC 

fTx Transmitter Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Baud Rate 

tTPW Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 

tTPO Transmitter'lnput Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 

fRx Receiver Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Baud Rate 

tRPW Receiver Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 

tRPO Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 

tTxROY TxRDY Pin Delay from Center of Last Bit 

tTxROY CLEAR TxRDY t from Leading Edge ofWR 

tRxROY RxRDY Pin Delay from Center of Last Bit 

tRxROY CLEAR RxRDY t from Leading Edge of RD 

tiS Internal SYNDET Delay from Rising 
Edge of RxC 

tES External SyNDET Set-Up Time After 
Rising Edge of RxC 

tTxEMPTY TxEMPTY Delay from Center of Last Bit 

twc Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 

tCR Control to READ Set-Up Time '(DSR, CTS) 

9-177 

Min. 

320 

120 

90 

DC 
DC 
DC 

12 
1 

15 
3 

DC 
DC 
DC 

12 
1 

15 
3 

18 

20 

8 

20 

Max. Unit Test Conditions 

1350 ns Notes 5,6 

tCy-90 ns 

ns 

20 ns 

1 /-,S 

64 kHz 
310 kHz 
615 kHz 

tCY 
tCY 

tCY 
ICY 

64 kHz 
310 kHz 
615 kHz 

tCY 
tCY 

tCY 
tCY 

8 tCY Note 7 

400 ns Note 7 

26 tCY Note 7 

400 ns Note 7 

26 tCY Note 7 

tCY Note 7 

tCY Note 7 

tCY Note 7 

tCY Note 7 
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A.C. CHARACTERISTICS (Continued) 
NOTES: 
1. AC timings measured VOH = 2.0 VOL = 2.0, VOL = 0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/O) are considered as Addresses. 
3. Assumes that Address is valid before RD~. 
4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between 

Writes for Asynchronous Mode.is 8 tCY and for Synchronous Mode is 16 tCY· 
5. The TxC and RxC frequencies have the following limitations with respect to ClK: For 1 x Baud Rate, fTx or fRx <> 1/(30 

tCY): 
For 16x and 64x Baud Rate, fTx or fRx <>1/(4.5 tCY). 

6. Reset Pulse Width = 6 tCY minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

TYPICAL Ll OUTPUT DELAYVS. Ll CAPACITANCE (pF) 

g 
> 

~ 
0 
>-

'" >-

" 0 
-1 

+20 

+10 

·10 

·20 
-100 

V 
/ "SPEC. 

/ 

/ 
·50 +50 

..l CAPACITANCE (pF) 

L 

+100 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING lOAD CIRCUIT 

INPUT/OUTPUT 

u=x x= 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A.C, TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ''1'" AND QASY FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.QY FOR A LOGIC "1 
AND Q.BY FOR A LOGIC "0 '" 

CL =150pF 
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WAVEFORMS 

SYSTEM CLOCK INPUT 

CLOCK ¢ 

TRANSMITTER CLOCK AND DATA 

TlCe !1xMODE) 

T'ii"C (16ICMODE) 

Tx DATA 

RECEIVER CLOCK AND DATA 

(Ax BAUD COUNTER STARTS HERE) 

Rx DATA 

Rxe (h MODE) 

Rxe (16 MODE) 

INT SAMPLING 
PULSE 

WRITE DATA CYCLE (CPU -7 USART) 

TxRDY 

W. 

DATA IN (D.B.) 

C/O 

OS 

READ DATA CYCLE (CPU ~ USART) 

I 

DON'T CARE 

R,RDY ____ ~I 

8251A 

\L 
l~tTxADYClEAR ,ww'"!l 

1--+~:j'WO 
DON'T CARE 

DATA STABLE 

~ ~ 
~ w;;y 

'i~ _____ _ 
I H tR~=~V CLEAR! 

Ad -----------,r itf'---
---lI I-'RO - r'OF 

DATA OUT (O.B.) ___ -"O~AT!'A~F~L~D~AT!.._ __ _+-{~~~~~t~D~A!!TA~FL"'D~A~T 

em ________ ~~~------~-L----
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WAVEFORMS (Continued) 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU ~ USART) 

(~E~ _____________ ~==-=x~------

Wi ------_____ cl-"'-c-::-.j----
j_l tDW -::I two 

READ CONTROL OR INPUT PORT (CPU ~ USART) 

DSR,CTS ----~Vr----------------

(NOTE'" ----~"'r--------,-;-----------
___ I-_"'_R -----{.Ji-I- IRR -11,r----

Ad ~~---JI 
--'l'I I-'RD - 1- IDF 

DATA OUT -----------f~========~:}~---(O.S.) 

-l'AR I-- ~ IRA r---
CID ________________ --' L--
____ ~ 'AR I--- - IRA I-

Os ~L ________ ~y------

NOTE #1: TWC INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE, 

NOTE #2: TCR INCLUDES THE EFFECT OF eTS ON 'THE TxENBL CIRCUITRY, 

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 

tTxEMPTY 

Tx EMPTY --------<i1'-________ --+ _____ -4 

Tx R~~~~ ___ j!! 

Clo 
WrSBRK 

TxDATA ------~\L(COOJO~\Lxr(COO~\ixxxrooGf-----~LIuq~~l--
DATA CHAR 3 DATA CHAR 1 DATA CHAR 2 

EXAMPLE fORMAT = 7 81T CHARACTER WITH PARITY & 2 STOP BITS. 
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WAVEFORMS (Continued) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 

"'"'"'""'-----------i-ii--t---
ISTATUSBITI ----------0 _;cl---='"'-;:"'::::,----~~I'----t----+--+----------jr-----
----~~r--n=~-~~~r_1_----t---

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 

Tx READY 
ISTATUSelTl 

hREADY 
WINI 

----.. 
t. 

I" 

f--1'1 
-~~: 

r1I ~ 
I 
I 

,... 
~ 

.,L 
,... 

Wr DATA 
CHAR 3 CHAR 4 

~ DATA SYN~ CH~~~~ CDH~TRA~ MARKING STATE CHAR 1 CHAR 2 CHAR 1 SYNC CHAR 2 

" 3. 0" ,. 01,] • , , , ,. . , , ,. 
, .. ". ... '"" ". 

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 

SYIIJD~ T 
IPININOH 1 

11$ __ 
~ 

0'" • 
". 

'----------< 

tl 
W, COMMAND 

SBRK 

WrcOMMAJri 
II 

I"h DATA 
SSAK CHAR 5 

M'~~ DATA SYNC 
STATE STATE STATE CHAR5 CHAR UC 

'-JJ . , " . 0" ,. , , ... ... 

t~OH~ 
tES ___ r--
tL- t--

IL--

'~ r----

CD 

Rd 

R~ CLOCK 

---.J ~:i~H 
(tL, 

Ad DATA 
CHAR 1 

---v 

~ DON T SYNC SYNC DATA 
CARE CHAR 1 CHAR 2 CHAR 1 CHAR 2 .. . ••• 0"":: 0,,]. ~ 0 , , , • ~ 0 , , 3 ... 

TT I I I ITTT 1-IlrJ,~~;,u,T 
JlJlfUlJ 

INTERNAL SYNC. 2 SYNC CHARACTERS, S BITS, WITH PARITY 
EXTERNAL SYNC. S SITS. WITH PARITY 

DATA 
CHAR 3 

0'" • 
II I I 

Jr{t 
Ir t-

-- - r-
Ad STATUS r-RdSTATUS "-

W'IEHO Rd DATA 
CHAR 3 CHAR 1 

~ ~ '\.1 DATA \.... 

,'--:--
DATA 

CHAR 1 DON'T CARE CHAR 1 CHAR 2 m 

.. 0 \ 1,. ,,0" 3' .. x., •••• .01" • ... ")' .. 

J1J1 
EXIT HUNT MODE I 

SET SVN DET {STATUS BITI '"'"'~. 
rtf BEGINS 
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8256 

MULTIFUNCTION UNIVERSAL 
ASYNCHRONOUS RECEIVER-TRANSMITTER (MUART) 

• Programmable Serial Asynchronous 
Communications Interface for 5·, 6·, 7·, 
or 8·Bit Characters, 1, 1112, or 2 Stop 
Bits, and Parity Generation 

• On· Board Baud Rate Generator 
Programmable for 13 Common Baud 
Rates up to 19.2K Bits/second, or an 
External Baud Clock Maximum of 1 M 
Bit/second 

• Five 8·Bit Programmable Timer/ 
Counters; F.our Can Be Cascaded to 
Two 16·Bit Timer/Counters 

• Two 8·Bit Programmable Parallel I/O 
Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 

• Eight·Level Priority Interrupt Controller 
Programmable for 8085 or iAPX 86, 
iAPX 88 Systems and for Fully Nested 
Interrupt Capability 

• Programmable System Clock to 1 x , 
2 x , 3 x , or 5 x 1.024 MHz 

The Intel® 8256 Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com
monly used functions into a single 40-pin device. It is designed to interface to the 8048, 8085A, iAPX 86, and 
iAPX 88 to perform serial communications, parallel I/O, timing, event counting, and priority interrupt func
tions. All of these functions are fully programmable through nine internal registers. In addition, the five 
timer/counters and two parallel I/O ports can be accessed directly by the microprocessor. 

ADO-AD4 

DB5-DB7 

cs--r--....., 
iiD 
WIi 
ALE 

RESET 

INTA 
INT 

Figure 1. MUART Block Diagram 

ClK 

..... .....l.-"1---_RxD 
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TxD 

RxC 
TiC 
CTS 

INT 15 

EXTINT 

TxD 

'fiiC 
21 CTS L...-__ -.l 

Figure 2. MUART Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function Symbol Pin No. Type Name and Function 

ADO-AD4 1-5 110 AddresS/Dala: Three-State Address/Data Vee 40 PS Power: +5V POWER supply. 
DBS-DB7 6-8 lines which interface with the CPU lower 

8·bit address/data bus. The 5-bit address 
is latched on the falling edge of ALE. In 
8048 and 8085 mode, ADO-AD3 are used 
to select the proper register, while AD1-
AD4 are used In 808(j and 8088 mode. 
The 8-blt bidirectional data bus Is either 
written Into or read from the chip 
depending on the latched as and RD or 
WR. 

P17-Pl0 32-39 110 Parallel 110 Port 1: Each pin can be pro· 
grammed as an input or an output to 
perform general purpose 110 functions 
for the CPU under software control. In 
addition to general 110, 1/0 Port 1 can be 
programmed to a variety of special 
functions for handshake control, 
counter Inputs, and special com-
munications functions. 

ALE 9 I Addre.s Latch Enable: Latches the 5 
address lines on ADO-AD4 and ~ on 
the failing edge. 

P27-P20 24-31 1/0 Parallel 110 Port 2: Each nibble (4 bits) 
of this port can be either an Input or an 
output. Also, this port can be used as a 
bidirectional B-blt port using handshake 

RD 10 I Read Control: When this signal is low, lines In Port 1. 
the previously selected register is 
enabled onto the data bus. 

TxD 23 0 Transmit Dala: This output carries the 
serial data to the terminal or modem 

WR 11 I Wrtte Control: When this signal Is low, from the MUART. 
the value on the data bus is placed Into 
the previously selected register. 

TxC 22 1/0 Transmit Clock: If the baud rate Is 0, 
this input clocks data out of the trans· 

RESET 12 I Pulse provided by the CPU to initialize mitter on the failing edge. If a baud rate 
the system. The MUART remains "Idle" of 1 or 2 is selected, this input permits 
until.it is reprogrammed by the CPU. the user to provide a 32 X or 64 X clock 

CS 13 I Chip Select: A low on this signal 
enables the MUART. It is latched with 
the address on the failing edge of ALE, 
and RD and WR have no effect unless 
~ was latched low during the ALE 
cycle. 

which Is used for the receiver and trans· 
mitter. If the baud rate Is 3-0Ft6, the 
Internal transmitter clock Is output. If 
1"" stop bits are selected and 
characters are continuously transmit-
ted, the Internal baud rate generator will 
be reset at the end of the stop bits and 

INTA 14 I Interrupt Acknowledge: If the MUART the clock will have a small positive 
has been enabled to respond to inter· spike Instead of a half clock. A hlgh·to· 
rupts, it puts an RST on the bus for the low transition occurs at the beginning of 
8085 or a vector for the 808(j. The bit In each bit and a low·ta-high transition at 
the interrupt register is reset when the the center of each bit. 
interrupt Is placed onto the bus. 

CTS 21 I Clear to Sand: This Input enables the 
INT 15 0 Interrupt: A high signals the CPU that serial transmitter. If CTS is low, any 

the MUART needs service. character In the transmitter buffer will 

EXTINT 16 I External Interrupt: A high on this pin 
signals that an external device requests 
service. EXTINT must be held high until 
INTA or read interrupt occurs. 

ClK 17 I System Clock: This Input provides an 

be sent. A single negative-going pulse 
causes the transmission of a single 
previously loaded character out of the 
transmitter buffer. If this pulse occurs 
when the buffer Is empty or during the 
transmission of a character up to 0.5 of 

accurate timing source for the MUART. 
It must be IX, 2x, 3x, or 5x 
1.024MHz and Is used by the baud rate 

the first stop bit, it will be ignored. If a 
baud rate from 1-0Ft6 is selected, CTS 
must be low for at least 1/32 of a bit, or it 

generator and real time clocks. will be ignored. 

RxC 18 1/0 Recel.e Clock: If baud rate 0 is 
selected, this input clocks bits into RxD 
on the rising edge. If a baud rate from 
1-0Fts Is selected, this output will 
provide a rising edge at the center of 
each received data bit. This output 
remains high during start, stop, and 
parity bits. 

RxD 19 I Recel.e Data: Serial data input from the 
modem or terminal to the MUART. 

GND 20 PS Ground: Power supply and logic ground 
reference. 

9-183 AFN·Ot498B 



FUNCTIONAL DESCRIPTION 
The 8256 Multi·Function Universal Asynchronous 
Receiver·Transmitter (MUART) combines five commonly 
used functions onto a single 40·pin device. The MUART 
performs asynchronous serial communications, parallel 
110, timing, event counting, and interrupt control. 

Serial Communications 
The serial communications portion of the MUART 
contains a full·duplex asynchronous receiver· 
transmitter (UART). A programmable baud rate genera· 
tor is included on the MUART to permit a variety of 
operating speeds without external components. The 
UART can be programmed by the CPU for a variety of 
character sizes, parity generation and detection, error 
detection, and start/stop bit handling. The receiver 
checks the start and stop bits in the center of the bit, 
and a break halts the reception of data. The transmitter 
can send breaks and can be controlled by an external 
enable pin. 

Parallel 110 
The MUART includes 16 bits of general purpose parallel 
I/O. Eight bits (Port 1) can be individually changed from 
input to output or used for special 110 functions. The 
other eight bits (Port 2) can be used as nibbles (4 bits) or 
as bytes. These eight bits also include a handshaking 
capability using two pins on Port 1. 

Counter/Timers 
There are five 8·bit counter/timers on the MUART. The 
timers can be programmed to use either a 1 kHz or 
16 kHz clock generated from the system clock. Four of 
the 8·bit counter/timers can be cascaded to two 16·bit 
counter/timers, and one of the 8·bit counter/timers can 
be resetto its initial value by an external signal. 

Interrupts 
An eight·level priority interrupt controller can be 
configured for fully nested or normal interrupt priority. 
Seven of the eighl interrupts service functions on the 
MUART (counteritimers, UART), and one external inter· 
rupt is provided which can be used for a particular 
function or for chaining interrupt controllers or more 
MUARTs. The MUART will support 8085 and 8086/88 
systems with direct interrupt vectoring, or the MUART 
can be polled to determi ne the cause of the interrupt. 

8256 

Command Register 1 

11 LO I S1 I so I SRKII SITIISOS61 FRO I 
(OR) (OW) 

FRQ - Timer Frequency Select 

This bit selects between two frequencies for the five 
timers. If FRO = 0, the timer input frequency is 16 kHz 
(62.5,",s). If FRO = 1, the timer input frequency is 1 kHz 
(1 ms). The selected clock frequency is shared by all the 
counter/timers enabled for timing; thus, all timers must 
run with the same time base. 

8086 - 8086 Mode Enable 

This bit selects between 8048/8085 mode and 8086/8088 
mode. In 8085 mode (8086 = 0), AO to A3 are used to 
address the internal registers, and an RST instruction is 
generated in response to the first INTA. In 8086 mode 
(8086= 1), A1 to A4 are used to address the internal 
registers, and AO is used as an extra chip select (AO 
must equal zero to be enabled). The response to INTA is 
for 8086 interrupts where the first fNTA is ignored, and 
an interrupt vector (4016 to 4716) is placed on the bus in 
response to the second INTA. 

BITI - Interrupt on Bit Change 

This bit disables the Timer 2 interrupt and enables an 
interrupt when a low·to·high transition occurs on pin 7 
of Port 1 (pin 32). 

BRKI - Break·in Detect Enable 

This bit enables ItTe break·in detect feature. A break·in is 
detected when pin 6 of Port 1 (pin 33) is low during the 
first stop bit of a transmitted character. This could be 
used to detect a break·in condition by connecting the 
serial transmission line to pin 33. A break·in detect is 
OR·ed with break detect in bit 3 of the Status Register. If 
RxC and TxC are used for the serial bit rates, break·in 
cannot be detected. 

SO, S1 - Stop Bit Length 

Sl so Stop Bit Length 

0 0 1 
0 1 1.5 

0 2 
0.75 

If 0.75 stop bits is selected, CTS becomes edge 
sensitive rather than level sensitive. A high·to·low tran· 
sition of CTS immediately initiates the transmission of 
the next character. A high·lo·low transition .will be 
ignored if the transmit buffer is empty, or if 'it occurs 
before 0.75 of the first stop bit. It will shorten the stop 
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Table 2. MUART Registers 

Read Registers Write Registers 
8085 Mode: AD3 AD2 AD1 ADO 
8088 Mode: AD4 AD3 AD2 AD1 

L11 LO I S1 I SO I BRKII BITI 180861 FRO I 0 o 0 0 I L1 I LO I S1 I SO I BRKII BITII80861 FROI 
Command 1 Command 1 

I PENI EP I C1 I col B31 B2 I B1 I BO I 0 o 0 I PENI EP I C1 I CO I B31 B2 I B1 I BO I 
Command 2 Command 2 

o I RxE I IAE I NIE I 0 ISBR~TBRKI 0 I 0 0 0 I SET I RxE I IAE! NIE ! END !SBR~TBR~ RST I 
Command 3 Command 3 

I T3sl T241 TSC I CT31 CT21 P2C21 P2C11 P2coI 0 0 I T3S1 T241 TSC I CT31 CT21 P2C21 P2C1! P2CO! 
Mode Mode 

! P171 P16! P1S! P14! P13! P12 ! P11 ! P10! 0 0 O! P171 P161 P1s1 P14! P13 ! P12 ! P11 ! P10! 
Port 1 Control Port 1 Control 

L7 I L6 I LSI L4 I L31 L2 I L1 I LO I 0 o 1 I L7 I L6 I LS I L4 I L3 I L2 I L1 I LO I 
Interrupt Eneble Set Interrupts 

07 1 06 1 os I 04 I D3 I 02 I 01 I DO I 0 0 I L7 I L6 I LS I L41L31L21 L1 I LO I 
Interrupt Address Reset Interrupts 

I 07 ! 06 I OS I 04 I 03 I 02 I 01 I DO ·1 0 1 I 07 I D6 I OS I 04 I 03 I 02 I 01 I DO I 
Receiver Buffer Transmitter Buffer 

I 07 I 06 1 os I 04 I 03 I 02 I D1 I DO I 1 o 0 0 I 07 I D6 I OS I 04 I 03 I 02 I 01 I DO I 
Port 1 Port 1 

I 07 I D6 I OS I 04 I 03 I 02 I 01 I DO I 1 o 0 1! 07 ! 06 I OS I 04 I 03 I 02 I 01 I DO I 
Port 2 Port 2 

107 I 06 1 OS I D4 I 03 I 02 I 01 I DO I 1 o 0 I 07 I 06 I OS I 04 I 03 I 02 I 01 I DO I 
Timer 1 Timer 1 

I 07 I 06 I OS I 04 I 03 I 02 I 01 I DO I 1 o I 07 I D6 I OS ! 04 I 03 I 02 I 01 I DO I 
Timer 2 Timer 2 

I 07 ! D6 I OS I 04 I 03 I 02 I 01 I DO I 1 o 0 I 07 I 06 I OS I ~ I 03 I 02 I 01 I DO I 
Timer 3 Timer 3 

I 07 I D6 I OS I 04 I 03 I 02 I 01 I DO I 1 o I 07 I D6 I OS I ~ I 03 I 02 I 01 I DO ! 
Timer 4 Timer 4 

ImlD6I00I~ID3I~I~ IDOl 1 o I 07 I D6 I OS I 04 I 03 I 02 I 01 I DO I 
TimerS TimerS 

liNT I RBF ! TBE I TRE I BO ! PE I OE I FE I 1 1 I 0 I RS4! RS3 I RS2 ! RS1 I RSO ITME I OSC I 
Status Modification 
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bit if it occurs after 3A of the stop bit has been sent. If 
CTS is high or low or a low·to-high transition occurs, the 
transmitter remains idle. 

LO, L 1 - Character Length 

L 1 LO Character Length 
o 0 8 
o 1 

o 

Command Register 2 

7 
6 
5 

I PEN I EP I C1 I co I B3 I B2 I B1 
(1R) (1W) 

BO, B1, B2, B3 - Baud Rate Select 

BO I 

B3 B2 B1 BO Baud Rate sampling Rate 
0 0 0 0 TxC, RxC 1 
0 0 0 1 TxC/64 64 
0 0 0 TxC/32 32 
0 0 19200 32 
0 0 0 9600 64 
0 0 1 4800 64 
0 1 0 2400 64 
0 1 1 1 1200 64 

0 0 0 600 64 
0 0 1 ,300 64 
0 0 200 64 
0 1 1 150 64 

0 0 110 64 
0 1 100 64 

0 75 64 
50 64 

If the baud rate is 0, then both the transmitter and 
receiver operate from separate external clocks. If the 
baud rate is 1 or 2, then both the transmitter and receiver 
divide the TxC by 64 or 32, respectively. 

CO, C1 - System Clock Divider 

C1 CO Divider Ratio System Clock Fraquency 
0 0 5 5.120MHz 
0 1 3 3.072 MHz 

0 2 2.048 MHz 
1.024 MHz 

,EP - Even Parity 

If parity is enabled, then even parity is enabled by a 1 
and odd parity is enabled by a O. 

PEN - Parity Enable 

This enables parity detection and generation. The type 
of parity is determined by the EP bit. 
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Command Register 3 

I SET I RxE IIAE I NIE I ENDlsBR~TBRKI RST I 
(2R) (2W) 

Command Register 3 is different from the first two 
registers because it has a bit set/reset capability. 
Writing a byte with bit 7 high sets any bits which were 
also high. Writing a byte with bit 7 low resets any bits 
which were high. If any bit 0-6 Is low, no change occurs 
to that bit. When Command Register 3 is read; bits 0, 3, 
and 7 will always be zero. 

RST - Reset 

If RST is set, the following events occur: 

1. All bits in the Status Register except bits 4 and 5 are 
cleared, and bits 4 and 5 are set. 

2. The Interrupt Enable, Interrupt Request, and Interrupt 
Service Registers are cleared. 

3. The receiver and transmitter are reset. The transmit
ter goes idle (TxD is high), and the receiver enters 
start bit search mode. 

4. If Port 2 is programmed for handshake mode, IBF and 
OBF are reset high. 

RST does not alter ports, data registers or command 
registers, but it halts any operation in progress. RST is 
automatically cleared. 

TBRK - Transmit Break 

This causes the transmitter data to be set low, and it 
stays low until TBRK is cleared. As long as break is 
active, data transfer from the Transmitter Buffer to the 
Transmitter Register will be inhibited. 

SBRK - Single Character Break 

This causes the transmitter data to be set low for one 
character including start bit, data bits, parity bit, and 
stop bits. SBRK is automatically cleared when time for 
the last data bit has passed. It will start after the 
character in progress completes and will delay the next 
data transfer from the Transmitter Buffer to the Trans
mitter Register until TxD returns to an idle (marking) 
state. If both TBRK and SBRK are set, break will be sent 
as long as TBRK is set, but SBRK will be cleared after 
one character time of break. If SBRK is set again, It 
remains set for another character. The user can send a 
definite number of break characters in this manner by 
clearing TBRK after setting SBRK for the last character 
time. 

END - End 01 Interrupt 

If fully nested interrupt mode is selected, this bit resets 
the currently served Interrupt level in the Interrupt 
Service Register. This command must occur at the end 
of each interrupt service routine during fully nested 
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interrupt mode. END is automatically cleared when the 
Interrupt Service Register (Internal) is cleared. See the 
NIE description for more Information on nested 
interrupt servicing. END is ignored if nested interrupts 
are not enabled. 

NIE - Nested Interrupt Enable 

This bit enables fully nested interrupts. In this mode, 
the service routine for a lower priority interrupt can be 
interrupted by a request from a higher priority task. 

In fully nested interrupt mode, iNTA or reading the Inter
rupt Address Register resets the highest priority inter
rupt bit in the Interrupt Register (Internal), sets the cor
responding bit in the Interrupt Service Register 
(internal), and resets INT. If an interrupt of higher 
priority than the currently served interrupt is requested 
or the END bit is set while another interrupt request is 
pending, the INT line will go high again. If an interrupt 
service routine is interrupted by an interrupt of higher 
priority, two or more bits in the Interrupt Service 
Register will be set. 

If NIE is low, interrupt priority is used only when two 
interrupts occur at the same time. INT will be high as 
long as the CPU has not responded to all the interrupts 
in the Interrupt Register. 

IAE - Interrupt Acknowledge Eneble 

This bit enables an automatic response to INTA. The 
particular response is determined by the 8086 bit in 
Command Register 1. 

RxE - Receiver Enable 

This bit enables the serial receiver. The Receiver Buffer 
and all receiver status information will be disabled 
except for the break detect status. 

SET - Bit Set/Reset 

If this bit is high during a write to Command Register 3, 
then any bit marked by a high will be set. If this bit is 
iow, then any bit marked by a high will be cleared. 

Mode Register 

I T3S1 T241 TSC I CT31 CT21p2C21p2C11p2coi 
(3R) (3W) 

P2C2, P2C1, P2CO - Port 2 Control 

Direction 
P2C2 P2C1 P2CO Mode Upper Lower 

0 0 0 nibble Input input 
0 0 1 nibble Input output 
0 0 nibble output input 
0 1 nibble output output 

0 0 byte handshake input 
0 byte handshake output 

0 DO NOT USE 

test 
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If test mode is selected and BRG of Port 1 Control 
Register is set, then the output from the internal baud 
rate generator is placed on pin 4 of Port 1 (pin 35). 

CT2, CT3 - Counter/Timer Mode 

If CT2 or CT3 are high, then counter/timer 2 or 3 respec
tively is configured as an event counter on pin 2 or 3 
respectively of Port 1 (pins 37 or 36). The event counter 
decrements the count by one on each low-ta-high tran
sition of the external input. If CT2 or CT3 is low, then the 
respective counter/timer is configured as a timer and 
the Port 1 pins are used for parallel I/O. 

TSC - Timer S Control 

If T5C is set, then Timer 5 can be preset and started by 
an external signal. Writing to the Timer 5 Register loads 
the Timer 5 Save Register and stops the timer. A high-to
low transition on pin 5 of Port 1 (pin 34) loads the timer 
with the saved value and starts the timer. The next high
to-low transition on pin 5 retriggers the timer by 
reloading it with the initial value and continues timing_ 

When the timer reaches zero it issues an interrupt 
request, disabies its interrupt level and continues 
counting. A subsequent high-to-Iow transition on pin 5 
resets Timer 5 to its initial value_ For another timer 
interrupt, the Timer 5 interrupt enable bit must be set 
again. 

T3S, T24 - Cascade Timers 

These two bits cascade Timers 3 and 5 or 2 and 4. 
Timers 2 and 3 are the lower bytes, while Timers 4 and 5 
are the upper bytes. If T5C Is set, then both Timers 3 and 
5 can be preset and started by an external pulse. When a 
high-to-Iow transition occurs, Timer 5 is preset to its 
saved value, but Timer 3 is always preset to all ones. If 
either CT2 or CT3 Is set, then the corresponding timer 
pair is a 16-bit event counter. 

Port 1 Control Register 

1~71~61~sl~41~31~21~11~ol 
(4R) (4W) 

Each bit in the Port 1 Control Register configures the 
direction of the corresponding pin. If the bit is high, the 
pin is an output, and if it is low the pin Is an input. Every 
Port 1 pin has another function which is controlled by 
other registers. If that special function is disabled, the 
pin functions as a general I/O pin as specified by this 
register. The special functions for each pin are des
cribed below. 

Port 10, 11 - Handshake Control 

If byte handshake control is enabled for Port 2 by the 
Mode Register, then Port 10 is programmed as STB/ACK 
handshake control input and Port 11 is programmed as 
IBF/O'BF handshake control output. 

If byte handshake mode is enabled for output on Port 2, 
OID= indicates that a character has been loaded Into the 
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Port 2 output buffer. When an external device reads the 
data, it acknowledges this operation by driving ACK low. 
OBF is set low by writing to Port 2 and is reset high by 
ACK. 

If byte handshake mode is enabled for input on Port 2, 
STB is an input to the MUART to latch the data into Port 
2. After the data is latched, IBF is driven 10w.IBF is reset 
high when Port 2 is read. 

Port 12, 13 - Counter 2, 3 Input 

If Timer 2 or Timer 3 is programmed as an event counter 
by the mode register, then Port 12 or 13 is the counter 
input for Event Counter 2 or 3, respectively. 

Port 14 - Baud Rate Generator Output Clock 

If test mode is enabled by the Mode Register and 
Command Register 2 baud rate select is greater than 2, 
then Port 14 is an output from the internal baud rate 
generator. 

Port 15 - Timer 5 Trigger 

If T5C is set in the Mode Register enabling are· 
triggerable timer, then Port 15 is the input which starts 
and reloads Timer 5. 

Port 16 - Break·in Detect 

If break·in detect is enabled by BRKI in Command 
Register 1, then this input is used to sense a break·in. If 
Port 16 is low while the serial transmitter is sending the 
last stop bit, then a break·in condition is signaled. 

Port 17 - Port Interrupt Source 

If BITI in Command Register 1 is set, then a low-to·high 
transition on Port 17 generates an interrupt request on 
priority level 1. 

Receiver and Transmitter Buffer 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 00 
(7R) (7W) 

Both the transmitter and the receiver in the MUART are 
fully double buffered. The Receiver Buffer full flag is 
cleared when the character is read. If the character is 
not read before the next character's first stop bit, then 
an overrun error is generated. Bytes written to the 
Transmitter Buffer are held until the Transmitter 
Register (internal) is empty. If the Transmitter Register 
is empty,the byte is transferred immediately and the 
Transmitter Buffer empty flag is set. If a serial character 
length is less than 8 bits, then the unused most signifi
cant bits are set to zero on a read and are ignored on a 
Write: 

Port 1 

I 07 I 06 I 05 04 03 02 I 01 00 
(8R) (8W) 

Writing to Port 1 sets the data in the Port 1 output latch. 
Writing to an input pin does not affect the pin, but the 
data is stored and will be output if the direction of the 
pin is changed later. If the pin is used as a control 
signal, the pin will not be affected, but the data is 
stored. Reading Port 1 transfers the data in Port 1 onto 
the data bus. Reading an output pin or a control pin puts 
the data in the output latch (not the control signal) onto 
the data bus. 

Interrupt Enable Register 

L7 I L6 I L5 I L4 
(5R) 

L31L2 L1 LO 
(5W - enable, 
6W = disable) 

Interrupts are enabled by writing to the Set Interrupts 
Register (5W). Interrupts are disabled by writing to the 
Reset Interrupts Register (6W). Each bit set by the Set 
Interrupts Register (5W) will enable that level interrupt, 
and each bit set in the Reset Interrupts Register (6W) 
will disable that level interrupt. The user can determine 
which interrupts are enabled by reading the Interrupt 
Enable Register (5R). 

Priority Source 
Highest LO Timer 1 

L1 Timer 2 or Port Interrupt 
L2 External Interrupt (EXTINT) 
L3 Timer 3 or Timers 3 & 5 
L4 Receiver Interrupt 
L5 Transmitter Interrupt 
L6 Timer 4 or Timers 2 & 4 

Lowest L7 Timer 5 or 
Port 2 Handshaking 

Port 2 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 00 
(9R) (9W) 

Writing to Port 2 sets the data in the Port 2 output latch. 
Writing to an input pin does not affect the pin, but it 
does store the data in the latch. Reading Port 2 puts the 
input pins onto the bus or the contents of the output 
latch for output pins. 

9-188 AFN-01498B 



intJ 

Timer 1-5 

10710610510410310210110D 
(DA18-DE18 R) (DA18-DE18 W) 

Reading Timer N puts the contents of the timer onto the 
data bus. If the counter changes while AD Is low, the 
value on the data bus will not change. If two timers are 
cascaded, reading the high order byte will cause the low 
order byte to be latched. Reading the low order byte will 
unlatch them both. Writing to either timer or de
cascading them also clears the latch condition. Writing 
to a timer sets the starting value of that timer. If two 
timers are cascaded, writing to the high order byte 
presets the low order byte to all ones. Loading only the 
high order byte with a value of X leads to a count of 
X· 256 + 255. Timers count down continuously. If the 
interrupt is enabled, it occurs when the counter changes 
from 1 to O. When the interrupt is set in the Interrupt 
Register, interrupts are disabled in the Interrupt Mask 
Register. 

Status Register 

liNT I ReF I TeE I TRE I eo I PE I OE I FE 
(DF18 R) 

FE - Framing Error, Transmission Mode 

If transmission mode is disabled (in Modification Regis
ter), then FE indicates a framing error. A framing error is 
detected during the first stop bit. The error is reset by 
reading the Status Register or by a chip reset. A framing 
error does not inhibit the loading of the Receiver Buffer. 
If RxO remains low, the receiver will assemble the next 
character. The false stop bit is treated as the next start 
bit, and no high-to-Iow transition on RxO is required to 
synchronize the receiver. 

If transmission mode is enabled, then this bit is used to 
suggest the transmitter was sending. FE will be high if 
the transmitter is active during the reception of the 
parity bit (or last data bit for no-parity). It is reset if the 
transmitter is not active or by a chip reset. The bit is 
intended to imply that the received character is from the 
transmitter in half-duplex systems. 

OE - Overrun Error 

If the user does not read the character in the Receiver 
Buffer before the next character is received and 
transferred to this register, then the OE bit is set. The 
OE flag is set during the reception of the first stop bit 
and Is cleared when the Status Register is read or when 
a chip reset occurs. 

PE - Parity Error 

A parity error is set during the first stop bit and is reset 
by reading the Status Register or by a chip reset. 
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BD - Break Detect, Break-In Detect 

If BRKI in Command Register 1 Is set to enable break-In 
detect, then BO indicates a break-in condition. If Port 16 
is low during the transmission of the last stop bit, then 
BO will be set near the end of the last stop bit. Break-in 
detect can only be detected if the internal baud rate 
generator is used. Break-in remains set until the Status 
Register is read or the chip is reset. 

If BRKI is low, then BO indicates a break condition on 
the receiver. BO is set when the first stop bit of a break 
is sampled and lIiIill remain set until the Status Register 
is read or the chip is reset. The receiver will remain idle 
until the next high-to-Iow transition on RxO. A detected 
break inhibits the loading of the Receiver Buffer. 

TRE - Transmitter Register Empty 

This status bit indicates that the Transmitter Register is 
busy. It is set by a chip reset and when the last stop bit 
has left the transmitter. It is reset when a character is 
loaded into the Transmitter Register. If CTS is low, the 
Transmitter Register will be loaded during the trans
mission of the start bit. If C'fS is high at the end of a 
character, TRE will remain high and no character will be 
loaded into the Transmitter Register until CTS goes low. 
If the transmitter was Inactive before a character is 
loaded into the Transmitter Buffer, the Transmitter 
Register will be empty temporarily while the buffer is 
full. However, the data in the buffer will be transferred to 
the transmitter register immediately and TRE will be 
cleared while TBE is set. 

TBE - Transmitter Buffer Empty 

TBE indicates the Transmitter Buffer is empty and is 
ready to accept a character. TBE is set by a chip reset or 
the transfer of data to the Transmitter Register and is 
cleared when a character is written to the transmitter 
buffer. 

RBF - Receiver Buffer Full 

RBF is set when the Receiver Buffer has been loaded 
with a new character during the sampling of the first 
stop bit. RBF is cleared by reading the receiver buffer or 
by a chip reset. 

INT - Interrupt Pending 

The INT bit reflects the state of the INT pin (pin 15) and 
indicates an interrupt is pending in the Interrupt 
Register. It is reset by INTA or by reading the Interrupt 
Address Register if only one interrupt is pending and by 
a chip reset. 

FE, OE, PE, RBF, and break detect all generate a level 4 
interrupt when the receiver samples the first stop bit. 
TRE, TBE, and break-in detect generate a level 5 inter
rupt. TRE generates an interrupt when TBE is set and 
the Transmitter Register finishes transmitting. The 
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break·in detect interrupt is issued at the same time as of the bit (sample time = 16). The receiver sample time 
TBE or TRE. can be modified only if the receiver is not clocked by 

RxC. 
Modification Register 

Sample Time 

I 0 I RS41 RS31 RS21 RS11 RSO I TMEI DScl RS4 RS3 RS2 RS1 RSO=O RSO=1 
(OF16 W) 0 2 

0 1 0 4 3 
DSC - Disable Start Bit Check 0 0 1 6 5 

DSC disables the receiver's start bit check. In this state 0 1 0 0 8 7 
the receiver will not be reset if RxD is not low at the 0 0 1 10 9 
center of the start bit. This function is disabled by a chip 0 0 1 0 12 11 
reset. 0 0 0 1 14 13 

0 0 0 0 16 15 
TME - Transmission Mode Enable 1 1 18 17 

TME enables transmission mode and disables framing 1 0 20 19 
error detection. A chip reset disables transmission 0 1 22 21 
mode and enables framing error detection. 1 0 0 24 23 

0 1 26 25 
RSO, RS1, RS2, RS3, RS4 - Receiver Sample Time a 0 28 27 
The number in RSn alters when the receiver samples 0 0 1 30 29 
RxD. A chip reset sets this value to 0 which isthe center 0 0 0 32 31 
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8273,827~4,827~8 
PROGRAMMABLE HOLC/SOLe PROTOCOL 

CONTROLLER 
CCITT X.25 Compatible • Programmable N RZI Encodel Decode 

HDLC/SDLC Compatible • Two User Programmable Modem 
Full Duplex, Half Duplex, or Loop Control Ports 
SDLC Operation • Digital Phase Locked Loop Clock 
Up to 64K Baud Synchronous Recovery 
Transfers 

Minimum CPU Overhead • Automatic FCS (CRC) Generation and 
Checking • Fully Compatible with 8048/8080/80851 

Up to 9.6K Baud with On· Board Phase 
8088/8086 CPUs 

Locked Loop • Single +5V Supply 
The Intel@ 8273 Programmable HOLC/SOLC Protocol Controller is a dedicated device designed to support the 1501 
CCITT's HOLC and IBM's SOLC communication line protocols. It is fully compatible with Intel's new high performance 
microcomputer systems such as the MCS-88I86™. A frame level command set Is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 

REGISTERS 

TxlNT RESULT 

hD 
he 

DPLL 
32X elK 

RTs 
PB,~, 

PA2_ 4 

'--"":"'<:"'-""1-_ R,D 

ibc 

CPU INTERFACE MODEM INTERFACE 

Fi:.'A'GDET 
Tx INT ~ 

elK Pii3 
RESET 1'112 

TxDACK ;;a; 
TxDRQ • m 

RxDACK PA, 

PA, 

iiD PA2 
w-

DBl 

DB2 

32iC[K 

DB5 

DB7 

GND 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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A BRIEF DESCRIPTION OF HOLC/SDLC 
PROTOCOLS 

General 

The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISOl. HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 

The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Network Architecture (SNA). Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
seriall, thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 

Network 
In both the HDLC and SDLC line protocols, according to a 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an I DLE state. 

Frames 
A single communication element is called a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (0, a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 

types of frames; an I nformation Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 

Frame Characteristics 
An important characteristic of a frame is that its con
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system - it may even 
be a computer word length or a "memory dump". The 
frame is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the CycliC Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge
ment of frame communication, enhancing the true full
duplex nature of the HDLC/SDLC protocols. 

In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 

It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 

A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 
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CLOSING 
FLAG IFI 

01 111110 8 BITS 8 BITS 
VARIABLE LENGTH 
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Pin 
Symbol No. lYpe 

Vcc 40 

GND 20 

RESET 4 I 

CS 24 I 

DBrDBo 19- I/O 
12 

WR 10 I 

RD 9 I 

TxlNT 2 0 

RxlNT 11 0 

TxDRQ 6 0 

RxRDQ 8 0 

TxDACK 5 I 

RxDACK 7 I 

A,-Ao 22- I 
21 

TxD 29 0 

TxC 28 I 

RxD 26 I 

RxC 27 I 

8273, 8273·4, 8273·8 

Table 1. Pin Description 

Name and Function 

Power Supply: +5V Supply. 

Ground: Ground. 

Reset: A high Signal on this pin will 
force the 8273 to an idle state. The 
8273 will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forced 
high. Reset must be true for a 
minimum of 10 TCV. 

Chip Select: The RD and WR inputs 
are enabled by the chip select input. 

Data Bus: The Data Bus lines are bi-
directional three-state lines which in-
terface with the system Data Bus. 

Write Input: The Write signal is used 
to control the transfer of either a 
command or data from CPU to the 
8273. 

Read Input: The Read signal is used 
to control the transfer of either a data 
byte or a status word from the 8273 
to the CPU. 

Transmitter Interrupt: The Trans-
mitter interrupt signal indicates that 
the transmitter logic requires service. 

Receiver Interrupt: The Receiver 
interrupt signal indicates that the Re-
ceiver logic requires service. 

Transmitter Data Request: Re-
quests a transfer of data between 
memory and the 8273 for a transmit 
operation. 

Receiver DMA Request: Requests a 
transfer of data between the 8273 and 
memory for a receive operation. 

Transmitter DMA Acknowledge: 
The Transmitter DMA acknowledge 
signal notifies the 8273 that the 
TxDMA cycle has been granted. 

Receiver DMA Acknowledge: The 
Receiver DMA acknowledge signal 
notifies the 8273 that the RxDMA 
cycle has been granted. 

Address: These two lines are CPU 
Interface Register Select lines. 

Transmitter Data: This line trans-
mits the serial data to the communi-
cation channel. 

Transmitter Clock: The transmitter 
clock is used to synchronize the 
transmit data. 

Receiver Data: This line receives 
serial data from the communication 
channel. 

Receiver Clock: The Receiver Clock 
is used to synchronize the receive 
data. 

Pin 
Symbol No. Type Name and Function 

32X ClK 25 I 32X Clock: The 32X clock is used to 
provide clock recovery when an 
asynchronous modem is used. In 
loop configuration the loop station 
can run without an accurate 1 X clock 
by using the 32X ClK in conjunction 
with the DPll output. (This pin must 
be grounded when not used.) 

DPll 23 0 Digital Phase Locked Loop: Digital 
Phase locked loop output can be 
tied to RxC and/or TxC when 1 X clock 
is not available. DPll is used with 
32X ClK. 

FLAGDET 1 0 Flag Detect: Flag Detect signals that 
a flag (01111110) has been received 
by an active receiver. 

RTS 35 0 Request to Send: Request to Send 
signals that the 8273 is ready to trans-
mit data. 

CTS 30 I Clear to Send: Clear to Send signals 
that the modem is ready to accept 
data from the 8273. 

CD 31 I Carrier Detect: Carrier Detect sig-
nals that the line transmission has 
started and the 8273 may begin to 
sample data on RxD line. 

PA2_. 32- I General purpose input porls: The 
34 logic levels on these lines can be 

Read by the CPU through the Data 
Bus Buffer. 

PB,_. 36- 0 General purpose output P0rls: The 
39 CPU can write these output lines 

through Data Bus Buffer. 

ClK 3 I Clock: A square wave TTL clock. 

FUNCTIONAL DESCRIPTION 
General 

The Intel® 8273 HOlC/SOlC controller is a microcom
puter peripheral device which supports the International 
Standards Organization (ISO) High level Data Link 
Control (HOlC), and IBM Synchronous Data Link Control 
(SOlC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 

In asynchronous applications the data can be program
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero
bit insertion/deletion technique. The frames are automati
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the FCS is automatically 
generated and appended before the final flag in transmit. 

9-193 AFN-Q0743B 



8273, 8273·4, 8273·8 

The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 

The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 

CPU Interface 
The CPU interface is optimized for the MCS-80/85'· bus 
with an 8257 DMA controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the interrupt request active until all the associated 
interrupt results have been ·read. 
The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via CS, A1, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. A1, Ao are 
generally derived from two low order bits of the address 
bus. If an 8080 based CPU is utilized, the RD and WR 
signals may be driven by the 8228 I/OR and I/OW. The 
table shows the seven register select decoding: 

REGISTERS 

INTERNAL DATA BUS -

CPU INTERFACE U 

,---'1-_ R,D 

R,C 

FLAG DEl 

MODEM INTERFACE 

Figure 4. 8273 Block Diagram Showing CPU 
Interface Functions 

A1 AO TxDACK RxDACK 

0 0 1 1 
0 0 1 1 
0 1 1 1 
0 1 1 1 
1 0 1 1 
1 0 1 1 
1 1 1 1 
1 1 1 1 
X X 0 1 
X X 1 0 

Register Description 

Command 

CS RD WR Register 

0 1 0 Command 
0 0 1 Status 
0 1 0 Parameter 
0 0 1 Result 
0 1 0 Reset 
0 0 1 TxlNT Result 
0 1 0 -
0 0 1 RxlNT Result 
1 1 0 Transmit Data 
1 0 1 Receive Data 

Operations are initiated by writing an appropriate 
command in the Command Register. 

Parameter 

Parameters of commands that require additional informa
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 

Transmit Interrupt Result 

Contains the outcome of 8273 transmit operation 
(good/bad completion). 

Receive Interrupt Result 

Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de
tail the reason for interrupt 

Status 

The status register reflects the state of the 8273 CPU 
Interface. 

DMA Data Transfers 

The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transm ission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
IDMA) for the data transfers. When the 8273 is configured 
in DMA mode. the elements of the DMA interfaces are: 

TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation. 

TxDACK: Transmit DMA Acknowledge 

The TxDACK signal notifies the 8273 that a transmit DMA 
cycle has been granted. It is also used with WR to transfer 
data to the 8273 in non-DMA mode. Note: RD must not be 
asserted while TxDACK is active. 

RxDRQ: Receive DMA Request 

Requests a transfer of data between the 8273 and mem
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 

The RxDACK signal notifies the 8273 that a receive DMA 
cycle has been granted. It is also used with RD to read 
data from the 8273 in non-DMA mode. Note: WR must not 
be asserted while RxDACK is active. 

RD, WR: Read, Write 

The RD and WR signals are used to specify the direction of 
the data transfer. 

DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by thl3 8273. 

To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 

It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re
quests indicated by the status word. 

Modem Interface 

The 8273 Modem interface provides both dedicated and 
user defined modem control functions. All the control 
signals are active low so that EIA RS-232C inverting 
drivers (MC 1488) and inverting receivers (MC 1489) may 
be used to interface to standard modems. For asynchro
nous operation, this interface supports programmable 
NRZI data encode/decode, a digital phase locked loop 
for efficient clock extraction from NRZI data, and 
modem control ports with automatic CTS, CD monitor· 
ing and RTS generation. This interface also allows the 
8273 to operate in PRE·FRAME SYNC mode in which the 
8273 prefixes 16 transitions to a frame to synchronize 
idle lines before transmission of the first flag. 

It should be noted that all the 8273 port operations deal 
with logical values, for instance, bit DO of Port A will be a 
one when CTS (Pin 30) is a physical zero (logical one), 

Port A - Input Port 

During operation, the 8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
condition the start of a transmission. If during transmis
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 

~ ~ ~ ~ ~ ~ ~ 

,1,1 n 
L . l,,,-_-.J l I CTS -- C'c'AR TO SEND 

CD - CARRIER DETECT 
-----------~-

USE~~E~_~~~~p~T~PA3, PA2 __ 

The user defined input bits correspond to the 8273 PA4 , 

PA3 and PA, pins. The 8273 does not interrogate or ma
nipulate these bits. 

REGISTERS 

INTERNAL DATA BUS -

CPU INTERFACE 

DiiIi. 
32xCD< 
RTs 
PB1_ 4 

,---'1-_ R,D 

ihl 

FLAG DET 

MODEM INTERFACE 

Figure 5. 8273 Block Diagram Showing Control 
Logic Functions 

Port B - Output Port 

During normal operation, if the CPU sets RTS active, the 
8273 will not change this pin; however, if the CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins of Port Bare set to a high, 
inactive level. 

~--'I---~ ! RTS - REQUEST TO SEND 

I USER DEFINED OUTPUT PB4, pa3, PB2, PB, 

FLAG DETECT 

The user defined output bits correspond to the state of 
PB4-PB, pins. The 8273 does not interrogate or manipu
late these bits. 
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Serial Data Logic 

The Serial data is synchronized by the user transmit (TxC) 
and receive (RxC) clocks. The leading edge of TiC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encodingl 
decoding of the receive and transmit data is program
mable. 

The diagnostic features included in the Serial Oata logic 
are programmable loop back of data and selectable clock 
for the receiver. In the loop-back mode, the data presented 
to the TxO pin is internally routed to the receive data input 

TxC 

\ I \ 
TxD X X 

RxC \ / \ 

RxD X I X 

circuitry in place of theRxO pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 

I n the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the external circuitry. Theuser may 
select to substitute the TxC pin for the RXC input on-chip 
so that the clock used to generate the loop back data is 
used to sample it. Since TxO is generated off the leading 
edge of TxC and RxO is sampled on the trailing edge, the 
selected clock allows bit synchronism. 

I 

<: 
I 

X 

/ \ 

J 
I X ! 

Figure 6. Transmit/Receive Timing 

Asynchronous Mode Interface 

Although the 8273 .is fully compatible with the HOLCI 
SOLe communication line protocols, which are primarily 
designed for synchronous comrnunication, the. 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (oPLLl for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding bf data. 
The use of NRZI coding with SOLC transmission 

guarantees that within a frame, data transitions will occur 
at least every five bittimes -the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
OPLL should be used only whenNRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen
tation with, or without modems. 
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Digital Phase Locked Loop 

In asynch ronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPlU. The DPll requires a clock input at 32 
times the required baud rate. The receive data (RxD) is 
sampled with this 32X elK and the 8273 DPll supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPll has a built-in "stiffness" which reduces sensitivity to 
line noise and bit distortion. This is accomplished by 
making phase error adjustments in discrete increments. 
Since the nominal pulse is made to occur at 32 counts of 
the 32X elK, these counts are subtracted or added to the 
nominal, depending upon which quadrant of the four error 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A 1, it is apparent that the 
DPll sample "A" was placed too close to the trailing edge 
of the data cell: sample "8" will then be placed at T = 
<T nominal - 2 counts») = 30 counts of the 32X elK to move 
the sample pulse "8" toward the nominal center ofthe next 
bit cell. A data edge occuring in quadrant 81 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X elK. Using this technique the DPll pulse will 
converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 

A method of attaining bit synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 

RXD_----JX'-____ ....IX'-____ ....IX~ __ 
DPLL 
SAMPLES 

j J 
-".~t±=±±j 

ADJUSTMENT -2 -1 +1 +2 

Figure 7. DPLL Sample Timing 
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Synchronous Modem - Duplex or Half Duplex Operation 

RxC Axe 
8273 RxD 

/ ~ 
RxD 

8273 
TxC MODEM MODEM TxC 
TxD ~ ~ TxD 

32xCLK DPLL 32xCLK DPLL 

f l 1 ! 
GND N.C. GND N.C. 

Asynchronous Modems - Duplex or Half Duplex Operation 

8273 
MODEM MODEM 

I----t---t RxD 

Asynchronous - No Modems - Duplex or Half Duplex 

8273 8273 
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SOLe Loop 

The OPLL simplifies the SOLe loop station implementa
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 

Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The OPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 

8273 
LDOP 

CONTROLLER 

.-------iTxD RxD 1---------, 

RxD Rxe TxC TxD 

8273 8273 
LOOP LOOP 

TERMINAL TERMINAL 
TxD 1---t-------j--..... RxD 

Figure 8. SOle loop Application 
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PRINCIPLES OF OPERATION 

The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-80/85'" system bus. As a peripheral device, 
it accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the Al, Ao select the appropriate registers on the 
chip as describlld In the Hardware Description Section. 

The 8273 operation is composed of the following 
sequence of events: 

CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 

THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 

THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
H"AS FINISHED. THE CPU MUST PERFORM A READ" 
OPERATION OF ONE OR MORE OF THE REGISTERS. 

The Command Phase 

During the command phase, the software writes a com
mand to the command register. The command bytes pro
vide a general description of the type of operation re
quested. Many commands require more detailed infor
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 

The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, the command regis
ter must be used for one command sequence at a time. 

Status Register 

The status register contains the status of the 8273 activity. 
The description is as follows. 

0,0,,1:\;0,0.0,0, 0" 
! CBSY!CBF!CPBF!CRBF!RxINT!TxINT!RxIRA!TxIRA! 

Bit 7 CBSY (Command Busy) 

Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write a command when CBSY 
is set; it results in incorrect operation. 

YES 

NO 

END OF COMMAND PHASE 

YES 

Figure 9. Command Phase Flowchart 

Bit 6 CBF (Command Buffer Full) 

Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 

Bit 5 CPBF (Command Parameter Buffer Full) 

CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 

Bit 4 CRBF (Command Result Buffer Full) 

Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxlNT (Receiver Interrupt) 

RxlNT indicates that the receiver requires CPU attention. 
It is identical to RxlNT (pin 11) and is set by the 8273either 
upon good/bad completion of a specified command or by 
Non-DMA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a Non-DMA data transfer. 

Bit 2 TxlNT (Transmitter Interrupt) 

The TxlNT indicates that the transmitter requires CPU 
attention. It is identical to TxlNT (pin 2>' It is set by 8273 
either upon good/bad completion of a specified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMA transfer. 

Bit 1 RxlRA (Receiver Interrupt Result Available) 

The RxlRA is set by the 8273 when an interrupt result 
byte is placed in the RxlNT register. It is reset after the 
CPU has read the RxlNT register. 

Bit 0 TxlRA (Transmitter Interrupt Result Available) 

The TxlRA is set by the 8273 when an interrupt result 
byte is placed in the TxlNT register. It is reset when the 
CPU has read the TxINT register. 

D7 D6 D5 0, 

I I 
\ '\ 

D7 D6 

All 8 blls received} 
DO received / 
01-00 received 

D2-00 received 

03- DO received 

04-00 received 

05- DO received 

06-00 received 

{ : 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 
.., Partial Byte Received 0 0 

05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

The Execution Phase 

Upon accepting the last parameter, the 8273 enters into 
the Execution Phase. The execution phase may consist 
of a DMA or other activity, and mayor may not require 
CPU intervention. The CPU intervention is eliminated in 
this phase if the system utilizes DMA for the data trans· 
fers, otherwise, for non·DMA data transfers, the CPU is 
interrupted by the 8273 via TxINT and RxlNT pins, for 
each data byte request. 

The Result Phase 

During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase is initiated 
by: 

1. The successful completion of an operation 
2. An error detected during an operation. 

To facilitate quick network software decisions, two types 
of execution results are provided: 

1. An Immediate Result 
2. A Non-Immediate Result 

D, 

04 03 02 0, DO Receiver Interrupt Result Code Rx Status After INT 

0 0 0 0 0 A1 match or general receive Active 

0 0 0 0 1 A2 match Active 

0 0 0 1 , CRC error Active 

0 0 1 0 0 Abort detected Active 

0 0 1 0 , Idle detect Oisabled 

0 0 , 1 0 EOP detected Disabled 

0 0 1 , 1 Frame less than 32 bits Active 

0 1 0 0 0 DMA overrun detected Disabled 

0 1 0 0 , Memory buffer overflow Disabled 

0 , 0 , 0 Garrier detect failure Oisabled 

0 1 0 1 1 Receive interrupt overrun Disabled 

Figure 10. Rx Interrupt Result Byte Format 

0 4 0 3 O2 0 1 Do 

a 0 Earty transmit Interrupt 

Frame transmit complete 

OMA underrun 

Clear to Send (eTS) error 

Abort complete 

Figure 11. TX Interrupt Result Byte Format 
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Immediate result is provided by the 8273 for commands 
such as Read Port A and Read Port B which have 
information (CTS, CD, RTS, etc.) that the network 
software needs to make quick operational decisions. 

A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning of the Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate results are available upon 
device interrupt, through Tx Interrupt Result Register 
TxllR or Rx Interrupt Result Register RxI/R. The result 
may consist of a one-byte interrupt code indicating the 

r----
N'i.~g~AI 

I 

condition for the interrupt and, if required, one or more 
bytes which detail the condition. 

Tx and Rx Interrupt Result Registers 

The Result Registers have a result code, the three high 
order bits 07-05 of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 

All results indicated in the command summary must be 
read during the result phase. 

I 
I DMA 
I MODE 

I 
I 
I 
I 
I 
I 

,-______ ~YE~S~ ~N~O~--------~t 

DATA REQUEST 
NON·DMA MODE 

USE DACK + AD OR 
WR TO READ OR 

WRITE DATA 

( END) 

READ STATUS 
REGISTER 

NO 

Figure 12. Result Phase Flowchart-Interrupt Results 
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AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B) ---.... 

READ STATUS 
REGISTER 

READ RESUL T 
REGISTER 

Figure 13. (Rx Interrupt Service) 
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DETAILED COMMAND DESCRIPTION 

General 
The 8273 HOLC/SOLC controller supports a comprehen
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SOLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 

In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via OMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Check 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 

In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 

HOLC Implementation 
HOLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 

Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HOLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 

However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 

The 8273 when programmed, recognizes protocol 
characters unique to HOLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SOLC Loop applications, Loop Transmit and Receive 
commands are not recommended to be used in HOLC. 
HOLC does not support Loop mode. 

Initialization Set/Reset Commands 

These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter>' The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They· 
perform a logical-ANO of the specified register with the 
mask>' 

Set One-Bit Delay (CMD Code A4) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::'1 0 1 : I' 1 0 1 : 1 0 1 0 1 : 1 : 1 0 1 

When one bit delay is set, 8273 retransmits the receivea 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 

Reset One-Bit Delay (CMD Code 64) 

:::, 1 : 1 0 1 0 I' I' 1 0 1 0 I' 1 : 1 0 1 

The 8273 stops the one bit delayed retransmission mode. 

Set Data Transfer Mode (CMD Code 97) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::: 1 : 1 0 I' 1 0 1 : I' 1 0 1 : 1 : I' 1 

When the data transfer mode is set, the 8273 will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data req uest. 

Reset Data Transfer Mode (CMD Code 57) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::: I : 1 0 1 : I' I : I' 1 0 I' I' 1 : 1 

If the Oata Transfer Mode is reset, the 8273 data transfers 
are performed through the DMA requests without interrupt· 
ing the CPU. 
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Set Operating Mode (CMO Code 91) 

I 11' FLAG STREAM MODE 

1 1: PREFRAME SYNC MODE 

1 = BUFFERED MODE 

1 = EARLY INTERRUPT MODE 

1 = EOP INTERRUPT MODE 

1"" HDLCMODE 

Reset Operating Mode (CMO Code 51) 

CMD: 

PAR: 

Any mode switches set in eMO code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 

(OS) HOLC Mode 
In HOLe mode, a bit sequence of seven ones (01111111) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 

(04) EOP Interrupt Mode 

In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01111111) is detected by an 
active receiver. This mode is useful for the implementation 
of an SOLe loop controller in detecting the end of a 
message stream after a loop poll. 

(03) Transmitter Early Interrupt Mode (Tx) 

The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early interrupt is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the final 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 

Note: In buffered mode, if a supervisory frame (no Infor
mation) Transmit command is sent in response to an early 
Transmit Interrupt, the 8273 will repeatedly transmit the 
same supervisory frame with one flag in between, until a 
non-supervisory transmit is issued. 

Early transmitter interrupt can be used in buffered mode 
by waiting for a transmit complete interrupt instead of 
early Transmit Interrupt before issuing a transmit frame 
command for a supervisory frame. See Figure 14. 

OTHER 

TRANSMIT COMPLETION 
(DDH) INTERRUPT 

NO 

OTHER PROCESSING 

Figure 14. 

If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 

(02) Buffered Mode 

If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (e) fields) of a frame 
are buffered by the 8273. If this bit is a zero the address and 
control fields are passed to and from memory. 

(01) Preframe Sync Mode 

If this bit is set to a one the 8273 will transmit two 'charac
ters before the first flag of a frame. 
To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (OO)H if NRZI is set or data (55)H if NRZI is not 
set. 

(~O) Flag Stream Mode 

If this bit is set to a one, the following table outlines the 
operation of the transmitter. 

TRANSMITTER STATE ACTION 

Idle Send Flags immediately. 

Transmit or Transmit} Send F lags after the 

Transparent Active transmission complete 

loop Transmit Active Ignore command. 

1 Bit Delay Active Ignore command. 
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If this bit is reset to zero the following table outlines the 
operation of the transmitter. 

TRANSMITTER STATE ACTION 

IDLE Send Idles on next character 
boundary. 

Transmit or Transmit· } Send Idles after the transmission 
Transparent Active is complete. 

Loop Transmit Active Ignore command. 

1 Bit Delay Active Ignore command. 

Set Serial 1/0 Mode (CMO Code AO) 

I, = NRZ1 MODE 

1 = TxC--RxC 

1 = LOOP BACK TxD __ RxD 

Reset Serial I/O Mode (CMD Code 60) 
This command allows bits set in'CMD code AO to be reset 
by placing zeros in the appropriate positions. 

(02) Loop Back 

If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 

(01) TxC __ RxC 

If this bit is set to a one, the transmit clock is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (02), 

(DO) NRZI Mode 

If this bit is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 

NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change, NRZI is used in all asynchronous operations, 
Refer to IBM document GA27-3093 for details, 

Reset Device Command 

:::: I : I : I 0 I 0 I : I 0 I 0 I 0 I : I : I 
An 8273 reset command is executed by outputing a (OI)H 
followed by (OO)H to the reset register (TMR). See 8273 
AC timing characteristics for Reset pulse specifica
tions. 

The reset command emulates the action of the reset pin. 
1, The modem control signals are forced high (inactive 

level). 
2. The 8273 status register flags are cleared. 
3. Any commands in progress are terminated immedi

ately. 

4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial 1/0 and Operating Mode registers are set 
to zero and OMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SOLC terminal role. 

Receive Commands 

The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive, 

General Receive (CMO Code CO) 

General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 

NOTES: 

CMD 

PAR 

PAR 

, 0 

0 

, 0 

0 '11]01010101010 , LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFfER LENGTH (BO) , MOST SIGNIFICANT BYTE OF RECEIVE 
BUFfER LENGTH (81) 

1, If buffered mode is specified, the RO; Rl receive frame length 
(result) is the number of data bytes received. 

2, If non-buffered mode is specified, the RO, R 1 receive frame 
length (result) is the number of data bytes received plus two 
(the count includes the address and control bytes). 

3, The frame check sequence (FCS) is not transferred to 
memory, 

4. Frames with less than 32 bits between flags are ignored (no 
interrupt generated) if the buffered mode is specified, 

5, In the non-buffered mode an interrupt is generated when a 
less than 32 bit frame is received. since data transfer requests 
have occurred, 

6. The 8273 receiver is always disabled when an Idle is received 
after a valid frame, The CPU module must issue a receive 
command to re-enable the receiver, 

7, The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt 

8, If an ABORT Character is not preceded by a flag and is fol
lowed by an IDLE, an interrupt will be generated tor the ABORT 
foli'owed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable the receiver. 

Selective Receive (CMO Code Cl) 

CMD , 0 0 'I'lololololo~, 

, 0 , LEAST SIGNifiCANT BYTE.OF THE 
RECEIVE BUFFER LENGTH (BO) 

PAR 

PAR , 0 , MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (81) 

PAR , 0 , RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 

PAR , 0 , RECEIVE FRAME ADDR ESS MATCH 
FIELD TWO (A2) 
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Selective receive is a receive mode in which frames are 
ignored unless the address field matches anyone of two 
address fields given to the 8273 as parameters. 

When selective receive is used in HOLe the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 

Selective Loop Receive (CMD Code C2) 

CMO 0 0 , I ' I 0 I 0 I 0 I 0 , I 0 

0 0 LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH ~BO) PAR 

PAR 0 , MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (81) 

PAR 0 , RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 

0 , RECEIVE FRAME ADDRESS MATCH 
FIELD TWO {A2} 

PAR 

Selective loop receive operates like selective receive ex
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01111111) following 
a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 

Receive Disable (CMD Code CS) 

Terminates an active receive command immediately. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMolo 1 0 1 ' 1 ' 1 0 1 0 1 0 1 ' 1 0 1 ' 
PAR: NONE 

Transmit Commands 

The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 

Transmit Frame (CMD Code Ca) 

CMO 0 0 '1'10101'101010 

0 , LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) PAR 

, 0 , MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (Ll) PAR 

PAR: 0 , ADDRESS FIELD OF TRANSMIT FRAME IAI 

PAR: 0 , CONTROL FIELD OF TRANSMIT FRAME (e) 

Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 

If the buffered mode is specified, the LO, Lt, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 

In unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
oniy the frame length bytes are required as parameters. 

Loop Transmit (CMD Code CAl 

CMO 

PAR 

PAR 

PAR 

PAR 

0 

0 

0 

0 

0 

0 , 
, 
, 
, 

, I ' I 0 I 0 I ' I 0 I ' I 0 

LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 

MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 

ADDRESS FIELD OF TRANSMIT FRAME (A) 

CONTROL FIELD Of TRANSMIT FRAME {e} 

Transmits one frame in the same manner as the transmit 
frame command except: 

1. If the flag stream mode is not active transmission will 
begin after a received EOP has been converted to a 
flag. 

2. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

3. At the end of a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 

Transmit Transparent (CMD Coded C9) 

CMO , 0 0 , , 0 0 ,ro1oT, 
0 , LEAST SIGNIFICANT BYTE OF 

FRAME LENGTH (LO) PAR 

, 0 , MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (Ll) 

PAR 

The 8273 will transmit a block of raw data without 
protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 

Abort Transmit Commands 

An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 

Abort Transmit Frame (CMD Code CC) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMO, [ 0 1 0 1 ' 1 ' 1 0 1 0 1 ' 1 ' I 0 1 0 

PAR: NONE 

After an abort character (eight contiguous ones) is trans
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 

Abort Loop Transmit (CMD Code CE) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMO, 1 0 1 0 1 ' 1 ' 1 0 1 0 1 ' 1 ' 1 ' 1 0 

PAR: NONE 

After a flag is transmitted the transmitter reverts to one bit 
delay mode. 

Abort Transmit Transparent (CMD Code CD) 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMO, 1 0 1 0 1 ' 1 ' 1 0 1 0 I, 1 ' 1 0 1 ' 

PAR: NONE 

The transmitter reverts to sending flags or idles as a func
tion of the flag stream mode specified. 

9-207 AFN-00743B 



inter 8273, 8273·4, 8273~8 

Modem Control Commands 
The modem control commands are used to manipulate the 
modem control ports. 

When read Port A or Port B commands are executed the 
result of the command is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits to be set. The Bit Reset 
Port B command requires a mask that has a zero in the bit 
positions that are to be reset. 

Read Port A (CMO Code 22) 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

CMD, I 0 I 0 I 0 I 0 I ' I 0 I 0 I 0 I ' I 0 

PAR: NONE 

Read Port B (CMO Code 23) 

A, AO 0 7 Os 0 5 0, 0 3 O2 0, 

CMD: I 0 I 0 I 0 I 0 I , I 0 I 0 I 0 I , 
PAR: NONE 

Set Port B Bits (CMO Code A3) 

DO 

I , 

This command allows user defined Port B pins to be set. 

~:~ & 1 0 1 : 1 : I' 1 0 1 0 1 0 I' I' 1 
I I I I I RTS ~ REQUEST TO SEND 

1 
~E",F-,,-IN:.:E=.D _____ _ 

. FLAG DETECT 

8273 Command Summary 

Command 
Command Description (HEX) Parameter 

Set One Bit Delay A4 Set Mask 

Reset One Bit Delay 64 Reset Mask 

Set Data Transfer Mode 97 Set Mask 

Reset Data Transfer Mode 57 Reset Mask 

Set Operating Mode 91 Set Mask 

Reset Operating Mode 51 Reset Mask 

Set Serial 1/0 Mode AD Set Mask 

Reset Serial 1/0 Mode 60 Reset Mask 

General Receive CO BO,B1 

Selective Receive C1 BO,B1,A1,A2 

Selective Loop Receive C2 BO,B1,A1,A2 

Receive Disable C5 None 

Transmit Frame C8 LO,L 1,(A,C)(') 

Loop Transmit CA LO,L 1 ,(A,C)(1) 

Transmit Transparent C9 LO,L 1 

Abort Transmit Frame CC None 

Abort Loop Transmit CE None 

Abort Transmit Transparent CD None 

Read Port A 22 None 

Read Port B 23 None 

Set Port B Bit A3 Set Mask 

Reset Port B Bit 63 Reset Mask 

NOTES: 

(05) Flag Detect 

This bit can be used to set the flag detect pin. However, it 
will be reset when the next flag is detected. 

(04-01) User Defined Outputs 

These bits correspond to the state of the PB4-PB, output 
pins. 

(Do) Request to Send 

This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 

Reset Port B Bits (CMO Code 63) 

This command allows Port B user defined bits to be reset. 

~ ~ ~ ~.~ ~ ~ ~ ~ ~ 

~:~, I ~ I 0 1 ~ I' I' 1 0 1 0 1 0 I' I' 1 l I RTS ~ REQUEST TO SEND 

USER DEFINED 

FLAG DETECT 

This command allows Port B (04-01) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4-
PB,). 

Result Completion 
Results Port Interrupt 

None - No 

None - No 

None - No 

None - No 

None - No 

None - No 

None - No 

None No 

RIC,RO,R1,(A,C)(2) RXI/R Yes 

RIC,RO,R1,(A,C)(2) RXI/R Yes 

RIC,RO,R1,(A,C)(2) RXI/R Yes 

None - No 

TIC TXIIR Yes 

TIC TXI/R Yes 

TIC TXI/R Yes. 

TIC TXI/R Yes 

TIC TXI/R Yes 

TIC TXI/R Yes 

Port Value Result No 

Port Value Result No 

None - No 

None - No 

1. Issued only when in buffered mode. 9-208 AFN.()()743B 

2. Read as results only in buffered mode. 
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8273 Command Summary Key 

BO - Least significant byte of the receive buffer 
length. 

B1 - Most significant byte of the receive buffer 
length. 

LO - Least significant byte of the Tx frame length. 
L 1 - Most significant byte of the Tx frame length. 
A1 - Receive frame address match field one. 
A2 - Receive frame address match field two. 
A - Address field of received frame. If non-buffered 

mode is specified, this result is not provided. 
C - Control field of received frame. If non-buffered 

mode is specified this result is not provided. 
RXI/R - Receive interrupt result register. 
TXI/R - Transmit interrupt result register. 
RO - Least significant byte of the length of the frame 

received. 
R1 - Most significant byte of the length of the frame 

received. 
RIC - Receiver interrupt result code. 
TIC - Transmitter interrupt result code. 

COMMAND 

DATA IN 

I GENERAL t RECEIVE 

(Ro. R,I 

DMA R~~UESTS t A' t C t I, 
DATA INTERRUPTS _________________ ....L ___ ....L_~---.L..~----------

L-,---l 
NDN·BUFFERED MODE 

FRAME 
CPU INTERRUPTS ________________________ C:.;O,;"M.;.P;;;LE:.;T..;;E_.L..:.::.::.::.::.;..:.:..;.;...;.JL...._ 

Figure 15. Typical Frame Reception 

NOTE: 
In order to ensure proper operation to the maximum baud rate, Receive commands or Read/Write Port commands should be written 
only when either the transmitter or the receiver is inactive. In full duplex systems, it Is recommended that these commands be issued 
after servicing a transmitter interrupt but before a new transmit command is issued. 
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I--2 BYTES-i 

RTS __ .1--/1 

CTS _____ ........1 

DRQ ________________ ~--__ --------~1~ll--~1~12---1~13~------------------------------____ __ 
BUFFER MODE 

INT 
------------------------------------------~EA~R~~~---------------------=FI~N~AL~---

TxlNT TxlNT 

Figure 16a. Typical Frame Transmission, Buffered Mode 

LAST PARAMETER 

j 1--3 BYTES--! 

RTS __ ..I.1_-.J1 

CTS -------' 
DRQ 

NON·BUFFER MODE 

INT 
------------------------------------------------~E~A~R~LY~---------------------=FI~NA~L~-

TxINT TxlNT 

Figure 16b. Typical Frame Transmission, Non-Buffered Mode 

~ MEMORIES J 
} 

\ SYSTEM BUS ~ 
~ 

OB0-7 
~ 

i"AO' A, 
MEMR OBO_7 
lOW RO 
MEMW WR 
lOR CS 
CS TXINT 
HRQ RXINT 

" 7 HACK 
" 

RXC 
TxORO RXD 

8257 TXC DMA TxDACK TXD CONTROLLER 8273 MODEM 
RxDRO 

RxDACK MODEM CONTROLS ~ 

Figure 17. 8273 System Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ........ 0° C to 70°C 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Storage Temperature ............... -65° C to +150°C 
Voltage on Any Pin With 
Respect to Ground ..................... -0.5V to +7V 

Power Dissipation ........................... 1 Watt 

D.C. CHARACTERISTICS (8273,8273·4,8273·8) (TA=O°C to 70°C, Vee = +5.0V±5%) 

Symbol Parameter Min. Max. Unit 

Vil Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V 

VOH Output High Voltage 2.4 V 

-
III Input Load Current ±10 I'A 

, IOFL Output Leakage Current ±10 I'A 

i Icc Vee Supply Current 180 mA 

CAPACITANCE (8273,8273·4,8273·8) (TA=25°C, Vee=GND=OV) 

Symbol Parameter Min. Typ. Max. 

CIN Input Capacitance 10 

CliO 1/0 Capacitance 20 

A.C. CHARACTERISTICS (TA=O°C to 70°C, Vee = +5.0V±5%) 

CLOCK TIMING (8273) 

Symbol Parameter Min. Typ. Max. 

tCY Clock 250 1000 

tCl Clock Low 120 

tCH Clock High 120 

CLOCK TIMING (8273-4) 

Symbol Parameter Min. Typ. Max. 

tCY Clock 286 1000 

tCl Clock Low 135 

tCH Clock High 135 

CLOCK TIMING (8273-8) 

Symbol Parameter Min. Typ. Max. 

tCY Clock 330 1000 

tel Clock Low 150 

tCH Clock High 150 

9-211 

Test Conditions 

10l = 2.0 mA for Data Bus Pins 
10l = 1.0 mA for Output Port Pins 
10l = 1.6 mA for All Other Pins 

10H = - 200 I'A for Data Bus Pins 
10H= -100IlA for All Other Pins 

VIN = Vee to OV 

VOUT = Vee to .45V 

Unit Test Conditions 

pF te= 1 MHz 

pF Unmeasured Pins 
Returned to GND 

Unit Test Conditions 

ns 
64K Baud Max 

ns Operating Rate 
ns 

Unit Test Conditions 

ns 
56K Baud Max 

ns Operating Rate 
ns 

Unit Test Conditions 

ns 
48K Baud Max 

ns Operating Rate 
ns 
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A.C. CHARACTERISTICS (8273, 8273·4, 8273·8) (TA = O"C to 70"C. Vee = +B.OV ±5%) 

REAOCYCLE 

Symbol Parameter l1li in. lIIIax. Unit Test Conditions 

tAC Select Setup to RD 0 ns Note 2 

tCA Select Hold from RD 0 ns Note 2 

tRR RD Pulse Width 250 ns 

tAD Data Delay from Address 300 ns Note 2 

tRo Data Delay from RD 200 ns CL= 150pF, Note 2 

tOF Output Float Delay 20 100 ns CL = 20 pF for Minimum; 
150pF for Maximum 

toc DACK Setup to RD 25 ns 

tco DACK Hold from RD 25 ns 

tKO Data Delay from DACK 300 ns 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAC Select Setup to WR 0 ns 

tCA Select Hold from WR 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR 150 ns 

two Data Hold from WR 0 ns 

toc DACK Setup to WR 25 ns 

tco DACK Hold from WR 25 ns 

OMA 

Symbol Parameter Min. Max. Unit Test Conditions 

tco 
Request Hold from WR or RD 

200 ns (for Non-Burst Mode) 

OTHER TIMING 

Symbol Parameter Min. Max. Unit Test Conditions 

tRSTW Reset Pulse Width 10 tCY 

tr Input Signal Rise Time 20 ns 

tf Input Signal Fall Time 20 ns 

tRSTS Reset to First IOWR 2 tCY 

tCY32 32X Clock Cycle Time 9.7· tCY ns 

tCL32 32X Clock Low Time 4· tCY ns 

tCH32 32X Clock High Time 4· tCY ns 

tOPLL DPLL Output Low 1 . tCY- 50 ns 

tOCL Data Clock Low 1 . tCY- 50 ns 

tOCH Data Clock High 2· tCY ns 

toCY Data Clock 62.5· tCY ns Note 3 

tTD Transmit Data Delay 200 ns 

tos Data Setup Time 200 ns 

tOH Data Hold Time 100 ns 

tFLO FLAG DET Output Low S·tcy±50 ns 

NOTES: 
1. All timing measurements are made at the reference voltages unless otherwise specified: Input "1" at 2.0V. "0" at O.BV; 

Output "1" at 2.0V. "0" at O.BV. 

2. tAD. tRO. tACo and tCA are not concurrent specs. 
3. If receive commands or Read/Write Port commands are issued while both the transmitter and receiver are active. this specification 

will be 81.5TCY min. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

u=x )C 2.0 2.0 ? TEST POINTS < 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A LOGIC "1" ANDO.45V FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC ""1" 
AND O.BV FDA A LOGIC "0 .. 

WAVEFORMS 

lREAD 

DACK - - 'oe 

~ 
r---tAC-

DATA SUS -- - 1---------
tAO 

"0 

WRITE 

DACK J , 
~ . 

I----tAC-~ 
AGo A1• CS 

DATA BUS )( 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

~CL~150PF TEST 

CL=150pF 
CL INCWDES JIG CAPACITANCE 

1-
'CD 

X 
tAA I t---'CA-i 

j 
'AD 

~ 
1:--'0' --j 

}:--------

X 
0 

J( 
'WW I--tCA -I 

X 
tow • __ two-------l 
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WAVEFORMS (Continued) 

DMA 

rtca~ 
~ \~--~----------------------------__ I 

~OR~ X~ __________________________ __ 

ORO _----1/ 

CHIP CLOCK 

32XCLOCK 

TRANSMIT 

j \ 
----toeL .J toCH-~ 

toCY . 
TxO ~ 

--tTD ...... 

RECEIVE 
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WAVEFORMS (Continued) 

DPLLOUTPUT 

FLAG DETECT OUTPUT 
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8274 
MULTI-PROTOCOL SERIAL 

CONTROLLER (MPSC) 

• Asynchronous, Byte Synchronous and 
Bit Synchronous Operation 

• Two Independent Full Duplex 
Transmitters and Receivers 

• Fully Compatible with 8048, 8051, 8085, 
8088, and 8086 CPU's; 8257 and 8237 
DMA Controllers; and 8089 I/O Proc. 

• 4 Independent DMA Channels 

• Baud Rate: DC to 880K Baud 
-Future Selections to 1 M Baud 

• Asynchronous: 
-5-8 Bit Character; Odd, Even, or No 

Parity; 1, 1.5 or 2 Stop Bits 
-Error Detection: Framing, Overrun, 

and Parity 

• Byte Synchronous: 
- Character Synchronization, Int. or Ext. 
- One or Two Sync Characters 
- Automatic CRC Generation and 

Checking (CRC-16) 
- IBM Bisync Compatible 

• Bit Synchronous: 
- SDLC/HDLC Flag Generation and 

Recognition 
- 8 Bit Address Recognition 
- Automatic Zero Bit Insertion and 

Deletion 
- Automatic CRC Generation and 

Checking (CCITT-16) 
- CCITT X.25 Compatible 

The Intel® 8274 Multi-Protocol Series Controller (M PSC) is designed to interface High Speed Communications 
lines using Asynchronous, IBM Bisync, and SOLC/HOLC protocol to Intel microcomputer systems. It can be 
interfaced with Intel's MCS-48, -85, -51; iAPX-86, and -88 families, the 8237 OMA Controller, or the 8089 I/O 
Processor in polled, interrupt driven, or OMA driven modes of operation. 

The MPSC is a 40 pin device fabricated using Intel's High Performance HMOS Technology. 

CLK------, 

RESET ___ --, 

RDYe/TxDRQA 

RDYA/RxORQA 

IPO/TxDRQa 

IPI/RxDRQs 

iNT------cl 

cs ___ J 

RiJ _____ J 

WR-___ --' 

INTERNAL DATA BUS 

SYSTEM iNTERFACE 

CHANNEl.. A 

RE~~I:iRS 1.---,_ 

I<~==~>l CHANNEL A CONTROL 
LOGIC 

CHANNEL B 

DTRe 
RxC a 

'--_____ ...--RxDe 

NETWORK INTERFACE 

Figure 1. Block Diagram 
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Table 1. Pin Description 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

ClK 1 I Clock: System clock, TTL compat- ROY,,! 11 0 Ready Transmit Data: In mode 0 
ible. TxDRQ. this pin is used to synchronize data 

transfers for both Receive and 
RESET 2 I Re.et: A low signal on this pin will Transmit of Channel B to the con-

force the MPSC to an idle state. trolling processor's READY line 
TxD, and TxD. are forced high. The (open collector). In modes 1 and 2 
modem interface output signals are this pin requests a DMA transfer of 
forced high. The MPSC will remain data for a transmit operation 
idle until the control registers are (Channel A). 
initialized. Reset must be true for 
one complete ClK cycle. DB7 12 1/0 Data Bus: The Data Bus lines are 

bi-directional three state lines 
CD, 3 I Carrier Detect (Channel AI: Car- which interface with the system's 

rier Detect (Channel A) signals that Data Bus. 
the line transmission has started. DB6 13 
The MPSC will begin to sample data 
on the RxD. line if modem enables DB5 14 

are selected. DB4 15 

RxC. 4 I Receiver Clock: The Receiver DB3 16 
Clock (Channel B) clocks in data on 
the RxD. pin. DB2 17 

DBl 18 
CD. 5 I Carrier Detect (Channel B): Car-

rier Detect (Channel B) signals that DBO 19 

the line transmission has started. GND 20 Ground, 
The MPSC will begin to sample data 
on the RxD. line if modem enables 

Vee 40 Power: +5V Supply. 

are selected. CTS, 39 I Clear To Send (Channel A): This 
signals that the modem is ready to 

CTS. 6 I Clear To Send (Channel B): Clear accept data from the MPSC. Clear 
To Send (Channel B) signals that To Send will enable Channel A 
the modem is ready to accept data transmitter if modem enables are 
from the MPSC. Clear To Send will selected, otherwise this pin may be 
enable Channel B transmitter if used as a general purpose input. 
modem enables are selected, 
otherwise this pin may be used as a 
general purpose input. 

RTS. 38 0 Request To Send (Channel A): Re-
quest To Send (Channel A) is a gen-
eral purpose output generally used 

--
TxC. 7 I Transmit Clock (Channel B): 

to signal that Channel A is ready to 
send data. 

Transmit Clock (Channel B) for 
TxD. pin. 

TxD. 37 0 Transmit Data (Channel A): This 
line transmits the serial data to the 

TxD. 8 0 Transmit Data (Channel B): This 
line transmits the serial data to the 

communications channel (Channel 
A). 

communications channel (Channel TxC. 36 I Transmitter Clock (Channel A): 
B). The transmitter clock (Channel A) 

clocks out data on the TxD. pin. 

RxD. 9 I Receive Data (Channel B): This line RxC. 35 I Receiver Clock (Channel AI: The 
receives serial data from the com- receiver clock (Channel A) clocks in 
munications channel (Channel B). data on the RxD. pin. 

----
SYNDer,,! 10 1/0 Synchronous Detection (Channel 
RTS. B): This pin is used in byte syn-

chronous mode as either an internal 

RxD. 34 I Receive Data (Channel A): This 
line receives serial data from the 
communications channel (Channel 

sync detect (output) or as a means A). 

to force external synchronization SYNDET. 33 1/0 Synchronous Detection (Channel 
(input). In SDlC mode, this pin is an A): This pin is used in byte syn-
output indicating Flag detection. In chronous mode as either an internal 
asynchronous mode it is a general sync detect (output) or as a means 
purpose input (Channel B). Request to force external synchronization 
To Send (Channel B) is a general (input). In SDlC mode, this pin is an 
purpose output, generally used to output indicating flag detection. In 
signal that Channel B is ready to asynchronous mode it is a general 
send data. purpose input (Channel A). 
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Table 1. Pin Description (Continued) 

Pin 
Symbol No. Type Name and Function 

RDYJ . 32 0 Raady: In mode 0 this pin is used 
RxDRO. to synchronize data transfers for 

both receive and transmit of Chan-
nel A to the controlling processor's 
READY line (open collector). In 
modes 1 and 2 RxDRO. requests a 
DMA transfer of data for a receive 
operation for Channel A. 

DTR, 31 0 Data Terminal Ready: This pin is 
Data Terminal Ready (Channel A) 
which is a general purpose output. 

IPO/ 30 0 Interrupt Priority Out: In modes 0 
TxDRO. and 1, IPO is Interrupt Priority Out. It 

is used to establish a hardware 
interrupt priority scheme with IPI. It 
is low only if IPI is low and the con-
trolling processor is not servicing 
an interrupt from this MPSC. In 
mode 2, TxDRO. requests a DMA 
transfer of data for a transmit opera-
tion for Channel B. 

IPI! 29 I/O Interrupt Priority In: In modes 0 
RxDRO. and 1, IPI is Interrupt Priority In. A 

low on IPI means that no higher 
priority device is being serviced by 
the controlling processor's inter-
rupt service routine. In mode 2, 
RxDRO. requests a DMA transfer of 
data for a receive operation for 
Channel B. 

GENERAL DESCRIPTION 

The Intel® 8274 Multi-Protocol Serial Controller is a 
microcomputer peripheral device which supports 
Asynchronous (Start/Stop), Byte Synchronous 
(Monosync, IBM Bisync), and Bit Synchronous 
(ISO's HOLC, IBM's SOLC) protocols. This con
troller's flexible architecture allows easy implemen
tation of many variations of these three protocols 
with low software and hardware overhead. 

The Multi-Protocol Serial Controller (MPSC) imple~ 
ments two independent serial receiver/transmitter 
channels. 

The MPSC supports several microprocessor inter
face options; Polled, Wait, Interrupt driven and OMA 
driven. The MPSC is designed to support Intel'sQ!) 
MCS-.8S and iAPX 86, 88 families. 

This data sheet will describe the serial protocol 
functions, the microprocessor interface, a detailed 
register and command description, general system 
operations, speCifications, and waveforms. 

Pin 
Symbol No. Type Name and Function 

INT 28 0 Interrupt: The interrupt signal in-
dicates that the highest priority 
internal interrupt requires service 
(open collector). Priority can be re- . 
solved via an external interrupt con-
troller or a daisy-chain scheme. 

INTA 27 I Interrupt Acknowledge: This In-
terrupt Acknowledge allows the 
highest priority interrupting device 
to generate an interrupt vector. 

DTR. 26 0 Data Terminal Ready (Channel B): 
This is a general purpose output. 

A. 25 I Address: This line selects Chan-
nel A or B during data or command 
transfers. A low selects Channel A. 

A, 24 I Address: This line selects between 
data or command infor.mation 
transfer. A low means data. 

CS 23 I Chip Select: Chip Select enables 
RD or WR. 

RD 22 I Read: Read controls a data byte or 
status byte transfer from the MPSC 
to CPU. 

WR 21 I Write: Write controls transfer of 
data or commands to the MPSC. 

FUNCTIONAL DESCRIPTION 

This section of the data sheet describes how the 
Asynchronous and Synchronous protocols are im
plemented in the MPSC. It describes general con
siderations, transmit operation, and receive opera
tion for Asynchronous, Byte Synchronous, and Bit 
Synchronous protocols. 

ASYNCHRONOUS OPERATIONS 

General 

For operation in the asynchronous mode, the MPSC 
must be initialized with the following information: 
character length (WR3; 07, 06 and WRS; 06, OS), 
clock. rate (WR4; 07, 06), number of stop bits (WR4; 
03, 02), odd, even or no parity (WR4; 01, 00), inter
rupt mode (WR1, WR2), and receiver (WR3; ~O) or 
transmitter (WRS; 03) enable. When loading these 
parameters into the MPSC, WR4 information must 
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be written before the WA1, WA3, WAS parameters/ 
commands. (See Oetailed Command Oescription 
Section). 

For transmission via a modem or AS232C interface, 
the Aequest To Send (ATS) (WAS; 01) and Oata Ter
minal Aeady (OTA) (WAS; 07) bits must be set along 
with the Transmit Ena.ble bit (WAS; 03). Setting the 
Auto Enables (WA3; 05) bit allows the programmer 
to send the first character of the message without 
waiting for a clear to send (CTS). 

Both the Framing Error and Aeceive Overrun Error 
flags are latched and cause an interrupt, i.e., if status 
affects vector (WA1 B; 02) is selected, the interrupt 
vector indicates a special Aeceive condition. 

If the External/Status Interrupt bit (WA1; 00) is 
enabled, Break Oetect (AAO; 07) and Carrier Oetect 
(AAO; 03) will cause an interrupt. Aeset External/ 
Status Interrupts (WAO; OS, 04, 03) will clear Break 
Oetect and Carrier Oetect bits if they are set. 

A status read after a data read will include error 
status for the next word in the buffer. If the Interrupt 
on First Character (WA1; 04, 03) is selected, then 
data and error status are held until an Error Aeset 
command (WAO; OS, 04, 03) is given. 

If the Interrupt on Every Character Mode bit (WA1; 
04,03) is selected, the interrupt vector is different if 
there is an error status in AA1. When the character is 
read, the error status bit is set and the Special Ae
ceive Condition vector is returned if Status Affects 
vector (WA 1 B; 02) is selected. 

In a polled environment, the Receive Character 
Available bit (ARO; 00) must be monitored so that 
the CPU can determine when data is available. The 
bit is reset automatically when the data is read. 

If the X1 clock mode is selected, the bit synchroniza
tion must be accomplished externally. 

Transmit 

The transmit function begins when the Transmit En
able bit (WAS; 03) is set. The MPSC automatically 
adds the start bit, the programmed parity bit (odd, 
even or no parity) and the programmed number of 
stop bits (1, 1.5 or 2 bits) to the data character being 
transmitted. 

The Serial data is shifted out from the Transmit Oata 
(TxO) output on the falling edge of the Transmit 
Clock (TxC) input, at a rate programmable to 1, 1/16, 
1/32nd, or 1/64th of the clock rate supplied to the 
TxC input. 

The TxO output is held high when the transmitter has 
no data to send, unless, under program control, the 
Send Break (WRS: 04) command is issued to hold 
the TxO low. 

If the External/STATUS Interrupt bit (WR1: 00) is set, 
the status of CO, CTS and SYNOET are monitored, 
and, if any chang·es occur for a period of time greater 
than the minimum specified pulse width, an inter
rupt is generated. CTS is usually monitored using 
this interrupt feature. 

If the Auto Enables (WA: 05) option is selected the 
program mer need not wait for the CTS before send
ing the first character. The MPSC will automatically 
wait forthe CTS pin to go active before the transmis
sion begins. 

The Transmit Buffer Empty bit (ARO: 02) is set by the 
MPSC when the data byte from the bLiffer is loaded 
in the transmit shift register. The data is written to 
the MPSC only when the Tx buffer becomes empty to 
prevent overwriting. 

Asynchronous Mode Register Setup 

07 06 05 04 03 02 01 00 
00 Rx 5 b/char 

WR3 01 Rx 7 b/char AUTO 0 0 0 0 Rx 
10 Rx 6 b/char ENABLES ENABLE 
11 Rx 8 b/char 

00 X1 Clock 00 ENABLE SYNC 
MODES EVENI 

WR4 01 X16 Clock 0 0 01 1 STO-P BIT ODD PARITY 
10 X32 Clock 10 1'12 STOP BITS PARITY ENABLE 
11 X64 Clock 11 2 STOP BITS 

00 Tx 5 b/char 
WR5 DTR 01 Tx 7 b/char SEND Tx 0 RTS 0 

10 Tx 6 b/char BREAK ENABLE 
11 Tx 8 b/char 
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Receive 

The receive function begins when the Receive En
able (WR3; 00) bit is set. If the Auto Enables (WR3; 
05) option is selected, then Carrier Oetect (CO) must 
also be low. A valid start bit is detected if a low per
sists for at least 1/2 bit time on the Receive Oata 
(RxO) input. 

The data is sampled at mid-bit time, on the rising 
edge of RxC, until the entire character is assembled. 
The receiver inserts 1's when a character is less than 
8 bits. If parity (WR4; 0.1, 00) isenabled and the 
character is less than 8 bits the parity bit is not 
stripped from the character. 

The receiver also stores error status for each of the 3 
data characters in the data buffer. When a parity 
error is detected, the parity error flag (RR1; 04) is set 
and remains set until it is reset by the Error Reset 
command (WRO; OS, 04, 03). 

When a character is assembled without a stop bit 
being detected, the Framing Error bit (RR1; 06) is 
set. The detection of a Framing Error adds an ad
ditional 1/2 bit time to the character time so the 
Framing Error is not interpreted as a new start bit. 

If the CPU fails to read a data character while more 
than three characters have been received, the Re
ceive Overrun bit (RR1; 05) is set. Only the overwrit
ten character is flagged with the Receive Overrun 
bit. When this occu rs, the fourth character assem
bled replaces the third character in the receive buf
fers. The Receive Overrun bit (RR1; 05) is reset by 
the Error Reset command (WRO; OS, 04, 03). 

SYNCHRONOUS OPERATION~ 
MONO SYNC, BI SYNC' 

General 

The MPSC must be init·ialized with the following pa
rameters: odd or even parity (WR4; 01,00), X1 clock 
mode (WR4; 07, 06), 8- or 16-bit sync character 
(WR4; 05,04), CRC polynomial (WR5; 02), Trans
mitter Enable (WR5; 03), interrupt modes (WR1, 
WR2), transmit character length (WRS; 06, 05) and 
receive character length (WR3; 07,06). WR4 pa
rameters must be written before WR1, WR3, WR5, 
WR6 andWR7. 

The data is transmitted on the falling edge of the 
Transmit Clock, (TxC) and is received on the rising 
edge of Receive Clock (RxC). The X1 clock is used 
for both transm it and receive operations for all three 
sync modes: Mono, Bi and External. 

Transmit Set-Up-Monosync, Bisync 

Transmit data is held high after channel reset, or if 
the transmitter is not enabled. A break may be pro
grammed to generate a spacing line that begins as 
soon as the Send Break (WRS; 04) bit is set. With the 
transmitter fully initialized and enabled, the default 
condition is continuous transmission of the 8- or 
16-bit sync character. 

Using interrupts for data transfer requires that the 
Transmit Interupt/OMA Enable bit (WR1; 01) be set. 
An interrupt is generated each time the transmit buf
fer becomes empty. The in~errupt can be satisfied 

Synchronous Mode Register Setup-Monosync, Bisync 

07 06 OS 04 03 02 01 00 
00 Rx 5 b/char ENTER SYNC 

WR3 01 Rx 7 b/char AUTO HUNT Rx CRC a CHAR Rx 
10 Rx 6 b/char ENABLES MODE ENABLE LOAD ENABLE 
11 Rx 8 b/char INHIBIT 

00 8 bit Sync EVEN/ 
WR4 0 a 01 16 bit Sync a a ODD PARITY 

11 Ext Sync PARITY ENABLE 

00 Tx 5 b/char 1 
WRS DTR 01 Tx 7 b/char SEND Tx (SELECTS RTS Tx CRC 

10 Tx 6 b/char BREAK ENABLE CRC-16) ENABLE 
11 Tx 8 b/char 
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either by writing another character into the transmit
ter or by resetting the Transmitter Interrupt/OMA 
Pending latch with a Reset Transmitter Interrupt/ 
OMA Pending Command (WRO; OS, 04, 03). If noth
ing more is written into the transmitter, there can be 
no further Transmit Buffer Empty interrupt, but this 
situation does cause a Transmit Underrun condition 
(RRO; 06). 

Oata Transfers using the ROY signal are for software 
controlled data transfers such as block moves. ROY 
tells the CPU that the MPSC is not ready to accept/ 
prol(ide data and that the CPU must extend the 
output/input cycle. OMA data transfers use the 
TxORQ AlB signals which indicate that the transmit 
buffer is empty, and that the MPSC is ready to accept 
the next data character. If the data character is not 
loaded into the MPSC by the time the transmit shift 
register is empty, the MPSC enters the Transmit 
Underrun condition. 

The MPSC has two programmable options for solv
ing the transmit underrun condition: it can insert 
sync characters, or it can send the CRC characters 
generated so far, followed by sync characters. Fol
lowing a chip or channel reset, the Transmit 
Underrun/EOM status bit (RRO; 06) is in a set condi
tion allowing the insertion of sync characters when 
there is no data to send. The CRC is not calculated 
on these automatically inserted sync characters. 
When the CPU detects the end of message, a Reset 
Transmit Underrun/EOM command can be issued. 
This allows CRC to be sent when the transmitter has 
no data to send. 

In the case of sync insertion, an interrupt is gener
ated only after the first automatically inserted sync 
character has been loaded in Transmit Shift Regis
ter. The status indicates the Transmit Underrun/ 
EOM bit and the Transmit Buffer Empty bit are set. 

In the case of CRC insertion, the Transmit 
Underrun/EOM bit is set and the Transmit Buffer 
Empty bit is reset while CRC is being sent. When 
CRC has been completely sent, the Transmit Buffer 
Empty status bit is set and an interrupt is generated 
to indicate to the CPU· that another message can 
begin (this interrupt occurs bpcause CRC has been 
sent and sync has been loaded into the Tx Shift Reg
ister). If no more messages are to be sent, the pro
gram can terminate transmission by resetting RTS, 
and disabling the transmitter (WRS; 03). 

Bisync CRC Generation. Setting the Transmit CRC 
enable bit (WRS; 00) indicates CRC accumulation 
when the program sends the first data character to 

the MPSC. Although the MPSC automatically 
transmits up to two sync characters (16 bit sync), it is 
wise to send a few more sync characters ahead of 
the message (before enabling Transmit CRC) to 
ensure synchronizatior,1 at the receiving end. 

The Transm it CRC Enable bit can be changed on the 
fly any time in the message to include or exclude a 
particular data character from CRC accumulation. 
The Transmit CRC Enable bit should be in the de
sired state when the data character is loaded from 
the transmit shift register. To ensure this bit in the 
proper state, the Transmit CRe Enable bit must be 
issued before sending the data character to the 
MPSC. 

Transmit Transparent Mode. Transparent mode 
(Bisync protocol) operation is made possible by.the 
ability to changeTransmit CRC Enable on the fly and 
by the additional capability of inserting 16 bit sync 
characters. Exclusion of OLE characters from CRC 
calculation can be achieved by disabling CRG calcu
lation immediately preceding the OLE character 
transfer to the MPSC. 

In the transmit mode, the transmitter always sends 
the programmed number of sync bits (8 or 16) (WR4; 
OS, 04). When in the Monosync mode, the transmit
ter sends from WR6 and the receiver compares 
against WR7. One of two CRC polynomials, CRC 16 
or SOLC, may be used with synchronous modes. In 
the transmit initialization process, the CRC 
generator is initialized by setting the Reset Transmit 
CRC Generator command (WRO; 07, 06). 

The External/Status interrupt (WR1; 00) mode can 
be used to monitor the status of the CTS input as 
well as the Transmit Underrun/EOM latch. Option
ally, the Auto Enable (WR3; 05) feature can be used 
to enable the transmitter when CTS is active. The 
first data transfer to the MPSC can begin when the 
External/Status interrupt occurs (CTS (RRO; 05) 
status bit set) following the Transmit Enable com
mand (WRS; 03). 

Receive 

After a channel reset, the receiver is in the Hunt 
phase, during which the MPSC looks for character 
synchronization. The Hunt begins only when the re
ceiver is enabled and data transfer begins only when 
character synchronization has been achieved. If 
character synchronization is lost, the hunt phase 
can be re-entered by writing the Enter Hunt Phase 
(WR3; 04) bit. The assembly of received data con
tinues until the MPSC is reset or until the receiver is 
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disabled (by command or by CO while in the Auto 
Enables mode) or until the CPU sets the Enter Hunt 
Phase bit. Under program control, all the leading 
sync characters of the message can be inhibited 
from loading the receive buffers by setting the Sync 
Character Load Inhibit (WR3; 01) bit. After character 
synchronization is achieved the assembled charac
ters are transferred to the receive data FIFO. 

Oata may be transferred with or without interrupts. 
Transferring data without interrupts is used for a 
purely polled operation or for off-line conditions. 
There are three interrupt modes available for data 
transfer: Interrupt on First Character Only, Interrupt 
on Every Character, and Special Receive Conditions 
Interrupt. 

Interrupt on First Character Only mode is normally 
used to start a polling loop, a block transfer se
quence using ROY to synchronize the CPU to the in
coming data rate or a OMA transfer using the RxORQ 
signal. The MPSC interrupts on the first character 
and thereafter only interrupts after a Special Re
ceive Condition is detected. This mode can be 
reinitialized using the Enable Interrupt On Next Re
ceive Character (WRO; 05,04, 03) command which 
allows the next character received to generate an 
interrupt. Parity Errors do not cause interrupts, but 
End of Frame (SOLC operation) and Receive Over
run do cause interrupts in this mode. If the external 
status interrupts (WR1 ; 00) are enabled an interrupt 
may be generated any time the CO changes state. 

Interrupt On Every Character mode generates an 
interrupt whenever a character enters the receive 
buffer. Errors and Special Receive Conditions gen
erate a special vector if the Status Affects Vector 
(WR1 B; 02) is selected. Also the Parity Error may be 

programmed (WR1; 04, 03) not to generate the spe
cial vector while in the Interrupt On Every Character 
mode. 

The Special Receive Condition interrupt can only 
occur while in the Receive Interrupt On First Charac
ter Only or the Interrupt On Every Receive Character 
modes. The Special Receive Condition interrupt is 
caused by the Receive Overrun (RR1 ; 05) error con
dition. The error status reflects an error in the cur
rent word in the receive buffer, in addition to any 
parity or Overrun errors since the last Error Reset 
(WRO; 05, 04, 03). The Receive Overrun and Parity 
error status bits are latched and can only be reset by 
the Error Reset (WRO; 05, 04, 03) command. 

SYNCHRONOUS OPERATION-SOLC 

General 

Like the other synchronous operations the SOLC 
mode must be initialized with the following parame
ters: SOLC mode (WR4; 05, 04), SOLC polynomial 
(WR5; 02), Request to Send, Oata Terminal Ready, 
transmit character length (WR5; 06,05), interrupt 
modes (WR1; WR2), Transmit Enable (WR5; 03), 
Receive Enable (WR3; 00), Auto Enable (WR3; 05) 
and External/Status Interrupt (WR 1; 00). WR4 
parameters must be written before WR 1, WR3, 
WR5, WR6 and WR7. 

The Interrupt modes for SOLC operation are similar 
to those discussed previously in the synchronous 
operations section. 

Synchronous Mode Register Setup-SOLC/HOLC 

07 I 06 05 04 03 02 01 DO 
00 Rx 5b/char ENTER Rx ADDRESS Rx 

WR3 01 Rx 7b/char AUTO HUNT CRC SEARCH a ENABLE 
10 Rx 6b/char ENABLES MODE ENABLE MODE 
11 Rx 8b/char 

a a 1 a a a a a 
WR4 (SELECTS SDLCI 

HDLC MODE) 
-

00 Tx ",;5b/char a 
WR5 DTR 

01 Tx 7b/char 
a Tx (SELECTS RTS Tx 

10 Tx 6b/char 
ENABLE SDLCI CRC 

11 Tx 8b/char 
HDLC ENABLE 
CRC) 
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Transmit 

After a channel reset, the MPSC begins sending 
SOLC flags. 

Following the flags in an SOLC operation the 8-bit 
address field, control field and information field may 
be sent to the MPSC by the microprocessor. The 
MPSC transmits the Frame Check Sequence using 
the Transmit Underrun feature. The MPSC automat
ically inserts a zero after every sequence of 5 con
secutive 1 's except when transmitting Flags or 
Aborts. 

SOLC-like protocols do not have provision for fill 
characters within a message. The MPSC therefore 
automatically terminates an SOLC frame when the 
transmit data buffer and output shift register have 
no more bits to send. It does this by sending the two 
bytes of CRC and then one or more flags. This allows 
very high-speed transmissions under OMA or CPU 
control without requiring the CPU to respond 
quickly to the end-of-message situation. 

After a reset, the Transmit Underrun/EOM status bit 
is in the set state and prevents the insertion of CRC 
characters during the time there is no data to send. 
Flag characters are sent. The MPSC begins to send 
the frame when data is written into the transmit buf
fer. Between the time the first data byte is written, 
and the end of the message, the Reset Transmit 
Underrun/EOM (WRO; OS, 04, 01) command must 
be issued. The Transmit Underrun/EOM status bit 
(RRO; 06) is in the reset state at the end of the mes
sage which automatically sends the CRC 
characters. 

The MPSC may be programmed to issue a send 
Abort command (WRO; 05,04,03). This command 
causes at least eight 1 's but less than fourteen 1 's to 
be sent before the line reverts to continuous flags. 

Receive 

After initialization, the MPSC enters the Hunt phase, 
and remains in the Hunt phase until the first Flag is 
received. The MPSC never again enters the Hunt 
phase unless the microprocessor writes the Enter 
Hunt command. 

The MPSC can be programmed to receive all frames 
or it can be programmed to the Address Search 
Mode. In the Address Search Mode, only frames with 
addresses that match the value in WR6 or the global 
address (OFFH) are received by the MPSC. Extended 
address recognition must be done by the micropro
cessor software. 

The control and information fields are received as 
data. 

SOLC/HOLC CRC calculation does not have an 8-bit 
delay, since all characters are included in the calcu
lation, unlike Byte Synchronous Protocols. 

Reception of an abort sequence (7 or more 1 's) will 
cause the Break/Abort bit (RRO; 07) to be set and will 
cause an External/Status interrupt, if enabled. After 
the Reset External/Status Interrupts Command has 
been issued, a second interrupt will occur at the end 
of the abort sequence. 

MPSC 

Detailed Command Description 

GENERAL 
The MPSC supports an extremely flexible set of se
rial and system interface modes. 

The system interface to the CPU consists of 8 ports 
or buffers: 

cs 
o 0 
1 0 
o 1 

Read Operation 

Ch. A Data Read 
Ch. A Status Read 
Ch. B Data Read 
Ch. B Status Read 
High Impedence 

Write Operation 

Ch. A Data Write 
Ch. A Command/Parameter 
Ch. B Data Write 
Ch. B Command/Parameter 
High Impedence 

Oata buffers are addressed by A, = 0, and Command 
ports are addressed by A1 = 1. 

Command, parameter, and status information is 
held in 22 registers within the MPSC (8 write regis
ters and 3 read registers for each channel). They are 
all accessed via the command ports. 

An internal pointer register selects which of the 
command or status registers will be read or written 
during a command/status access of an MPSC 
channel. 
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COMMAND/STATUS 
POINTER 

.1 W : R : o : : 1 

·1 W R --t ___________ ---II I R R 

o ~I W R o-~ _____ ____'I I R R 2 I 
MSa Lsa 

o ~I W R 

Read Registers 

o ~I W R 4 

·1 W R 

-I o--_~ W R 6 

-I W R 7 

MSa Lsa 

Write Registers 

Figure 3. Command/Status Register Architecture (each serial channel) 

After reset, the contents of the pointer register are 
zero. The fi rst write to a com mand register causes 
the data to be loaded into Write Register 0 (WRO). 
The three least significant bits of WRO are loaded 
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into the Command/Status Pointer. The next read 
or write operation accesses the read or write reg
ister selected by the pointer. The pointer is reset 
after the read or write operation is completed. 
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COMMAND/STATUS DESCRIPTION 
The following command and status bytes are used 
during initialization and execution phases of opera
tion. All Command/Status operations on the two 
channels are identical, and independent, except 
where noted. 

Write Register 0 (WRO): 

L--'l JI J 

ro 

NULL CODE 

COMMAND/STATUS POINTER 

REGISTER POINTER 

NULL CODE 

SEND ABORT (SDLC) 

RESET EXT/STATUS INTERRUPTS 

CHANNEL RESET 

ENABLE INTERRUPT ON NEXT Rx 
CHARACTER 

RESET TxINTIDMA PENDING 

ERROR RESET 

END OF INTERRUPT 

RESET Rx CRe CHECKER 

RESET Tx CRe GENERATOR 

RESET Tx UNDERRUN!EOM LATCH 

Detailed Register Description 

WRO 
D2, D1, DO-Command/Status Register Pointer bits 
determine which write-register the next byte is to be 
written into, or which read-register the next byte is to 
be read from. After reset, the first byte written into 
either channel goes into WRO. Following a read or 
write to any register (except WRO) the pointer will 
point to WRO. 

D5, D4, D3-Command bits determine which of the 
basic seven commands are to be performed. 

Command 0 

Command 1 

Command 2 

Command 3 

Command 4 

Command 5 

Command 6 

Command 7 

07,D6 

00 

01 
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NUll-has no effect. 

Send Abort-causes the genera
tion of eight to thirteen 1's when 
in the SDLC mode. 

Reset External/Status Interrupts
resets the latched status bits of 
RRO and re-enables them, allowing 
interrupts to occur again. 

Channel Reset-resets the Latch
ed Status bits of RRO, the 
interrupt prioritization logic and 
all control registers for the 
channel. Four extra system 
clock cycles should be allowed 
for MPSC reset time before any 
additional commands or controls 
are written into the channel. 

Enable Interrupt on Next Receive 
Character-if the Interrupt on 
First Receive Character mode is 
selected, this command reacti
vates that mode after each com
plete message is received to 
prepare the MPSC for the next 
message. 

Reset Transmitter Interrupt/OMA 
Pending-if The Transmit 
Interrupt/DMA Enable mode is 
selected, the MPSC automatically 
interrupts or requests DMA data 
transfer when the transmit buffer 
becomes empty. When there are no 
more characters to be sent, 
issuing this command prevents 
further transmitter interrupts or 
DMA requests until the next 
character has been completely 
sent. 

Error Reset-error latches, Pari
ty and Overrun errors in RR1 are 
reset. 

End of Interrupt-resets the 
interrupt-in-service latch of the 
highest-priority internal device 
under service. 

CRC Reset Code 

Null-has no effect. 

Reset Receive CRC Checker
resets the CRC checker to D's. If in 
SDLC mode the CRC checker is 
initialized to all 1 'so 
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10 

11 

Reset Transmit CRC Generator 
-resets the CRC generator to 
O's. If in SOLC mode the CRC 
generator's initialized to a111's. 

Reset Tx Underrun/End of Message 
Latch. 

Write Register 1 (WR1): 

MSB LSB 

107 106 1 Dsl 04 : 03 1 D2J 01 1 DO I 

00 

'--v---l I EXT INTERRUPT 

ENABLE 

TxINTERRUPT/ 

DMAENABLE 

1 = VARIABLE 
STATUS AFFECTS VECTOR 
VECTOR(CH B ONLY) 0- FIXED 
(NULL CODE CH A) VECTOR 

~ 
0 0 RxINT/D,MA DISABLE 

0 1 RxlNT ON FIRST CHAR OR SPECIAL 
CONDITION 

1 0 INT ON ALL Rx CHAR (PARITY AFFECTS 
VECTOR)OR SPECIAL CONDITION 

1 1 INT ON ALL Rx CHAR (PARITY DOES 
NOT AfFECT VECTOR) OR SPECIAL 
CONDITION 

1 = WAIT ON Rx, 0 = WAIT ON Tx 

MUSTBEZERO 

WAIT ENABLE 1 = ENABLE,O = DISABLE 

External/Status Interrupt Enable 
-allows interrupt to occur as the 
result of transitions on the CO, 
CTS or SYNOET inputs. Also 
allows interrupts as the result of a 
Break/Abort detection and termi
nation, or atthe beginning of CRC, 
or sync character transmission 
when fhe Transmit Underrun/EOM 
latch becomes set. 

01 

02 

04, 03 

o 0 

o 

05 
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06 

07 

o 

Transmitter Interrupt/OMA Enable 
-allows the MPSC to interrupt or 
request a OMA transfer when the 
transmitter buffer becomes empty. 

Status Affects vector-(WR1, 02 
active in channel B only.) If this 
bit is not set, then the fixed vector, 
programmed in WR2, is returned 
from an interrupt acknowledge 
sequence. If the bit is set then the 
vector returned from an interrupt 
acknowledge is variable as shown 
in the Interrupt Vector Table. 

Receive Interrupt Mode 

Receive Interrupts/OMA Oisabled 

Receive Interrupt on First Charac
ter Only or Special Condition 

Interrupt on All Receive Charac
ters or Special Condition (Parity 
Error is a Special Receive Condi
tion) 

Interrupt on All Receive Charac
ters or Special Condition (Parity 
Error is not a Special Receive 
Condition). 

Wait on Receive/Transmit-when 
the following conditions are met 
the ROY pin is activated, otherwise 
it is held in the High-Z state. 
(Conditions: Interrupt Enabled 
Mode, Wait Enabled, CS = 0, 
AO = 0/1, and A 1= 0). The ROY 
pin is pulled low when the trans
mitter buffer is full or the receiver 
buffer is empty and it is driven 
High when the transmitter buffer is 
empty or the receiver buffer is full. 
The ROYA and ROYB may be 
wired OR connected since only 
one signal is active at anyone time 
while the other is in the High Z 
state. 

Must be Zero 

Wait Enable-enables the wait 
function . 
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WR2 ChannalA 05.04.03 

01. DO System Configuration-These 
specify the data transfer from 
MPSC channels to the CPU. either 
interrupt or OMA based. 0 X X 

0 0 Channel A and Channel B both use 
interrupts 

Channel A uses OMA. Channel B 0 
1 0 0 uses interrupt 

0 Channel A and Channel B both 
use OMA 

Illegal Code 1 0 1 

02 Priority-this bit specifies the 
relative priorities of the internal 
MPSC interrupt/OMA sources. 

0 
0 (Highest) RxA. TxA. RxB. TxB 

ExTA. ExTB (Lowest) 

(Highest) RxA. RxB. TxA. TxB. 
ExTA. ExTB (Lowest) 06 

07 
0 
1 

Write Register 2 (WR2): Channel A 

MSB LSB 

l D7 _l 061 D51 D4~ D31 D21 D1 : DO I 
~ ~ 

0 0 BDTH INTERRUPT 

0 1 A DMA, B INT 

1 0 BDTHDMA 

1 1 ILLEGAL 

1 = PRIORITY RxA >RxB >1XA >TxB 

o - PRIORITY RxA >TJ:A >RxB >TxB 

~ 

0 0 8085 MOD~ 1 

0 1 80B5 MODE 2 

1 0 BOB6IBB MODE 

1 1 ILLEGAL 

1 ~ VECTORED INTERRUPT 

o - NON VECTORED INTERRUPT 

MUST BE ZERO 

1 PIN 10 = SYNDEf B 

o PIN 10 = RTS B 

'EXTERNAL STATUS INTERRUPT· 
ONLY IF EXT INTERRUPT ENABLE (WR1; 00) IS seT 
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Interrupt Code-specifies the 
behavior of the MPSC when it re-
ceives an interrupt acknowledge 
sequence from the CPU. (See Inter-
rupt Vector Mode Table). 

Non-vectored interrupts-in-
tended for use with external OMA 
CONTROLLER. The Data Bus re-
mains in a high impedence state 
during INTA sequences .. 

8085 Vector Mode 1-intended for 
use as the primary MPSC in a daisy 
chained priority structure. (See 
System Interface section) 

8085 Vector Mode 2-intended for 
use as any secondary MPSC in a 
daisy chained priority structure. 
(See System Interface section) 

8086/88 Vector Mode-intended 
for use as either a primary or 
secondary in a daisy chained 
priority structure. (See System 
Interface section) 
Must be zero. 

Pin10 = RTSe 
Pin 10 = SYNDETe 

>EXTA* >EXTS* 

>EXTA* >EXTB* 
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The following table describes the MPSC's response to an interrupt acknowledge sequence: 

05 04 03 IPI MODE INTA Data Bus 

D7 DO 
0 X X X Non-vectored Any INTA High Impedance 

1 0 a a 85 Mode 1 1st INTA 1 1 a 0 1 1 0 1 
2ndiNTA V7 V6 V5 V4' V3' V2' V1 va 
3rd INTA a a a 0 0 a 0 0 

1 0 a 1 85 Mode 1 1st INTA 1 1 0 a 1 1 a 1 
2ndiNTA High Impedance 
3rd INTA High Impedance 

1 0 1 a 85 Mode 2 1st INTA High Impedance 
2nd INTA V7 V6 V5 V4' V3' V2' V1 va 
3rd INTA 0 0 0 a a a a 0 

1 0 1 1 85 Mode 2 1st INTA High Impedance 
2nd INTA High Impedance 
3rd INTA High Impedance 

1 1 a a 86 Mode 1st INTA High Impedance 
V7 V6 V5 V4 V3 V2* V1* VO* 

1 1 a 1 86 Mode 1st INTA High Impedance 
2nd INTA High Impedance 

'These bits are variable if the ";tatus affects vector" mode has been programmed, (WRI B, p.2). 

Interrupt/OMA Mode, Pin Functions, and Priority 

Int/OMA 
Ch. A WR2 Mode Pin Functions Priority 

ROYAl ROYsl IPII IPOI 
RxORQA TxORQA RxORQs TxORQs 

O2 0 1 0 0 CH.A CH.B Pin 32 Pin 11 Pin 29 Pin 30 Highest Lowest 

0 0 0 INT INT RxA, TxA,RxB,TxB,EXT~ EXTs 
RDYA RDYs fPj IPO 

1 0 0 INT INT RxA, RxB, TxA, TxB, EXT ~ EXT S 

0 0 1 DMA RxA, TxA (DMA) 
1--- -- --

- R-;A ;;-R-;-B,TxB. EXT~ EXTs (!NT) -INT - -
RxDROA TxDROA IPI IPO 

1 0 1 DMA RxA, TxA (DMA) - - - - -- RxA1,RxB,TxB, EXr,;,EXTs(II~T)--INT 

0 1 0 DMA DMA RxA'1 TxA, ~xB, TxB (DMA) _ 
RxA , RxB , EXT A' EXT S (lNT) 

RxDROA TxDROA 'RxDRO s TxDRO s RxA'1RxB, TxA, TxB, (DMA) 
1 1 0 DMA DMA RxA , RxB , EXT A' EXT S (INT) 

1Special Receive Condition 
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I 
8085 Modes V4 

8086/88 Mode V2 

Note 1: Special 0 
Receive Condition= 0 
Parity Error, 0 
Rx Overrun Error, 0 
Framing Error, 
End of Frame (SOLC) 

1 
1 
1 
1 

Write Register 2 (WR2): Channel B 

MSB LSB 

I":~:n:n:n:n: ~:~I 

L .. , 
Vector 

Write Register 3 (WR3): 

MSB 

8274 

Interrupt Vector Mode Table 

V3 

V1 

0 
0 
1 
1 

0 
0 
1 
1 

V2 

Vo 

0 
1 
0 
1 

0 
1 
0 
1 

Channel Condition 

B Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 

(Note 1) 

A Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 

(Note 1) 

WR2 CHANNel B 

07-00 Interrupt vector-This register contains 
the value of the interrupt vector placed 
on the data bus during interrupt ac
knowledge sequences. 

LSB 

Rx ENABLE 

SYNC CHAR LOAD INHIBIT 

'---- ADDR SRCH MODE (SDLC) 

L------Rx CRC ENABLE 

L-------ENTER HUNT MODE 

L---------AUTO ENABLES 

Rx 5 BITS/CHAR 

Rx 7 BITS/C,":,AR 

Rx 6 BITSfCHAR 

Rx 8 BITS/CHAR 
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Receiver Enable-A one enables the re
ceiver to begin. This bit should be set only 
after the receiver has been initialized. 

01 Sync Character Load Inhibit-A one pre
vents the receiver from loading sync 
characters into the receive buffers. 

02 

03 

04 

Address Search Mode-If the SOLC mode 
has been selected, the MPSC will re
ceive all frames unless this bit is a 1. If this 
bit is a 1, the MPSC will receive only frames 
with address bytes that match the global 
address (OFFH) or the value loaded into 
WRS. This bit must be zero in non-SOLC 
modes. 

Receive CRC Enable-A one in this bit 
enables (o(re-enables) CRC calculation. 
CRC calculatipn starts with the last charac
ter placed iri;1~e Receiver FIFO. A zero in 
this bit disables, put does not reset, the 
Receiver Cf\c'generator. 

Enter Hunt P.hase-After initialization, the 
M PSC automatically enters the Hunt mode. 
If synchronization is lost, the Hunt phase 
can be re-entered by writing a one to this 
bit. 

05 Auto Enables-A one written to this bit 
causes CO to be automatic enable signal 
for the receiver and CTS to be an automatic 
enable signal for the transmitter. A zero 
written to this bit limits the effect of CO and 
CTS signals to setting/resetting their corre
sponding bits in the status register (RRO). 

07, OS Receive Character length 

o 0 Receive 5 Oata bits/character 

o Receive 7 Oata bits/character 

o Receive S Oata bits/character 

Write Register 4 (WR4): 

WR4 
00 

01 

1 = EVEN PARITY 

0= ODD PARITY 

o 0 ENABLE SYNC MODES 

o 1 1 STOP BIT 

1 0 1.5 STOP BITS 

1 1 2 STOP BITS 

o 0 8 BIT SYNC CHAR 

o 1 16BITSYNCCHAR 

1 0 SDLClHDLCMODE(01111110)FLAG 

1 1 EXTERNA~ SYNC MODE 

o 0 X1 CLOCK 

o 1 X16CLOCK 

1 0 X32 CLOCK 

1 1 X64CLOCK 

Parity-a one in this bit causes a parity 
bitto be added to the programmed number 
of data bits per character for both the 
transmitted and received character. If the 
MPSC is programmed to receive 8 bits per 
character, the parity bit is not transferred 
to the microprocessor. With other receiver 
character lengths, the parity bit is trans
ferred to the microprocessor. 

Even/Odd Parity-if parity is enabled, a 
one in this bit causes the MPSp:tq~rarsmit 
and expect even parity, 61"\98 zero causes 
it to send and ~xpect odd parity. 

Receive 8 Oata bits/character 03, 02 Stop bits/sync mode 
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o 0 

o 

o 
1 

Selects synchronous modes. 

Async mode, 1 stop bit/character 

Async mode, 1-1/2 stop bits/character 
Async mode, 2 stop bits/character 

05, 04 Sync mode select 

o 0 8 bit sync character 

o 16 bit sync character 

o SOLC mode (Flag sync) 

External sync mode 

07, 06 Clock mode-selects the clock/data rate 
multiplier for both the receiver and the 
transm itter. 1 x mode must be selected for 
synchronous modes. If the 1x mode is 
selected, bit synchronization must be done 
externally. 

o 0 Clock rate = Oata rate x 

o Clock rate = Oata rate x 16 

o Clock rate = Oata rate x 32 

Clock rate = Oata rate x 64 

Write Register S (WRS): 

MSB lS8 

l D7J D6 I D5 I D41 D3 I D21 01 I DO J 

"- CRe ENABLE 

RT 

SD lC/CRC·1. (CRC MODE) 

Tx ENABLE 

SE NDBREAK 

0 0 Tx 5 BITS OR LESS/CHAR 

0 1 Tx 7 BITSfCHAR 

1 0 Tx 6 BITS/CHAR 

1 1 Tx 8 BITS/CHAR 

DT R 

WRS 
00 

01 

02 

03 

04 

Transmit CRC Enable-a one in this bit 
enables the transmitter CRC generator. 
The CRC calculation is done when a 
character is moved from the transmit 
buffer into the shift register. A zero in this 
bit disables CRC calculations. If this bit is 
not set when a transmitter underrun 
occurs, the CRC will not be sent. 

Request to Send-a one in this bit forces 
the RTS pin active (low) and zero in this bit 
forces the RTS pin inactive (high). 

CRC Select-a one in this bit selects the 
CRC -16 polynomial (X16 + X15 + X2 + 1) 
and a zero in this bit selects the CCITT-CRC 
polynomial (X16 + X12 + X5 + 1). 

Transmitter Enable-a zero in this bit 
forces a marking state on the transmitter 
output. If this bit is set to zero during data 
or sync character transmission, the mark
ing state is entered after the character has 
been sent. If this bit is set to zero during 
transmission of a CRC character, sync or 
flag bits are substituted for the remainder 
of the CRC bits. 

Send Break-a one in this bit forces the 
transmit data low. A zero in this bit allows 
normal transmitter operation. 

06, 05 Transmit Character length 

9-231 

o 0 Transmit 5 or less bits/character 

o Transmit 7 bits/character 

o Transm it 6 bits/character 

Transmit 8 bits/character 

Bits to be sent must be right justified least significant 
bit first, eg: 

07 06 05 04 03 02 01 00 

o o B5 B4 B3 B2 B1 BO 
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Five or less mode allows transmission of one to five bits per 
character. The microprocessor must format the data in 
the following way: 

07 06 05 04 03 02 01 00 

0 0 0 BO Sends one data bit 

0 0 0 B1 BO Sends two data bits 

0 0 0 B2 B1 BO Sends three data bits 

0 0 0 B3 B2 B1 BO Sends four data bits 

0 0 0 B4 B3 B2 B1 BO Sends five data bits 

07 Oata Terminal Ready-when set, this bit 
forces the OTR pin active (low). When 
reset, this bit forces the OTR pin inactive 
(high). 

Write Register S (WRS): 

WRS 

MSB LSB 

IM:~:M:~:OO:~:~:ool 

Least significant 

Sync byte (Address 
In SOLe/HOLe Mode) 

07-DO Sync/Address-this register contains the 
transmit sync character in Monosync 
mode, the low order 8 sync bits in Bisync 
mode, or the Address byte in SOLC mode. 

Write Register 7 (WR7): 

WR7 

MSB LS8 

IM:~:M:~:OO:~:~:ool 

1 Mos. Signiflcan' 

Sync byte (must 
be 01111110 in 
SDLCfHDLC Mode) 

07-00 Sync/Flag-this register contains the re
ceive sync character in Monosync mode, 
the high order 8 sync bits in Bisync mode, 
or the Flag character (01111110) in SOLC 
mode. WR7 is not used in External Sync 
mode. 
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Read Register 0 (RRO): 

MSB LS. 

lool~I~I~lool~I~lool 

I 

RRO 
DO Receive Character Available-this bit is 

set when the receive FIFO contains data 
and is reset when the FIFO is empty. 

D1 Interrupt Pending"-This Interrupt-Pend
ing bit is reset when an EOI command is 
issued and there is no other interrupt re
quest pending at that time. 

D2 Transmit Buffer Empty-This bit is set 
whenever the transmit buffer is empty 
except when CRC characters are being 
sent in a synchronous mode. This bit is 
reset when the transmit buffer is loaded. 
This bit is set after an MPSC reset. 

D3 Carrier Detect-This bit contains the state 
of the CD pin at the time of the last change 
of any of the External/Status bits (CD, 
CTS, Sync/Hunt, Break/Abort, or Tx 
Underrun/EOM). Any change of state of the 
CD pin causes the CD bit to be latched and 
causes an External/Status interrupt. This bit 
indicates current state of the CD pin im
mediately following a Reset External/Status 
Interrupt command: 

"In vector mode this bit is set at the falling edge of 
the second INTA in an INTA cycle for an internal 
interrupt request. In non-vector mode, this bit is 
set at the falling edge of RD input after pointer 2 
is specified. This bit is always zero in Channel B. 

Rx CHAR AVAILABLE 

In! PENDING (CHA ONLY) 

1lc BUFFER EMPTY 

CARRIER DETECT 

SYNC/HUNT 

CTS EXTERNAL STATUS 
INTERRUPT MODE 

1lc UNDERRUNlEOM 

BREAK/ABORT 

D4 Sync/Hunt-In asynchronous modes, the 
operation of this bit is similar to the CD 
status bit, except that Sync/Hunt shows the 
state of the SYNDET input. Any High-to
Low transition on the SYNDET pin sets this 
bit, and causes an External/Status inter
rupt (if enabled). The Reset External/Status 
Interrupt command is issued to clear the 
interrupt. A Low-to-High transition clears 
this bit and sets the External/Status inter
rupt. When the External/Status interrupt is 
set by the change in state of any other input 
or condition, this bit shows the inverted 
state of the SYNDET pin at time of the 
change. This bit must be read immediately 
following a Reset External/Status Interrupt 
command to read the current state of the 
SYNDET input. 

In the External Sync mode, the Sync/Hunt 
bit operates in a fashion similar to the 
Asynchronous mode, except the Enter 
Hunt Mode control bit enables the external 
sync detection logic. When the External 
Sync Mode and Enter Hunt Mode bits are 
set (for example, when the receiver is 
enabled following a reset), the SYNDET 
input must be held High by the external 
logic until external character synchroniza
tion is achieved. A High at the SYNDET 
input holds the Sync/Hunt status in the 
reset condition. 
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When external synchronization is 
achieved, SYNOET must be driven Low on 
the second rising edge of RxC after the 
rising edge of RxC on which the last bit of 
the sync character was received. In other 
words, after the sync pattern is detected, 
the external logic must wait for two full 
Receive Clock cycles to activate the SYN
OET input. Once SYNOET is forced Low, it 
is good practice to keep it Low until the 
CPU informs the external sync logic that 
synchronization has been lost or a new 
message is about to start. The High-to-Low 
transition of the SYNOET output sets the 
Sync/Hunt bit, which sets the External/ 
Status interrupt. The CPU must clear the 
interrupt by issuing the Reset External/ 
Status Interrupt Command. 

When the SYNOET input goes High again, 
another External/Status interrupt is gener
ated that must also be cleared. The Enter 
Hunt Mode control bit isset whenever 
character synchronization is lost or the end 
of message is detected. In this. case, the 
MPSC again looks for a High-to-Lowtransi
tion' on the SYNOET input and the opera
tion repeats as explained previously. This 
implies the CPU should also inform the ex
ternallogic that qharacter synchronization 
has been lost and that the MPSC is waiting 
for SYNOET to become active. 

In the Monosync and Bisync Receive 
modes, the Sync/Hunt status bit is initially 
set to 1 by the Enter Hunt Mode bit. The 
Sync/Hunt bit is reset when the MPSC es
tablishes character synchronization. The 
High-to-Lowtransition of the Sync/Hunt bit 
causes an External/Status. interrupt that 
must be cleared by the CPU issuing the 
Reset External/Status Interupt command. 
This enables the MPSC to detect the next 
transition of other External/Status bits. 

When the CPU detects the end of message 
or that character synchronization is lost, it 
sets the Enter Hunt Mode control bit, which 
sets the Sync/Hunt bit to 1. The Low-to
High transition of the Sync/Hunt bit sets the 
External/Status Interrupt, which must also 
be cleared by the Reset External/Status 
Interrupt Command. Note that the SYNOET 
pin acts as an output in this mode, and 

. goes low every time a sync pattern is de
tected in the data stream. 

05 

06 

07 
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In the SOLC mode, the Sync/Hunt bit is 
initially set by the Enter Hunt mode bit, or 
when the receiver is disabled. In any case, it 
is reset to D when the opening flag of t he 
first frame is detected by the MPSC. The 
External/Status interrupt is also generated, 
and should be handled as discussed 
previously. 

Unlike the Monosync and Bisync modes, 
once the Sync/Hunt bit is reset in the SOLC 
mode, it does not need to be set when the 
end of message is detected. The MPSC au
tomatically maintains synchronization. 
The only way the Sync/Hunt bit can be set 
again is by the Enter Hunt Mode bit, or by 
disabling the receiver. 

Clear to Send-this bit contains the in
verted state of the CTS pin at the time of the 
last change of any of the External/Status 
bits (CD, CTS, Sync/Hunt, Break/Abort, or' 
Tx Underrun/EOM). Any change of state of 
the CTS pin causes the CTS bit to be 
latched and causes an External/Status 
interrupt. This bit indicates the inverse of 
the current state of the CTS pin im
mediately following a Reset External/ 
Status Interrupt command. 

Transmitter Underrun/End of Message
this bit is in aset condition folloWing a reset 
(internal or external). The only command 
that can reset this bit is the Reset Transmit 
Underrun/EOM Latch command (WRD, Os 
and. 07). When the Transmit Underrun con
dition occurs, this bit is set, which causes 
the External/Status Interrupt which must 
be reset by issuing a Reset External/Status 
command (WRD; command 2). 

, Break/Abort-in the Asynchronous Re
ceive mod·e, this bit. is set when a Break 
sequence (null .character plus framing 
error) is detected in the data stream. The 
External/Status interrupt, if enabled, is set 
when break is detected. The interrupt ser
vice routine must issue the Reset 
External/Status Interrupt conimand (WRD, 
Command 2) to the break detection logic 
so the Break sequence termination can be 
recognized. 

AFN·01701B 
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SDLC Residue Code Tab!e (I Field Bits in 2 Previous Bytes) 

8 bits/char 7 bits/char 6 bits/char 5 bits/char 

RR1 Previous 2nd Prevo Previous 2nd Prevo Previous 2nd Prevo Previous 2nd Prevo 
03,0201 Byte Byte Byte Byte Byte Byte Byte Byte 

1 0 

0 1 

1 1 

0 0 

1 0 

0 1 

1 1 

0 0 

0 0 3 0 

0 0 4 0 

0 0 5 0 

1 0 6 0 

1 0 7 0 

1 0 8 0 

1 1 8 -

0 2 8 1 

The Break/Abort bit is reset when the ter
mination of the Break sequence is detected 
in the incoming data stream. The termina
tion of the Break sequence also causes the 
External/Status interrupt to be set. The 
Reset External/Status Interrupt command 
must be issued to enable the break detec
tion logic to look for the next Break se
quence. A single extraneous null character 
is present in the receiver after the termina
tion of a break; it should be read and 
discarded. 

In the SOLC Receive mode, this status bit is 
set by the detection of an Abort sequence 
(seven or more 1 's). The External/Status 
interrupt is handled the same way as in the 
case of a Break. The Break/Abort bit is not 
used in the Synchronous Receive mode. 

2 

3 

4 

5 

6 

-

-

7 

0 1 0 5 

0 2 0 1 

0 3 0 2 

0 4 0 3 

0 5 - -

- - - -

- - - -

0 6 0 4 

00 All sent-this bit is set when all charac
ters have been sent, in asynchronous 
modes. It is reset when characters are in 
the transmitter, in asynchronous modes. 
In synchronous modes, this bit is always 
set. 

03, 02, 01 Residue Codes-bit synchronous pro
tocols allow I-fields that are not an inte
gral number of characters. Since trans
fers from the MPSC to the CPU are char
acter oriented, the residue codes 
provide the capability of receiving 
leftover bits. Res,idue bits are right jus
tified in the last two data bytes received. 

04 Parity Error-If parity is enabled, this bit 
is set for received characters whose par
ity does not match the programmed 
sense (Even/Odd). This bit is latched. 
Once an error occurs, it remains set until 
the Error Re§et command is written. 

9-235 AFN·017018 



8274 

Read Register 1 (RR1): (Special Receive Condition Mode) 

05 

06 

MSB LSB 

I 07 1 08 I 05 1 04 I 03 : 02: 01 I DO I 
\ 

I 
I L ALLs ENT 

I FIELD 
~ PREVIOU 

000 

o 0 1 

o 1 0 

o 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

, 

Receive Overrun Error-this bit indi
cates that the receive FI FO has been 
overloaded by the receiver .. The '(ast 
character in the FIFO is overwritten and 
flagged with this error. Once the over
written character is read, this error con
dition is latched until reset by the Error 
Reset command. If the MPSC is in the 
status affects vector mode, the overrun 
causes a special Receive Condition 
Vector. 

CRC/Framing Error-In async modes, a 
one in this bit indicates a receive fram-

2 

0 

0 

0 

0 

0 

0 

1 

BITS I FIELD BITS 
S BYTE 2ND PREVIOUS BYTE 

RESIDUE DATA 
8 BITS/CHAR. MODE 

PARITY ERROR 

Rx OVERRUN ERROR 

CRCiFRAMING ERROR 

END OF FRAME (SDLC/HDLC MODE) 

07 

ing error. In synchronous modes, a one 
in this bit indicates that the calculated 
CRC value does not match the last two 
bytes received. It can be reset by issuing 
an Error Reset command. 

End of Frame-this bit is valid only in 
SOLC mode. A one indicates that a valid 
ending flag has been received. This bit is 
reset either by an Error .Reset command 
or upon reception of the first character 
of the next frame. . 
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Read Register 2 (RR2): 

MSB lSB 

I V7 : vS; V5 : VO' >3';V"; VI' : VO'I 

• Variable In 
""n""'o:;,;,,.::"p;;., ____ Status Affects 

Vector Vector Mode (WR1; 02) 

RR2 Channel B 
07-00 Interrupt vector-contains the interrupt 

vector programmed into WR2. If the status 
affects vector mode is selected, it contains 
the modified vector. (See WR2) RR2 con
tains the modified vector for the highest 
priority interrupt pending. If no interrupts 
are pending, the variable bits in the vector 
are set to one. 

SYSTEM INTERFACE 

General 
The MPSC to Microprocessor System interface can 
be configured in many flexible ways. The basic inter
face types are polled, wait, interrupt driven, or direct 
memory access driven. 

Polled operation is accomplished by repetitively 
reading the status of the MPSC, and making deci
sions based on that status. The M PSC can be polled 
at any time. 

Wait operation allows slightly faster data throughput 
for the MPSC by manipulating the Ready inputtothe 
microprocessor. Block Read or Write Operations to 
the MPSC are started at will by the microprocessor 
and the MPSC deactivates its RDYsignal if it is not 
yet ready to transmit the new byte, or if reception of 
new byte is not completed. 

Interrupt driven operation is accomplished via an 
internal or external interrupt controller. When the 
MPSC requires service, it sends an interrupt request 
Signal to the microprocessor, which responds with 
an interrupt acknowledge signal. When the internal 
or external interrupt controller receives the ac
knowledge, it vectors the microprocessor to a ser
vice routine, in which the transaction occurs. 

DMA operation is accomplished via an external DMA 
controller. When the MPSC needs a data transfer, it 
request a DMA cycle from the DMA controller. The 
DMA controller then takes control of the .bus and 
simultaneously does a read from the MPSC and a 
write to memory or vice-versa. 

The following section describes the many config
urations of these basic types of system interface 
techniques for both serial channels. 

Polled Operation: 

In the polled mode, the CPU must monitor the de
sired conditions within the MPSC by reading the ap
propriate bits in the read registers. All data available, 
status, and error conditions are represented by the 
appropriate bits in read registers 0 and 1 for chan
nels A and B. 

There are two ways in which the software task of 
monitoring the status of the MPSC has been re
duced. One is the "~Ring" of all conditions into the 
Interrupt Pending bit. (RRO; 01 channel A only). This 
bit is set when the MPSC requires service, allowing 
the CPU to monitor one bit instead offour status reg
isters. The other is available when the "status
affects-vector" mode is selected. By reading RR2 
Channel B, the CPU can read a vector who's value 
will indicate that one or more of group of conditions 
has occurred, narrowing the field of possible condi
tions. See WR2 and RR2 in the Detailed Command 
Description section. 

Software Flow, Polled Operation 

RECEIVE TRANSMIT 
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Hardware Configuration, Polled Operation 

~ ADD.RESS BUS "f". b 

DATA BUS II 
RD 

WR jvee 
p - OBO-7 

INTA 
8205 P '---- Ao 

- b'---- A, MPSC 

WAIT OPERATION: 
Wait Operation is intended to facilitate datatrans
mission or reception using tSlock move openlirbns.lf 
a block of data is to be transmitted, for example, the 
CPU can execute a String I/O instruction to the 
MPSC. After writing the first byte, the CPU will at
tempt to write a second byte immediately as is the 
case of block move. TMMPSC forces the ROY 
signal low which inserts wait states in the CPU's 
write cycle until the transmit buffer is ready to ac
cept a new byte. At that time, the ROY signal is high 
allowing the CPU to fini~h the write cycle. The CPU 
then attempts the third write and the process is 
repeated. 

Similar operation can be programmed for the re
ceiver. During initialization, wait on transmit (WR2; 
05 = 0) or wait on receive (WR1; 05 = 1) can be 
selected.The wait operation can be enabled/ 
disabled by setting/resetting the Wait Enable Bit 
(WR1; 07). 

CAUTION: ANY CONDITION THAT CAN CAUSE THE 
TRANSMITTER TO STOP (EG, CTS.GOES INAC
TIVE) OR THE RECEIVER TO STOP (EG, RX DATA 
STOPS) WILL CAUSE THE MPSC TO HANG THE 
CPU UP IN WAIT STATES UNTIL RESET. EXTREME 
CARE SHOULD BE TAKEN WHEN USING THIS FEA
TURE. 

INTERRUPT DRIVEN OPERATION: 
The MPSC can be programmed into several inter
rupt modes: Non-Vectored, 8085 vectored, and 
8088/86 vectored. In both vectored modes, multiple 
MPSC's can be daisy-chained. 

In the vectored mode, the MPSC responds to an 
interrupt acknowledge sequence by placing a call 
instruction (8085 mode) and interrupt vector (8085 

CS 

RD 

WR 

and 8088/86 mode) on the data bus. In the non
vectored mode, the MPSC does not respond to INTA 
sequences and must rely on an external interrupt 
controller such as the 8259A. 

The MPSC can be programmed to cause an interrupt 
due to up to 14 conditions in each channel. The 
status of these interrupt conditions is contained in 
Read Registers a and 1. These 14 conditions are ali 
directed to cause 3 different types of internal inter
rupt request for each channel: receive/interrupts, 
transmit interrupts and external/status interrupts (if 
enabled). 

This results in up to 6 internal interrupt request 
signals. The priority of those signals can be pro
grammed to one of two fixed modes: 

Highest Priority Lowest Priority 

RxA RxB TxA TxB ExTA ExTB 
RxA TxA RxB TxB ExTA ExTB 

The interrupt priority resolution works differently for 
vectored and non-vectored modes. 

PRIORITY RESOLUTION: VECTORED MODE 
Any interrupt condition can be accepted internally 
to the MPSC at any time, unless the MPSC's internal 
INTA signal is active, unless a higher priority inter
rupt is currently accepted, or if fiST is inactive (high). 
The MPSC's internallNTA is set on the leading (fail
ing) edge of the first External INTA pulse and reset 
on the trailing (rising) edge of the second External 
INTA pulse. After an interrupt is accepted internally, 
an External INT request is generated and the fi50 
goes inactive. IPO and iPI are used for daisy
chaining MPSC's together. 
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Interrupt Condition Grouping 

INTERNAL 
INTERRUPT 
ACCEPTED 

iNTERRUPT 
(EXTERNAL) 

INTA 
(EXTERNAL) 

INTA 
(INTERNAL) 

CONDITION 

RECEIVE CHARACTER __________ ~!>I 

=~~~1~EE~~~~R::U;-:N:cE::R::R::O::R:-__ --.rsiPeiCiALl 
FRAMING ERROR II 
END OF FRAME (SOLe ONLY)~L.!!:=""'=.J 

MODE 

INTERRUPT ON ALL 
RECEIVE CHARACTERS 

~~RL~~ ~g~RsEVS~CB~~:7:8~g'6~~v~c MODES) : ~N~Tg~:~:6T~~ FIRST 

INTERNAL INTERRUPT 
REQUEST 

FIRST DATA CHARACTER,'7.~j.Sj~~~~===~J~~~~~:~ 

CD TRANSITION~~:~~~~~~~~~~~~~~~~~~~~~~~~~~ ers TRANSITION 
SYNC TRANSITION 
Tx UNDERRUNfEOM 
BREAK/ABORT DETECT 

TRANSMIT BUFFER EMPTY 

LOWER PRIORITY INTERRUPTS NOT ACCEPTED 

HIGHER 

_-f-tl------ NO ~~6~~~~&TS---------I""':4--I:r~'~:~~~S--.. 
ACCEPTED 

The MPSC's internallNTA is set on the leading (fail
ing) edge of the first external INTA pulse, and reset 
on the trailing (rising) edge of the second external 
INTA pulse. After an interrupt is accepted internally, 

an external INT request is generated and IPO goes 
inactive (high). IPO and iPl are used for daisy
chaining MPSC's together. 
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In-Service Timing 

INTERNAL INTERRUPT ~ 
ACCEPTED 

8274 

INTERRUPT \ / 

(EXTERNAL) _ \\... _________________ ~ 

INTA 
(EXTERNAL) 

INTA 
(INTERNAL) 

IN·SERVICE 
(INTERNAL) 

Each of the six interrupt sources has an associated 
In-Service latch. After priority has been resolved, the 

highest priority In-Service latch is set. After the In
Service latch is set, the INT pin goes inactive (high). 
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EOI Command Timing 

SERVICE 
ROUTINE 

INTERNAL INTERRUPT jr------------------t ~----""" 
ACCEPTED ---.I 

INTERRUPT \. / 

(EXTERNAL) _ \1... ___________ -' 

iIi'fA 
(EXTERNAL) 

INTA / (INTERNAL) -
wo~ 

IN-SERVICE / 
(INTERNAL) 
__ -----i 

EOI COMMAND 
(INTERNAL) 

Lower priority interrupts are not accepted internally 
while the In-Service latch is set. However, higher 
priority interrupts are accepted internally and a new 
external INT request is generated. If the CPU re
sponds with a new INTA sequence, the MPSC will re
spond as before, suspending the lower priority 
interrupt. . 

9-241 

After the interrupt is serviced, the End-of-Interrupt 
(EOI) command should be written to the MPSC. This 
command will cause an internal pulse that is used to 
reset the In-Service Latch which allows service for 
lower priority interrupts in the daisy-chain to re
sume, provided a new INTA sequence does not start 
for a higher priority interrupt (higher than the high
est under service). If there is no interrupt pending in
ternally, the IPO follows IPI. 
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Non-Vectored Interrupt Timing 

SERVICE 
ROUTINE 

LOWER PRIORITY INTERRUPTS NOT ACCEPTED ---
INTERNAL INTERRUPT 

ACCEPTED 

INTERRUPT 
(EXTERNAL) 

Rii 
(EXTERNAL) 

INTERNAL POINTER 
SETTOREG2 

IN·SERVICE 
(INTERNAL) 

EOICOMMAND 
(INTERNAL) 

PRIORITY RESOLUTION: 
NON-VECTORED MODE 

In noh-vectored mode, the MPSC does not respond 
to interrupt acknowledge sequences. The MPSC 
should be programmed to the Status-Affects-Vector 
mode, and the CPU should read RR2 (Ch. B)in its 
service routine to determine which interrupt re
quires service. 

In this case, the internal pOinter being set to RR2 
provides the same function as the internal INTA 
signal in the vectored mode. It inhibits acceptance 
of any additional internal interrupts and its leading 
edge starts the interrupt priority resolution circuit. 
The interrupt priority resolution is ended by the lead
ing edge of the read signal used by the CPU to 
retrieve the modified vector. The leading edge of 
read sets the In-Service latch and forces the external 
INT output inactive (high). The internal pointer is 
resetto zero afterthetrailing edgeofthe read pulse. 
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Vee 

INTf>-o<j{ 

INTA 

CPU 6 
INT INTA 

~ 
IPI IPO 

MPSC 
HIGHEST PRIORITY 

Note that if RR2 is specified but not read, no internal 
interrupts, regardless of priority, are accepted. 

DAISY CHAINING MPSC: 
In the vectored interrupt mode, multiple MPSC's can 
be daisy-chained on the same INT, INTA signals. 
These signals, in conjunction with the iPT and IPO 
allow a daisy - chain -like interrupt resolution 
scheme. This scheme can be configured for either 
8085 or 8086/88 based system. 

In either mode, the same hardware configuration is 
called for. The INT request lines are wire-OR'ed to
gether at the input of a TTL inverter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained MPSC's. 

The MPSC drives IPO (Interrupt Priority Output) in
active (high) if IPI (Interrupt Priority Input) is inactive 
(high), or if the MPSC has an interrupt pending. 

The IPO of the highest priority MPSC is connected to 
the iPT of the next highest priority MPSC, and so on. 

IPI 

;I; 6 
INT INTA INT INTA 

IPO IPI IPO 

MPSC MPSC 
LOWEST PRIORITY 

If TPi is active (low), the MPSC knows that all higher 
priority MPSC's have no interrupts pending. The IPI 
pin of the highest priority MPSC is strapped active 
(low) to ensure that it always has priority over the 
rest. 

MPSC's Daisy-chained on an 8088/86 CPU should be 
programmed to the 8088/86 Interrupt mode (WR2; 
04, 03 (Ch. A). MPSC's Daisy-chained on an 8085 
CPU should be programmed to 8085 interrupt mode 
1 if it is the highest priority MPSC. In this mode, the 
highest priority MPSC issues the CALL instruction 
during the first INTA cycle, and the interrupting 
MPSC provides the interrupt vector during the fol
lowing INTA cycles. Lower priority MPSC's should 
be programmed to 8085 interrupt mode 2. 

MPSC's used alone in 8085 systems should be pro
grammed to 8085 mode 1 interrupt operation. 
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DMA Acknowledge Circuit 

DMATiming 

DACKo ------, 
=,-----, 
~2--~~~~ 

~3-~~~r-~ 

Ao 
A1 

Cii 

DRQ"~ 

Ao 
A, 
cs 

\'-------
AO,A"CS---.... X"'----_________ >C 

iffi,Wii ------""'\\ ... __ -,-__ -....11 

Ao 
A, 
Cii 

DMA OPERATION 
Each MPSC can be programmed to utilize up to four 
DMA channels: Transmit Channel A; Receive Chan
nel A, Transmit Channel B, Receive Channel B, Each 
DMA Channel has an associated DMA Request line, 
Acknowledgement of a DMA cycle is done via nor
mal data read or write cycles. This is accomplished 
by encoding the DACK signals to generate Ao, A1, 

and CS signals, and multiplexing them with the 
normal Ao, ~, and CS signals. 

permutations of interupt, wait, and DAM modes for 
channels A and B. Bits D1, Do of WR2 Ch. A deter-
mine these permutations. . 

PERMUTATIONS 
Channels A and B can be used with different system 
interface modes. In all cases it is impossible to poll 

Permuta.tion 
WR2 Ch.A 

D1 Do 

o 0 

o 1 

1 0 

Channel A 

Wait 
Interrupt 

Polled 
DMA 

Polled 

DMA 
Polled 

the MPSC. The following table shows the possible D1, DO = 1, 1 is illegal. 

ChannelB 

Wait 
Interrupt 

Polled 
Interrupt 

Polled 

DMA 
Polled 
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DE ~ 

8282 , 
1\16-A19 01 DO A16 A19 

ALE STB 
r 

'--- , 
rlDI-, A8-A15 

A8-A15 

~VCC r-- II 8274 

r'--' rc"'- .-- , 
8088 AD ~1 ... 0,~ .--- DI DO Ao A, 1AR 

8284A 
K!.:~O'~ 1\ READY :~ ~Ol~ 

r- STB 

WR 8282 

:' O'~ , DE T- J D0o-DO, I~ 
r- elK 

....f':>o-- 8282 srB 

I-- RESET I 
V OE 01,01 7 

ADO-AD7 DO 0 7 
DB, 

HOLD HLOA 

~ 
DB, 

ADSlB 

0 0-0, 8237 Ao-A, 

MEMR ORQ o RxDR 

MEMW1'I 'i5ACK Q -

§1 HLDA ORO, TxDRQ 
CLR 0 - 74LS74 HRO OACK, -
elK AEN DRQ 2 RxOR 

i70R DACK 2 MUL 11 PLEXER 
~ I/OW ORO) 

~:-
-- - T xDR 

READY 

"~ft"' 
-, 

" elK I 
V 

RESET 
A, 

I 
A, 

I 
es 

" {>o I 1 :1?'> i-... : 

os 
- l--~---_J 

(FROM 82(5) 

0, 

0, 

RD 

~ 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature 
Under Bias ........................ O°C to + 70°C 
Storage Temperature 
(Ceramic Package) ............. -65°C to + 150°C 
(Plastic Package) .............. - 400C to + 125°C 
Voltage On Any Pin With 
Respect to Ground .............. -O.5V to +7.0V 
Power Dissipation ......................... 1.5W 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O'C to 70'C; Vee = +5V ±100/0) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 +0.8 V 

VIH Input High Voltage +2.0 Vee +0.5 V 

VOL Output Low Voltage +0.45 V IOL = 2.0mA 

VOH Output High Voltage +2.4 V IOH = - 2OOILA 

IlL Input Leakage Current +10 !LA VIN = Vee to OV 

IOL Output Leakage Current +10 !LA VOUT= VeetoOV 

ICC Vee Supply Current 180 mA 

CAPACITANCE (TA = 25'C; Vee = GND = OV) 

Symbol Parameter Min. Max. Units Test Conditions 

. C IN Input Capacitance 10 pF fc = 1 MHz; 

COUT Output Capacitance 15 pF Unmeasured 

CliO Input/Output Capacitance 20 pF pins returned 

toGND 
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A.C. CHARACTERISTICS (TA = OOG to 70oG; Vcc = +5V ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

tCY ClK Period 250 4000 ns 

tCl ClK low Time 105 2000 ns 

tCH ClK High Time 105 2000 ns 

tr ClK Rise Time 0 30 ns 

tf ClK Fall Time 0 30 ns 

tAR AO, AI Setup to ROt 0 ns 

tAD AO, Alto Data Output Delay 200 ns CL=150 pi 

tRA AO, AI Hold Alter ROt 0 ns 

t RO ROt to Data Output Delay 200 ns CL=150 pi 

tRR RD Pulse Width 250 ns 

tOF Output Float Oelay 120 ns 

tAW CS, AO, AI Setup to WR i 0 ns 

tWA CS, AO, AI Hold after WRt 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WRt 150 ns 

two Data Hold After WRt 0 ns 

tpi ipT Setup to INTA i 0 ns 

tiP IPI Hold after INTA t 0 ns 

til INTA Pulse Width 250 ns 

tlAPO INTAt to IPO Delay 200 ns 

t plPO IPI ito IPO Delay 100 ns 

tiD INTAJ, to Data Oulput Delay 200 ns 

tca AD or WR to DRQt 150 ns 

tRY Recovery Time Between Controls 300 ns 

tcw CS, AO, Alto RDY A or RDY B Delay 120 ns 

toCY Data Clock Cycle 4.5 ICY ns 

tOCl Data Clock low Time 180 ns 

tOCH Data Clock High Time 180 ns 

tTD TxC to TxD Delay 300 ns 

tos RxD Setup to Rxq 0 ns 

tOH RxD Hold alter RxCt 140 ns 

tlTO TxC to INT Delay 4 6 tcy 
-

tiRO RxC to INT Delay 7 10 tcy 

tpl CTS, CD, SYNDET low Time 200 ns 

tp .. CTS, CD, SYNDET High Time 200 ns 

t lPO ExternallNT from CTS, CD, SYNDET 500 ns 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

U==>( x= 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A.C TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.4SV FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND a.8V FOR A LOGIC "0 .. 

WAVEFORMS 

CLOCK CYCLE 

READ CYCLE 

CS, AD, A1 

RD 

8274 

A.C. TESTING LOAD CIRCUIT 

-
DEVICE 

~CL;150PF 
UNDER 

TEST 

-=-
CL.= 150pF 
CL INCWDES JIG CAPACITANCE 
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WAVEFORMS (Continued) 

WRITE CYCLE V 

"./ 'b .. '! _______ ,.. ~ , .. :i< 

INTA CYCLE 

NOTE 1 

TPi 
NOTE 2 

DMA CYCLE 

ORO / 

----J 

~,AO,A1 

RDORWR 

NOTES: 
1. INTA signal acts as RD signal. 
2. IPI signal acts as CS signal. 

HIGH 
IMPEDANCE 
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WAVEFORMS (Continued) 

READ/WRITE CYCLE (SOFTWARE POLLED MODE) 

CS, AD, A1 

RDORWR 

1-------',,-------0.{ 

"'-------

TRANSMIT DATA CYCLE 

L 
OTHER T;::::!,. ~.I------2!',,~---0---t,"----~'----

1 ""--"1-10

''--__ _ 
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8291A 
GPIB TALKER/LISTENER 

• Designed to Interface 
Microprocessors (e.g., 8048/49, 8051, 
8080/85,8086/88) to an IEEE Standard 
488 Digital Interface Bus 

• Programmable Data Transfer Rate 

• Complete Source and Acceptor 
Handshake 

• Complete Talker and Listener 
Functions with Extended Addressing 

• Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

• Selectable Interrupts 

• On-Chip Primary and Secondary 
Address Recognition 

• Automatic Handling of Addressing and 
Handshake Protocol 

• Provision for Software Implementation 
of Additional Features 

• 1-8 MHz Clock Range 

• 16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

• Directly Interfaces to External 
Non-Inverting Transceivers for 
Connection to the GPIB 

• Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

• DMA Handshake Provision Allows for 
Bus Transfers without CPU 
Intervention 

• Trigger Output Pin 

• On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 

The 8291 A is an enhanced version of the 8291 GPIB Talker/Listener designed to interface microprocessors to 
an IEEE Standard 488 Instrumentation Interface Bus. It implements a" of the Standard's interface functions 
except for the controller. The controller function can be added with the 8292 GPIB Controller, and the 8293 
GPIB Transceiver performs the electrical interface for Talker/Listener and Talker/Listener/Contro"er 
configurations. 

I 8291A 

I 
I 
I 

GPIS DATA 

INTERFACE 
FUNCTIONS 

SH 
AH 
rEf 
LE 
SR 

8291A I 

RL I 
riA CONTROL 

TO NON·INVERTING 

BUS TRANSCEIVERS 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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8291A FEATURES AND IMPROVEMENTS 

The 8291A is an improved design of the 8291 GPIB 
Talker/Listener. Most oUhe functions are identical to 
the 8291, and the pin configuration is unchanged. 

The 8291A offers the following improvements to the 
8291: 

1. EOI is active with the data as a ninth data bit 
rather than as a control bit. This is to comply 
with some additions to the 19751EEE-488 Stan
dard incorporated in the 1978 Standard. 

2. The BO interrupt is not asserted until RFD is 
true. If the Contrp"er asserts ATN 
synchronously, the data is guaranteed to~ 
transmitted. If the Controller asserts ATN 
asynchronously, the SH (Source Handshake) 
wi" return to SIDS (Source Idle State), and the 
output data wi" be cleared. The, if ATN is 

.1eIeasea-while the 8291A is addressed to talk, a 
new BO interrupt wi" be generated. This change 
fixes 8291 problems which caused data to be 
lost or repeated and a problem with the RQS bit 
(sometimes cannot be asserted while talking). 

3. llOC and REMC interrupts are setting flipflops 
rather than toggling flipflops in the interrupt 
backup register. This ensures that the CPU 
knows that ~hese state changes have occurred .. 
The actual state can be determined by checking 
the llO and REM status bits in the upper nibble 

. of the Interrupt Status 2 Register. 

4. DREQ is cleared by DACK (RD + WR). DREQ on 
the 8291 was cleared only by DACK which is not 
compatible with the 8089 I/O Processor. 

5. The INT bit in Interrupt Status 2 Register is du
plicated in bit 7 of the Address 0 Register. If 
software polling is used to check for an inter
rupt, INT in the Address 0 Register should be 
polled rather than the Interrupt Status 2 Regis
ter. This ensures that no interrupts are lost due 
to asynchronous status reads and interrupts. 

6. The 8291A's Send EOI Auxiliary Command 
works on any byte including the first byte of a 
message. The 8291 did not assert EOI after this 
command for a one byte message nor on two 
consecutive bytes. 
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7. To avoid confusion between holdoff on DAV ver
sus RFD if a device is readdressed from a talker 
to a listener role or vice-versa during a holdoff, 
the "Holdoff on Source Handshake" has been 
eliminated. Only "Holdoff on Acceptor Hand
shake" is available. 

8. The rsv local message is cleared automatically 
upon exit from SPAS if (APRS.STRS.SPAS) oc
curred. The automatic resetting of the bit after 
the serial po" is complete simplifies the service 
request software. 

9. The SPASC interrupt on the 8291 has been 
replaced by the SPC (Serial Po" Complete) in
terrupt on the 8291A. SPC interrupt is set on exit 
from SPAS if APRS.STRS.SPAS occurred, indi
cating that the controller has read the bus status 
byte after the 8291A requested service. The 
SPASC interrupt was ambiguous because a 
controller could enter SPAS and exit SPAS gen
erating two SPASC interrupts without reading 
the serial po" status byte. The SPC interrupt also 
simplifies the CPU's software by eliminating the 
interrupt when the serial po" is half way done. 

10. The rtl Auxiliary Command in the 8291 has been 
replaced by Set and Clear rtl Commands in the 
8291A. Using the new commands, the CPU has 
the flexibility to extend the length of local mode 
or leave it as a short pulse as in the 8291. 

11. A holdoff RFD on GET, SOC, and DCl feature 
has been added to prevent additional bus ac
tivity while the CPU is responding to any of 
these commands. The feature is enabled by a 
new bit (B.) in the Auxiliary Register B. 

12. On the 8291, BO could cease to occur upon IFC 
going false if IFC occurred asynchronously. On 
the 8291A, BO continues to occur after IFC has 
gone false even if it arrived asynchronously. 

13. User's software can distinguish between the 
8291 and the 8291A as follows: 

a) pon (OOH to register 5) 
b) RESET (02Hto register 5) 
c) Read Interrupt Status 1 Register. If BO inter

rupt is set, the device is the 8291. If BO is clear, 
it is the 8291 A. 

This can be used to set a flag in the user's 
software which wi" permit special routines to be 
executed for each device. It could be included 
as part of a normal initialization procedure as 
the fi rst step after a ch i preset. 
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Symbol 
Pin 

Type 
No. 

0 0-0, 12-19 I/O 

RSo-RS, 21-23 I 

CS 8 I 

RO 9 I 

WR 10 I 

INT(INT) 11 0 

OREQ 6 0 

DACK 7 I 

TRIG 5 0 

CLOCK 3 I 

8291A 

Table 1. Pin Description 

Name and Function 

Data Bus Port: To be con-
nected to microprocessor 
data bus. 

Register Select: Inputs, to 
be connected to three non-
multiplexed microproces-
sor address bus lines. 
Select which of the 8 inter-
nal read (write) registers 
will be read from (written 
into) with the execution of 
RO(WR.) 

Chip Select: When low, 
enables reading from or 
writing into the register se-
lected by RSo-RS,. 

Read Strobe: When low 
with CS or OACK low, se-
lected register contents 
are read. 

Write Strobe: When low 
with CS or OACK low, data 
is written into the selected 
register. 

Interrupt Request: To the 
microprocessor, set high 
for request and cleared 
when the appropriate reg-
ister is accessed by the 
CPU. May be software con-
figu red to be active low. 

DMA Request: Normally 
low, set high to indicate 
byte output or byte input in 
DMA mode; reset by OACK. 

DMA Acknowledge: When 
low, resets DREQ and 
selects data in/data out 
reg ister for OMA data 
transfer J.5!ctual transfer 
done by RO/WR pulse). 

Must be high if OMA is not 
used. 

Trigger Output: Normally 
low; generates a triggering 
pulse with 1 /Lse'c min. 
width in response to the 
GET bus command or Trig-
ger ~uxillary command. 

External Clock: Input, 
used only for T, delay 
generator. May be any 
speed in 1-8 MHz range. 
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Symbol 
Pin 
No. 

RESET 4 

010,-010, 28-35 

OAV 36 

NRFD 37 

NOAC 38 

ATN 26 

IFC 24 

SRQ 27 

REN 25 

EOI 39 

Type 

I/O 

I/O 

Name and Function 

Reset Input: When high, 
forces the device into an 
"idle" (initialization) mode. 
The device will remain at 
"idle" until released by the 
microprocessor, with the 
"Immediate Execute pon" 
local message. 

a-Bit GPIB Data Port: Used 
for bidirectional data byte 
transfer between 8291 A 
and GPIB via non-inverting 
external line transceivers. 

Data Valid: GPIB hand
shake control line. Indi
cates the availability and 
validity of information on 
the DIO,-DIO, and EOI 
lines. 

I/O Not Ready for Data: GPIB 
handshake control line. In
dicates the condition of 
readiness of device(s) con
nected to the bus to accept 
data. 

I/O Not Data Accepted: GPIB 
handshake control line. In
dicates the condition of ac
ceptance of data by the 
device(s) connected to the 
bus. 

I Attention: GPIB command 
line. Specifies how data on 
010 lines are to be inter
preted. 

I Interface Clear: GPIB 
command line. Places the 
interface functions in a 
known quiescent state. 

o Service Request: GPIB 
command line. Indicates 
the need for attention and 
requests an interruption of 
the current sequence of 
events on the GPIB. 

I Remote Enable: GPIB 
command line. Selects (in 
conjunction with other 
messages) remote or local 
control of the device. 

I/O End or Identify: GPIB com
mand line. Indicates the 
end of a multiple byte 
transfer sequen~r, in 
conjunction with ATN, ad
dresses the device during a 
polling sequence. 
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Table 1. Pin Description (Continued) 

Symbol 
Pin 

Type Name and Function 
No. 

T/R1 1 0 External Transceivers 
Control Line: Set high to 
indicate output datal 
sign~n the 010,-010, 
and OAV lines and input 
signals on the NRFO and 
NOAC lines (active source 
handshake). Set low to in-
dicate J.!!2.ut~ta/signals 
on the 010,-010, and OAV 
lines and output signals on 
the NRFO and NDAC lines 
(active acceptor hand-
shake). 

r - - DREG 

I DMA 

I ~g~;l~~~LL~R I i5ACK L _____ ..1 

Symbol 
Pin 

Type Name and Function 
No. 

T/R2 2 0 External Transceivers 
Control Line: Set to indi-
cate output signals on the 
ill line. Set low to indicate 
expected input signal on 
the EOI line during parallel 
poll. 

Vee 40 P.S. Positive Power Supply: 
(5V ±10%). 

GNO 20 PS. Circuit Ground Potential. 
NOTE: 
All signals on the 8291 A pins are specified with positive logic. 
However, IEEE 488 specifies negative logic on its 16 signal lines. 
Thus, the data is inverted once from 0 0-0, to 0100-010, and 
non-inverting bus transceivers should be used. 

Figure 3. 8291A System Diagram 

THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 

The General Purpose Interface Bus (GPIB) is 
defined in the IEEE Standard 488-1978 "Digital In
terface for Programmable Instrumentation." 
Although a knowledge of this standard is assumed, 
Figure 4 provides the bus structure for quick refer
ence. Also, Tables 2 and 3 reference the interface 
state mnemonics and the interface messages 
respectively. Modified state diagrams for the 8291A 
are presented in Appendix A. 

General Description 

The 8291A is a microprocessor-controlled device 
designed to interface microprocessors, e.g., 
8048/49, 8051, 8080/85, 8086/88 to the GPIB. It im
plements all of the interface functions defined in the 
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IEEE-488 Standard except for the controller func
tion. If an implementation of the Standard's Control
ler is desired, it canbe connected with an Intel® 8292 
to form a complete interface. 

The 8291A handles communication between a mi
croprocessor-controlled device and the GPIB. Its 
capabilities include data transfer, handshake 
protocol, talker/listener addressing procedures, 
device clearing and triggering, service request, and 
both serial and parallel polling. In most procedures, 
it does not disturb the microprocessor unless a byte 
has arrived (input buffer full) or has to be sent out 
(output buffer empty). 

The 8291A architecture includes 16 registers. Eight 
of these registers may be written into by the micro
processor. The other eight registers may be read by 
the microprocessor. One each of these read and 
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write registers is for direct data transfers. The rest of 
the write registers control the various features of the 
chip, while the rest of the read registers provide the 
microprocessor with a monitor of GPIB states, vari
ous bus conditions, and device conditions. 

GPIB Addressing 

Each device connected to the GPIB must have at 
least one address whereby the controller device in 
charge of the bus can configure it to talk, listen, or 
send status. An 8291A implementation of the GPIB 
offers the user three alternative addressing modes 
for which the device can be initialized for each appli
cation. The first of these modes allows for the device 
to have two separate primary addresses. The second 
mode allows the user to implement a single 
talker/listener with a two byte address (primary ad
dress + secondary address). The third mode again 
allows for two distinct addresses but in this instance, 
they can each have a ten-bit address (5 low-order 
bits of each of two bytes). However, this mode re
quires that the secondary addresses be passed to 
the microprocessor for verification. These three 
addressing schemes are described in more detail in 
the discussion of the Address Registers. 

DEVICE A 

ABLE TO 
TALK, LISTEN, 

AND 
CONTROL 

le.g. calculator) 

DEVICE B 

ABLE TO 
TALK AND 

LISTEN 

(e.g. floppy 
disk) 

DEVICE C 

ONLY ABLE 
TO LISTEN 

ie.g, SIgnal 
generator) 

DEVICE D 

ONLY ABLE 
TO TALK 

{e,g counter) 

III 1 1 III f 
~ DATA BUS 

~ 

DATA BYTE 
TRANSFER 
CONTROL 

= 
GENERAL 

INTERFACE 

( 
MANAGEMENT 

~ 

~}DIOl 8 

DAV 

NRFD 
NDAC 

lFe 
ATN 
SRO 
REN 

EOI 

... 
Figure 4. Interface Capabilities and Bus Structure 

Table 2. IEEE 488 Interface State Mnemonics 
Mnemonic State Represented 

ACDS Accept Data State 
ACRS Acceptor Ready State 
AIDS Acceptor Idle State 
ANRS Acceptor Not Ready State 
APRS Affirmative Poll Response State 
AWNS Acceptor Wait for New Cycle State 

" I-CA-CS -- ------------------, 
Controller Active State 

: CADS Controller Addressed State 
I CAWS Controller Active Wait State 
I CIDS Controller Idle State 
I CPPS Controller Parallel Poll State 
I CPWS Controller Parallel Poll Wait State 
I CSBS Controller Standby State 
I CSNS Controller Service Not Requested State 
I 
I CSRS Controller Service Requested State 
I CSWS Controller Synchronous Wait State 

~~T~~ _ ~o-"t'"-0'!2'r_r'"-a.'2st:.r 3t~t,=-- ______ J 

DCAS Device Clear Active State 
DCIS Device Clear Idle State 
DTAS Device Trigger Active State 
DTIS Device Trigger Idle State 

LACS Listener Active State 
LADS Listener Addressed State 
LIDS Listener Idle State 
LOCS Local State 
LPAS Listener Primary Addressed State 
LPIS Listener Primary Idle State 
LWLS Local With Lockout State 

NPRS Negative Poll Response State 

'The Controller function IS Implemented on the Intel® 8292. 
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IMnemonic Slate Represented 

PACS Parallel Poll Addressed to Configure State 
PPAS Parallel Poll Active State 
PPIS Parallel Poll Idle State 
PPSS Parallel Poll Standby State 
PUCS Parallel Poll Unaddressed to Configure State 

REMS Remote State 
RWLS Remote With Lockout State 

SACS System Control Active State 
SDYS Source Delay State 
SGNS Source Generate State 
SIAS System Control Interface Clear Active State 
SIDS Source Idle State 
SIIS System Control Interface Clear Idle State 
SINS System Control I nterface Clear Not Active State 
SIWS Source Idle Wait State 
SNAS System Control Not Active State 
SPAS Serial Poll Active State 
SPIS Serial Poll Idle State 
SPMS Serial Poll Mode State 
SRAS System Control Remote Enable Active State 
SRIS System Control Remote Enable Idle State 
SRNS System Control Remote Enable Not Active State 
SRQS Service Request State 
STRS Source Transfer State 
SWNS Source Wait for New Cycle State 

TACS Talker Active State 
TADS Talker Addressed State 
nDS Talker Idle State 
TPIS Talker Primary Idle State 
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Table 3. IEEE 488 Interface Message Reference List 

Mnemonic Message Interface Function(s) 

LOCAL MESSAGES RECEIVED (By Interface Functions) 

'gls go to standby C 
ist individual status PP 
Ion listen only L, LE 
Ipe local poll enable PP 
nba new byte available SH 

pon power on SH,AH,T,TE,L,LE,SR,RL,PP,C 
rdy ready AH 

'rpp request parallel poll C 
'rsc request system control C 
rsv request service SR 

rll return to local RL 
'sic send interface clear C 
'sre send remote enable C 
'tca take control asynchronously C 
'Ics take control synchronously AH,C 
ton talk only T, TE 

REMOTE MESSAGES RECEIVED 

ATN Attention SH,AH,T,TE,L,LE,PP,C 
DAB Data Byte (Via L, LE) 
DAC Data Accepted SH 
DAV Data Valid AH 
DCl Device Clear DC 

END End (via L, lE) 
GET Group Execute Trigger DT 
GTL Go to Local RL 
IDY Identify L,LE,PP 
IFC Interface Clear T,TE,L,LE,C 

LLO Local lockout RL 
MLA My Lislen Address L,LE,RL,T,TE 
MSA My Secondary Address TE,LE,RL 
MTA My Talk Address T,TE,L,LE 
OSA Other Secondary Address TE 

OTA Other Talk Address T, TE 
PCG Primary Command Group TE,LE,PP 

'PPC Parallel Poll Configure PP 
'[PPD] Parallel Poll Disable PP 
'[PPE] Parallel Poll Enable PP 

'PPR N Parallel Poll Response N (via C) 
'PPU Parallel Poll Unconfigure PP 
REN Remote Enable RL 
RFD Ready for Data SH 
RQS Request Service (via l, LE) 

[SDC] Select Device Clear DC 
SPD Serial Poll Disable T, TE 
SPE Serial Poll Enable T, TE 

'SQR Service Request (via C) 
STB Status Byte (via L, LE) 

'TCT or [TCT] Take Control C 
UNL Unlisten L, lE 

NOTE: 
1. These messages are handled only by Intel's 8292. 
2. Undefined commands which may be passed to the microprocessor. 
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Table 3. (Cont'd) 
IEEE 488 Interface Message Reference List 

Mnemonic Message 'Interface Function(s) 

REMOTE MESSAGES SENT 

ATN Attention C 
DAB Data Byte (via T, TE) 
DAC Data Accepted AH 
DAV Data Valid SH 
DCl Device Clear (via C) 

END End (via T) 
GET Group Execute Trigger (via C) 
GTl Go to local (via C) 
IDY Identify C 
IFC Interface Clear C 

llO local lockout (via C) 
MlA or [MlA] My Listen Address (via C) 
MSA or [MSA] My Secondary Address (via C) 
MTA or [MTA] My Talk Address (via C) 
OSA Other Secondary Address (via C) 

OTA Other Talk Address (via C) 
PCG Primary Command Group (via C) 
PPC Parallel Poll Configure (via C) 
[PPD] Parallel Poll Disable (via C) 
[PPE] Parallel Poll Enable (via C) 

PPRN Parallel Poll Response N PP 
PPU Parallel Poll Unconfigure (via C) 
REN Remote Enable C 
RFD Ready for Data AH 
ROS Request Service T, TE 

[SDC] Selected Device Clear (via C) 
SPD Serial Poll Disable (via C) 
SPE Serial Poll Enable (via C) 
SRO Service Request SR 
STB Status Byte (via T, TE) 

TCT Take Control (via C) 
UNl Unlisten (via C) 

NOTE; 
3. All Controller messages must be sent via Intel's 8292. 

8291 A Registers Data Registers 

A bit-by-bit map of the 16 registers on the 8291A is 
presented in Figure 5. A more detailed explanation 
of each of these registers and their functions fol
lows. The access of these registers by the 
microprocessor is accomplished by using the es, 
RO, WR, and RSo-RS2 pins. 

Register CS RD WR RSo-RS2 

All Read Registers 0 0 1 eee 
All Write Registers 0 0 eee 
High Impedance d d ddd 
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I 017 1 016 1 015 1 014 1 013 1 012 1 011 1 010 I 
DATA-IN REGISTER (OR) 

100710061005100410031002100110001 

DATA-OUT REGISTER (OW) 

The Data-In Register is used to move data from the 
GPIB to the microprocessor or to memory when the 
8291A is addressed to listen. Incoming information 
is separately latched by this register, and its con-
tents are not destroyed by a write to the data-out 
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register. The RFD (Ready for Data) message is held 
false until the byte is removed from the data in regis
ter, either by the microprocessor or by DMA. The 
8291 A then completes the handshake automatically. 
In RFD holdoff mode (see Auxiliary Register A), the 
handshake is not finished until a command is sent 
telling the 8291A to release the holdoff. In this way, 
the same byte may be read seveal times, or an over 
anxious talker may be held off until all available data 
has been processed. 

When the 8291A is addressed to talk, it uses the 
data-out register to move data onto the GPIB. After 
the BO interrupt is received and a byte is written to 
this register, the 8291A initiates and completes the 
handshake while sending the byte out over the bus. 
In the BO interrupt disable mode, the user should 
wait until BO is active before writing to the register. 
(In the DMA mode, this will happen automatically.) A 
read of the Data-In Register does not destroy the 
information in the Data-Out Register. 

Interrupt Registers 

I CPT I APT IGETIEND I DEC I ERR I BO I BIJ 

INTERRUPT STATUS 1 (1R) 

liNT ISPASILLOjREM I SPC I LLOclREMCIADSC I 
INTERRUPT STATUS 2 (2R) 

/CPTIAPT I GET I END I DEC I ERR I BO I BI 1 
INTERRUPT ENABLE 1 (1W) 

I 0 I 0 I DMAO IDMAllsPC I LLOclREMCIADSC I 
INTERRUPT ENABLE 2 (2W) 

ADDRESS 0 REGISTER 

Figure 5. 8291A Registers 

READ REGISTERS 

I 017 016 015 I 014 013 012 011 I 010 

DATA IN 

I CPT I APT GET I END I DEC I ERR I 80 I 81 

INTERRUPT STATUS 1 

l'NT I SPAS I LLO I REM I SPC I LLOC I REMCI AOscl 

INTERRUPT STATUS 2 

I 58 5ROsi S6 I S5 I 54 I 53 I 
S2 I Sl 

SERIAL POLL STATUS 

! ton Ion EOI I LPAS I TPAS I LA I TA I MJMNI 

ADDRESS STATUS 

CPT71 CPTSj CPTS] CPT4] CPT3].CPT2] CPT1 I CPTO I 
COMMAND PASS THROUGH 

l'NT OTO OLD I ADS.O] AD4.0] AD3.0] AD2.0] AD1.01 

ADDRESS 0 

I X OTl Dll I ADS.'] AD4 o ,! AD3.'] AD2 o ,1 AD1·,1 
ADDRESS 1 

REGISTER SELECT 
CODE 

RS2 RSl RSO 

0 100710061 

1 I CPT I APT 

1 0 I 0 I 0 

1 I 58 I rsv 

WRITE REGISTERS 

005 I 004 I 003 I 002 I 001 I 000 

DATA OUT 

GET I END I DEC I ERR I 80 I 81 

INTERRUPT ENABLE 1 

OMAOIOMAII SPC I LLOcl REMC] ADSC I 
INTERRUPT ENABLE 2 

56 I 55 I S4 I 53 1 52 1'51 

SERIAL POLL MODE 

0 I TO ILO I 0 I 0 I 0 1 0 I AOMll AOMO·I 

·ADDRESS MODE 

1 ·1 CNT21 CNTlI CNTOI COM"I COM31 COM21 COMll COMol 

AUX MODE 

0 I ARS I OT OL I A05 I A04 I A03 I A02 I AOl 

ADDRESS 011 

1 I ~C7.1 EC6 EC5 I EC4 I EC3 I EC2 ECl I ECO 

EOS 
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The 8291A can be configured to generate an inter
rupt to the microprocessor upon the occurrence of 
any of 12 conditions or events on the GPIB. Upon 
receipt of an interrupt, the microprocessor must 
read the Interrupt Status Registers to determine 
which event has occurred, and then execute the 
appropriate service routine (if necessary). Each of 
the 12 interrupt status bits has a matching enable bit 
in the interrupt enable registers. These enable bits 
are used to select the events that will cause the INT 
pin to be asserted. Writing a logic "1" into any of 
these bits enables the corresponding interrupt 
status bits to generate an interrupt. Bits in the Inter7 
rupt Status Registers are set regardless of the states 
of the enable bits. The Interrupt Status Registers are 
then cleared upon being read or when a local pon 
(power-on) message is executed. If an event occurs 
while one of the Interrupt Status Registers is being 
read, the event is held until after its register is 
cleared and then placed in the register. 

The mnemonics for each of the bits in these regis
ters and a brief description of their respective func
tions appears in Table 4. This tables also indicates 
how each of the interruptbits is set. 

NOTE: The INT bit in the Address 0 Register is a duplicate of the 
INT bit in the Interrupt Status 2 Register. It is only a status 
bit. It does not generate interrupts and thus does not have 
a correspondi ng enable bit. 

The BO and BI interrupts enable the user to perform 
data transfer cycles. BO indicates that a data byte 
should be written to the Data Out Register. It is set by 
TACS . (SWNS + SGNS) . RFD. It is reset when the 
data byte is written, ATN is asserted, or the 8291A 
exits TACS. Data should never be written to the Data 
Out Register before BO is set. Similarly, BI is set 
when an input byte is accepted into the 8291A and 
reset when the microprocessor reads the Data In 
Register. BO and BI are also reset by pon (power-on 
local message) and by a read of the Interrupt 

Table 4. Interrupt Bits 

Indicates Undefined Commands CPT 

Set by (TPAS + LPAS)oSCGoACDSoMODE 3 APT 

Set by DTAS GET 

Set by (EOS + EOI)oLACS END 

Set by DCAS DEC 

Set by TACS.nba.DAC.RFD ERR 

TACSo(SWNS + SGNS) BO 

Set by LACS.ACDS BI 

Shows status of the INT pin INT 

The device has been enabled for a serial poll SPAS 

The device is in local lock out state. LLO 
(LWLS+RWLS) 

The device is in a remote state. REM 
(REMS+RWLS) 

An undefined command has been received. 

A secondary address must be passed through 
to the microprocessor for recognition. 

A group execute trigger has occurred. 

An EOS or EOI message has been received. 

Device Clear Active State has occurred. 

Interface error has occurred; no listeners 
are active. 

A byte should be output. 

A byte has been input. 

These are status only. They will not generate 
interrupts, nor do they have corresponding 
mask bits. 

SPAS --"SPAS if APRS:STRS:SPAS was true SPC Serial Poll Complete interrupt. 

LLCNO LLO LLOC Local lock out change interrupt. 

Remot(~Jocal REMC Remote/Local change interrupt. 

AddresseUnaddressed ADSC Address status change interrupt.' 

NOTE: 'In ton (talk-only) and Ion (listen-only) modes, no ADSC interrupt is generated. 
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Status 1 Register. However, if it is so desired, data 
transfer cycles may be performed without reading 
the Interrupt Status 1 Register if all interrupts except 
for BO or BI are disabled; .BO and BI will auto
matically reset after each byte is transferred. 

If the 8291A is used in the interrupt mode, the 
INT and DREQ pins can be dedicated to data input 
and output interrupts respectively by enabling BI 
and DMAO, provided that no other interrupts are 
enabled. This eliminates the need to read the inter
rupt status registers if a byte is received or 
transmitted. 

The ERR bit is set to. indicate the bus error condition 
when the 8291A is an active talker and tries to send a 
byte to the GPIB, but there are no active listeners 
(e.g., all devices on the GPIB are in AIDS). The logi
cal equivalent of (nba . TACS . DAC . RFD) will set 
this bit. 

The DEC bit is set whenever DCAS has occurred. 
The user must define a known state to which all 
device functions will return in DCAS. Typically this 
state will be a power-on state .. However, the state of 
the device functions at DCAS is at the. designer's 
discretion. It should be noted that DCAS has no 
effect on the interface functions which are returned 
to a known state by the IFC (interface clear) message 
or the pon local message. 

The END interrupt bit may be used by the micropro
cessor to detect that a multi-byte transfer has been 
completed. The bit will be set when the 8291A is an 
active listener (LACS) and either EOS (provided the 
End on EOS Received feature is enabled in the Auxil
iary Register A) or EOI is received. EOS will generate 
an interrupt when the byte in the Data In Register 
matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is 
detected on EOL 

The GET interrupt bit is used by the microprocessor 
to detect that DTAS has occurred. It is set by the 
8291A when the GET message is rece.ived while it is 
addressed to listen. The TRIG output pin of the 
8291A fires when the GET message is received. 
Thus, the basic operation of device trigger may be 
started without microprocessor software interven
tion. 

The APT interrupt bit indicates to the processor that 
a secondary address is available in the CPT register 
for validation. This interrupt will only occur if 
Mode 3 addressing is in effect. (Refer to the section 
on addressing.) In Mode 2, secondary addresses will 
be recognized automatically on the 8291A. They will 
be ignored in Mode 1. 

The CPT interrupt bit flags the occurrence of an 
undefined command and of all secondary com
mands following an undefined command. The Com
mand Pass Through feature is enabled by the BO bit 
of Auxiliary Register B. Any message not decoded by 
the 8291A (not included in the state diagrams in 
Appendix B) becomes an undefined command. Note 
that any addressed command is automatically ig
nored when the 8291A is not addressed. 

Undefined commands are read by the CPU from the 
Command Pass Through register of the 8291 A. This 
register reflects the logic levels present on the data 
lines at the time it is read. If the CPT feature is 
enabled, the 8291Awill hold off the handshake until 
this register is read. 

An especially useful feature of the 8291A is its ability 
to generate interrupts from state transitions in the 
interface functions. In particular, the lower 3 bits of 
the Interrupt Status 2 Register, if enabled by the 
corresponding enable bits, will cause an interrupt 
upon changes in the following states as defined in 
the IEEE 488 Standard. 

Bit 0 ADSC change in LIDS or TIDS or MJMN 
Bit 1 REMC change in LOCS or REMS 
Bit 2 LLOC change in LWLS or RWLS 

The upper 4 bits of the Interrupt Status 2 Register 
are available to the processor as status bits. Thus, if 
one of the bits 0-2 generates an interrupt indicating 
a state change has taken place, the corresponding 
status bit (bits 3-5 may be read to determine what 
the new state is. To determine the nature of a change 
in addressed status (bit 0) the Address Status Regis-. 
ter is available to be read. The SPC interrupt (bit 3 in 
Interrupt Status 2) is set upon exit from SPAS if 
APRS:STRS:SPAS occurred which indicates that the 
GPIB controller has read the bus serial poll status 
byte after the 8291A requested service (asserted 
SRQ). The SPC interrupt occurs once after· the con
troller reads the status byte if service was requested. 
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The controller may read the status byte later, and the 
byte will contain the last status the 8291A's CPU 
wrote to the Serial Poll Mode Register, but the SRQS 
bit will not be set and no interrupt will be generated. 
Finally, bit 7 monitors the state of the 8291A INT pin. 
Logically, it is an OR of all enabled interrupt status 
bits. One should note that bits 3-6 of the Interrupt 
Status 2 Register do not generate interrupts, but are 
available only to be read as status bits by the proces
sor. Bit 7 in Interrupt Status 2 is duplicated in Ad
dress 0 Register, and the latter should be used when 
polling for interrupts to avoid losing one of the inter
rupts in Interrupt Status 2 Register. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available to enable di rect data transfers 
between memory and the GPIB; DMAI (DMA in) 
enables the DREQ (DMA request) pi n of the 8291 A to 
be asserted upon the occurrence of BI. Similarly, 
DMAO (DMA out) enables the DREQ pin to be as
serted upon the occurrence of BO. One might note 
that the DREQ pin may be used as asecond interrupt 
output pin, monitoring BI and/or BO and enabled by 
DMAI and DMAO. One should note that the DREQ 
pin is not affected by a read of the Interrupt Status 1 
Register. It is reset whenever a byte is written to the 
Data Out Register or read from the Data In Register. 

To ensure that an interrupt status bit will not be 
cleared without being read, and will not remain un
cleared after being read, the 8291A implements a 
special interrupt handling procedure. When an 
enabled interrupt bit is set in either of the Interrupt 
Status Registers, the input of the registers are 
blocked until the set bit is read and reset by the 
microprocessor. Thus, potential problems arise 
when interrupt status changes while the register is 
being blocked. However, the 8291A stores all new 
interrupts in a temporary register and transfers them 
to the appropriate Interrupt Status Register after the 
interrupt has been reset. This transfer takes place 
only if the corresponding bits were read as zeroes. 

Serial Poll Registers 

IS81SRQS IS61 851 841 83182/811 

8ERIAL POLL STATU8 (3R) 

88 1 rsv 1 S6 I S5 1 84 1 83 1 S21 S 1 1 

SERIAL POLL MODE (3W) 
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The Serial Poll Mode Register determines the status 
byte that the 8291A sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) 
message. Bit 6 of this register is reserved for the rsv 
(request service) local message. Setting this bit to 1 
causes the8291A to assert its SRQ line, indicating its 
need for attention from the controller-in-charge of 
the GPIB. The other bits of this register are available 
for sending status information over the GPIB. 
Sometime after the microprocessor initiates a re
quest for service by setting bit 6, the controller of the 
GPIB sends the SPE message and then addresses 
the 8291A to talk. At this point, one byte of status is 
returned by the 8291A via the Serial Poll Mode Reg
ister. After the status byte is read by the controller, 
rsv is automatically cleared by the 8291 A and an SPC 
interrupt is generated. The CPU may request service 
again by writing another byte tothe Serial Poll Mode 
Register with the rsv bit set. If the controller per
forms a serial poll when the rsv bit is clear, the last 
status byte written will be read, but the SRQ line will 
not be driven by the 8291A and the SRQS bit will be 
clear in the status byte. 

The Serial Poll Status Register is available for read
ing the status byte in the Serial Poll Mode Register. 
The processor may check the status of a request for 
service by polling bit 6 of this register, which corre
sponds to SRQS (Service Request State). When a 
Serial Poll is conducted and the controller-in
charge reads the status byte, the SRQS bit is 
cleared. The SRQ line and the rsv bit are tied 
together. 

Address Registers 

I ton lion I EOI [LPASI TPAS I LA I TA I MJMN I 

ADDRESS STATUS (4R) 

liNT I DTO[ DLO[AD5-0[AD4-0[AD3-0[AD2-0[AD1-0 I 

ADDRESS 0 (6R) 

I X [DT11 DL1t AD5-1 [AD4-1 [AD3-1 [AD2-1[ AD1-1 I 
ADDRESS 1 (7R) 

1 TO / LO I 0 / 0 0 I 0 / ADM1/ADMO / 

ADDRESS MODE (4W) 

I ARS I DT I DL I AD5 I AD41 AD3 I AD2 I AD1 I 

ADDRESS 0/1 (6W) 
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The Address Mode Register is used to select one of 
the five modes of addressing available on the 8291 A. 
It determines the way in which the 8291A uses the 
information in the Address 0 and Address 1 
Registers. 

-In Mode 1, the contents of the Address 0 Register 
constitute the "Major" talker/listener address while 
the Address.1 Register represents the "Minor" 
talker/listener address. In applications where only 
one address is needed, the major talker/listener is 
used, and the minor talker/listener should be dis
abled. Loading an address via the Address 0/1 Regis
ter into Address Registers 0 and 1 enables the major 
and minor talker/listener functions respectively. 

-In Mode 2 the 8291A recognizes two sequential 
address bytes: a primary followed by a secondary. 
Both address bytes must be received in order to 
enable the device to talk or listen. In this manner, 
Mode 2 addressing implements the extended talker 
and listener functions as defined in IEEE-488. 

To use Mode 2 addressing the primary address must 
be loaded into the Address 0 Register, and the Sec
ondary Address is placed in the Address 1 Register. 
With both primary and secondary addresses resid
ing on chip, the 8291A can handle all addressing 
sequences without processor intervention. 

-In Mode 3, the 8291A handles addressing just as it 
does in Mode 1, except that each Major or Minor 
primary address must be followed by a secondary 
address. All secondary addresses must be verified 
by the microprocessor when Mode 3 is used. When 
the 8291 A is in TPAS or LPAS (talker/listener primary 
addressed state), and it does not recognize the byte 
on the 010 lines, an APT interrupt is generated (see 
section on Interrupt Registers) and the byte is avail
able in the CPT (Command Pass-Through) Register. 
As part of its interrupt service routine, the micropro
cessor must read the CPT Register and write one of 
the following responses to the Auxiliary Mode 
Register: 

1. 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 

Setting the TO bit generates the local ton (talk
only) message and sets the 8291A to a talk-only 
mode. This mode allows the device to operate as a 
talker in an interface system without a controller. 

Setting the LO bit generates the local Ion (Iisten
only) message and sets the 8291A to a listen-only 
mode. This mode allows the device to operate as a 
listener in an interface system without a controller. 
The above bits may also be used by a controller-in
charge to set itself up for remote command or data 
communication. 

The mode of addressing implemented by the 8291A 
may be selected by writi ng one of the following bytes 
to the Address Mode Register. 

Register Contents Mode 

10000000 Enable talk only mode (ton) 
01000000 Enable listen only mode (Ion) 
11000000 The 8291 may tal k to itself 
00000001 Mode 1, (Primary-Primary) 
00000010 Mode 2 (Primary-Secondary) 
00000011 Mode 3 (Primary/APT-Primary/APT) 

The Address Status Register contains information 
used by the microprocessor to handle its own 
addressing. This information includes status bits 
that monitor the address state of each talker/ 
listener, "ton" and "Ion" flags which indicate the 
talk and listen only states, and an EOI bit which, 
when set, signifies that the END message came with 
the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. 
The microprocessor can use these bits when the 
secondary address is passed through to determine 
whether the 8291A is addressed to talk or listen. The 
LA (listener addressed) bit will be set when the 
8291A is in LACS (Listener Active State) or in LADS 
(Listener Addressed State). Similarly, the TA (Talker 
Addressed bit) will be set to indicate TACS or TADS, 
but also to indicate SPAS (Serial Poll Active State). 
The MJMN bit is used to determine whether the 
information in the other bits applies to the Major or 
Minor talker/listener. It is set to "1" when~the Minor 
talker/listener is addressed. It should be noted that 
only one talker/listener may be active at anyone 
time. Thus, the MJMN bit will indicate which, if 
either, of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected 
in the Address Mode Register. Five bit addresses 
may be loaded into the Address 0 and Address 1 
Registers.by writing into the Address 0/1 Register. 
The ARS bit is used to select which of these registers 
the other seven bits will be loaded into. The DT and 
DL bits may be used to disable the talker or listener 
function at the address signified by the other five 
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bits. When Mode 1 addressing is used and only one, 
primary address is desired, bot/"J the talker and the 
listener should be disabled at the Minor address. 

As an example of how the Address 0/1 Register 
might be used, consider an example where two pri
mary addresses are needed in the device. The Major 
primary address will be selectable only as a talker 
and the Minor primary address will be selectable 
only as a listener. This configuration of the 8291A is 
formed by the following sequence of writes by the 
microprocessor. 

Operation cs RD WR Data RS2-RSO 

1, Select addressing Mode 1 0 1 0 00000001 100 

2. Load major address into 0 1 0 001AAAAA 110 
Address 0 Register with 
listener function disabled. 

3. Load minor address into 0 1 0 110BBBBB 110 
Address 1 Register with 
talker function disabled. 

At this point, the addresses AAAAA and BBBBB are 
stored in the Address 0 and Address 1 Registers re
spectively, and are available to be read by the micro
processor. Thus, it is not necessary to store any 
address information elsewhere. Also, with the in
formation stored in the Address 0 and Address 1 
Registers, processor intervention is not required to 
recognize addressing by the controller. Only in 
Mode 3, where secondary addresses are passed 
through, m'ust the processor intervene in the 
addressing sequence. 

The Address 0 Register contai ns a copy of bit 7 of the 
Interrupt Status 2 Register (INT). This is to be used 
when polling for interrupts. Software should poll 
register 6 checking for INT (bit 7) to be set. When INT 
is set, the Interrupt Status Register should be read to 
determine which interrupt was received. 

Command Pass Through Register 

the CPT Register. In either case, the8291A will hold
off the handshake until the microprocessor reads 
this register and issues the VSCMD auxiliary 
command. 

The CPT and APT interrupts flag the availablility of 
undefined commands and secondary addresses in 
the CPT Register. The details of these interrupts are 
explained in the section on Interrupt Registers. 

An added feature of the 8291A is its ability to handle 
undefined secondary commands following unde
fined primaries. Thus, the number of available 
commands for future IEEE-488 definition is in
creased; one undefined primary command followed 
by a sequence of as many as 32 secondary com
mands can be processed. The IEEE-488 Standard 
does not permit users to define their own com
mands, but upgrades of the standard are thus pro
vided for. 

The recommended use of the 8291A's undefined 
command capabilities is for a controller-configured 
Parallel Poll. The PPC message is an undefined pri
mary command typically followed by PPE, an uride
fi ned secondary command. For details on this proce
dure, refer to the section on Parallel Poll Protocol. 

Auxiliary Mode Register 

I CNT2lcNT1ICNTOIC0M41c0M3ICOM21COM1I COMO I 
AUX MODE (SW) 

CNTO-2:CONTROL BITS 
COMO-4:COMMAND BITS 

The Auxiliary Mode Register contains a three-bit 
control field and a five-bit command field. It is used 
for several purposes on the 8291A: 

1. To load "hidden" auxiliary registers on the 

ICPT7ICPT6IcPTSICPT41 CPT3 1 CPT21CPT11 CPTO I. 8291A. . 
2. 'To issue commands from the microprocessor to 

the 8291A. COMMAND PASS THROUGH (SR) 

The Command Pass Through Register is used to 
transfer undefined 8-bit remote message codes 
from the GPIB to the microprocessor. When the CPT 
feature is enabled (bit BO in Auxiliary Register B), 
any message not decoded by the 8291 A becomes an 
undefined command., Whim Mode 3 addressing is 
used secondary addresses are also passed through 

3. To preset an internal counter used to generate 
T1, delay in the Source Handshake function, as 
defined in IEEE-488. 
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Table S summarizes how these tasks are performed 
with the Auxiliary Mode Register. Note that the three 
contrOl. bits determine how the five command bits 
are interpreted. 
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Table 5 

CODE 
CONTROL COMMAND COMMAND 

BITS BITS 
000 OCCCC Execute auxiliary command 

CCCC 
001 00000 Preset internal counter to 

match external clock 
frequency of DODD MHz 
(DODD binary representation 
of 1 to 8 MHz) 

100 00000 Write 00000 into auxiliary 
register A 

101 00000 Write 00000 into auxiliary 
register B 

011 USP3P2P1 Enable/disable parallel poll 
either in response to remote 
messages (PPC followed by 
PPE or PPD) or as a local 
Ipe message. (Enable if U = 0 
disable if U= 1.) 

AUXILIARY COMMANDS 

Auxiliary commands are executed by the 8291A 
whenever OOOOCCCC is written into the Auxiliary 
Mode Register, where CCCC is the 4-bit command 
code. 

OOOO-immediate Execute pon: This command 
resets the 8291A to a power up state (local pon 
message as defined in IEEE-488). 
The following conditions constitute the power up 
state: 
1. All talkers and listeners are disabled. 
2. No interrupt status bits are set. 
The 8291A is designed to power up in certain states 
as specified in the IEEE-488 state diagrams. Thus, 
the following states are in effect in the power up 
state: SIDS, AIDS, TIDS, LIDS, NPRS, LaCS, and 
PPIS. 
The "0000" pon is an immediate execute command 
(a pon pulse). It is also used to release the "initialize" 
state generated by either an external reset pulse or 
the "0010" Chip Reset command. 

0010-Chip Reset (Initialize): This command has the 
same effect as a pulse applied to the Reset pin. 
(Refer to the section on Reset Procedure.) 

0011 -Finish Handshake : This command finishes a 
handshake that was stopped because of a holdoff 
on RFD. (Refer to Auxiliary Register A) 

0100-Trigger: A "Group Execute Trigger" is forced 
by this command. It has the same effect as a GET 
command issued by the controller-in-charge of the 
GPIB, but does not cause a GET interrupt. 

0101, 1101-Clear/Set rtl: These commands corre
spond to the local rtl message as defined by the 
IEEE-488. The 8291A will go into local mode when a 
Set rtl Auxiliary Command is received if local 
lockout is not in effect. The 8291A will exit local 
mode after receiving a Clear rtl Auxiliary Command 
if the 8291A is addressed to listen. 

0110-Send EOI: The EOIline of the 8291A may be 
asserted with this command. The command causes 
EOI to go true with the next byte transmitted. The 
EOI line is then cleared upon completion of the 
handshake for that byte. 

0111, 1111-Non ValidNalid Secondary Address or 
Command (VSCMD): This command informs the 
8291A that the secondary address received by the 
microprocessor was valid or invalid (0111 = invalid, 
1111 = valid). If Mode 3 addressing is used, the 
processor must field each extended address and 
respond to it, or the GPIB will hang up. Note that the 
COM3 bit is the invalid/Valid flag. 

The valid (1111) command is also used to tell the 
8291A to continue from the command-pass
through-state, or from RFD hold off on GET, SOC 
or DCL. 

1000-pon: This command puts the 8291A into the 
pon (power on) state and holds it there. It is similar to 
a Chip Reset except none of the Auxiliary Mode 
Registers are cleared. In this state, the 8291A does 
not participate in any bus activity. An Immediate 
Execute pon releases the 8291A from the pon state 
and permits the device to participate in the bus 
activity again. 

0001,1001-Parallel Poll Flag (local "ist" message): 
This command sets (1001) or clears (0001) the paral
lel poll flag. A "1" is sent over the assigned data line 
(PRR = Parallel Poll Response true) only if the paral
lel poll flag matches the sense bit from the Ipe local 
message (or indirectly from the PPE message). For a 
more complete description of the Parallel Poll 
features and procedures refer to the section on Par
allel Poll Protocol. 

INTERNAL COUNTER 

The internal counter determines the delay time al
lowed for the setting of data on the 010 lines. This 
delay time is defined as T, in IEEE-488 and appears 
in the Source Handshake state diagram between the 
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SOYS and STRS. As such, OAV is asserted T, after 
the 010 lines are driven. Consequently, T, is a major 
factor in determining the data transfer rate of the 
8291A over the GPIB (T, = TWROV2-TWR015). 

When open-collector transceivers are used for con
nection to the GPIB, T, is defined by IEEE-488 to be 
2,..sec. By writi ng 001 OODDD into the Auxiliary Mode 
Register, the counter is preset to match a fc MHz 
clock input, where DDDO is the binary representa
tion of NF [1 ""NF",,8, NF=(DDDDJ.J. When NF = fc, a 
2,..sec T, delay will be generated before each DAV 
asserted. 

T1(/LSec) = 2f~F + tSYNC , 1 ""NF",,8 

tSYNC is a synchronization error, greater than zero 
and smaller than the larger of T clock high and T 
clock low. (For a 50% duty cycle clock, tSYNC is less 
than half the clock cycle). 

If it is necessary that T, be different from 2,..sec, NF 
may be set to a value other than fc. In this manner, 
data transfer rates may be programmed for a given 
system. In small systems, for example, where trans
fer rates exceeding GPIB specifications are re
quired, one may set NF<fc and decrease T,. 

When tri-state transceivers are used, IEEE-488 al
lows a higher transfer rate (lower T,). Use of the 
8291A with such transceivers is enabled by setting 
B2 in Auxiliary Register B. In this case, setting NF=fc 
causes a T, delay of 2,..sec to be generated for the 
first byte transmitted - all subsequent bytes will 
have a delay of 500 nsec. 

T, (High Speed) ,..sec = ~: + tSYNC 

Thus, the shortest T, is achieved by setting NF=1 
using an 8 MHz clock with a 50% duty cyde clock 
(tsyNc<63 nsec): 

1 
T1(HS) = 2x8 + 0.063 = 125 nsec max. 

AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register 
which is used to enable some of the 8291A features. 
Whenever a 100 A.A3A2A,A" byte is written into the 

Auxiliary Register, it is loaded with the data 
A.A3A2A,Ao. Setting the respective bits to "1" 
enables the following features. 

Ao- RFD Holdoff on all Data: If the 8291A is listen
ing, RFD will not be sent true until the "finish hand
shake" auxiliary command is issued by the 
microprocessor. The holdoff will be in effect for each 
data byte. 

A,-RFD Holdoff on End: This feature enables the 
holdoff on EOI or EOS (if enabled). However, no 
holdoff will be in effect on any other data bytes. 

A2-End on EOS Received: Whenever the byte in the 
Data In Register matches the byte in the EOS Regis
ter, the END interrupt bit will be set in the Interrupt 
Status 1 Register. 

A3-Output EOI on EOS Sent: Any occurrence of 
data in the Data Out Register matching the EOS 
Register causes the EOI line to be sent true along 
with the data. 

A.-EOS Binary Compare: Setting this bit causes 
the EOS Register to function as a full 8-bit word. 
When it is not set, the EOS Register is a 7-bit word 
(for ASCII characters). 

If A,,=A,=1, a special "continuous Acceptor Hand
shake cycling" mode is enabled. This mode should 
be used only in a controller system configuration, 
where both the 8291A and the 8292 are used. It 
provides a continuous cycling through the Acceptor 
Handshake state diagram, requiring no local mes
sages from the microprocessor; the rdy local mes
sage is automatically generated when in ANRS. As 
such, the 8291A Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without de
laying the data transfer in progress. When the tcs 
local message is executed, the 8291A should be 
taken out of the "continuous AH cycling" mode, the 
GPIB will hang up in ANRS, and a BI interrupt will be 
generated to indicate that control may be taken. A 
Simpler procedure may be used when a "tcs on end 
of block" is executed; the 8291A may stay in "con
tinuousAH cycling". Upon the end of a block (EOI or 
EOS received), a holdoff is generated, the GPIB 
hangs up in ANRS, and control may be taken. 
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AUXILIARY REGISTER B 

Auxiliary Register 8 is a "hidden" 4-bit register 
which is used to enable some of the features of the 
8291A. Whenever a 101 8.838 28,80 is written into 
the Auxiliary Mode Register, it is loaded with the 
data 8.83828,80 , Setting the respective bits to "1" 
enables the following features: 

Bo-Enable Undefined Command Pass Through: 
This feature allows any commands not recognized 
by the 8291 A to be handled in software. If enabled, 
this feature will cause the 8291 A to holdoffthe hand
shake when an undefined command is received. The 
microprocessor must then read the command from 
the Command Pass Through Register and send the 
VSCMD auxiliary command. Until the VSCMD com
mand is sent, the handshake holdoffwill be in effect. 

B,-Send EOI in SPAS: This bit enables EOI to be 
sent with the status byte; EOI is sent true in Serial 
Poll Active State. Otherwise, EOI is sent false in 
SPAS. 

B~Enable High Speed Data Transfer: This feature 
may be enabled when tri-state external transceivers 
are used. The data transfer rate is limited by T, delay 
time generated in the Source Handshake function, 
which is defined according to the type of transceiv
ers used. When the "High Speed" feature is enabled, 
T, = 2 microseconds is generated for the first byte 
transmitted after each true to false transition of ATN. 
For all subsequent bytes, T, = 500 nanoseconds. 
Refer to the Internal Counter section for an explana
tion of T, duration as a function of 8 2 and of clock 
frequency. 

Ba-Enable Active low Interrupt: Setting this bit 
causes the polarity of the INT pin to be reversed, 
providing an output signal compatible with. Intel's 
MCS-48® Family. Interrupt registers are not affected 
by this bit. 

B.-Enable RFD Holdoff on GETor DEC: Setting this 
bit causes RFD to be held false until the "VSCMD" 
auxiliary command is written after GET, SOC, and 
DCl commands. This allows the device to hold off 
the bus until it has completed a clear or trigger 
similar to an unrecognized command. 

PARALLEL POLL PROTOCOL 

Writing a 011 USP3P2P, into the Auxiliary Mode Reg
ister will enable (U =0) or disable (U = 1) the 8291 A for 
a parallel poll. When U =0, this command is the "Ipe" 
(local poll enable) local message as defined in 
IEEE-488. The "S". bit is the sense in which the 
8291A is enabled; only if the Parallel Poll Flag ("ist" 
local message) matches this bit will the Parallel Poll 
Response, PPRN , be sent true (Response= S + ist). 
The bits P3P2P, specify which of the eight data lines 
PPRN will be sent over. Thus, once the 8291A has 
been configured for Parallel Poll, whenever it senses 
both EOI and ATN true, it will automatically compare 
its PP flag with the sense bit and send PPRN true or 
false according to the comparison. 

If a PP2* implementation is desired, the "Ipe" and 
"ist" local messages are all that are needed. Typi
cally, the user will configure the 8291A for Parallel 
Poll immediately after initialization. During normal 
operation the microprocessor will set or clear the 
Parallel Poll Flag (ist) according to the device's need 
for service. Consequently the 8291A will be set up to 
give the proper response to lOY (EOI • ATN) without 
directly im;olvirig the microprocessor. 

If a PP1* implementation is desired, the undefined 
command features of the 8291A must be used. In 
PP1, the 8291A is indirectly configured for Parallel 
Poll by the active controller on the GPI8. The se
quence at the 829M being enabled or disabled re" 
motely is as follows: 

1. The PPC message is received and is loaded into 
the Command Pass Through Register as an un
defined command. A CPT Interrupt is sent to the 
microprocessor; the handshake is automatically 
held off. 

2. The microprocessor reads the CPT Register and 
sends VSCMD to the 8291A, releasing the 
handshake. 

3. Having received an undefined primary com
mand, the8291A is set up to receive an undefined 
secondary command (the PPE or PPD message). 
This message is also received into the CPT Regis
ter, the handshake is held off, and the CPT inter
rupt is generated. 

NOTE: 'As defined in IEEE Standard 488. 
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4. The microprocessor reads the PPE or PPD mes
sage and writes the command into the Auxiliary 
Mode Register (bit 7 should be cleared first). Fi
nally, the microprocessor sends VSCMD and the 
handshake is released. 

End of Sequence (EOS) Register 

IEC71EC61EC51EC4iEC31 EC2iEC1i ECO I 

EOS REGISTER 

The EOS Register and its features offer an alterna
tive to the "Send EOI" auxiliary command. A seven 
or eight bit byte (ASCII or binary) may be placed in 
the register to flag the end of a block or read. The 
type of EOS byte to be used is selected in Auxiliary 
Register bit A.. 

If the !l291A is a listener, and the "End on EOS 
Received" is enabled with bit A2 , then an END inter
rupt is generated in the Interrupt Status 1 Register 
whenever the byte in the Data-In Register matches 
the byte in the EOS Register. 

If the 8291A is a talker, and the "Output EOI on EOS 
Sent" is enabled with bit A3 , then the EOlline is sent 
true with the next byte whenever the contents of the 
Data Out Register match the EOS register. 

Reset Procedure 

The 8291 A is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 

1. A "pon" local message as defined by IEEE-488 is 
held true until the initialization state is released. 

2. The Interrupt Status Registers are cleared (not 
Interrupt Enable Registers). 

3. Auxiliary Registers A and B are cleared. 
4. The Serial Poll Mode Register is cleared. 
5. The Parallel Poll Flag is cleared. 
6. The EOI bit in the Address Status Register is 

cleared. 
7. NF in the Internal Counter is set to 8 MHz. This 

setting causes the longest possible T, delay to be 
generated in the Source Handshake (16/Lsec for 
1 MHz clock). 

8. The rdy local message is sent. 

The initialization state is released by an "im
mediate execute pon" command (OOH written into 
the Auxiliary Command Register). 

The suggested initialization sequence is: 

1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired intial conditions by writing into 
the Interrupt Enable, Serial Poll Mode, Address 
Mode, Address 0/1 , and EOS Registers. Auxiliary 
Registers A and B, and the internal counter 
should also be initialized. 

3. Send the "immediate execute pon" auxiliary 
command to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used 
the "Ipe" local message may be sent, enabling 
the 8291A for a Parallel Poll Response on an 
assigned line. (Refer to the section on Parallel 
Poll Protocol.) 

Using DMA 

The 8291A may be connected to the Intel® 8237 or 
8257 DMA Controllers or the 8089 I/O Processor for 
DMA operation. The 8237 will be used to refer to any 
DMA controller. The DREQ pin of the 8291A requests 
a DMA byte transfer from the 8237. It is set by BO or 
BI flip flops, enabled by the DMAO and DMAI bits in 
the Interrupt Enable 2 Register. (After reading, the 
INT1 register BO and BI interrupts will be cleared but 
not BO and BI in DREQ equation.) 

The DACK pin is driven by the 8237 in response to 
the DMA request. When DACK is true (active low) it 
sets CS= RSO= RS1 = RS2=0 such that the RD and 
WR signals sent by the 8237 refer to the Data In and 
Data Out Registers. Also, the DMA request line is 
reset by DACK (RD + WR). 

DMA input sequence: 

1. A data byte is accepted from the GPI B by the 
8291 A. 

2. A BI interrupt is generated and DREQ is set. 
3. DACK and RD are driven by the 8237, the contents 

of the Data In Register are transferred to the 
system bus, and DREQ is reset. 

4. The 8291A sends RFD true on the GPIB and pro
ceeds with the Acceptor Handshake protocol. 

DMA output sequence: 

1. ABO interrupt is generated (indicating that a byte 
should be output) and DREQ is asserted. 
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2. DACK and WR are driven by the 8237, a byte is 
transferred from the MCS bus into the Data Out 
Register, and DREQ is reset. 

3. The 8291A sends DAV true on the GPIB and pro-
ceeds with the Source Handshake protocol. 

It should be noted that each time the device is ad
dressed (MTA + MLA + ton + Ion), the Address 
Status Register should be read, and the 8237 should 
be initialized accordingly. (Refer to the 8237 or 8257 
Data Sheets.) , 

APPLICATION BRIEF 

System Configuration 

MICROPROCESSOR BUS CONNECTION 
The 8291A is 8048/49, 8051, 8080/85, and 8086/88 
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any address lines may be used. If the three lowest 
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EXTERNAL TRANSCEIVERS CONNECTION 
The 8293 GPIB Transceiver interfaces the 8291 A di
rectly to the IEEE-488 bus. The 8291 A and two 8293's 
can be configured as a talker/listener (see Figure 6) 
or with the 8292 as a talker/listener/controller (see 
Figure 7). Absolutely no active or passive external 
components are required to comply with the com
plete IEEE-488'electrical specification. 
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Figure 6. 8291 A and 8293 System Configuration 
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Figure 7, 8291A, 8292, and 8293 System Configuration 
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Start-Up Procedures 

The following section describes the steps needed to 
initialize a typical 8291A system implementing a 
talker/listener interface and an 8291N8292 system 
implementing a talker/listener/controller interface. 

TALKER/LISTENER SYSTEM 
Assume a general system configuration with the 
following features: (i) Polled system interface; (ii) 
Mode 1 addressing; (iii) same address for talker and 
listener; (iv) ASCII carriage return as the end-of
sequence (EOS) character; (v) EOI sent true with the 
last byte; and, (vi) 8 MHz clock. 

Initialization. Initialization is accomplished with 
the following steps: 

1. Pulse the RESET input or write 02H to the Auxil
iary Mode Register. 

2. Write OOH to the Interrupt Enable Registers 1 and 
2. This disables interrupt and DMA. 

3. Write 01 H to the Address Mode Register to select 
Mode 1 addressing. 

4. Write 28H to the Auxiliary Mode Register. This 
loads 8H to the Auxiliary Register A matching the 
8 MHz clock input to the internalT1 delay counter 
to generate the delay meeting the IEEE spec. 

5. Write the talker/listener address to the Address 
0/1 register. The three most significant bits are 
zero. 

6. Write an ASCII carriage return (ODH) to the EOS 
register. 

7. Write 84H to the Auxiliary Mode Register to allow 
EOI to be sent true when the EOS character is 
sent. 

8. Write OOH to the Auxiliary Mode Register. This 
writes the "Immediate Execute pan" message 
and takes the 8291A from the initialization state 
into the idle state. The 8291Awill remain idle until 
the controller initiates some activity by driving 
ATN true. 

Communication. The local CPU now polls the 
8291A to determine which controller command has 
been received. 

The controller addresses the 8291A by driving ATN, 
placing MLA (My Listen Address) on the bus and 
driving DAVlf the lower five bits of the MLA message 
match the address programmed into the Address 0/1 
register, the 8291A is addressed to listen. It would be 
addressed to talk if the controller sent the MTA mes
sage instead of MLA. 

TheADSC bit in the Interrupt Status 2 Register indi
cates that the 8291A has been addressed or 
unaddressed. The TA and LA bits in the Address 
Status Register indicate whether the 8291 A is talker 
(TA= 1), listener (LA= 1), both (TA= LA= 1) or unad
dressed (TA=LA=O). 

If the 8291A is addressed to listen, the local CPU can 
read the Data-In Register whenever the BI (Byte In) 
interrupt occurs in the Interrupt Status 1 Register. If 
the END bit in the same register is also set, either EOI 
or a data byte matching the pattern in the EOS regis
ter has been received. 

In the talker mode, the CPU writes data into the 
Byte-Out Register on BO (Byte Out) true. 

TALKER/LISTENER/CONTROLLER SYSTEM 
Combined with the Intel 8292, the 8291A executes a 
complete IEEE-488-1978 controller function, The 
8291A talks and listens via the data and handshake 
lines (NRFD, NDAC and DAV). The 8292 controls four 
of the five bus management lines (IFC, SRQ,ATN and 
REN). Em, the fifth line, is shared. The 8291A drives 
and receives EOI when EOI is used as an end-of
block indicator. The 8292 drives EOI along with ATN 
during a parallel poll command. 

Once again, assume a general system configuration 
with the following features: (i) Polled system inter
face; (ii) 8292 as the system controller and 
controller-in-charge; (iii)ASCIl carriage return (ODH) 
as the EOS identifier; (iv) EOI sent with the last 
character; and, (v) an external buffer (8282) used to 
monitor the TCI line. 

Initialization. In order to send a command across 
the GPIB, the 8292 has to drive ATN, and the 8291A 
has to drive the data lines. Both devices therefore 
need initialization. 

To initialize the 8292: 

1. Pulse the RESET input. The 8292 will initially drive 
all outputs high. TCI, SPI, OBFI, IBFI and CLTH 
will then go low. The Interrupt Status, Interrupt 
Mask, Error Flag, Error Mask and Timeout regis
ters will be cleared. The interrupt counter will be 
disabled and loaded with 255. The 8292 will then 
monitor the status of the SYC pin. If high, the 
8292 will pulse IFC true for at least 1 OOILS in com
pliance with the IEEE-488-1978 standard. It will 
then take control by asserting ATN. 

To initialize the 8291 A, the following is necessary: 

1. Write OOH to Interrupt Enable registers 1 and 2. 
This disables interrupt and DMA. 
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2. With the 8292 as the controller-in-charge, it is 
impossible to address the 8292 via the GPIB. 
Therefore, the ton or Ion modes of the 8291A must 
be used. To send comands, set the 8291A in the 
ton mode by writing 80H to the Address Mode 
Register. 

3. Write 2SH to theAuxiliary Mode Register to match 
theT1 data settling time to the S MHz clock input. 

4. Write an ASCII carriage return (ODH) to the EOS 
Register. 

5. Write 84H to the Auxiliary Mode Register in order 
to enable "Output EOI on EOS sent" and thus 
send EOI with the last character. 

S. Write OOH-Immediate Execute pon-to theAux
iliary Mode Register to put the 8291A in the idle 
state. 

Communication. Since the 8291A is in the ton 
mode, a BO interrupt is generated as soon as the 
immediate Execute pon command is written. The 
CPU writes the command into the Data Out Register, 
and repeats it on BO becoming true for as many 
commands as necessary. ATN remains continuously 

9-271 

true unless the GTSB (Go To Standby) command is 
sent to the 8292. 

ATN has to be false in order to send data rather than 
commands from the controller. To do this, the follow
ing steps are needed: 

1. Enable the TCI interrupt if not already enabled. 

2. Wait for IBF (Input Buffer Full) in the 8292 Inter
rupt Status Register to be reset. 

3. Write the GTSB (FSH) command to the 8292 Com
mand Field Register. 

4. Read the 8282 and wait for TCI to be true. 

5. Write the ton (80H) and pon (OOH) command to 
the 8291A Address Mode Register and Auxiliary 
Mode Registers respectively. 

S. Wait for the BO interrupt to be set in the 8291 A. 

7. Write the data to the 8291A Data-Out Register. 

Identically, the user could command the controller 
to listen rather than talk. To do that, write Ion (40H) 
instead of ton into the Address Mode Register. Then 
wait for BI rather than BO to go true. Read the data 
Register. 
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ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature Under Bias .......... O°C to 70°C 
Storage Temperature ................ -65°C to +150°C 
Voltage on Any Pin 
With Respect to Ground ................ -0.5V to + 7V 
Power Dissipation ......................... 0.65 Watts 

• NOTICE: Stresses above those listed under "Absolute Max
imum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

D.C. CHARACTERISTICS [Vee = 5V ±10%. TA = O°C to 70°C (Commercial)] 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2 Vee+0.5 V 

VOL Output Low Voltage 0.45 V IOL=2mA (4mA for TR1 pin) 

VOH Output High Voltage 2.4 V IOH =-400I'A i-1501'A forSRQpin) 

VOH-INT Interrupt Output High Voltage 2.4 V IOH=-4OOI'A 

3.5 V IOH=-5OI'A 

ilL Input Leakage 10 I'A VIN=OV to Vee 

IIOFL Output Leakage Current ±10 I'A VOUT=0.45V. Vee 

lee Vee Supply Current 120 mA TA=O°C 

A.C. CHARACTERISTICS [Vee = 5V ±10%. TA = O°C to 70°C (Commercial)] 

Symbol Parameter Min_ Max. Unit Test Conditions 
--

tAR Address Stable Before READ 0 nsec 

tRA Address Hold After READ 0 nsec 

tRR READ width 140 nsec 

tAD Address Stable to Data Valid 250 nsec 

tRD READ to Data Valid 100 nsec 

tRDF Data Float After READ 0 60 nsec 

tAW Address Stable Before WRITE 0 nsec 

tWA Address Hold After WRITE 0 

tww WRITE Width 170 nsec 

tDW Data Set Up Time to the Trailing 
Edge of WRITE 130 nsec 

tWD Data Hold Time After WRITE 0 nsec 

tDKDR4 RDL or WRL to DREQL 130 nsec 

tDKDA6 RDj, to Valid Data 200 nsec DACKj, to RDj, 0 .,t .,50nsec 
(00-0,) 

9-272 AFN-00229B 



intJ 8291A 

WAVEFORMS 
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DATA BUS 
(DATA OUT) 
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A.C. TIMING MEASUREMENT POINTSAND LOAD CONDITIONS 

INPUT/OUTPUT 

"=X )C 2.0 2.0 > TEST POINTS < . 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT2.4V FOR A LOGIC "1" AND O.4SV FOR 
A lOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND a.BV FOR A LOGIC "0." 

GPIB TIMINGS' 

Symbol Parameter 

TEOT132 EOI! toTR1j 

TEOD16 8)f! to DIO Valid 

TEOT12 EOlttoTRH 

TATND4 ATN! to NDAGt 

TATT14 ATN! toTRH 

TATT24 ATN! toTR2! 

TDVND3-G DAV! to NDAct 

TNDDV1 NDAct to DAVj 

TNRDR1 NRFDj to DREQj 

TDVDR3 DAV! to DREQj 

TDVND2-G DAVj to NDAG! 

TDVNR1-G DAVj to NRFDj 

TRDNR3 RD!to NRFDj 

TWRD15 WRj to DIOValid 

TWRE05 WRj to EOI Valid 

Max. 

135 

155 

155 

155 

155 

155 

650 

350 

400 

600 

350 

350 

500 

280 

350 

TWRDV2 WRtto DAV! 830 + tSYNC 

NOTES: 
1. All GPIB timings are at the pins of the 8291A. 

DEVICE 
UNDER 

iCL~'50PF TEST 

Units Test Conditions 

nsee PPSS. ATN=0.45V 

nsee PPSS, ATN=0.45V 

nsee pPSS. ATN=0.45V 

nsee TAGS, AIDS 

nsee TAGS, AIDS 

nsee TAGS, AIDS 

nsee AH,GAGS 

nsee SH,STRS 

nsee SH 

nsee AH, LAGS, ATN=2.4V 

nsee AH, LAGS 

nsee AH, LAGS, rdy=True 

nsee AH,LAGS 

nsee SH, TAGS, RS=O.4V 

nsee SH,TAGS 

nsee 
High Speed Transfers Enabled, 
NF = fc, tSYNC = 1/2·fc 

2. The last number in·the symbol for any GPIB timing parameter is chosen according to the transition directions of the reference 
signals. The following table describes the numbering scheme. 

ito i 1 
tlo t 2 
tto i 3 
tto t 4 
ito VALID 5 
ttoVALID 6 
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APPENDIXA 

MODIFIED STATE DIAGRAMS 

Figure A-1 presents the interface function state 
diagrams. It is derived from IEEE Std. state dia
grams, with the following changes: 

A. The 8291Asupports the complete set of IEEE-488 
interface functions except for the controller. These 
include: SH1, AH1, T5, TE5, L3, LE3, SR1, RL 1, PP1, 
DC1, D11, and CO. 

B. Addressing modes included in T,L state 
diagrams. 

Note that in Mode 3, MSA, OSA are generated only 
after secondary address validity check by the micro
processor (APT interrupt). 

C. In these modified state diagrams, the IEEE-488-
1978 convention of negative (lOW true) logic is 
followed. This should not be confused with the Intel 
pin- and signal-naming convention based on posi
tive logic. Thus, while the state diagrams below car
ry low true logic, the signals described elsewhere in 
this data sheet are consistent with Intel notation and 
are based on positive logic. 

pon 

ATN + F1 
(WITHIN t2) 

Fl '" TACS + SPAS 

Convention 
Level Logic IEEE-488 Intel 

0 T DAV DAV 
1 F DAV DAV 
0 T NDAC NDAC 
1 F NDAC NDAC 
0 T NRFD NRFD 
1 F NRFD NRFD 

Consider the condition when the Not-Ready-For
Data signal (pin 37) is active. Intel indicates this 
active low signal with the symbol NRFD (VOUT:5VOL for 
AH; V'N:5V'L for SH). The IEEE-488-1978 Standard, in 
its state diagrams, indicates the active state of this 
signal (True condition) with NRFD. 

D. All remote multiline messages decoded are con
ditioned by ACDS. The multiplication by ACDS is not 
drawn to simplify the diagrams. 

E. The symbol 

indicates: 

1. When event X occurs, the function returns to 
state S. 

2. X overrides any other transition condition in 
the function. 

Statement 2 simplifies the diagram, avoiding the 
explicit use of X to condition all transitions from S to 
other states. 

r----l 

I I 
I SH I 
I I 
L ____ --' 

OAV 

Figure A-1. 8291A State Diagrams (Continued next page) 
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pon----\ 

F3= ATN +rdy F3+T3"ATN 

pon---~ 

pon---~ 

T3' :: T3 • CPT' APT 

pon---~ 

IFe 
(WITHIN t4) 

F4 = OT A + (OSA' TPAS + MSA· LPAS) • 

MODE 1 + MLA· MODE 1 

BI 

NRFD 

EOIIF DAB = EOS 

RQs IN STB 

pon---~ 

r-----, 
I I 
I AH I 
I I 
L ____ J 

*THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 

tTDELAV IS ABOUT 300 NS 
FOR DEBOUNCING DAV. 

END IF (EOI + EDS) RECEIVED 

r-----, 
I I 
I TE I 
I I 
L ____ J 

STB AND ROS AVAILABLE 
TOSH 

r-----' 
I I 
I SRO I 
I I 
L ____ J 

ROS IN STB 

Figure A-1. 8291A State Diagrams (Continued next page) 
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pon---~ 

F6 = Del + SDC' LADS 

pon---~ 

*IDY = ATN . EOI 

8291A 

r-----, 
I I 
I LEI 

1----' 
I I 
I DC I 
I I 
L ____ J 

I 

pon---~ 

F5 = (MLA· MODE 1 + lPAS, MSA· MODE 1) 

r-----, 
I I 
I P P 2 I 
I I 
L ____ J 

Figure A-1. 8291A State Diagrams 
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APPENDIX B 

Table B-1. IEEE 488 Time Values 

Time Value 
Identifier' Function (Applies to) Description Vaiue 

T1 SH Settling Time for Multiline Messages 2: 2/LS2 

t2 LC,iC,SH,AH,T,L Response to A TN :5 200ns 

T3 AH Interface Mess~ge Accept Time3 > O' 

t4 T,TE,L,LE,C,CE Response to IFC or REN False < 100/LS 

ts PP Response to ATN+EOI :5 200ns 

T6 C Parallel Poll Execution Time 2: 2/Ls 

T7 C Controller Delay to Allow Current Talker 2: 500 ns 
to see ATN Message 

Te C Length of IFC or REN False > 100/Ls 

Tg C Delay for EOls 2: 1.5/Ls' 

NOTES: 

'Time valueS specified by a lower case t indicate the maximum time allowed to make a state transition. time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 

21f three-state drivers are used on the 010, DAV, and EOllines, T, may be: 
1. 2: 1100 ns. 
2. Or 2: 700 ns if it is known that within the controller ATN is driven by a three-state driver. 
3. Or 2: 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in accord· 

ance with (1) or (2). 
4. Or 2: 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in Section 

5.2.3 and warning note. See IEEE Standard 488. 
'Time required for interface functions to accept, not necessarily respond to interface messages. 

'Implementation dependent. 
'Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states. 

'2: 600 ns for three-state drivers. 
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APPENDIXC 
THE THREE-WIRE HANDSHAKE 

TWRDI5 

4 
I VALID I NOTVALID I VALID 

~T1+ t-T1+ 
~TNDDV1 ___ TDVNR1-+ _TWRDV2_ 

~~ -'L 
~-TRDNR3_ 

-J~~ 

!-TDVND3_ q )'-

DREQ(SH) D 
~TDVDR3 

DREQ(AH) 

'-

-'r 

Figure C-l. 3-Wire Handshake Timing at 8291A 
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GPIB CONTROLLER 

• Complete IEEE Standard 488 Controller 
Function 

• Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization of the Bus 

• Responds to Service Requests (SRQ) 

• Sends Remote Enable (REN), Allowing 
Instruments to Switch to Remote 
Control 

• Complete Implementation of Transfer 
Control Protocol 

• Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission in Progress 

• Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/Listener/Controller 

The 8292 GPIB Controller is a microprocessor·controlled chip designed to function with the 8291 GPIB Talker/Listener 
to implement the full IEEE Standard 488 controller function, including transfer control protocol. The 8292 is a pre· 
programmed Intel® 8041A. 

riif-i 

GENERAL PURPOSE INTERFACE BUS 

8292 
GPIB 

CONTROLLER 

Figure 1. 8291,8292 Block Diagram 
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IFCL Vcc 

X1 COUNT 

X2 REN 

RESET OAV 

Vee IBFI 

Cs OBFI 

GNO EOI 

AD SPI 

AO TCI 

WR CIC 

SYNC NC 

DO ATNO 

01 NC 

02 CLTH 

03 VCC 

04 NC 

05 SYC 

06 IFC 

07 ATNI 

Vss SRQ 

Figure 2. Pin Configuration 
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Table 1. Pin Description 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

IFCL 1 I IFC Received (Latched): The 8292 Vee 5,26,40 P.S. Voltage: +5V supply input ±10%. 
monitors the IFC Line (when not 
system controller) through this pin. 

COUNT 39 I Event Count: When enabled by the 
proper command the internal 

Xl, X2 2,3 I Crystal Inputs: Inputs for a crystal, counter will count external events 
LC or an external timing signal to through this pin. High to low transi-
determine the internal oscillator tion will increment the internal 
frequency. counter by one. The pin is sampled 

RESET 4 I Reset: Used to initialize the chip to 
a known state during power on. 

CS 6 I Chip Select Input: Used to select 

once per three internal instruction 
cycles (7.5!-,sec sample period 
when using 5 MHz XTAL). It can be 
used for byte counting when con-

the 8292 from other devices on the nected to NDAC, or for block count-
common data bus. ing when connected to the EOL 

RD 8 I Read Enable: Allows the master REN 38 0 Remote Enable: The Remote En-
CPU to read from the 8292. able bus signal selects remote or 

ArJ 9 I Address Line: Used to select be-
tween the data bus and the status 

local control of the device on the 
bus. A GPIB bus management line, 

register during read operations and as defined by IEEE Std. 488-1978. 

to distinguish between data and DAV 37 I/O Data valid: Used during parallel 
commands written into the 8292 poll to force the 8291 to accept the 
during write operations. parallel poll status bits. It is also 

WR 10 I Write Enable: Allows the master used during the tcs procedure. 

CPU to write to the 8292. IBFI 36 0 Input Buffer Not Full: Used to 

SYNC 11 0 Sync: 8041A instruction cycle syn-
chronization signal; it is an output 
clock with a frequency of XTAL .;. 
15. 

interrupt the central processor 
while the input buffer of the 8292 is 
empty. This feature is enabled and 
disabled by the interrupt mask 

Do-D7 12-19 I/O Data: 8 bidirectional lines used for 
communication between the cen-

register. 

OBFI 35 0 Output Buffer Full: Used as an 

tral processor and the 8292's data 
bus buffers and status register. 

interrupt to the central processor 
while the output buffer of the 8292 is 

Vss 7,20 P.S. Ground: Circuit ground potential. 
full. The feature can be enabled and 
disabled by the interrupt mask 

SRO 21 I Service Request: One of the IEEE register. 
control lines. Sampled by the 8292 
when it is controller in charge. If 
true, SPI interrupt to the master will 
be generated. 

E012 34 I/O End Or Identify: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978. Used with ATN 
as Identify Message during parallel 

ATNI 22 I Attention In: Used by the 8292 to poll. 
monitor the GPIB ATN control line. It 
is used during the transfer control 
procedure. 

SPI 33 0 Special Interrupt: Used as an inter-
rupt on events not initiated by the 
central processor. 

IFC 23 I/O Interface Clear: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978, places all de-
vices in a known quiescent state. 

TCI 32 0 Task Complete Interrupt: Interrupt 
to the control processor used to in-
dicate that the task requested was 
completed by the 8292 and the in-

SYC 24 I System Con roller: Monitors the formation requested is ready in the 
system controller switch. data bus buffer. 

CLTH 27 0 Clear Latch: Used to clear the I FCR CIC 31 0 Controller In Charge: Controls the 
latch after being recognized by the SIR input of the SRO bus trans-
8292. Usually low (except after ceiver. It can also be used to indi-
hardware R~, it will be pulsed cate that the 8292 is in charge of the 
high when IFCR is recognized by GPIB bus. 
the 8292. 

ATNO 29 0 Attention Out: Controls the ATN 
control line of the bus through ex-
ternal logic for tcs and tca proce-
dures. (ATN is a GPIB control line, as 
defined by IEEE Std. 488-1978.) 
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FUNCTIONAL DESCRIPTION 
The 8292 is an Intel 8041A which has been programmed 
as a GPIB Controller interface element. It is used with 
the 8291 GPIB Talker/Listener and two 8293 GPIB Trans
ceivers to form a complete IEEE-488 Bus Interface for a 
microprocessor. The electrical interface is performed by 
the transceivers, data transfer is done by the talker/ 
listener, and 'control of the bus is done by the 8292. 
Figure 3 is a typical controller interface using Intel's 
GPIB peripherals. 

GPIB 

TO 
PROCESSOR 

BUS 

TO 
PROCESSOR 

BUS 

GPIS 

Figure 3_ Talker/Listener/Controller Configuration 

The internal RAM in the 8041A is used as a special 
purpose register bank for the 8292. Most of these 
registers (except for the interrupt flag) can be accessed 
through commands to the 8292. Table 2 identifies the 
registers used by the 8292 and how they are accessed. 

Interrupt Status Register 

I SYC I ERR ISRO I EV x IFCR IBF OBF 

DO 

The 8292 can be configured to interrupt the microproc
essor on one of several conditions. Upon receipt of the 
interrupt the microprocessor must read the 8292 
interrupt status register to determine which event 
caused the interrupt, and then the appropriate subrou
tine can be performed. The interrupt status register is 
read with Ao high. With the exception of OBF and IBF, 
these interrupts are enabled or disabled by the SPI 
interrupt mask. OBF and IBF have their own bits in the 
i.nterrupt mask (OBFI and IBFI). 

OBF Output Buffer Full. A byte is waiting to be read by 
the microprocessor. This flag is cleared when the 
output data bus buffer is read. 

IBF 

IFCR 

EV 

Input Buffer Full. The byte previously written by 
the microprocessor has not been read yet by the 
8292. If another byte is written to the 8292 before 
this flag clears, data will be lost. IBF is cleared 
when the 8292 reads the data byte. 
Interface Clear Received. The GPIB system 
controller has set IFC. The 8292 has become idle 
and is no longer in charge of the bus. The flag is 
cleared when the lACK command is issued. 
Event Counter Interrupt. The requested number 
of blocks or data bytes has been transferred. The 
EV interrupt flag is cleared by the lACK 
command. 

SRQ Service Request. Notifies the 8292 that a service 
request (SRQ) message has been received. It is 
cleared by the lACK command. 

ERR Error occurred. The type of error can be deter
mined by reading the error status register. This 
interrupt flag is cleared by the lACK command. 

SYC System Controller Switch Change. Notifies the 
processor that the state of the system controller 
switch has changed. The actual state is con
tained in the GPIB Status Register. This flag is 
cleared by the lACK command. 

Table 2_ 8292 Registers 

READ FROM 8292 W RITE TO 8292 

INTERRUPT STATUS AO INTERRUPT MASK AO 

SYC ERR I SRO I EV I X I'FCR ISF OBF I SPI TCI SYC I OBFI I IBFI I 0 SRO 

07 DO 07 DO 
ERROR FLAG ERROR MASK 

I X x I USER' X I x , TOUT3' TOUT2! TOUT,' O· , 
0 , USER , 0 , TOUT3' TOUT2 ' TOUT,' 

CONTROLLER STATUS COMMAND FIELD 

I CSBS I CA I X x I SYCS I IFC REN SRO O· , , , OP , C , C , C C I 
GPIB (BUS) STATUS EVENT COUNTER 

REN OAV EOI X , SYC I IFC ANTI SRO O· , 0 , 0 I 0 , 0 I 0 I 0 , 0 I 0 O· 

EVENT COUNTER STATUS TIME OUT 

, 0 0 I 0 , 0 I 0 0 0 0 , O· I 0 , 0 , 0 I D 0 0 I 0 , 0 O· 

TIME OUT STATUS , 0 0 I 0 0 
, 

0 0 I 0 0 I o· Note: These registers are accessed by a special utility command, 
see page 6. 

9-282 AFN·00741D 



inter 8292 

Interrupt Mask Register 

I I SPI I TCI I SYC OBFI I IBFI o I SRO 

Do 

The Interrupt Mask Register is used to enable features 
and to mask the SPI and TCI Interrupts. The flags In the 
Interrupt Status Register will be active even when 
masked out. The Interrupt Mask Register Is written 
when Ao is low and reset by the RINM command. When 
the register is read, 0 1 and 07 are undefined. An inter· 
tupt is enabled by setting the corresponding register bit. 

SRO Enable interrupts on SRQ received. 

IBFI Enable interrupts on input buffer empty. 

OBFI Enable interrupts on output buffer full. 

SYC Enable interrupts on a change in the system 
controller switch. 

TCI Enable interrupts on the task completed. 

SPI Enable Interrupts on special events. 

NOTE: The event counter is enabled by the GSEC 
command, the error interrupt is enabled by the error 
mask register, and IFC cannot be masked (it will always 
cause an Interrupt). 

Controller Status Register 

losBSI CA I x I X ISYCSIIFC REN SRO 

Do 
The Controller Status Register is used to determine the 
status of the controller function. This register is 
accessed by the RCST command. 

SRO Service Request line active (CSRS). 

REN Sending Remote Enable. 

IFC Sending or receiving interface clear. 

SYCS System Controller Switch Status (SACS). 

CA Controller Active (CACS + CAWS + CSWS). 

CSBS Controller Stand-by State (CSBS, CAl = (0,0) -
Controller Idle 

GPIB Bus Status Register 

I REN I DAV I EOI I x I SYC IFC ATNI SRO 

Do 

This register contains GPIB bus status information. It 
can be used by the microprocessor to monitor and 
manage the bus. The GPIB Bus Register can be read 
using the RBST command. 

Each of these status bits reflect the current status of 
the corresponding pin on the 8292. 

SRO Service Request 

ATNI Attention In 

IFC Interface Clear 

SYC System Controller Switch 

EOI End or Identify 

DAV Data Valid 

REN Remote Enable 

Event Counter Register 

I ~ I ~ I ~ I ~ I ~ 
The Event Counter Register contains the Initial value for 
the event counter. The counter can count pulses on pin 
39 of the 8292 (COUNn. It can be connected to EOI or 
NOAC to count blocks or bytes respectively during 
standby state. A count of zero equals 256. This register 
cannot be read, and Is written using the WEVC 
command. 

Event Counter Status Register 

Do 

This register contains the current value In the event 
counter. The event counter counts back from the initial 
value stored in the Event Counter Register to zero and 
then generates an Event Counter Interrupt. This register 
cannot be written and can be read using a REVC 
command. 

Time Out Register 

Do 

The Time Out Register is used to store the time used for 
the time out error function. See the Individual timeouts 
(TOUT1, 2, 3) to determine the units of this counter. This 
Time Out Register cannot be read, and it is written with 
the WTOUT command. 

Time Out Status Register 

Do 

This register contains the current value in the time out 
counter. The time out counter decrements from the 
original value stored in the Time Out Register. When 
zero is reached, the appropriate error interrupt Is gen· 
erated. If the register is read while none of the time out 
functions are active, the register will contain the last 
value reached the last time a function was active. The 
Time Out Status Register cannot be written, and It Is 
read with the RTOUT command. 

Error Flag Register 

I x I x I USER I x I X I TOUT3 I TOUT2 I TOUT1 

~ Do 

Four errors are flagged by the 8292 with a bit in the Error 
Flag Register. Each of these errors can be masked by 
the Error Mask Register. The Error Flag Register cannot 
be written, and it is read by the lACK command when the 
error flag in the Interrupt Status Register is set. 

TOUT1 Time Out Error 1 occurs when the current con· 
troller has not stopped sending ATN after 
receiving the TCT message for the time period 
specified by the Time Out Register. Each count 
in the Time Out Register Is at least 1800 tCY. 
After flagging the error, the 8292 will remain in a 
loop trying to take control until the current 
controller stops sending ATN or a new com· 
mand Is written by the microprocessor. If a new 
command is written, the 8292 will return to the 
loop after executing it. 
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TOUT2 Time Out Error 2 occurs when the transmission 
between the addressed talker and listener has 
not started for the time period specified by the 
Time Out Register. Each count in the Time Out 
Register is at .Ieast 45 tCY. This feature is only 
enabled when the controller is in the CSSS 
state. 

TOUT3 Time Out Error 3 occurs when the handshake 
signals are stuck and the 8292 is not succeed
ing in taking control synchronously for the time 
period specified by the Time Out Register. Each 
count in the Time Out Register is at least 1800 
tCY. The 8292 will continue checking ATNI until 
it becomes true or a new command is received. 
After performing the new command, the 8292 
will return to the ATNI checking loop. 

USER User error occurs whEm request to assert IFC or 
REN was received and the 8292 was not the 
system controller. 

Error Mask Register 

USER I TOUT31 TOUT21 TOUT1 

The Error Mask Register is used to mask the interrupt 
from a particular type of error. Each type of error inter· 
rupt is enabled by setting the corresponding bit in the 
Error Mask Register. This register can be read with the 
RERM command and written with Ao low. 

Command Register 

OP c c c c 

Commands are performed by the 8292 whenever a byte 
is written with Ao high. There are two categories of 
commands distinguished by the OP bit (bit 4). The first 
category is the operation command (OP= 1). These 
commands initiate some action on the interface bus. 
The second category is the utility commands (OP = 0). 
These commands are used to aid the communication 
between the processor and the 8292. 

OPERATION COMMANDS 
Operation commands initiate some action on the GPIS 
interface bus. It is using these commands that the 
control functions such as polling, taking and passing 
control, and system controller functions are performed. 
A TCI interrupt is generated upon successful comple· 
tion of each of these functions. 

FO - SPCNI - Stop Counter Interrupts 

This command disables the internal counter interrupt so 
that the 8292 will stop interrupting the master on event 
counter underflows. However, the counter will continue 
counting and its contents can sti II be used. 

F1 - GIDL - Go To Idle 

This command is used during the transfer of control 
procedure while transferring control to another con
troller. The 8292 will respond to this command only if it 
is in the active state. ATNO will go high, and CIC will be 
high so that this 8292 will no longer be driving the ATN 
line on the GPIS interface bus. 

F2 - RST - Reset 

This command has the same effect as asserting the 
external reset on the 8292. For details, refer to the reset 
procedure described later. 

F3 - RSTI - Reset Interrupts 

This command resets any pending interrupts and clears 
the error flags. The 8292 will not return to any loop it was 
in (such as from the time out interrupts). 

F4 - GSEC - Go To Standby, Enable Counting 

The function causes ATNO to go high and the counter 
wi II be enabled. If the 8292 was not the active controller, 
this command will exit immediately. If the 8292 is the 
active controller, the counter will be loaded with the 
value stored in the Event Counter Register, and the 
internal interrupt will be enabled so that when the 
counter reaches zero, the Sf'1 interrupt will be gener· 
ated. SPI will be generated every 256 counts thereafter 
until the controller exits the standby state or the SPCNI 
command is written. An initial count of 256 (zero in the 
Event Counter Register) will be used if the WEVC 
command is not executed. If the data transmission does 
not start, a TOUT2 error will be generated. 

F5 - EXPP - Execute Parallel Poll 

This command initiates a parallel poll by asserting ATN 
and EOI (lOY message) true. The 8291 should be 
previously configured as a listener. Upon detection of 
DAV true, the 8291 enters ACDS and latches the parallel 
poll response (PPR) byte into its data in register. The 
master will be interrupted by the 8291 SI interrupt when 
the PPR byte is available. No interrupts except the ISFI 
will be generated by the 8292. The 8292 will respond to 
this command only when it is the active controller. 
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F6 - GTSB - Go To Standby 

If the 8292 is the active controller, ATNO will go high 
then TCI will be generated. If the data transmission does 
not start, a TOUT2 error will be generated. 

F7 - SLOC - Set Local Mode 

If the 8292 is the system controller, then REN will b.e 
asserted false for at least 100 flsec. If it is not the 
system controller, the User Error bit will be set in the 
Error Flag Register. 

F8 - SREM - Set Interface To Remote Control 

This command will set REN true if this 8292 is the 
system controller. If not, the User Error bit will be set in 
the Error Flag Register. 
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F9 - ABORT - Abort All Operation, Clear Interface 

This command will cause IFC to be asserted true for at 
least 100 I'sec if this 8292 is the system controller. If it is 
in CIOS, it will take control over the bus (see the TCNTR 
command). 

FA - TCNTR - Take Control 

The transfer of control procedure is coordinated by the 
master with the 8291 and 8292. When the master 
receives a TCT message from the 8291, it should issue 
the TCNTR command to the 8292. The following events 
occur to take control: 

1. The 8292 checks to see if it is in CIOS, and if not, it 
exits. 

2. Then ATNI is checked until it becomes high. If the 
current controller does not release ATN for the time 
specified by the Time Out Register, then a TOUT1 
error is generated. The 8292 will return to this loop 
after an error or any command except the RST and 
RSTI commands. 

3. After the current controller releases ATN, the 8292 
will assert ATNO and CIC low. 

4. Finally, the TCI interrupt is generated to inform the 
master that it is in control of the bus. 

FC - TCASY - Take Control Asynchronously 

TCAS transfers the 8292 from CSBS to CACS indepen
dent of the handshake lines. If a bus hangup is detected 
(by an error flag), this command will force the 8292 to 
take control (asserting ATN) even if the AH function is 
not in ANRS (Acceptor Not Ready State). This command 
should be used very carefully since it may cause the 
loss of a data byte. Normally, control should be taken 
synchronously. After checking the controller function 
for being in the CSBS (else it will exit immediately), 
ATNO will go low, and a TCI interrupt will be generated. 

FD - TCSY - Take Control Synchronously 

There are two different procedures used to transfer the 
8292 from CSBS to CACS depending on the state of the 
8291 in the system. If the 8291 is in "continuous AH 
cycling" mode (Aux. Reg. AO = A 1 = 1), then the 
following procedure should be followed: 

1. The master microprocessor stops the continuous AH 
cycling mode in the 8291; 

2. The master reads the 8291 Interrupt Status 1 
Register; 

3. If the END bit is set, the master sends the TCSY 
command to the 8292; 

4. If the END bit was not set, the master reads the 8291 
Data In Register and then waits for another BI 
interrupt from the 8291. When it occurs, the master 
sends the 8292 the TCSY command. 

If the 8291 is not in AH cycling mode, then the master 
just waits for a BI interrupt and then sends the TCSY 
command. After the TCSY command has been issued, 
the 8292 checks for CSBS. If CSBS, then it exits the 
routine. Otherwise, it then checks the DAV bit in the 
GPIB status. When DAV becomes false, the 8292 will 

wait for at least 1.5 I'sec. (T10) and then ATNO will go 
low. If DAV does not go low, a TOUT3 error will be 
generated. 

FE - STCNI - Start Counter Interrupts 

This command enables the internal counter interrupt. 
The counter is enabled by the GSEC command. 

UTILITY COMMANDS 
All these commands are either Read or Write to regis
ters in the 8292. Upon completion of Read commands, 
the TCI (Task Completed Interrupt) will be generated. 
Note that writing to the Error Mask Register and the 
Interrupt Mask Register are done directly. 

E1 - WTOUT - Write To Time Out Register 

The byte written to. the data bus buffer (with Ao = 0) 
following this command will determine the time used 
for the time out function. Since this function is imple
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable by the 
Error Mask Register. No interrupts except for the IBFI 
will be generated upon completion. 

E2 - WEVC - Write To Event Counter 

The byte written to the data bus buffer (with Ao = 0) 
following this command will be loaded into the Event 
Counter Register and the Event Counter Status for byte 
counting or EOI counting. Only IBFI will indicate 
completion of this command. 

E3 - REVC - Read Event Counter Status 

This command transfers the contents of the Event 
Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 

E4 - RERF - Read Error Flag Register 

This command transfers the contents of the Error Flag 
Register into the data bus buffer. A TCI is generated 
when the data is available. 

E5 - RINM - Read Interrupt Mask Register 

This command transfers the contents of the Interrupt 
Mask Register into the data bus buffer. This register is 
available to the processor so that it does not need to 
store this information elsewhere. A TCI is generated 
when the data is available in the data bus buffer. 

E6 - RCST - Read Controller Status Register 

This command transfers the contents of the Controller 
Status Register into the data bus buffer and a TCI inter
rupt is generated. 

E7 - RBST - Read GPIB Bus Status Register 

This command transfers the contents of the GPIB Bus 
Status Register into the data bus buffer, and a TCI 
interrupt is generated when the data is available. 
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E9 - RTOUT - Read TIme Out Status Register 

This command transfers the contents of the Time Out 
Status Register Into the data bus buffer, and a TCI 
Interrupt Is generated when the data Is available. 

EA - RERM - Read Error Mask Register 

This command transfers the contents of the Error Mask 
Register to the data bus buffer so that the processor 
does not need to store this Information elsewhere. A TCI 
Interrupt is generated when the data is available. 

Interrupt Acknowledge 

sye ERR SRQ EV IFeR I 1 

Each named bit in an Interrupt Acknowledge (lACK) 
corresponds to a flag In the Interrupt Status Register. 
When the 8292 receives this command, It will clear the 
SPI and the corresponding bits In the Interrupt Status 
Register. If not all the bits were cleared, then the SPI will 
be set true again. If the error flag is not acknowledged 
by the lACK command, then the Error Flag Register will 
be transferred to the data bus buffer, and a TCI will be 
generated. 

NOTE: XXXX1X11 is an undefined operation or utility 
command, so no conflict exists between the lACK 
operation and utility commands. 

SYSTEM OPERATION 
8292 To Master Processor Interface 

Communication between the 8292 and the Master 
Processor can be either interrupt based communication 
or based upon polling the interrupt status register in 
predetermined Intervals. 

Interrupt Based Communication 

Four different interrupts are available from the 8292: 

OBFI Output Buffer Full Interrupt 
IBFI Input Buffer Not Full Interrupt 
TCI Task Completed Interrupt 
SPI Special Interrupt 

Each of the interrupts is enabled or disabled by a bit in 
the interrupt mask register. Since OBFI and IBFI are 
directly connected to the OBF and IBF flags, the master 
can write a new command to the input data bus buffer 
as soon as the previous command has been read. 

The TCI Interrupt is useful when the master Is sending 
commands to the 8292. The pending TCI will be cleared 
with each new command written to the 8292. Commands 
sent to the 8292 can be divided Into two major groups: 

1. Commands that require response back from the 8292 
to the master, e.g., reading register. 

2. Commands that initiate some action or enable 
features but do not require response back from the 
8292, e.g., enable data bus buffer interrupts. 

With the first group, the TCI Interrupt will be used to 
indicate that the required response Is ready in the data 
bus buffer and the master may continue and read It. 
With the second group, the Interrupt will be used to 
Indicate completion of the required task, so that the 
master may send new commands. 

The SPI should be used when Immediate Information or 
special events is required (see the Interrupt Status 
Register). 

"'Polllng Status" Based Communication 

When interrupt based communication Is not desired, all 
interrupts can be masked by the interrupt mask register. 
The communication with the 8292 Is based upon 
sequential poll of the interrupt status register. By 
testing the OBF and IBF flags, the data bus buffer 
status is determined while special events are deter· 
mined by testing the other bits. 

Receiving IFC 

The IFC pulse defined by the IEEE-488 standard is at 
least 100 ,",sec. In this time, all operation on the bus 
should be aborted. Most important, the current control· 
ler (the one that is in charge at thattime) should stop 
sending ATN or EOI. Thus, IFC must externally gate CIC 
(controller in charge) and ATNO to ensure that this 
occurs. 

Reset and Power Up Procedure 

After the 8292 has been reset either by the external reset 
pin, the device being powered on, or a RST command, 
the following sequential events will take place: 

1. All outputs to the GPIB Interface will go high (S"R'O", 
ATNI, IFC, SYC, CLTH, ATNO, CIC, TCI, SPI, ro, 
OBFI, TB"Ff, 0Av, REV). 

2. The four interrupt outputs (TCI, SPI, OBFI, iB"Fi) and 
CLTH output will go low. 

3. The following registers will be cleared: 
Interrupt Status 
Interrupt Mask 
Error Flag 
Error Mask 
Time Out 
Event Counter (= 256), Counter is disabled. 

4. If the 8292 is the system controller, an ABORT 
command will be executed, the 8292 will become the 
controller in charge, and it will enter the CACS state. 

If it is not the system controller, It will remain In 
CIOS. 

System Conflguretion 

The 8291 and 8292 must be interfaced to an IEEE-488 
bus meeting a variety of specifications Including drive 
capability and loading characteristics. To interface the 
8291 and the 8292 without the 8293's, several external 
gates are required, using a configuration similar to that 
used in Figure 5. 

9-286 AFN-007410 



inter 

PROCESSOR BUS 

INTERRUPT WR ii6 RST ClK ADD DATA DMA 

r
r
r-

'-- I-

r--- l

t
r
r
r-

r--

I t DRE~91 
4DACK 

'--~'\IDATA 

1----1-.!.~IRS. 
I----<~I RS, 

t----<~I RS:! 

1-----< .. 1 CLOCK 

1-----< .. 1 RESET 

t----<~ii6 

1-----< .. 1 Wii 
1-----1INT 

Os 

'-__ -.fl DATA , 
ot-------o~1 Ao 

I~----..... OS 

ii6 

8292 

TIIf, 

CLTH 

'---t---------! .. I'W"'R~ !-,S::.P.:..I_--, 
'---------1 RESET 

NOTES: 
1. CONNECT TO NDAC FOR 

BYTE COUNT OR TO EOI 
FOR BLOCK COUNT. 

8292 

r-----Ix, 

~ 
T SYC 

± 
..----tEA * SRO 

NOTE 1 

2. GATE ENSURES OPEN 
COLLECTOR OPERATION 
DURING PARAllEL POLL. 

T T,I--::CO=U=N:..:T ____ ----' 

'-----ILSS ___ ~~~~I~F;Cl~-----_=~ • 
SYSTEM ON 

4.7K 

CONTROLLER --0-'-'"-~ 
SWITCH 

Figure 4. 8291 and 8292 System Configuration 
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TO 
MICROPROCESSOR 

IB GP 
TRIGGE 
OUTPU 

R 
T 

TO MICROPROCESSOR 
~ 

r-!!-
rE-
~ 
r-!2-

16 

17 

18 

19 

21 

22 

23 

9 

10 

• 
6 

7 

8 

3 

11 

5 

....!l. 
~ 
~ 

'--------'.2.. 
16 

17 

18 

19 

9 

8 

10 

DO 

01 

02 

03 

D. 

05 

06 

07 

RSO 8291 

RS1 

RS2 

Rfi 
WR 

RESET 

oREO 

oACK 
-
CS 

CLOCK 

INT 

TRIG 

DO 

01 

02 

03 

D. 

05 

06 

07 

AO 8292 

Rfi 
WR .... • RESETtt 

V 

TO 
MICROPROCESSOR 

OSCILLATO 
OUTPU 

I 
l 

R 
T 

6 

32 

33 

35 

36 

11 

Vcc--2 

~ 
~, 

15-25 pF t ~ 
" = GPIB BUS TRANSCEIVER 

cs 
TCI 

SPI 

OBF! 

IBFI 

SYNC 

SS 

x,, 
x,, 
EA 

t = see 8041A DATA SHEET FOR ALTERNATE 
CRYSTAL CONFIGURATIONS 

tt = CAN CONNECT TO SYSTEM RESET SWITCH, 
SEE 8041A DATA SHEET 

8292 

0101 
28 25 

0101 
- 29 23 

0102 0102 
- 30 10 

0103 0103 
- 31 9 

0104 0104 
- 32 8 
0105 0105 
- 33 7 

0106 0106 

0107 
3. 6 

0107 
-- 35 5 

0108 0108 

TIR1 
1 1 

T/Rl 
-- 36 2. 

oAV oAV 

EOI 
39 3 

EOI 
- 26 • ATN ATN 

SRO 
27 

- 2. 
IFC 

NoAC 
38 

NRFD 37 

T/R2 
2 ~ ATNO 

REN ~ ~ IFCL 

oAV rE- t-r..!. riAl 
• ATN 

10 
NDAC 

9 'NFR[j 
2 

T/A2 
- 21 8 

SRO SRO 
- 38 6 

REN REN 

IFC 
23 5 -

IFC 
29 23 --

ATNO ATNO 

COUNT 
39 3 

EOI 

EOl2 
3. 7 

EOl2 
-- 22 11 

ATNI ATNI 

- 1 25 
IFCl IFCl 

- 31 2. 
CIC CIC 

CLTH 
27 21 

CLTH 

SYC 
2. 22 

SYC UC ON SYSTEM 
CONTROLLER 

1.0FF SWITCH 

Figure 5" 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ......... O·C to 70'C 
Storage Temperature ............. -65'C to +150'C 
Voltage on Any Pin With Respect 

to Ground ........................... 0.5V to + 7V 
Power Dissipation ......................... 1.5 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 70"C. Vss = OV: 8292. Vee = ±5V ±10%) 

Symbol Parameter Min. Max. 

VIL1 Input Low Voltage (All Except X1• X2. RESET) -0.5 0.8 

VIL2 Input Low Voltage (Xh X2. RESET) -0.5 0.6 

VIH1 Input High Voltage (All Except X1• X2. RESET) 2.2 Vee 

VIH2 Input High Voltage (X1• X2• RESET) 3.8 Vee 

VOL1 Output Low Voltage (00-07) 0.45 

VOL2 Output Low Voltage (All Other Outputs) 0.45 

VOH1 Output High Voltage (00-07) 2.4 

VOH2 Output High Voltage (All Other Outputs) 2.4 

IlL Input Leakage Current (COUNT, IFCL, RD, WR, CS, Ao) ±10 

loz Output Leakage Current (00-07, High Z State) ±10 

IU1 Low Input Load Current (Pins 21-24, 27-38) 0.5 

IU2 Low Input Load Current (RESET) 0.2 

Icc Total Supply Current 125 

IIH Input High Leakage Current (Pins 21-24. 27-38) 100 

CIN Input Capacitance 10 

CliO I/O Capacitance 20 

A.C. CHARACTERISTICS (TA = O°C to 70'C. Vss = OV: 8292. Vee = +5V ±10%) 

DBB READ 

Symbol Parameter Min. Max. 

tAR CS. Ao Setup to Rm 0 

tRA CS, Ao Hold After ROt 0 

tRR RD Pulse Width 250 

tAD CS, Ao to Data Out Delay 225 

tRo Rm to Data Out Delay 225 

tOF ROt to Data Float Delay 100 

tey Cycle Time 2.5 15 

DBBWRITE 

Symbol Parameter Min. Max. 

tAW CS, Ao Setup to WR. 0 

tWA CS, Ao Hold After WRt 0 

tww WR Pulse Width 250 

tow Data Setup to WRt 150 

two Data Hold After WR. 0 
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Unit Test Conditions 

V 

V 

V 

V 

V IOL=2.0 mA 

V IOL= 1.6 mA 

V IOH= -4OOI-'A 

V IOH= -50 I-'A 

I-'A Vss"" VIN "" Vee 

J.tA Vss + 0.45"" VIN "" Vee 

mA VIL=0.8V 

mA VIL=0.8V 

mA Typical = 65 mA 

/LA \IN = Vee 

pF 

pF 

Unit Test Conditions 

ns 

ns 

ns 

ns CL= 150 pF 

ns CL= 150 pF 

ns 

I-'s 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 



intJ 8292 

COMMAND TIMINGS[l.31 

Execution 
Code N._ Time IBFII TCI[2J SPI ATNO CIC TFC iiEN EOI DAY Comments 

El WTOUT 63 24 

E2 WEVC 63 24 
E3 REVC 71 24 51 
E4 RERF 67 24 47 

E5 RINM 69 24 49 
E6 RCST 97 24 77 
E7 RBST 92 24 72 

E8 
E9 RTOUT 69 24 49 
EA RERM 69 24 49 

FO SPCNI 53 24 Count Stops After 39 

Fl GIOL 88 24 70 tel tel 
F2 RST 94 24 152 Not System Controller 

F2 RST 214 24 192 152 1179 1174 1101 System Controller 

F3 RSTI 61 24 
F4 GSEC 125 24 107 t96 

F5 EXPP 75 24 
153 155 
t59 157 

F6 GTSB 118 24 100 tol 
F7 SLOC 73 24 55 146 

F8 SREM 91 24 73 164 

F9 ABORT 155 24 133 1120 1115 142 
FA TCNTR 108 24 88 171 168 
FC TCAS 92 24 67 155 

FD TCSY 115 24 91 180 
FE STCNI 59 24 Starts Count After 43 

PIN RESET 29 - 17 17 Not System Controller 

X lACK 116 - 173 
t96 If Interrupt Pending 

Notes: 
1. All times are multiples of Icv from the 8041A command Interrupt. 
2. TCI clears after 7 tcv on all commands. 
3. I Indicates a level transition from low to high, I Indicates a high to low transition. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

u=x x= 2.0 2.0 ?> TEST POINTS < 
0.8 0.8 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" ANDO.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FORA LOGIC "1" 
AND a.sv FOR A LOGIC "0." 

A.C. TESTIt,lG LOAD CIRCUIT 

DeVICE 
UNDER !JCL TEST 

-::-

CL INCLUDES JIG CAPACITANCE 
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CLOCK DRIVER CIRCUITS 

CRYSTAL OSCILLATOR MODE 

i-----~ XTAL1 
I 16 mHz 

< 15 pF I 
(INCLUDES XTAL, =i= ~ 
SOCKET, STRAY) I 

I 

L_____ 3 XTAL2 

15-2SpF 
(INCLUDES SOCKET, I 

STRAY) -= 

CRYSTAL SERIES RESISTANCE SHOULD BE 
<750 AT 6 MHz; <1800 AT 3.6 MHz. 

LC OSCILLATOR MODE 
J:.. ...f... 
45"H 20pF 

120"H 20pF 3.2 MHz 2 

rtC L 
-= C 

DRIVING FROM EXTERNAL SOURCE 

XTAl1 

+5V 

4709 

»--+-----=-1 XTAl1 

+ 5V 

4709 

L-_-.4_----''-jXTAL2 

BOTH XTAL 1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO Vee ARE NEEDED TO ENSURE VIH = 3.SV 
IF TTL CIRCUITRY IS USED. 

c'= C+3Cpp 
2 

5.2MHbj 

3 XTAL2 
Cpp ;::: 5 -10 pF PIN·TO·PIN 
CAPACITANCE 

EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 

WAVEFORMS 

READ OPERATION-DATA BUS BUFFER REGISTER 

CS OR AO 
(SYSTEM'S 

ADDRESS BUS) 

AD 
(READ CONTROL) 

~ 
-IAR_ 

'RR 

\ 

X 
-'RA-I 

1 
tRV 

I 

~ 
-IRD- _IOF_ 

_tAD-___ ~~1~:~~ ---________ ~~----D-A-T-A-V-A-li-D------~~~-------------------

WRITE OPERATION - DATA BUS BUFFER REGISTER 

CSORAo~ ~ (SYSTEM'S ADDRESS BUS) '-_______________ _ 

- •• -~i"___-. .W_W~~-.WA-
WR 

(WRITE CONTROL) 

'WO 
-tow- -

DATA BUS DATA \i DATA VAliD V DATA 
(INPUT) ____ ,.;,M;;.A;;.Y".;C;;"H;;"A".;N;;.GE=--___ -J/l.,... _______ .:1:'~"_ ___ ".;M,.;,A,.;,Y __ C;;.H,;;,A,;;,N,.;,G,.;,E ____ _ 
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APPENDIX 
The following tables and state diagrams were taken 
from the IEEE Standard Digital Interface for Program-

mabie Instrumentation, IEEE Std. 488-1978. This docu
ment is the official standard for the GPIB bus and can be 
purchased from IEEE, 345 East 47th St., New York, NY 
10017. '. ..' 

ii'CA~ 
(WITHIN t4l 

Messages 

pon = power on 
rsc = request system control 
rpp = request parallel poll 
gts = go to standby 
tca = take control asynchronously 
tcs = take control synchronously 
sic = send interface clear 
sre = send remote enable 

IFC = Interface clear 
ATN = attention 
TCT = take control 

• T10 > 1.5 f.l8ec 
t THE MICROPROCESSOA MUST WAIT FOR THE 80 

INTERRUPT BEFORE WRITING THE GTSB OR OSEe 
COMMANDS TO ENSURE THAT (ITAIAmY!) 
IS TRUE. 

C MNEMONICS 

CIOS 
CADS 
CTRS 
CACS 
CPWS 
CPPS 

CSBS 
CSHS 
CAWS 
CSWS 
CSRS 
CSNS 
SNAS 
SACS 
SRIS 
SRNS 
SRAS 
SIIS 
SINS 
SIAS 

(ACOS) 

(ANRS) 

~ 

I nterface States 

= controller idle state 
= controller addressed state 
= controller transfer state 
= controller active state 
= controller parallel poll wl1-it state 
= controller parallel poll state 

= controller standby state 
= controller standby hold state 
= controller active wait state 
= controller synchronous wait state 
= controller service requested state 
= controller service not requested state 
= system control not active state 
= system control active state 
= system control remote enable idle state 
= system control remote enable not active state 
= system control remote enable active state 
= system control interface clear idle state 
= system control Interface clear not active state 
= system control interface clear active state 

= accept data state (AH function) 

= acceptor not ready state (AH function) 

= source delay state (SH function) 

(STRS) = source transfer state (SH function) 

(TAOS) = talker addressed state (T function) 

SRO 

Q~ 

Figure A.1. C State Diagram 
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Mnemonic 

ACG 
ATN 
DAB 

DAC 
DAV 
DCl 
END 
EOS 

GET 
GTl 
lOY 
IFC 
lAG 
lLO 
MLA 

MTA 

MSA 

NUL 
OSA 
OTA 
PCG 
PPC 
PPE 

PPD 

PPR1 
PPR2 
PPR3 
PPR4 
PPR5 
PPR6 
PPR7 
PPR8 
PPU 
REN 
RFD 
RQS 
SCG 
SOC 
SPD 
SPE 
SRQ 
STB 

TCT 
TAG 
UCG 
UNL 
UNT 

8292 

REMOTE MESSAGE CODING 

Message Name 

Addressed Command Group 
Attention 
Data Byte 

Data Accepted 
Data Valid 
Device Clear 
End 
End of String 

Group Execute Trigger 
Go to Local 
Identify 
Interface Clear 
Listen Address Group 
Local Lock Out 
My Listen Address 

My Talk Address 

My Secondary Address 

Null Byte 
Other Secondary Address 
Other Talk Address 
Primary Command Group 
Parallel Poll Configure 
Parallel Poll Enable 

Parallel Poll Disable 

Parallel Poll Response 1 
Parallel Poll Response 2 
Parallel Poll Response 3 
Parallel Poll Response 4 
Parallel Poll Response 5 
Parallel Poll Response 6 
Parallel Poll Response 7 
Parallel Poll Response 8 
Parallel Poll Unconfigure 
Remote Enable 
Ready for Data 
Request Service 
Secondary Command Group 
Selected Device Clear 
Serial Poll Disable 
Serial Poll Enable 
Service Request 
Status Byte 

Take Control 
Talk Address Group 
Universal Command Group 
Unlisten 
Untalk 

(Notes 1, 9) 

(Notes 2, 9) 

(Note 3) 

(Note 4) 

(Note 5) 

(Note 6) 

(Note 7) 

(Note 10) 

(l'4ote 9) 

(Notes 8, 9) 

(Note 11) 

T 
Y 
p 
E 

M 
U 
M 

U 
U 
M 
U 
M 

M 
M 
U 
U 
M 
M 
M 

M 

M 

M 
M 
M 
M 
M 
M 

M 

U 
U 
U 
U 
U 
U 
U 
U 
M 
U 
U 
U 
M 
M 
M 
M 
U 
M 

M 
M 
M 
M 
M 

C 
L 
A 
S 
S 

AC 
UC 
DO 

HS 
HS 
UC 
ST 
DO 

AC 
AC 
UC 
UC 
AD 
UC 
AD 

AD 

SE 

DO 
SE 
AD 

AC 
SE 

SE 

ST 
ST 
ST 
ST 
ST 
ST 
ST 
ST 
UC 
UC 
HS 
ST 
SE 
AC 
UC 
UC 
ST 
ST 

AC 
AD 
UC 
AD 
AD 

Bus Signal line(s) and Coding That 
Asserts the True Value of the Message 

D D NN 
I I DRD A E SIR 
o 0 AFA TOR F E 
8 7 6 5 4 3 2 1 VDC N I Q C N 

Y 0 0 0 X X X X XXX X X X X 
X X X X X X X X XXX 1 X X X X 
o 0 0 0 0 0 0 0 XXX 0 X X X X 
8 7 6 5 4 3 2 1 
X X X X X X X X XX 0 
XXXXXXXX 1XX 
Y 0 0 1 0 1 0 0 XXX 
X X X X X X X X XXX 
E E E E E E E E XXX 
8 7 6 5 4 3 2 1 
Y 0 0 0 1 0 0 0 XXX 
Y 0 0 0 0 0 0 1 XXX 
X X X X X X X X XXX 
X X X X X X X X XXX 
Y 0 1 X X X X X XXX 
Y 0 0 1 0 0 0 1 XXX 
Y 0 1 L L L L LXXX 

5 4 3 2 1 
Y 0 T T T T T XXX 

Y 
54321 
S S S S S XXX 
54321 

X X X X X 
X X X X X 
1 X X X X 
o 1 X X X 
o X X X X 

X X X X 
X X X X 

X 1 X X X 
X X X 1 X 
1 X X X X 
1 X X X X 
1 X X X X 

X X X X 

X X X X 

o 0 0 0 0 0 0 0 XXX X X X X X 
(OSA = SCG /\ MSA) 
(OTA=TAG /\MTA) 

(PCG = ACG v UCG v LAG v TAG) 
Y 0 0 0 0 1 0 1 XXX 1 X X X X 
Y 1 0 S P P P XX X 1 X X X X 

321 
Y 1 0 0 0 0 XXX 

432 1 
X X X X X X X 1 XXX 
X X X X X X 1 X XX'X 
X X X X X 1 X X XXX 
X X X X 1 X X X XXX 
X X X 1 X X X X XXX 
X X 1 X X X X X XXX 
X 1 X X X X X X XXX 
1 X X X X X X X XXX 
Y 0 0 0 1 0 1 XXX 
X X X X X X X X XXX 
X X X X X X X X XOX 
X 1 X X X X X X XXX 
Y 1 1 X X X X X XXX 
Y 0 0 0 0 1 0 0 XXX 
Y 0 0 1 1 0 0 1 XXX 
Y 0 0 1 1 0 0 0 XXX 
X X X X X X X X XXX 
S X S S S S S S XXX 
8 654321 
Y 0 0 0 1 0 0 1 XXX 
Y 1 0 X X X X X XXX 
Y 0 0 1 X X X X XXX 
Y 0 1 1 1 1 1 1 XXX 
Y 1 0 1 1 1 1 1 XXX 

X X X X 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 

1 X X X 
1 X X X X 
X X X X 1 
X X X X X 
o X X X X 
1 X X X X 

X X X X 
X X X X 
X X X X 

X X 1 X X 
o X X X X 

X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

The 1/0 coding on ATN when sent concurrent with multiline messages has been added to this revision for interpre' 
tive convenience. 
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NOTE5: 

1. 01-08 specify the device dependent data bits. 
2, .E1-E8 specify the device dependent code used to indicate the E05 message. 
3. L1-L5 specify the device dependent bits of t~e device's listen address. 
4. T1-T5 specify the device dependent bits of the device's talk address. 
5. 51-55 specify the device dependent bits of the device's sepondary address. 
6. 5 specifies the sense of the PPR. 

Response = 5 e ist 

P1-P3 specify the PPR message to be sent when a parallel poll is executed. 

P3 P2 P1 PPR Message 
o 0 0 PPR1 

PPR8 

7. 01-04 specify don't·care bits that shall not be decoded by the receiving devipe. It is recommended that all zeroes 
be sent. 

8. 51-56, 58 specify the device dependent status. (0107 is used for the Ra5 message.) 
9. The source of the message on the ATN line is always the C function, whereas the messages on the 010 and EOI 

lines are enabled by the T function. . 
10. The source of the messages on the ATN and EOI lines is always the C function, whereas the source of the 

messages on the 010 lines is always the PP functil:m: 
11. This code is provided for system use, see 6.3. 
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GPIB TRANSCEIVER 

• Nine Open.collector or Three·state 
Line Drivers 

• 48 mA Sink Current Capability on 
Each Line Driver 

• Nine Schmitt·type Line Receivers 

• High Capacitance Load Drive 
Capability 

• Single 5V Power Supply 

• 28·Pin Package 

• Low Power HMOS Design 

• On·chip Decoder for Mode 
Configuration 

• Power Up/Power Down Protection to 
Prevent Disrupting the IEEE Bus 

• Connects with the 8291A and 8292 to 
Form an IEEE Standard 488 Interface 
Talker/Listener/Controller with no 
Additional Components 

• Only Two 8293's Required per GPIB 
Interface 

• On·Chip IEEE·488 Bus Terminations 

The Intel® 8293 GPIB Transceiver is a high-current, non-inverting buffer chip designed to interface the 8291A GPIB 
Talker/Listener, or the 8291A18292 GPIBTalker/Listener/Controlier combination, to the IEEE Standard 488-1978Instrumen
tation Interface Bus. Each GPIB interface would contain two 8293 Bus Transceivers. In addition, the 8293 can also be used 
as a general-purpose bus driver. 

T/R1 Vee 

TIR2 OPTA 

EOI OPTB 

DATA10 

DATA4 BUSS 
TIRI 

DATAS 

BUSI BUSS 

BUS2 BUS4 

GENERAL PURPOSE INTERFACE BUS 

Figure 1. 8291A, 8292, 8293 Block Diagram Figure 2. PIn Configuration 

9-295 



8293 

Table 1. Pin Description 

Symbol Pin No. lYpe Name and Function Symbol Pin No. lYpe Name and Function 

BUS1- 12, 13, I/O GPIB Lines, GPIB Side: These are EOI 3 I/O End Or Identify: This pin indicates 
BUS9 15-19, the IEEE-488 bus interface the end of a multiple byte transfer or, 

21,22 driver/receivers, or TTL-compatible in conjunction with ATN, addresses 
inputs on the 8291 A/8292 side, the device during a polling se-
depending on the mode used, Their quence, It connects to the 8291 A and 
use is programmed by the two mode 
select pins, OPTA and OPTB, 

is switched between transmit and 
receive by T/i!i2, This pin is TTL com-
patible, 

DATAl- 5-11, I/O GPIB Lines, 8291A192 Side: These 
DATAl 0 23-25 are the pins to be connected to the 

8291A and 8292 to interface with the 
GPIB, Their use is programmed by 
the two mode select pins, OPTA and 
OPTB, All these pins are TTL compa-

ATN 4 0 Attention: This pin is used by the 
8291A to monitor the GPIBATN can-
trolline, It specifies how data on the 
010 lines is to be interpreted, This 
output is TTL compatible, 

tible, OPTA 27 I Mode Select: These two pins are to 

T/Rl 1 I Transmit Receive 1: This pin con-
trols the direction for NOAC, NRFO, 
DAV, and 0101-0108, Input is TTL 

OPTB 26 I control the function of the 8293, A 
truth table of how they program the 
various modes is in Table 2, 

compatible, Vee 28 P,S, Voltage: Positive power supply .(5V 

T/R2 2 I Transmit Receive 2: This pin con- ± 10%), 

trols the direction for EOL Input is GND 14,20 P,S, Ground: Circuit ground, 
TTL compatible, 

Table 2. 8293 Mode Selection Pin Mapping 

IEEE Implementation Name 

Pin Name Pin No. Mode 0 Model Mode 2 Mode 3 

OPTA 27 0 1 0 1 
OPTB 26 0 0 1 1 

OATA1 5 TFC OIOS IFC OIOS 
BUS1 12 IFC" 0108" IFC* OIOS" 
OATA2 6 REN 0107 REN 0107 
BUS2 13 REN" 0107" REN* 0107" 
OATA3 7 NC 0106 EOl2 0106 
BUS3 15 EOI* 0106" EOI* 0106" 
OATA4 8 SRO 0105 SRO 0105 
BUS4 16 SRO" 0105" SRO" 0105" 
OATA5 9 NRFO 0104 NRFO 0104 
BUS5 17 NRFO" 0104* NRFO* 0104* 
OATA6 10 NOAC D!()3 NOAC 0103 
BUS6 18 NOAC" 0103* NOAC* 0103* 
OATA7 11 TlRI01 NC ATNI ATNO 
OATAS 23 T/RI02 0102 ATNO 0102 
BUS7 19 ATN* 0102" ATN" 0102* 
OATA9 24 GI01 OAV CIC OAV 
BUSS 21 G101* OAV* CLTH OAV" 
OATA10 25 GI02 0101 IFCL 0101 
BUS9 22 G102* 0101* SYC 0101" 

T/R1 1 T/R1 T/R1 T/R1 T/R1 
T/R2 2 TlR2 NC T/R2 IFCL 
EOI 3 EOI EOI EOi EOI 
ATN 4 ATN ATN ATN ATN 

'Note: These pins are the IEEE-488 bus non-Inverting driver/receivers, They include all the bus terminations required by the Standard and may be 
connected directly to the GPIB bus connector. 
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inter 8293 

GENERAL DESCRIPTION 
The 8293 is a bidirectional transceiver. It was designed to 
interface the Intel 8291A GPIB Talker/Listener and the 
Intel®8292 GPIB Controller to the IEEE Standard 488-1978 
Instrumentation Bus (also referred to as the GPIB). The 
Intel GPIB Transceiver meets or exceeds all of the elec
trical specifications defined in the IEEE Standard 488-
1978, Section 3.3-3.5, including the bus termination 
specifications. 

The 8293 can be hardware programmed to one of four 
modes of operation. These modes allow the 8293 to be 
configured to support both a Talker/Listener/Controller 
environment and a Talker/Listener environment. In addi
tion, the 8293 can be used as a general-purpose, three
state (push-pull) or open-collector bus transceiver with 
nine receiver/drivers. Two modes each are used to support 
a Talker/Listener (see Figure 3) and aTalker/Listener/Con
troller environment (see Figure 4). Mode 1 is used in 
general-purpose environments. 

TO 
PROCESSOR 

8291A 

BUS 1-__ ...1 

GPIB 

OPTA 

Figure 3. Talker/Listener Configuration 

8291A 

GPIB 

Figure 4. Talker/Listener/Controller Configuration 
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'6 
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SIR '~SEND TO GPIB 
0= RECEIVE FROM GPIB 

~ ~+5V 

~ ~ov 

• ~ IEEE·488 BUS NON·INVERTING DRIVERIRECEIVER 

Figure 5. Talker/Listener Control Configuration 

Table 3. Mode 0 Pin Description 

Pin 
Symbol No. Type Name and Function 

T/Rl 1 I Transmit Receive 1 Direction control 
for NDAC and NRFD. IfT/Rl is high, then 
NDAC' and NRFD' are receiving. Input is 
TIL compatible. 

NDAC 10 I/O Not Data Accepted: Processor GPIB 
bus handshake control line; used to in-
dicate the condition of acceptance of 
data by device(s). It is TIL compatible. 

NDAC' 18 I/O Not Data Accepted: IEEE GPIB bus 
handshake control line. When an input, 
it is a TIL compatible Schmitt·trigger. 
When an output, it is an open-collector 
driver with 48 mA sinking capability. 

NRFD 9 I/O Not Ready For Data: Processor GPIB 
handshake control line; used to indicate 
the condition of readiness of device(s) 
to accept data. This pin is TTL compati-
ble. 
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8293 

Table 3. Mode 0 Pin Description (Continued) 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

NAFO" 17 110 Not Ready For Data: IEEE GPIB bus IFC" 12 I Interface Clear: IEEE GPIB bus control 
handshake control line. When an input, line. This input is a TTL compatible 
it is a TTL compatible Schmitt-trigger. Schmitt-trigger. 
When an output, it is an open-collector 
driver with a 48 rnA current sinking 
capability. 

T/AI01 11 I Transmit Receive General 10: Oirec-
T/~102 23 I tion control for the two spare trans-

ceivers. These pins are TTL compatible. 
T/R2 2 I Transmit Receive 2: Direction control 

for EOI. If T/A2 is high, EOI" is sending. 
Input is TTL compatible. 

GI01 24 110 General 10: This is the TTL side of the 
GI02 25 I/O two spare transceivers. These pins are 

TTL compatible. 
EOI 3 110 End Or Identify: Processor GPIB bus 

control line; is used by a talker to indi-
cate the end of a multiple byte transfer. 
This pin is TTL compatible. 

G101" 21 110 General 10: These are spare three-
G102" 22 110 state (push-pull) driverslSchmitt-trigger 

receivers. The drivers can sink 48 rnA. 

EOI" 15 110 End Or Identify: IEEE GPIB bus control 
line; is used by a talker to indicate the 
end of a multiple byte transfer. This pin is MODEl 

a three-state (push·pull) driver capable 
of sinking 48 rnA and a TTL compatible 
receiver with hysteresis. 

SAO 8 I Service Request: Processor GPIB bus 
control line; used by a device to indicate DAV 

24 

the need for service and to request an 
interruption of the current sequence of 
events on the GPIB. It is a TTL compati-
ble input. 

TfRl 

DID, 
2. 22 0101· 

SAO" 16 0 Service Request: IEEE GPIB bus con-
trol line; it is an open collector driver 
capable of sinking 48 rnA. 

0102 
23 19 

0102" 

AEN 6 0 Remote Enable: Processor GPIB bus 
control line; used by a controller (in con- 0103 

10 1S 
0103· 

junction with other messages) to select 
between two alternate sources of device 
programming data (remote or local con- IlRl4 

9 17 
0104" 

trol). This output is TTL compatible. 

AEN" 13 I Remote Enable: IEEE GPIB bus control 
line. This input is a TTL compatible 

0105 
S 16 

0105-

Schmitt·trigger. 

ATN 4 0 Attention: Processor GPIB bus control DIOs 
15 

0106-

line; used by the 8291 to determine how 
data on the 010 signal lines are to be 
interpreted. This is a TTL compatible 0107 

13 0107-

output. 

ATW 19 I Attention: IEEE GPIB bus control line; 
this input is a TTL compatible Schmitt- mo, 12 DIOS-

trigger. 

IFC 5 0 Interface Clear: Processor GPIB bus EOi 

control line; used by a controller to 
place the interface system into a known 
quiescent state. It is a TTL compatible 
output. Figure 6. Talker/Listener Data Configuration 
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Table 4. Mode 1 Pin Description 

Pin 
Symbol No. Type Name and Function 

T/Rl 1 I Transmit Receive 1: Controls the di-
rection for DAY and the 010 lines. If 
T/ftl is high. then all these lines are 
sending information to the IEEE GPIB 
lines. This Input is TTL compatible. 

EOI 3 I End Of Sequence And Attention: 
~ 4 I Processor GPIB control lines. These 

two control signals are ANOed to-
gether to determine whether all the 
transceivers in the 8293 are three-
state (push-pull) or open-collector. 
When both signals are low (true). 
then the controller is performing a 
parallel poll and the transceivers are 
all open-collector. These inputs are 
TTL compatible. 

DAY 24 I/O Data Valid: Processor GPIB bus 
handshake control line; used to indi~ 
cate the condition (availability and 
validity) of information on the 010 
lines. It is TTL compatible. 

DAY" 21 1/0 Data Valid: IEEE GPIB bus hand-
shake control line. When aninput;;it 
is a TTL compatible Schmitt-trigger. 
When DAY" is an output. it can sink 48 
mA. 

0101- 25.23. I/O Data Input/Output: Processor GPIB 
Di08 10. 9. bus data lines; used to carry mesSage 

8. 7. and data bytes in a bit-parallel byte-
6. 5 serial form controlled by the three 

handshake signals. These Iinel!.1I!f' 
TTL compatible. . <. 

0101"- 22.19. I/O Data Input/Output: IEEE GPIB. bus 
0108" 18.17. data lines. They are TTL compatible 

16.15. Schmitt-triggers when used for in-
13.12 put and can sink 48 mA when used for 

output. See ATN and EOI descrip-
tion for output moqe. 

8293 
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NOTE: FUNCTION OF ATN TRANSCEIVER 

SlR=LOW 
lI'ml =ATN' 
A'i'N =ATN' 
ATN·=INPUT 
Ai'NO = INPUT 

SIR = HIGH 
l'mI=A'TmI 
A'i'N = HIGH 
ATN·=ATNO 
ATNO = INPUT 

Figure 7. Talker/Listener/Controller Control 
Configuration 
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Pin 
Symbol No. Type 

T/R1 1 I 

NDAC 10 I/O 

NDAC" 18 I/O 

NRFD 9 I/O 

NRFD" 17 I/O 

SYG1 22 I 

REN 6 I/O 

REN" 13 I/O 

IFG 5 I/O 

IFC' 12 I/O 

CIG 24 I 

8293 

Table 5. Mode 2 Pin Description 

Name and Function 

Transmit Receive 1: Direction control 
for NDAC and NRFD.lf T/R1 is high, then 
NDAC and NRFD are receiving. Input is 
TIL compatible. 

Not Data Accepted: Processor GPIB 
bus handshake control line; used to in-
dicate the condition of acceptance of 
data by device(s). This pin is TIL com-
pati.ble. 

Not Data Accepted: IEEE GPIB bus 
handshake control line. It is a TTL com-
patible Schmitt-trigger when used for 
input and an open-collector driver with a 
48 mA current sink capability when used 
for output. 

Not Ready For Data: Processor GPIB 
bus handshake control line; used to in-
dicate the condition of readiness of de-
vice(s) to accept data. This pin is TIL 
compatible. 

Not Ready For Data: IEEE GPIB bus 
handshake control line. It is a TTL com-
patible Schmitt-trigger when used for 
input and an open-collector driver with a 
48 mA current sink capability when used 
for output. 

System Controller: Used to monitor the 
system controller switch and control the 
direction for IFC and REN. This pin is a 
TIL compatible input. 

Remote Enable: Processor GPIB con-
trol line; used by the active controller 
(in conjunction with other messages) 
to select between two alternate sources 
of device programming data (remote or 
local control). This pin is TTL com-
patible. 

Remote Enable: IEEE GPIB bus control 
line. When used as an input, this is a TTL 
compatible Schmitt-trigger. When an 
output, it is a three-state driver with a 48 
mA current sinking capability. 

Interface Clear: Processor GPIB bus 
control line; used by the active con-
troller to place the interface system into 
a known quiescent state. This pin is TIL 
compatible. 

Interface Clear: IEEE GPIB control 
line. This is a TIL compatible Schmitt-
trigger when used for input and a three-
state driver capable of sinking 48 mA 
current when used for output. 

Controller In Charge: Used to control 
the direction of the SRO and to indicate 
that the 8292 is in charge of the bus. GIG 
is a TTL compatible input. 

Pin 
Symbol No. Type Name and Function 

CLTH 1 21 I Clear Latch: Used to clear the IFC Re-
ceived latch after it has been recognized 
by the 8292. Normally low (except after a 
hardware reset). It will be pulsed high 
when IFC. Received is recognized by the 
8292. This input is TIL compatible. 

IFGL 25 0 IFC Received Latch: The 8292 moni-
tors the IFC line when it is not the active 
controller through this pin. 

SRO 8 I/O Service Request: Processor GPIB con-
trolline; indicates the need for attention 
and requests the active controller 
to interrupt the current sequence of 
events on the GPIB bus. This pin is TIL 
compatible. 

SRO" 16 I/O Service Request: IEEE GPIB bus con-
trolline. When used as an input, this pin 
is a TTL compatible Schmitt-trigger. 
When used as an output, it is an open-
collector driver with a 48 mA current 
sinking capability. 

T/R2 2 I Transmit Receive 2: Controls the di-
rection for EOI. This input is TTL com-
patible. 

ATNO 23 I Attention Out: Processor GPIB bus 
control line; used by the 8292 for ATN 
control of the IEEE bus during "take 
control synchronously" operations. A 
Iowan this input causes ATN to be as-
serted if GIG indicates that this 8292 is in 
charge. ATNO is a TTL compatible input. 

ATNI 11 0 Attention In: Processor GPIB bus con-
trolline; used by the 8292 to monitor the 
ATN line. This output is TIL compatible. 

ATN 4 0 Attention: Processor GPIB bus control 
line; used by the 8292 to monitor the ATN 
line. This output is TTL compatible. 

ATN" 19 I/O Attention: IEEE GPIB bus control line; 
used by a controller to specify how data 
on the DIO signal lines are to be inter-
preted and which devices must respond 
to data. When used as an output, this pin 
is a three-state driver capable of sinking 
48 mA current. As an input, it is a TTL 
compatible Schmitt-trigger. 

EOl2 7 I/O End Or Identify 2: Processor GPIB bus 
control line; used in conjunction with 
ATN by the active controller (the 8292) to 
execute a polling sequence. This pin is 
TIL compatible. 

EOI 3 I/O End Or Identify: Processor GPIB bus 
control line; used by a talker to indicate 
the end of a multiple byte transfer se-
quence. This pin is TTL compatible. 

NOTES: 
1. VIL3 is guaranteed at 1.1 Von these inputs to accommodate the 

high current-sourcing capability of these pins during a low 
input in Mode 2. 
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Table 5. Mode 2 Pin Description (Continued) 

Pin 
Symbol No. Type Name and Function 

EOI' 15 I/O End Or Identify: IEEE GPIB bus control 
line; used by a talker to indicate the end 
of a multiple byte transfer sequence or, 
by a controller in conjunction with ATN, 
to execute a polling sequence. When an 
output, this pin can sink 48 rnA current. 
When an input, it is a TIL compatible 
Schmitt-trigger. 

= OPTA 

IFCL OPTB 

DAV 
21 

DAV· 

TfFh 

0101 
25 22 

0101* 

0102 
23 19 

0102* 

0103 
10 18 

0103* 

17 
0104 0104* 

0105 
16 

Dl05* 

0106 
15 

0106* 

0107 
13 Dlor 

0108 
12 

0108* 

ATN 

Figure 8. Talker/Listener/Controller Data 
Configuration 
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Table 6. Mode 3 Pin Description 

Pin 
Symbol No. Type Name and Function 

T/R1 1 I Transmit Receive 1: Controls the di· 
rection for DAV and the DIO lines. If 
TiR1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is TIL compatible. 

EOI 3 I End Of Sequence and Attention: 
ATN 4 I Processor GPIB control lines. These 

two control lines are ANDed together 
to determine whether all the trans-
ceivers in the 8293 are push-pull or 
open-collector. When both Signals 
are low (true), then the controller is 
performing a parallel poll and the 
transceivers are all open·collector. 
These inputs are TIL compatible. 

ATNO 11 I Attention Out: Processor GPIB con-
trol line; used by the 8292 during 
"take control synchronously" opera-
tions. This pin is TIL compatible. 

IFCL 2 I Interface Clear Latched: Used to 
make DAV received after the system 
controller asserts IFC. This input is 
TTL compatible. 

DAV 24 I/O Data Valid: Processor GPIB hand-
shake control line; used to indicate 
the condition (availability and 
validity) of information on the DIO 
signals. This pin is TTL compatible. 

DAV' 21 I/O Data Valid: IEEE GPIB handshake 
control line. When an input, this pin is 
a TTL compatible Schmitt-trigger. 
When DAV' is an output, it can sink 48 
rnA. 

D101- 25,23, I/O Data Input/Output: Processor GPIB 
DI08 10, 9, bus data lines; used to carry message 

8, 7, and data bytes in a bit-parallel byte-
6, 5 serial from controlled by the three 

handshake signals. These lines are 
TIL compatible. 

D101' 122,19, 110 Data Input/Output: IEEE GPIB bus 

D108' 118, 17, data lines. They are TTL compatible 
16,15, Schmitt-triggers when used for input 
13,12 and can sink 48 rnA when used for 

output. 
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inter 8293 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ......... o·e to 70·e 
Storage Temperature ............. - 65·e to + 150·e 
Voltage on any Pin with 

Respect to Ground ................. - 1.0V to + 7V 
Power Dissipation .......................... 1 Watt 

'NOTICE: 
1. Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 

This is a stress rating only and functional operation of the 
device at these or any other conditions above those indi
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 
2. All devices are guaranteed to operate within the 
minimum and maximum parameter limits specified below. 
Typical parameters however are not tested and are not 
guaranteed. Established statistically, they indicate the 
performance level expected in a typical device at room 
temperature (TA = 25°C) and Vee = 511. 

D.C. CHARACTERISTICS (TA = O°C to 70°C, Vee = 5.0V ±10%, GND = OV) 

Symbol Parameter 
Limits 

Units Test Conditions 
Min. Typ. Max. 

VIL1 Input Low Voltage (GPIB Bus Pins) 0.8 V 

VIL2 Input Low Voltage (Option Pins) -0.1 0.1 V 

VIL3 
1 Input Low Voltage (All Others) 0.8 V 

VIH1 Input High Voltage (GPIB Bus Pins) 2.0 Vee V 

VIH2 Input High Voltage (Option Pins) 4.5 Vee V 

VIH3 Input High voltage (All Others) 2.0 Vee V 

VIH4 Receiver Input Hysteresis 400 mV 

VOL1 Output Low Voltage (GPIB Bus Pins) 0.5 V IOL = 48 mA 

VOL2 Output Low Voltage (All Others) 0.5 V IOL = 16 mA 

VOH1 Output High Voltage (GPIB Bus Pins) 2.4 V IOH = -5.2 mA 

VOH2 Output High Voltage (All Others) 2.4 V IOH = -800 /LA 

High to Low 0.8 
Vn Receiver Input Threshold Low to High 2.0 V 

ILe Input Load Current (GPIB Pins) See Bus Load Line Diagram Vee = 5.0V ± 5% 

IlL Input Leakage Current (All Others) 10 /LA 0.45 ""VIN ""Vee 

Ipo Bus Power Down Leakage Current 40 /LA 0.45V "" Veus "" 2.7V 

lee Power Supply Current 110 175 mA 

NOTES: 
1. VIL3 = 1.1V max on pins 21 and 22 in Mode 2 for the 8293-10. 

CAPACITANCE 

Symbol Parameter Min. Typ. Max. Units Test Conditions 

CI01 I/O Capacitance (GPIB Side) 50 80 pF VIN =Vee 

CI02 I/O Capacitance (System Side) 35 50 pF VIN =Vee 

CITR Input Capacitance (T/R1, T/R2) 7 10 pF VIN =Vee 
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A.C. CHARACTERISTICS (TA = crCto 70°C, Vee = 5.0V ±10%, GND = OV) 

Symbol Parameter Max. Units 

tp1 Transmitter Propagation Delay (All Lines) 30 ns 

tp2 Receiver Propagation Delay (EOI, ATN and Handshake Lines) 50 ns 

tp3 Receiver Propagation Delay (All Other Lines) 60 ns 

tPHZ1 Transmitter Disable Delay (High to 3-State) 40 ns 

tpZH1 Transmitter Enable Delay (3-state to High) 40 ns 

tpLZ1 Transmitter Disable Delay (Low to 3-State) 40 ns 

tPZL1 Transmitter Enable Delay (3-State to Low) 40 ns 

tpHZ2 Receiver Disable Delay (High to 3-State) 40 ns 

tpZH2 Receiver Enable Delay (3-State to High) 40 ns 

tpLZ2 Receiver Disable Delay (Low to 3-State) 40 ns 

tpZL2 Receiver Enable Delay (3-State to Low) 40 ns 

tMS Mode Switch Delay 10 /LS 

TYPICAL OUTPUT LOADING CIRCUITS 

TO SCOPE TO SCOPE 
(OUTPUT) • 2.3V (OUTPUn +-5.0V 

~~" 
c'130 0

F 

DATA 

24011 

71N916 
;~ OR EQU'V. c'I"oF 7 

':'" ":'" 

CL INCLUDES JIG AND PROBE CAPACITANCE Ct. INCWDES JIG AND PROBE CAPACITANCE 

Data Input to Bus Output (Driver) Bus Input to Data Output (Receiver) 

TO SCOPE 
(OUTPUn 1.1V 

BUS r ~ :.::,','. ~"') 
Tri(''''''~'"') c, 115 of ,,0<, 

":'" ":'" 

CL INCLUDES JIG AND PROBE CAPACITANCE CL INCLUDES JIG AND PROBE CAPACITANCE 

Sencl/Receive Input to Bus Output (Driver) Sencl/Receive Input to Data Output (Receiver) 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 =>(2.0 2.ox= 
O.B > TEST POINTS < 0.8 

0.45 - -

A C TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC' ". AND O.45V FOR 
A LOGIC '0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND O.SV FOR A LOGIC '0" 
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WAVEFORMS 

8293 

'RISE =: tFALL .s.; 5 n8 
DUTY CYCLE - 50% 3.0V;,-______________ .....,. 

INPUT 

OUTPUT 
(TRANSMITTER PROP. DELAY) 

FIGURE 11 LOAD 

OUTPUT 
(RECEIVER PROP. DELAY) 

FIGURE 12 LOAD 

OUTPUT 
(TRANSMITTER ENABLE DELAY 

WITH INPUT HIGH) 
FIGURE 13 LOAD 

OUTPUT 
(TRANSMITTER ENABLE DELAY 

WITH INPUT LOW) 
FIGURE 13 LOAD 

OUTPUT 
(RECEIVER ENABLE DELAY 

WITH INPUT HIGH) 
FIGURE 14 LOAD 

OUTPUT 
(RECEIVER ENABLE DELAY 

WITH INPUT LOW) 
FIGURE 14 LOAD 

OV-----I 

VOH 

Vz = 1.0V 

Vz -1.13V 

VOL 

VOH 

OV 

5V 

VOL 

'DELAYS ARE REFERENCED AGAINST PERCENTAGE OF FINAL OUTPUT WHEREVER S.STATE OUTPUTS ARE INVOLVED BECAUSE THE RISE AND FALL TIMES DEPEND 
ON THE EXTERNAL PULL·UPAND PULL·DOWN LOADS. 

BUS LOAD LINE 

l .. 
iii 
II: 
II: 

" U 
III 

" .. 
j 

VBUS. BUS VOLTAGE (VOLTS) 
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TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 

5.0 .--~r-----rl--'---'--"'--.--r----' 

~ 4.0 I--~~::=;::~V 
~ 
w 
" 3.0 ~--I---I--+--J.--I_--I-+-I_--1 
~ 
~ 
.. 2.0 ~--I---I_-+--J.--I_--I-_1'-I_--1 

~ 
is 1.0 1---+--+--+-4--+---+-+-+----1 
~ 

0.5 1.0 1.5 2.0 

V,. INPUT VOLTAGE (VOLTS) 
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PROGRAMMABLE INTERVAL TIMER 

ill MCS·85™ Compatible 8253·5 • Count Binary or BCD 

• 3 Independent 16·Bit Counters 
• Single + 5V Supply 

• DC to 2 MHz 

• Programmable Counter Modes • 24·Pln Dual In· Line Package 

The Intel"'. 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3. independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft
ware programmable. 

RD 

WR_ 

Ao 

A, 

cs 

DATA 
BUS 

BUFFER 

READI 
WRITE 
lOGIC 

CONTROL 
WORD 

REGISTER 

INTERNAL BUS / 

COUNTER 
"2 

Figure 1. Block Diagram 

elK 1 

GATE 1 

OUT 1 

D, 

eLK 2 
OUT 0 

GATE 2 GATE 0 

OUT 2 

Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
General 
The 8253 is a programm~ble 'interval timer/counter 
specifically designed for use with the Intel'· Micro
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, thegeneratiori of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with thi3 desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when.it has completed its'tasks, It is easy to see 
that the software overhead is minimal and that multiple 
d<;llays can easily be maintained by assignment of priority 
levels, 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253, 

• Programmable Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
th<;l 8253 to the syst<;lm data bus, Data is transmitted or 
r<;lc<;lived by th<;l buffer upon execution of INput or OUTput 
CPU instructions, The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the 8253, 
2. Loading the count registers. 
3. Reading the count values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD (Read) 
A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 
A "low" on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters. 

AO"A1 

These inputs are normally connected to the address bus. 
Their function is to se.lect one of the three counters to be 
operated on and to address the control word register for 
mode selection. 

CS (Chip Select) 
A "low" on th,is input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 
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eLK 0 

GATE 0' 

aUTO 

Ri5 
elK 1 

WR 

GATE 1 

Ao 

A, 

os 

elK 2 

GATE 2 

OUT 2 

INTERNAL BUS 

Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 

CS RD WR A, Ao 

a 1 a a a Load Counter No. a 
a 1 a a 1 Load Cou nter No. 1 

a 1 a 1 a Load Counter No.2 

a 1 a 1 1 Write Mode Word 

a a 1 a a Read Counter No. a 
a a 1 a 1 Read Counter No.1 

a a 1 1 a Read Counter No.2 

a a 1 1 1 No-Operation 3-State 

1 X X X X Disable 3-State 

a 1 1 X X No-O perati on 3-State 
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Control Word Register 
The Control Word Register is selected when AO, A 1 are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 
These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting 'applications and special commands and logic 
are included in the 8253 so that the contents' of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

8253 SYSTEM INTERFACE 
The 8253 is a component of the Intel'" Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A 1 connect to the AO, A 1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel@ 8205 for larger systems. 

II 

1\ 

I) 

O. 

RD--_q 
iIiR---cf 

A. ___ ~ 

A,---~ 

cs-----..J 

INTERNAL BUS 

Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 

ADDRESS BUS (16) 

A, A. 

CONTROL BUS 

I/DR I/OW 

DATA BUS fS) 

B 
A, AO cs °0'°7 RO WR 

8253 
COUNTER COUNTER COUNTER 

0 1 2 
I I ! 

lOUT GATE elK I lOUT GATE eLK I lOUT GATE eLK I 

1 r r 1 r r 1 r r 

Figure 5. 8253 System Interface 

) 

J 
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OPERATIONAL DESCRIPTION 

General 
The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. Prior to initialization, the MODE, count, and 
output of all counters is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 

M - MODE: 

M2 M1 MO 

a a a Mode a 
a a 1 Mode 1 

X 1 a Mode 2 

X 1 1 Mode 3 

1 a a Mode 4 

1 a 1 Mode 5 

Once programmed, the 8253 is ready to perform whatever BCD: 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 
All of the MODES for each counter are programmed by the 
systems software by simple 1/0 operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 

Control Word Format 

D, DO 

SC1 sca RL1 RLa I M21 M1 Ma BCD 

Definition of Control 

SC - Select Counter: 

SC1 SCO 

a a Select Counter a 
a 1 Select Counter 1 

1 a Select Counter 2 

1 1 Illegal 

RL - Read/Load: 

RL 1 RLO 

0 ° Counter Latching operation (see 
READ/WRITE Procedure Section) 

1 a Read/Load most significant byte only. 

0 1 Read/Load least significant byte only. 

1 1 Read/Load least Significant byte first, 
then most significant byte. 

° Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 

Counter Loading 

The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), followed by a rising edge and a 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out
put will remain low and the counter will count. When ter
minal count is reached the output will go high and re
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 

Rewriting a counter register during counting results in 
the following: 

(1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
Iowan the count following the rising edge of the gate in
put. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will re
main low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator. Dlvid~ by N counter. The out
put will be low for one period of the input clock. The 
period from one output pulse to the l1ext equals the 
number of input counts in thecQunt register. If the 
count register· is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. . 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 

MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remair) high ur)til one /:1alf 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom· 
pliShed by decrementing the counter by two on the fall· 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) dec·rements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 

. decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the 
output will be high for (N + 1)/2 counts and low for 
(N -1)/2 counts. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. ·On terminal count, the 
output will go low for one input clock period, then will 
go high again. 

If the count register is reloaded between output pulses, 
the present period will not be affected, but the subsequent 
period will reflect the new value. The count will be inhib
ited while the gate input is low. Reloading .the counter 
register will restart counting beginning with the new 
number. 

MODE 5: Hardwara Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count Is reached. The counter is retriggerable. The out· 
put will not go low until the full count after the rising 
edge of any trigger.· . 

~I Low 

Status Or Going 
Modes Low Rising High 

0 Disables -- Enables 
counting counttng 

1 -- 1) Initiates --
counting 

2) Resets output 
after next clock 

2 1) Disables 
1) Reloads 

counting Enables 
2) Sets output 

counter counting 
immediately 

2) Initiates 

high 
counting 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

4 Disables -- Enables 
counting counting 

5 -- Initiates --
counting 

Figure 6. Gate Pin Operations Summary 
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MODE 0: Interrupt on Terminal Count 

CLOCK 
i I 

W'A"n~ 
, I 
3 0 

OUTPUT (INTERRUPT) I I 
(n=4) I----t-n-: 

I I 
I I 

WAm~ , , 
GATE------------~:L____Jr-~'---------

54 3210 
OUTPUT (INTERRUPT) ~ 

(m '" 51 '-..-' '---.r----" 
A B 

A+B=m 

MODE 1: Programmable One·Shot 

TRIGGER~ 

4 1 
OUTPUT -.L..::......: __ :......::......:-.: __ r--------

MODE 2: Rate Generator 

OUTPUT 
4 3 2 1 O{4) 3 2 1 O{3) 2 1 0 

~ 
0131 

OUTPUT (n '" 3} 

RESET ----,L ______ ~---------

MODE 3: Square Wave Generator 

CLOCK 

OUTPUT (n=4) 

OUTPUT (n = 5) 

MODE 4: Software Triggered Strobe 

LOAD"~~---------------------

GATE ---------~~r---------

OUTPUT 

MODE 5: Hardware Triggered Strobe 

CLOCK 

GATE -----lr------
4 

OUTPUT (n '" 4) u 

GATE~ 
4343210 

OUTPUT (n = 4) ~ 

Figure 7. 8253 Timing Diagrams 
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8253 READIWRITE PROCEDURE 

Write Operations 

The systems software must program each counter of the 
8253 with the mode and quantity desired. The program
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (lor 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL 1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it !I!!!l!! be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL 1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (216 for Binaryor 104 for BCD). In MODE 0 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL 1) are program
med. Then proceed with the restart operation. 

9-313 

MODE Control Word 
Counter n 

LSB 
Count Register byte 

Counter n 

MSB 
Count Register byte 

Counter n 

Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 

Figure 8. Programming Format 

Al AO 

No.1 
MODE Control Word 

1 1 
Counter 0 

MODE Control Word 
1 1 

Counter 1 
No. 2 

MODE Control Word 
1 1 

Counter 2 
No.3 

LSB 
Count Register Byte 

0 1 
Counter 1 

No.4 

Count Register Byte 
0 1 

MSB Counter 1 No. 5 

LSB 
Count Register Byte 

1 0 
Counter 2 

No.6 

MSB 
Count Register Byte 

1 0 
Counter 2 

No. 7 

LSB 
Count Register Byte 

0 0 
Counter 0 

No.8 

MSB 
Count Register Byte 

0 0 
Counter 0 

No. g 

Note: The exclusive addresses of each counter's count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 

Figure 9. Alternate Programming Formats 
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Read Operations 
I n most cou nter applications ii becomes necessary to read 
the value of the count in progress and make a 
computational decision based on' this quantity. Event 
counters are probably the rnost common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily .read the contents of any of the 
three counters without disturbing the actual count in 
progress· 

ThE!fe are two methods that the programmer can use to 
read th.e value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AD, A 1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AD, 
A 1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must ~ inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first 1/0 Read contains the least significant byte (lSB). 

second 1/0 Read cont<jins the most significant byte 
(MSB). 

Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 

3MHz 
ClK 

8085 

~2 

Read Operation Chart 

Al AO RD 

0 0 0 Read Counter No, 0 

0 1 0 Read Counter No.1 

1 0 0 Read Counter No.2 

1 1 0 Illegal 

Reading While Counting 
In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the. 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter "on the fly" he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 

MODE Register for Latching Count 

AO, Al 11 

I:I:I~I~I~I~I~I~I 
SC1,SCO- specify counter to be latched. 

05,04 - 00 designates counter latching operation. 

X - don't care. 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 
to complete the entire read operation as programmed. 
This command has no effect on the counter's mode. 

·1.5MHz 
ClK 

8253-5 

"If an 8085 clock output Is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less. 

Figure 10. MCS·85™ Clock Interface-
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power Dissipation 

OOG to 700 G 
-650 G to +1500 G 

-0.5Vto+7V 
1 Watt 

*NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = OOG to 70°C, Vee = 5V ±10%) 

Symbol Parameter Min. Max. Unit Test Conditions 

V,L Input Low Voltage -0.5 0.8 V 

V,H Input High Voltage 2.2 Vee+· 5V V 

VOL Output Low Voltage 0.45 V Note 1 

VOH Output High Voltage 2.4 V Note 2 

I,L I nput Load Current ±10 /lA V,N = Vee to OV 

IOFL Output Float Lea kage ±10 /lA VOUT = Vee to .45V 

lee Vee Supply Current 140 mA 

CAPACITANCE (TA = 25°C, Vec = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

C'N I nput Capacitance 10 pF fc ~ 1 MHz 

CliO I/O Capacitance 20 pF Unmeasured pins returned to Vss 

A.C. CHARACTERISTICS (TA = O°C to 70°C, Vee = 5.0V ±5%, GND = OV) 

Bus Parameters (Note 3) 

READ CYCLE 

8.253 8253-5 

Symbol Parameter Min. Max. Min. Max. Unit 

tAR Address Stable Before READ 50 30 ns 

tRA Address Hold Time for READ 5 5 ns 

tRR READ Pulse Width 400 300 ns 

tRO Data Delay From READ [4] 300 200 ns 

tDF READ to Data Floating 25 125 25 100 ns --/------ --- -

tRY Recovery Time Between READ 
and Any Other Control Signal 1 1 f.1.S 
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A.C.CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAW Address Stable Before WR ITE 

tWA Address Hold Ti me for WR IT E 

tww WR ITE Pulse Width 

tow Data Set Up Time for WR ITE 

two Data Hold Time for WR ITE 

tRY Recovery Time Between WRITE 
and Any Other Control Signal 

CLOCK AND GATE TIMING 

Symbol Parameter 

tCLK Clock Per iod 

tPWH High Pulse Width 

tPWL Low Pulse Width 

tGW Gate Width High 

tGL Gate Width Low 

tGS Gate Set Up Time to CLKt 

tGH Gate Hold Time After CLKt 

too Output Delay From CLKt[4] 

tOOG Output Delay From Gatet [4] 

NOTES: 
1. 10L = 2.2 mAo 
2. 10H = -400 pA 
3. AC timings measured at VOH 2.2, VOL = O.B. 
4. CL = 150pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

2.4 
2.2V 2.2V > TEST POINTS < 
0.8 0.8 

0.45 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC ., 1" AND OASV FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 BV FOR A LOGIC 0 

8253 8253-5 

Min. Max. Min. Max. 

50 30 

30 30 

400 300 

300 250 

40 30 

1 1 

8253 8253-5 

·Min. Max. Min. Max. 

380 dc 380 dc 

230 230 

150 150 

150 150 

100 100 

100 100 

50 50 

400 400 

300 300 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

~CL TEST 

-=-

CL INCLUDES JIG CAPACITANCE 

9-316 

Unit 

ns 

ns 

ns 

ns 

ns 

J1S 

Unit 

ns 

ns 
-

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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WAVEFORMS 

WRITE TIMING 

Ao-l. CS __ J 1''--_______ +-'t''--__ _ 

DATA BUS 
----------~1~r_--r_--~~---

CLOCK AND GATE TIMING 

eLK 

GATEG 

-- tODG 

READ TIMING 
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8254 
PROGRAMMABLE INTERVAL TIMER 

• Compatible with Most Micro
processors Including 8080A, 8085A, 
iAPX 88 and iAPX 86 

• Three Independent 16·bit Counters 

• Handles Inputs from DC to 8 MHz 
(10 MHz for 8254-2) 

• Six Programmable Counter Modes 

• Status Read·Back Command 

• Binary or BCD Counting 

• Single +5V Supply 

• Uses HMOS Technology 

The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in microcom
puter system design. It provides three independent 16-bit counters, each capable of handling clock inputs up to 
10 MHz. All modes are software programmable. The 8254 is a superset of the 8253. 

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package. 

elK 0 

07- 0 0 

aUTO 

07 Vee 

0, m 
Rli Os RO 

WR 
elK 1 cs 0, 
GATE 1 0, A, 

A, OUT 1 0, AD 

0, CLK 2 

Do OUT2 
os 

eLK 0 GATE 2 

OUTO CLK 1 

GATE 1 

GND OUT1 

OUT2 

Figure 1. 8254 Block Diagram Figure 2. Pin Configuration 
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8254 

Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

DrDo 1·8 1/0 Data: Bi-directional three state data bus 
lines, connected to system data bus. 

CLKO 9 I Clock 0: Clock input of Counter o. 

OUTO 10 0 Output 0: Output of Counter O. 

GATE 0 11 I Gate 0: Gate input of Counter O. 

GND 12 Ground: Power supply connection. 

FUNCTIONAL DESCRIPTION 

General 

The 8254 is a programmable interval timerlcounter de
signed for use with Intel microcomputer systems. It is a 
general purpose, multi-timing element that can be treated 
as an array of 1/0 ports in the system software. 

The 8254 solves one of the most common problems in 
any microcomputer system, the generation of accurate 
time delays under software control. Instead of setting 
up timing loops in software, the programmer configures 
the 8254 to match his requirements and programs one of 
the counters for the desired delay. After the desired 
delay, the 8254 will interrupt the CPU. Software over· 
head is minimal and.variable length delays can easily be 
accommodated. 

Some of the other counterltimer functions common to 
microcomputers which can be implemented with the 
8254 are: 

• Real time clock 
• Event counter 
• Digital one·shot 
• Programmable rate generator 
• Square wave generator 
• Binary rate multiplier 
• Complex waveform generator 
• Complex motor controller 

Symbol Pin No. Type 

Vce 24 

WA 23 I 

AD 22 I 

CS 21 I 
.. 

A" Ao 20·19 I 

CLK2 18 I 
_ .. 

OUT 2 17 0 

GATE 2 16 I 

CLK 1 15 I 

GATE 1 14 I 

OUT1 13 0 

Block Diagram 
DATA BUS BUFFER 

Name and Function 

Power: + 5V power supply connection. 
-

Write Control: This input is low during CPU 
write operations. 

Read Control: This input is low during CPU 
read operations. 

Chip Select: A Iowan this input enables the 
8254 to respond to AD and WA signals. REi 
and WR are ignored otherwise. 

Address: Used to select one of the three 
Counters or the Control Word Register for 
read or write operations. Normally con-
nected to the system address bus. 

A, Ao Selects 

0 0 Counter 0 

0 1 Counter 1 

1 0 Counter 2 

1 1 Control Word Aegister 

Clock 2: Clock input of Counter 2. 

Out 2: Output of Counter 2. 

Gate 2: Gate input of Counter 2. 

Clock 1: Clock input of Counter 1. 

Gate 1: Gate input of Counter 1. 

Out 1: Output of Counter 1. 

This 3'state, bi-directional, 8-bit buffer is used to inter· 
face the 8254 to the system bus (see Figure 3). 

OUT 0 

CLK 2 

GATE 2 

OUT2 

Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 
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READ/WRITE LOGIC 

The ReadlWrite .. Logic accepts inputs from the system 
bus and generates control Signals for the other func
tional blocks of the. 8254. A1 and Ao select one of the 
three counters or the Control Word Register to be read 
from/written into. A "low" on the AD input tells the 8254 
that the CPU is reading one of the counters. A "low" on 
the WR input tells the 8254 that the CPU is writing either 
a Control Word or an initial count. Both RD and WR are 
qualified by CS; RD and WR are ignored unless the 8254 
has been selected by holding CS low. 

CONTROL WORD REGISTER 

The Control Word Register (see Figure 4) is selected by 
the ReadlWrite Logic when A1,Ao= 11. If the CPU then 
does a write operation to the 8254, the data is stored in 
the Control Word Register and is interpreted as a Con
trol Word used to define the operation of the Counters. 

The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 

Figure 4. Block Diagram Showing Con-trol Word 
Register and Counter Functions 

COUNTER 0, COUNTER 1, COUNTER 2 

These three functional blocks are identical in operation, 
so only a single Counter will, be described. The internal 
block diagram of a single counter is shown in Figure 5. 

The Counters are fully independent. Each Counter may 
operate in a different Mode. 

The Control Word Register is shown in the figure; it is 
not part of the Counter itself, but its contents determine 
how the Counter operates. 

Figure 5_ Internal Block Diagram of. a Counter 

The status register, shown in the Figure, when latched, 
contains the current contents of the Control Word 
Register and status of the output and null count flag. 
(See detailed explanation of the Read-Back command.) 

The actual counter is labelled CE (for "Counting Ele
ment"). It is a 16·bit presettable synchronous down 
counter. 

OLM and OLl are two 8-bit latches. OL stands for "Out
put Latch"; the subscripts M and L stand for "Most sig
nificant byte" and "Least Significant byte" respectively. 
Both are normally referred to as one unit and called just 
OL. These latches normally "follow" the CE, but if a 
suitable Counter Latch Command is sent to the 8254, 
the latches "latch" the present count until read by the 
CPU and then return to "following" the CEo One latch at 
a time is enabled by the counter's Control Logic to drive 
the internal bus. This is how the 16-bit Counter com
municates over the 8-bit internal bus. Note that the CE 
itself cannot be read; whenever you read the count, it is 
the OL that is being read. 

Similarly, there are two 8-bit registers called CRM and 
CRL (for "Count Register"). Both are normally referred to 
as one unit and called just CR. When'a new count is writ
ten to the Counter, the count is stored in the CR and 
later transferred to the CEo The Control Logic allows one 
register at a time to be loaded from the internal bus. 
Both bytes are transferred to the CE simultaneously. 
CRM and CRl are cleared when the Counter is pro
grammed. In this way, if the Counter has been pro
grammed for one byte counts (either most significant 
byte only or least significant byte only) the other byte 
will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 

The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside 
world through the Control Logic. 
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8254 SYSTEM INTERFACE 

The 8254 is a component of the Intel Microcomputer Sys
tems and interfaces in the same manner as all other pe
ripherals of the family. It is treated by the systems software 
as an array of peripheral I/O ports; three are counters and 
the fourth is a control register for MODE programming. 

Basically, the select inputs Ao, A1 connect to the Ao, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel 8205 for larger systems. 

t t 
Figure 6. 8254 System Interface 

OPERATIONAL DESCRIPTION 

General 
After power·up, the state of the 8254 is undefined. The 
Mode, count value, and output of all Counters are 
undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be pro
grammed. 

Programming the 8254 

Counters are programmed by writing a Control Word 
and then an initial count. 

All Control Words are written into the Control Word 
Register, which is selected when A1,Ao= 11. The Con· 
trol Word itself specifies which Counter is being pro· 
grammed. 

By contrast, initial counts are written into the Counters, 
not the Control Word Register. The A1,Ao inputs are 
used to select the Counter to be written into. The format 
of the initial count is determined by the Control Word 
used. 

Control Word Format 

A1,Ao= 11 CS=O RD= 1 WR=O 

SC1 SCO RW1 RWO M2 M1 MO I BCD I 
sc - Select Counter: 

SC1 SCQ 
0 0 Select Counter 0 

0 1 Select Counter 1 
1 0 Select Counter 2 

1 1 Read·Back Command 
(See Read Operations) 

RW - Read/Write: 

RW1 RWO 

0 0 Counter Latch Command (see Read 
Operations) 

0 1 Read/Write least significant byte only. 

1 0 ReadlWrite most significant byte only. 

1 1 Read/Write least Significant byte first, 
then most significant byte. 

NOTE: DON'T CARE BITS (Xl SHOULD BE 0 TO INSURE 
COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 

M - MODE: 

M2 M1 

0 0 

0 0 

X 1 

X 1 

1 0 

1 0 

BCD: 

Figure 7. Control Word Format 
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MO 

0 Mode 0 

1 Mode 1 

0 Mode 2 

1 Mode 3 

0 Mode 4 

1 Mode 5 

Binary Counter 16-bits 
Binary Coded Decimal (BCD) Counter 
(4 Decades) 
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Write Operations 
The programming procedure for the 8254 is very flexible. 
Only two conventions need to be remembered: 

1) For each Counter, the Control Word must be written 
before the initial count is written. 

2) The initial count must follow the count format 
specified in the Control Word (least significant byte 
only, most significant byte only, or least significant 
byte and then most significant byte). 

Since the Control Word Register and the three Counters 
have separate addresses (selected by the Al,Ao inputs), 
and each Control Word specifies the Counter it applies 
to (SCO,SC1 bits), no special instruction sequence is re-

Al Ao 

Control Word - Counter 0 1 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 0 0 0 
Control Word - Counter 1 1 
LSB of .count - Counter 1 0 
MSB.of count - Counter 1 0 
Control Word - Counter 2 1 
LSB of count - Counter 2 0 
MSB of count - Counter 2 0 

Al Ao 

Control Word - Counter 0 1 
Control Word - Counter 1 1 1 
Control Word - Counter 2 1 1 
LSB of count - Counter 2 1 0 
LSB of count - Counter 1 0 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 0 0 0 
MSB of count - Counter 1 0 1 
MSB of count - Counter 2 1 0 

quired. Any programming sequence that fallows the 
conventions above is acceptable. 

A new initial count may be written to a Counter at any 
time without affecting the Counter's programmed Mode 
in any way. Counting will be affected as described in the 
Mode definitions. The new count must follow the pro
grammed count format. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first and 
second byte to another routine which also writes into 
that same Counter. Otherwise, the Counter will be 
loaded with an incorrect count. 

Al Ao 

Control Word - Counter 2 
Control Word - Counter 1 1 
Control Word - Counter 0 1 
LSB of count - Counter 2 0 
MSB of count - Counter 2 1 0 
LSB of count - Counter 1 0 
MSB of count - Counter 1 0 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 0 0 0 

A1 Ao 

Control Word - Counter 1 1 
Control Word - Counter 0 1 
LSB of count - Counter 1 0 
Control Word - Counter 2 1 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 1 0 1 
LSB of count - Counter 2 1 0 
MSB of count - Counter 0 0 0 
MSB of count - Counter 2 1 0 

NOTE: IN ALL FOUR EXAMPLES. ALL COUNTERS ARE PROGRAMMED TO READ/WRITE TWO·BYTE COUNTS. 

THESE ARE ONLY FOUR OF MANY POSSIBLE PROGRAMMING SEQUENCES. 

Figure 8_ A Few Possible Programming Sequences 

Read Operations 
It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easily 
done in the 8254. 

There Cjre three possible methods for reading the 
Counters. The first is through the Read-Back command, 
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which is explained later. The second is a simple read 
operation of the Counter, which is selected with the 
Al,AO inputs. The only requirement is that the CLK input 
of the selected Counter must be inhibited by using 
either the GATE input orex.ternal logic. Otherwise, the 
co.unt may be in process of changing when it is read, giv
ing an undefined result. 
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COUNTER LATCH COMMAND 

The other method involves a special software command 
called the "Counter Latch Command". Like a Control 
Word, this command is written to the Control Word 
Register, which is selected when A

"
Ao= 11. Also like a 

Control Word, the SCO,SC1 bits select one of the three 
Counters, but two other bits, 05 and 04, distinguish this 
command from a Control Word. 

A1,Ao=11; CS=O; RO=1; WR=O 

0 7 06 Os 04 0 3 02 0 1 00 

I SC1 I SCO I 0 I 0 I X I X I X I xl 
SC1,SCO - specify counter to be latched 

SC1 SCO Counter 

0 0 0 
0 1 1 
1 0 2 
1 1 Read·Back Command 

05,04 - 00 designates Counter Latch Command 

X - don't care 

NOTE: DON'T CARE BITS (X) SHOULD BE 0 TO INSURE 
COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 

Figure 9. Counter Latching Command Format 

The selected Counter's output latch (OL) latches the 
count at the time the Counter Latch Command is reo 
ceived. This count is held in the latch until it is read by 
the CPU (or until the Counter is reprogrammed). The 
count is then unlatched automatically and the OL 
returns to "following" the counting element (CE). This 
allows reading the contents of the Counters "on the fly" 
without affecting counting in progress. Multiple 
Counter Latch Commands may be used to latch more 
than one Counter. Each latched Counter's OL holds its 
count until it is read. Counter Latch Commands do not 
affect the programmed Mode of the Counter in any way. 

If a Counter is latched and then, some time later, latch
ed again before the count is read, the second Counter 
Latch Command is ignored. The count read will be the 
count at the time the first Counter Latch Command was 
issued. 

With either method, the count must be read according 
to the programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be 
read. The two bytes do not have to be read one right 
after the other; read or write or programming operations 
of other Counters may be inserted between them. 

8254 

Another feature of the 8254 is that re.ads and writes of 
the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the follow
ing sequence is valid. 

1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 

If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between reading the first and 
second byte to another routine which also reads from 
that same Counter. Otherwise, an incorrect count will be 
read. 

READ-BACK COMMAND 

The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 

The command is written into the Control Word Register 
and has the format shown in Figure 10. The command 
applies to the counters selected by setting their corre
sponding bits 03,02,01 =1. 

AO,A1=11 cs=o RD=1 WR=o 

[COUNT [STATUsl CNT 21 CNT 1 1 CNT 0 1 

0 5: 0 = LATCH COUNT OF SELECTED COUNTER(S) 
04: 0 ~ LATCH STATUS OF SELECTED COUNTER(S) 
D:l: 1 ~ SELECT COUNTER 2 
02: 1 = SELECT COUNTER 1 
0,: 1 ~ SELECT COUNTER 0 
Do: RESERVED FOR FUTURE EXPANSION: MUST BE 0 

Figure 10. Read-Back Command Format 

The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
05=0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter 
latch commands, one for each counter latched. Each 
counter's latched count is held until it is read (or the 
counter is reprogrammed). That counter is automatically 
unlatched when read, but other counters remain latched 
until they are read. If multiple count read-back commands 
are issued to the same counter without reading the count, 
all but the first are ignored; i.e., the count which will be 
read is the count at the time the first read-back command 
was issued. 

The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit 04=0. Status must be latched to be read; 
status of a counter is accessed by a read from that 
counter. 
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The counter status format Is shown in Figure 11. Bits 05 
through DO contain the counter's programmed Mode ex· 
actly as written in the last Mode Control Word. OUTPUT 
bit 07 contains'the current state of the OUT pin. This 
allows the user to monitor th~ counter's output via soft· 
ware, possibly eliminating som~ hardware from a 
system. . 

IOUTPUTI C~~~T I RWI RWO M2 

, D-,1 =OUTPtN lSI 
O=OUTPtNISO 

D, 

Ml MO BCD 

lis ~ ::: ~ ~~~:LABLE FOR READING 
D5-Do COU:lEIt PROGRAMMED MODE (SEE FIGURE 7) 

Figure 11. Status Byte 

NULL COUNT bit 06 indicates when the last count writ· 
ten to the counter register (CR) has been loaded into the 
counting element (CE). The exact time this happens de· 
pends on the Mode of the counter and is described in 
the Mode Definitions, but until the count is loaded into 
the counting element (CE), it can't be read from the 
counter. If the count is latched or read before this time, 
the count value will not reflect the new count just writ· 
ten. The operation of Null, Count is shown in Figure 12. 

THIS ACTION: CAUSES: 

A. WRITE TO THE CONTROL WORD REGISTERPI NULL COUNT=1 

B. WRITE TO THE COUNT REGISTER (CRll2J NULL COUNT=1 

C. NEW COUNT IS LOADED INTO CE (CII-+CE); NULL COUNT-O 

[1J ONLY THE COUNTER SPECIFIED B~ THE CONTROL WORD WILL HAVE 
ITS NULL COUNT SET TO 1. NULL COUNT BITS OF OTHER COUNTERS 
ARE UNAFFECTED, 

[2J IF THE COUNTER IS PROGRAMMED FOR TWD-BYTE COUNTS (LEAST 
SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE) NULL COUNT 
GOES TO 1 WHEN THE SECOND BYTE IS WRITTEN. 

Figure 12. Null Count Operation 

If multiple status latch operations of the counter(s) are 
performed without reading the status, all but the first 
are ignored; i.e., the status that will be read is the status 
of the counter at the time the first status read·back com· 
mand was issued. 

Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits 05,04=0. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if mUl
tiple count and/or status read-back commands are issued 
to the same counter(s) without any intervening reads, all 
but the first are ignored. This is illustrated in Figure 13. 

Description 
Command 

07 ps 05 04 0 3 O2 0, Do 
Result 

1 1 0 0 0 0 1 0 Read back count and status of Count and status latched 
Counter 0 for Counter 0 

1 1 1 0 0 1 0 0 Read back status of Counter 1 Status latched for Counter 1 

1 1 1 0 1 1 0 0 Read back status of Counters 2, 1 Status latched for Counter 
2, but not Counter 1 

1 1 0 1 1 0 0 0 Read back count of Counter 2 Count latched for Counter 2 

1 1 0 0 0 1 0 0 Read back count and status of Count latched for Counter 1, 
Counter 1 but not status 

1 1 1 0 0 0 1 0 Read'back status of Counter 1 Command ignored, status 
already latched for Counter 1 

Figure 13. Read·Back Command Example 
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If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmlld for one or two type counts) return latched 
count. Subsequent reads return unlatched count. 

CS RD WR Al Ao 

0 1 0 0 0 Write into Counter 0 

0 1 0 0 1 Write into Counter 1 

0 1 0 1 0 Write into Counter 2 

0 1 0 1 1 Write Control Word 

0 0 1 0 0 Read from Counter 0 

0 0 1 0 1 Read from Counter 1 

0 0 1 1 0 Read from Counter 2 

0 0 1 1 1 No·Operation (3-State) 

1 X X X X No-Operation (3-State) 

0 1 1 X X No·Operation (3-State) 

Figure 14. ReadlWrite Operations Summary 

Mode Definitions 

8254 

1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required) 

2) Writing the second byte allows the new count to be 
loaded on the next ClK pulse. 

This allows the counting sequence to be synchronized 
by software. Again, OUT does not go high until N + 1 
ClK pulses after the new count of N is written. 

If an initial count is written while GATE =0, it will still be 
loaded on the next ClK pulse. When GATE goes high, 
OUT will go high N ClK pulses later; no ClK pulse is 
needed to load the Counter as this has already been 
done. 

CW=10 LSB=4 

~~r-----------------

eLK 

GATE -------------'-----

OUT ~~ _______ ___' 

CW=10 LSB=3 

~~~-----------------

eLK 

The following are defined for use in describing the GATE 

operation of the 8254. 

ClK pulse: a rising edge, then a falling edge, in that 
order, of a Counter's ClK input. 

trigger: a rising edge of ~ Counter's GATE input. 
Counter loading: the transfer of a count from the CR 

to the CE (refer to the "Functional 
Description") 

MODE 0: INTERRUPT ON TERMINAL COUNT 

Mode Ois typically used for event counting. After the 
Control Word is written, OUT is initially low, and will reo 
main low-until the Counter reaches zero. OUT then goes 
high and remains high until a new count or a new Mode 
o Control Word is written into the Counter. 

GATE= 1 enables counting; GATE=O disables count· 
ing. GATE has no effect on OUT. 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next ClK 
pulse. This ClK pulse does not decrement the count, so 
for an initial count of N, OUT does not go high until N + 1 
ClK pulses after the initial count is written. 

If a new count/is written to the Counter, it will be loaded 
on the next ClK pulse and counting will continue from 
the new count. If a two· byte count is written, thefollow
ing happens: 
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OUT ~.L.. _______ ---J'-
I g I ~~ I 

eLK 

GATE 

OUT =-=-='~ ________________ --''-
I N I N I N I N I 

NOTE: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS: 

1. COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCD) COUNTING AND FOR 
READING/WRITING LEAST SIGNIFICANT BYTE (LSB) ONLY. 

2. THE COUNTER IS ALWAYS SELECTED (CS ALWAYS lOW). 
3. CW STANDS FOR "CONTROL WORD"; CW= 10 MEANS A CONTROL WORD OF 10, 

HEX IS WRITIEN TO THE COUNTER. 
4. LSB STANDS FOR "LEAST SIGNIFICANT BYTE" OF COUNT. 
5. NUMBERS BELOW DIAGRAMS ARE COUNT VALUES. 

THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE. 
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER 
IS PROGRAMMED TO READ/WRITE LSB ONLY, THE MOST SIGN.IFICANT BYTE 
CANNOT BE READ. 
N STANDS FOR AN UNDEFINED COUNT. 
VERTICAL LINES SHOW TRANSITIONS' BETWEEN COUNT VALUES. 

Figure 15. Mode 0 
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MODE 1: HARDWARE RETRIGGERABlE ONE-SHOT 

OUT will be initially high_ OUT will go low on the ClK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero_OUT 
will then go high and remain high until the ClK pulse 
after the next trigger. 

After writing the Control Word and' initial count, the 
Counter Is armed. A trigger results in loading the 
Counter and setting OUT low on the next ClK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot puls.e N ClK cycles in duration. 
The one-shot is retriggerable, hence OUT will remain 
low for N ClK pulses after any trigger. The one-shot 
pulse can be repeated without rewriting the same count 
into the counter. GATE has no effect on OUT. 

If a new count is written to the Counter during a one
shot pulse, the current one-shot is not affected unless 
the Counter is retriggered. In that case, the Counter is 
loaded with the new count and the one-shot pulse con
tinues until the new count expires. 

CW=12 LSB=3.--__________ _ 

WiiLJU 
elK 

------.., n---------'n-----
GATE , I 

OUT 

eW=12 l50=3.--__________ _ 

WRLJU 
elK 

OATE -:-------"1n,----1n----------

elK 

OATE -------"1r:\ --------i rr-----
OUT 

Figure 16_ Mode 1 

MODE 2: RATE GENERATOR 

This Mode functions like a divide-by-N counter. It is 
typiclaly used to generate a Real Time Clock interrupt. 
OUT will initially be high. When the initial count has 
decremented to 1, OUT goes low for one ClK pulse. OUT 
then goes high again, the Counter reloads the initial 
count and the process is repeated. Mode 2 is periodic; 
the same sequence is repeated indefinitely. For an in
itial count of N, the sequence repeats every N ClK 
cycles. . 

GATE = 1 enables counting; GATE = 0 disables count
ing. If GATE goes low during an output pulse, OUT is set 
high immediately. A trigger reloads the Counter with the 
initial count on the next ClK pulse; OUT goes low N 
ClK pulses after the tr,igger. Thus the GATE input can 
be used to'synchronize the Counter. 

After writing a Control Word and initial count, the 
Counter wi!! be loadedc;>n the next ClK pulse. OUT goes 
low N ClK Pulses after the initial count is written. This 
allows the Counter to be synchronized by software also. 

eW=14 l.8=3 __________ _ 

Wiil.Jl...J 
elK 

GATE ----------------

OUT 

CW=14 LSB_3 __________ _ 

WI! l.Jl...J 
elK 

OATE LJ 
OUT =.:J 

ININININI I~I~I 

WI! 

elK 

OATE 

OUT '=-.1 

Figure 17_ Mode 2 
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Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
period, the Counter will be loaded with the new count on 
the next ClK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at 
the end of the current counting cycle. 

MODE 3: SQUARE WAVE MODE 

Mode 3 is typically used for Baud rate generation. Mode 
3 is similar to Mode 2 except for the duty cycle of OUT. 
OUT will initially be high. When half the initial count has 
expired, OUT goes low for the remainder of the count. 
Mode 3 is periodic; the sequence above is repeated in· 
definitely. An initial count of N results in a square wave 
with a period of N ClK cycles. 

GATE= 1 enables counting; GATE=O disables coun· 
ting. If GATE goes low while OUT is low, OUT is set high 
immediately; no ClK pulse is required. A trigger reloads 
the Counter with the initial count on the next ClK pulse. 
Thus the GATE input can be used to synchronize the 
Counter. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next ClK pulse. This 
allows the Cou nter to .be synchronized by software atso. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next ClK pulse and counting 
will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current half·cycle. 

Mode 3 is implemented as follows: 

Even counts: OUT is initially high. The initial count is 
loaded on one ClK pulse and then is decremented by 
two on succeeding ClK pulses. When the count expires 
OUT changes value and the Counter is reloaded with the 
initial count. The above process is repeated indefinitely. 

Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one ClK pulse 
and then is decremented by two on succeeding ClK 
pulses. One ClK pulse after the count expires, OUT 
goes low and the Counter is reloaded with the initial 
count minus one. Succeeding ClK pulses decrement 
the count by two. When the count expires, OUT goes 
high again and the Counter is reloaded with the initial 
count minU's one. The above process is repeated in· 
definitely. So for odd counts, OUT will be high for 
(N + 1}/2 counts and low for (N- 1)/2 counts. 

CW=16 LSB:;::4 _____________ _ 

woLJ1....J 
eLK 

GATE ------------------

GATE ------------------

OUT 

CW=16 LSB=4 _____________ _ 

woL.fLJ 

GATE L----1 
OUT 

Figure 18. Mode 3 

MODE 4: SOFTWARE TRIGGERED STROBE 

OUTwili be initially high. When the initial count expires, 
OUT will go low for one ClK pulse and then go high 
again. The counting sequence is "triggered" by writing 
the initial count. 

GATE = 1 enables counting; GATE=O disables count· 
ing. GATE has no effect on OUT. 

After writing a Control Word and initial count, the 
Counter will be loaded on the next ClK pulse. This ClK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 ClK 
pulses after the initial count is written. 

If a new count is written during counting, it will be load· 
ed on the next ClK pulse and counting will continue 
from the new count. If a two-byte count is written, the 
following happens: 

1) Writing the first byte has no effect on counting. 
2) Writing the second byte allows the new count to be 

loaded on the next ClK pulse. 

This allows the sequence to be "retriggered" by soft· 
ware. OUT strobes low N + 1 ClK pulses after the new 
count of N is written. 
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CW=18 lSB=3 
WJj LJl..-.Jr--------

elK 

GATE 

OUT~ u 
o I 0 I FF I FF I FF I 
1 0 FF FE FO 

CW=18 LSB=3 ___________ _ 

WJj LJl..-.J 
elK 

GATE 

OUT~ 

I ~ I ~ I 

elK 

GATE ------------------

OUT~ 

I N I N I N I N I 1
0 

Figure 19. Mode 4 

MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGGERABlE) 

OUT will initially be high. Counting is triggered by a ris· 
ing edge of GATE. When the initial count has expired, 
OUT will go low for one ClK pulse and then go high 
again. 

After writing the Control Word and initial count, the 
counter will not be loaded until the ClK pulse after a 
trigger. This ClK pulse does not decrement the count, 
so for an initial count of N, OUT does not strobe 10w{Jn· 
til N + 1 ClK pulses after a trigger. 

A trigger results in the Counter being loaded with the in· 
itial count on the next ClK pulse. The counting se· 
quence is retriggerable. OUT will not strobe low for 
N + 1 ClK pulses after any trigger. GATE has no effect 
on OUT. 

If a new count is written during counting, the curent 
counting sequence will not be affected. If a trigger oc· 
curs after the new count is written but before the cur· 
rent count expires, the Counter will be loaded with the 
new count on the next ClK pulse and counting will con· 
tinue from there. 

8254 
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CW==1A LSB=3 

m ~-----------------

CW=1A lSB=3 

m ~r------------

elK 

GATE - - - - - - - --lrc.=.1J1- -- -- - - - -- --

OUT ==.J 
ININININININI:I 

elK 

GATE ------c--1rr---------in-----

OUT ~ u 
INININININI 

Figure 20. Mode 5 

Signal Low 
Status Or Going Rising High 
Modes Low 

0 Disables -- Enables 
counting counting 

1 -- 1) Initiates --
counting 

2) Resets output 
after next clock 

2 1) Disables 
counting Initiates Enables 

2) Sets output counting counting 
immediately 
high 

3 1) Disables 
counting Initiates Enables 

2) Sets output counting qounUng 
immediately 
high 

4 Disables -- Enables 
counting counting 

5 -- Initiates --
counting 

Figure 21. Gate Pin Operations Summary 
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Mode Min Max 
Count Count 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

5 1 0 

NOTE: 0 IS EQUIVALENT TO 216 FOR BINARY COUNTING AND 104 FOR 
BCD COUNTING. 

Figure 22. Minimum and Maximum Initial Counts 

Operation Common to All Modes 

PROGRAMMING 

When a Control Word is written to a Counter, all Control 
logic is immediately reset and OUT goes to a known 
initial state; no ClK pulses are required for this. 

8254 

GATE 

The GATE input is always sampled on the rising edge of 
ClK. In Modes 0, 2, 3, and 4 the GATE input is level 
sensitive, and the logic level is sampled on the rising 
edge of ClK. In Modes 1, 2, 3, and 5 the GATE input is 
rising-edge sensitive. In these Modes, a rising edge of 
GATE (trigger) sets an edge-sensitive flip-flop in the 
Counter. This flip-flop is then sampled on the next rising 
edge of ClK; the flip-flop is reset immediately after it is 
sampled. In this way, a trigger will be detected no matter 
when it occurs-a high logic level does not have to be 
maintained until the next rising edge of ClK. Note that 
in Modes 2 and 3, the GATE input is both edge- and level
sensitive. 

COUNTER 

New counts are loaded and Counters are decremented 
on the falling edge of ClK. 

The largest possible initial count is 0; this is equivalent 
to 216 for binary counting and 104 for BCD counting. 

The Counter does not stop when it reaches zero. In 
Modes 0, 1,4, and 5 the Counter "wraps around" to the 
highest count, either FFFF hex for binary counting or 
9999 for BCD counting, and continues counting. Modes 
2 and 3 are periodic; the Counter reloads itself with the 
initial count and continues counting from there. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O·C to 70·C 

Storage Temperature ...... : ....... - 65·C to + 150·C 

Voltage on Any Pin with 
Respect to Ground ................. - 0.5V to + 7V 

Power Dissipation .......................... 1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device 
reliability. 

D.C_ CHARACTERISTICS (TA= O·C to 70·C, Vee= 5V± 10%) 

Symbol Parameter Min. Max. 

VIL Input Low Voltage -0.5 0.8 

VIH Input High Voltage 2.0 Vee+ 0.5V 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 2.4 

IlL Input Load Current ±10 

IOFL Output Float Leakage ±10 

Icc Vee Supply Current 140 

CAPACITANCE (TA=25°C, Vec=GND=OV) 

Symbol Parameter Min. Max. 

CIN Input Capacitance 10 

CliO I/O Capacitance 20 

A.C. CHARACTERISTICS (TA= O·C to 70·C, Vee = 5V± 10%, GND=OV) 

Bus Parameters (Note 1) 

READ CYCLE 

8254 

Symbol Parameter Min. Max. 

tAR Address Stable Before RDt 45 

tSR CS Stable Before RDt 0 

tRA Address Hold Time After RDt 0 

tRR RD Puise Width 150 

tRD Data Delay from RDt 120 

tAD Data Delay from Address 220 

tDF RDt to Data Floati n9 5 90 

tRY Command Recovery Time 200 

Note 1: Ae timings measured at VOH = 2.0V, VOL =O.8V. 

9-330 

Units Test Conditions 

V 

V 

V IOL=2.0 mA 

V 10H= -400"A 

"A VIN = Vee to OV 

"A VouT=Vee toOV 

mA 

Units Test Conditions 

pF te= 1 MHz 

pF Unmeasured pins 
returned to Vss 

8254-2 

Min. Max. Unit 

30 ns 

0 ns 

0 ns 

95 ns 

85 ns 

185 ns 

5 65 ns 

165 ns 

AFN·00217D 



intel" 8254 

A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

8254 8254-2 

Symbol Parameter Min. Max. Min. Max. Unit 

tAw Address Stable Before WR~ 0 0 ns 

tsw CS Stable Before WRt 0 0 ns 

tWA Address Hold Time WRt 0 0 ns 

tww WR Pulse Width 150 95 ns 

tow Data Setup Time Before WRt 100 95 ns 

two Data Hold Time After WRt 0 0 ns 

tRY Command Recovery Time 200 165 ns 

CLOCK AND GATE (TA = O·C to lO·C, Vee= 5V± 10%, GND= OV) 

8254 8254-2 

Symbol Parameter Min. Max. Min. Max. Unit 

tCLK Clock Period 125 DC 100 DC ns 

tpWH High Pulse Width 60 30 ns 

tpWL Low Pulse Width 60 50 ns 

tR Clock Rise Time 100 100 ns 

tF Clock Fall Time 100 100 ns 

tGW Gate Width High 50 50 ns 

tGL Gate Width Low 50 50 ns 

tGS Gate Setup Time to CLKt 50 40 ns 

tGH Gate Hold Time After CLKt 50[2] 50[2] ns 

too Output Delay from CLK~ 150 100 ris 

tOOG Output Delay from Gate~ 120 100 n~ 

Note 2: In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of the 
rising clock edge may not be detected. 

A.C. TESTING INPUT,OUTPUT WAVEFORM 

INPUT/OUTPUT 

u=x x= 2.0 ' 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A.C TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC' 1" AND 0.45V FOR 
A lOGIC "0," TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A lOGIC "1" 
AND O.BV FOR A LOGIC "0 . 

9-331 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

IJC'~:50PF TEST 

-= 
CL = 150pF 
CL INCLUDES JIG CAPACITANCE 
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WAVEFORMS 

WRITE 

READ 

CS 

DATABUS---

I RECOVERY 

CLOCK AND GATE 
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8255A/8255A·5 
PROGRAMIVIABLE PERIPHERAL INTERFACE 

• MCS·85™ Compatible 8255A·5 

• 24 Programmable I/O Pins 
,J <" 

• Completely TTL Compatible 

• Fully. Compatible with Intel® Micro· 
processor Families 

• Improved Timing Characteristics 

• Direct Bit Set/Reset Capability Easing 
Control Application Interface 

• 40·Pin Dual In-Line Package 

• Reduces System Package Count 

• Improved DC Driving Capability 

The Intel@ 8255A is a general purpose programmable 110 device designed for use with Intel@ microprocessors. It has 
24110 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 110 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 

POWER {-_." 
SUPPLIES 

--'" 

WRITE 

'
CONTROL 

,--- lOGIC 

Figure 1. 8255A Block Diagram 

9-333 

''0 
PAr-PAo 

''0 
PBrPBo 

Figure 2. Pin Configuration 
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8255A FUNCTIONAL DESCRIPTION 

General 

The 8255A.is a programmable peripheral interface (PPI) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose 1/0 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura
tion of the 8255A is programmed by the system software 
so that normally no externai logic is necessary to inter
face peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional8.bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor
mation are also transferred through the data bus buffer. 

Read/Write and Control Logic 

The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con
trol busses and in turn, issues commands to both of the 
Control Groups. 

(CS) 

Chip Selecl- A "low" on this input pin enables the com
muniction between the 8255A and the CPU. 

1-·" POWER 

SUPPLIES ~_""' 

(RD) 

Read. A "low" on this input pin enables the 8255A to 
send .the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to "read from" 
the 8255A. 

(WR) 
Write. A "low" on this input pin enables the CPU towrite 
data or control words into the 8255A. 

(Ao and At) 
Port Select 0 and Port Select 1; These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the·three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ao and A,). 

8255A BASIC OPERATION 
A1 AO RD 

0 0 0 
0 1 0 
1 0 0 

0 0 1 
0 1 1 
1 0 1 
1 1 1 

X X X 
1 1 0 

X X 1 

WR CS 

1 0 
1 0 , 0 

0 0 
0 0 
0 0 
0 0 

X 1 
1 a 
1 0 

INPUT OPERATION (READ) 

PORT.A = DATA BUS 
PORT B = DATA BUS 
PORT C= DATA BUS 
OUTPUT OPERATION 
(WRITE) 

DATA BUS=PORTA 
DATA BUS = PORT B 
DATA BUS = PORT C 
DATA BUS = CONTROL 

DISABLE FUNCTION 

DATA BUS= 3-STATE 
ILLEGAL CONDITION 

DATA BUS = 3-STATE 

liO 

PB,-PBQ 

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
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(RESET) 

Reset A "high on this input clears the control register 
and all ports (A, C, C) are set to the input mode_ 

Group A and Group B Controls 

The functional configuration of each port is program. 
med by the systems software_ In essence, the CPU "out
puts" a control word to the 8255A_ The control word con
tains information such as "mode", "bit set", "bit reset", 
etc_, that initializes the functional configuration of the 
8255A. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Contr~1 Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to its associated ports. 

Control Group A - Port A and Port C upper (C7-C4) 
Control Group B - Port B and Port Clower (C3-CO) 

The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 

eowee { 
SllPPU~S 

~~C"O 

CONTROL 
LOGIC 

Ports A, S, and C 

The 8255A contains three 8-bit ports (A, B,and C)- All 
can be configured in a wide variety of functional charac
teristics by the system software but each has its own 
special features or "personality" to further enhance the 
power and flexibility of the 8255A. 

Pori A. One 8-bit data output latch/buffer and one 8-bit 
data input latch_ 

Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer_ 

Pori C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 

,,0 
PB7-PBO 

PIN CONFIGURATION 

PBl L 19 

pel I 20 

8255A 

PIN NAMES 

Figure 4. 8225A Block Diagram Showing Group A and 
Group B Control Functions 
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8255A OPERATIONAL DESCRIPTION 

Mode Selection 
There are three basic modes of operation that can be select
ed by the system software: 

Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-Directional Bus 

When the reset input goes "high" all ports will be set to 
the input mode (Le_, all 24 lines will be in the high im
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 

The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be "tailored" to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 

ADDRESS BUS 

CONTROL BUS 

MODE 0 

MODE1--rl~B~~rT~r=~r7~r-__ ;A~r 
~o 1111 1111 ~o 
PB7-PBo CONTROL CONTROL PAJ"PAO 

OR I/O OR I/O 

Figure 5. Basic Mode Definitions 
and Bus Interface 

CONTROL WORD 

I 07 1 0, 05 I 0, I 0,1 0, I 0, I Do I 
L~ 

/ GROUP B ~ 
PORT C (LOWER) 

L......o- 1'" INPUT 
0'" OUTPUT 

PORT B 
'-----+- , '" INPUT 

0'" OUTPUT 

MODE SELECTION 
Q=MODEO 
1 "'MODEl 

GROUP A 

PORT C (UPPER) 
1'" INPUT 
0'" OUTPUT 

PORT A 
1 '" INPUT 
0'" OUTPUT 

MODE SELECTION 
00'" MODE 0 
01'" MODE 1 
lX '" MODE 2 

MODE SET FLAG 
1 '" ACTIVE 

.. Figure 6. Mode Definition Format 

The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 

Single Bit Set/Reset Feature 

Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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CONTROL WORD 

II~I~I~I~I~I~I~I~I 
I I I Lr BIT SET/RESET I I X X x, 1 = SET 

I 0= RESET 
DON'T 
CARE 

BIT SELECT 

01234567 

0101010180 
00110011B, 

00001111B2 

BIT SET/RESET FLAG I 0= ACTIVE 

Figure 7. Bit Set/Reset Format 

Operating Modes 

MODE 0 (Basic Input/Output). This functional configura
tion provides simple input and output operations for 
each of the three ports. No "handshaking" is required, 
data is simply written to or read from a specified port. 

')l-

~tR-

INPUT 

~AR-

CS,Al.AO 

----------
""< 

MODE 0 (Basic Input) 

CS, Al, AD 

OUTPUT 

MODE 0 (BasiC Output) 

t RO 

When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op
eration just as if they were data output ports_ 

Interrupt Control Functions 
When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt re
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip
flop, using the bit set/reset function of port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 

I NTE flip-flop definition: 

(BIT-SET) - INTE is SET - Interrupt enable 
(BIT-RESET) - INTE is RESET - Interrupt disable 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 

Mode 0 Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports. 
• Any port can be input or output. 
• Outputs are latched. 
• Inputs are not latched. 
• 16 different Input/Output configurations are possible 

in this Mode. 

tRR 

~ V-
!--tHR-i 

--tRA-1 

1 I. 'OF 
r---. 
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MODE 0 Port Definition 

A B GROUP A GROUPB -
PORTC PORTC 

04 03 01 Do PORTA 
(UPPER) 

# PORTB 
(LOWER) 

0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT 

0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT 

0 0 1,< 0 OUTPUT OUTPUT 2 INPUT OUTPUT 

'0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT 

0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT 

0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT 

0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT 

0 1 1 1 OUTPUT INPUT 7 INPUT INPUT 

1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT 

1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT 

1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT 

1 0 1 1 INPUT OUTPUT 11 INPUT INPUT 

1 1 0 0 INPUT INPUT 12 OUTPUT ,OUTPUT 

1 1 0 1 INPUT INPUT 13 OUTPUT INPUT 

1 1 1 0 INPUT INPUT 14 INPUT OUTPUT 

1 1 1 1 INPUT INPUT 15 INPUT INPUT 

MODE 0 Configurations 

CONTROL WORD #0 CONTROL WORD #2 

0, D, D, D, D, D, D, Do 0, D, D, D, D, D, D, DO 

I, 10101010101 0 I 0 I I , I 0 I 0 I 0 I 0 I 0 I , I 0 I 

A 
8 

PArPAo A 
8 

PA,-PA, 

8255A 8255A 

• PC'-PC4 • P~·PC4 c{ c{ 0,-00 • °7-0 0 

• • PC3-PCO PC3-PCO 

8 
8 

PB,·PBo 8 . ,B 
P~-P80 I 

CONTROL WORD #1 CONTROL WORD #3 

D, D, D, D, D, D, D, Do D, D, D, D, D, D, D, Do 

I , I 0 I 0 I 0 I 0 I 0 I o I ' I I, I 0 I 0 I 0 I 0 I 0 I , 1,1 

A B 
P~-PAO A 

B 
PA,-PA, 

8255A 8255A 

• PC,-PC. • PC'-PC4 c{ c{ °7-00 • . °7-0 0 I . I " PC3-PCO . , I 
/. 

.o,-PCO 

8 
B 

P.,-P80 8 
B 

PB7-P~O 
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CONTROL WORD #4 CONTROL WORD #8 

D, D, D. D_ D. D, D, D, D, D. D. D_ D. D, D, D, 

I,!O!O!O!,!O!O I 0 I I, I 0 I 0 I, I 0 I 0 I o I 0 I 
A 

8 
PA,-PA, A , ,8 

PA7-PAo I 

8255A 8255A 
4 PC7-PC4 

4 PC7-PC4 c{ c{ °7-0 0 I 
, °7-0 0 I . 

4 PCa,PCO 
4 

pes-peo 

B 
8 

PB7-PSo B 
8 

PB7-PBo 

CONTROL WORD #6 CONTROL WORD #9 

0, D, D. D_ D. D, D, D, 0, D. D. D_ D. D, D, D, 

1,1010101,1010 I, I I, I 0 I 0 I, I 0 I 0 I o I, I 
A 

8 
PA,-PA, A , 

} 
,8 

PA,-PA, 

825SA 826SA 
4 

"",-PC_ 
4 

PC7-PC4 c{ c{ °7-°0 1 
. °7-00 • 

4 
Pe3-PeO . " PC3-PCO } 

B 
8 B 

8 
PS,.PBo PB,-P" 

CONTROL WORD #6 CONTROL WORD #10 

D, D, D. D_ D. D, D, D, D, D, D. D_ D. D, D, D, 

I , I 0 I 0 I 0 I , I 0 I , I 0 I I' I 0 I 0 I, I 0 I 0 I, I 0 I 
8 8 

A PA7-PAo A PA7-PAo 

8266A 826SA 

" 
, 

PC7-PC4 c{ . } PC7-PC4 c{ °7-0 0 °7-0 0 , , 
Pea-PCa PC3-PCo 

B 
8 

PB7-PSo B • I 
,8 

..,-P" 

CONTROL WORD #7 CONTROL WORD #11 

D, D, D. D_ D. D, D, D, D, D. D. D_ D. D, D, D, 

I , I 0 I 0 I 0 I , I 0 I , 1'1 I , I 0 I 0 I , I 0 I 0 I , I, I 
A 

8 
A 

8 
PA7-PAo PA,-PA, 

82SSA 825SA 
4 4 

PC7-PC4 c{ PC7-PC4 c{ °7-00 °7-0 0 
4 , 

PC3-PCO .c.-PC, 

B 
8 

P., .... B 
8 

PB7-PBo 
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CONTROL WORD #12 

07 06 Os 04 03 D2 01 DO 

I,jojoj,j,jojojol 

A , ,8 

8255A 

c{ ~-. 
4 

8 
B 

CONTROL WORD #13 

07 06 05 04 D3 02 0, DO 

l,jojoj,j,jojoj'l 

8 
A 

8255A 

c{ 
.. /4 

~-+_4_ 

8 
B 

Operating Modes 

MODE 1 (Strobed Input/Output). This functional con· 
figuration provides a means for transferring 110 data to 
or from a specified port in conjunction with strobes or 
"handshaking"signals. In mode 1, port A and Port B use 
the lines on port C to generate or accept these "hand· 
shaking" signals. 

9-340 

CONTROL WORD #14 

D7 D6 D5 D4 D3 02 0, DO 

A . , /8 

8255A 

c{ , 14 

4 

B I 
,8 

CONTROL WORD #15 

07 06 05 D4 03 D2 0, DO 

I, j 0 j 0 j, j, j 0 j, j, I 

A 
8 

8255A 

4 

. c{ 
4 

8 
B 

Mode 1 Basic Functional Definitions: 

• Two Groups (Group A and Group B) 
• Each group contains one 8·bit data port and one 4·bit 

control/data port. 
• The 8·bit data port can be either Input or output. 

Both inputs and outputs are latched. 
• The 4·bit port is used for control and status of the 

8·bit data port. 

AFN-Q0744B 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a "one", IBF is a "one" and INTE is a "one". 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 

STB 

IBF 

tNTR 

RD 

INTE A 

Controlled by bit set/reset of PC 4' 

INTE B 

Controlled by bit set/reset of PC 2. 

-------------- tST "----------I 

\ V 

-tSlBJ 
tSIT ~} 

r--tpH-:1 

MODE 1 (PORT A) 

MODE 1 (PORT B) 

CONTROl. WORD 

Figure 8. MODE 1 Input 

l~tR"_) -7 / 
V / 

INPUT FROM 
PERIPHERAL --- ---------------------I--tps 

Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 

0iF (OutpulBuffer Full F/F). The OBF.output will go 
"low" to indicate. that the CPU has written data out to 
the specified port. The OBF F/F will be selby the rising 
edge of the WR input and reset by ACK Input being low. 

ACK (Acknowledge Input). A "low" on this input informs 
the 8255A that the data from port A or port B has been ac· 
cepted. I n essence, a response from the peripheral 
device indicating that it has received the data output by 
the CPU. 

INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU when an output device has ac· 
cepted data transmitted by the CPU. INTR is set when 
ACK is a "one", OBF is a "one" and INTE is a "one". II is 
reset by the falling edge of WR. 

INTEA 

Controlled by bit set/reset of PCs. 

INTE B 

Controlled by bit setlreset of PC 2. 

CONTROL WORD 

CONTROL WORD 

D7 06 05 D4 D3 D2 D, Do 

I, c><tX1><JX1' I 0 t><l 

WR-O 

MODE 1 (PORT A) 

r- - ., 
I INTE I 
I A I 
--~ 

MODE 1 (PORT Bl 

PB7-PBo 8 

PC, OBFs 

Figure 10. MODE 1 Output 

WR 

~----tAOB-

INTR 

ACK I 

OUTPUT -----------------+1>(-
H~'----'wB ---

Figure 11. Mode 1 (Strobed Output) 
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Combinations of MODE 1 

Port A and Port B can be individually defined as input or 
output in' Mode 1 to support a wide variety of strobed I/O 
applications. 

2 
pc", ---f--- I/O 

PRj'P"" 8 

" PCo 

PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 

INTRa' . 

PC, 

PC, 

PCo .-

PORT A - (STROBED OUTPUT) 
PORT B - (STROBED INPUT) 

.INTRB 

Figure 12. Combinations of MODE 1 

Operating Modes 

MODE 2 (Strobed Bidirectional Bus 1/0). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single B·bit bus for 
both transmitting and receiving data (bidirectional bus 
110). "Handshaking" signals are provided to maintain 
proper bus fJow,discipline in a similar manner to MODE 
1. Interrupt generation and enableldisable functions are 
also available. 

MODE 2 Basic Functional Definitions: 
• Used in Group A only. 
• One a·bit, bi·directional bus Port (Port A) and a 5-bit 

control Port (PortG). 
• Both inputs and outputs are latched. 
• The 5-bit control port (Pori (;) is used for control 

and status for thea-bit, bi-directional bus port (Port 
A). 

Bidirectional Bus I/O Control Signal Definition 

INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output opera
tions. 

Output Operations 

OBF (Output Buffer Ful). The OBF output will go "low" 
to indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "low" on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im· 
pedance state •. 

INTE 1 (The INTE Fllp·Flop Associated with OBF). Con· 
trolled by bit seUreset of PCe. 

Input Operations 

STB (Strobe Input)' 

STB (Strobe Input). A "low" on this input 10aEts data Into 
the input latch. 

IBF (Input Buffer Full FiF). A "high" on this output in· 
dicates that data has been loaded into the input latch. 

, INTE 2 (The INTEFIlp-Flop Associated with IBF). Con
trolled by bit setlreset of PC4. 
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INTR 

IBF 

CONTROL WORD 

PC2-o 
1 = INPUT 
0"" OUTPUT 

'----PORTB 
1 = INPUT 
0= OUTPUT 

8255A18255A·5 

'------ GROUP B MOOE 
O=MODEO 
1=MOOE1 

Figure 13. MODE Control Word 

DATA FROM A CPU TO 8255A 

'--...-''--1 

PERIPHERAL _________ _ 

BUS 

I----INTRA 

Figure 14. MODE 2 

\ 

-----------------7--------------~~----~----~ 

I 

---=1~~,~ 
DATA FROM 

PERIPHERAL TO 8255A 

Figure 15. MODE 2 (Bidirectional) 

NOTE: Any sequence where WR occurs before ACK and STBoccurs before RD is permissible. 
(lNTR = IBF • MASK· STB • RD + OBF • MASK· ACK • WR ) 
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DA"rA FROM 
8255A TO 8080 
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MODE 2 AND MODE 0 (INPUT) 

CONTROL WORD 

07 0 6 Os 04 03 02 0, DO 

I, ! ' @<M ° ! ]01 
PC2.{) 
1 = INPUT 
0= OUTPUT 

Ri5 __ 

WR-

PC, 1---- INTRA 

PC, 1---_ OBFA 

PC5 

MODE 2 AND MODE 1 (OUTPUT) 

PC, 

OBFA 

CONTROL WORD 
ACKA 

STBA 

PC5 IBFA 

PB7"PBO 

PC, OBFs 

AD PC, ACKB 

WA_ PCo INTRg 

MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD 

07 0 6 Os 04 03 02 0, DO 

I'!'@<MO!:I' 
PC2.{} 
1 = INPUT 
0= OUTPUT 

RD_ 

WA~ 

PC, 1---- INTRA 

PC51----

MODE 2 AND MODE 1 (INPUT) 

CONTROL WORD 

07 0 6 05 04 03 02 0, DO 

!,!'t><C><W'!'CXJ 
PC5i----IBFA 

AD_ PC, 1---- 1BFa 

WA_ PCo 1---- INTRB 

Figure 16. MODE Y4 Combinations 
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Mode pe,lnltlon Summary 

MODE 0 MODEl MODE 2 

IN OUT IN 

PAO IN OUT IN 

PAl . IN OUT IN 

PA2 IN OUT IN 

PA3 IN OUT IN 

PA4 IN OUT IN 

PA5 IN OUT IN 

PAa IN OUT IN 

PA7 IN OUT IN 

PBo IN OUT IN 

PB, IN 'OUT IN 

PB2 IN OUT IN 

PB3 IN OUT IN 

PB4 IN OUT IN 

PB5 IN OUT IN 

PBa IN OUT IN 

PB7 IN OUT IN 

PCO IN OUT INTRB 

PC, IN OUT IBFB 

PC2 IN OUT STBB 

PC3 IN OUT INTRA 

PC4 IN OUT STBA 

PC5 IN OUT IBFA 
pca IN OUT I/O 

' PC7 IN OUT I/O 

Special Mode Combinatioh Considerations 

There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

If Programmed as Inputs-
All input lines can be accessed during a normal Port C 
read. 

If Programmed as Outputs -
Bits in C upper (PCrPC4) must b~ individually accessed' 
using the bit set/reset function. 

Bits in Clower (PC3-PCO) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 

Any set of eight output butters, selected randomly from 
Ports Band C can source lmA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 

Reading Port C Status 
In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

INTRB 

OBFB 

ACKB 

INTRA 

I/O 

I/O 

ACKA 

OBFA 

GROUPAONLY' .. .-
~ 

-.. ------------
--
--
--
--
--
--
--

I/O 

I/O 

I/O 

INTRA 

STBA 

IBFA 

ACKA 

OBFA 

-

-

-
MODE 0 

OR MODE' 

ONLY 

allows the prd~rammer to teSt or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is no special instruction to read the status informa
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 

INPUT CONFIGURATION 

OUTPUT CONFIGURATION 

Figure 17. MODE 1 Status Word Format 

07 0 6 0 5 04 03 02 0, Do 

I OeFA I'NTE,I'"FA I'NTE,I'NTRA[XIXCXJ 
, i -----------l' ---.-J 

GROUP A _______ GROUP B 

(DEFINED BY MODE 0 OR MODE 1 SELECTION) 

Figure 18. MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 
.', 

The 8255A Is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex· 
Ible enough to interface almost any I/O device without 
the need for additional external logic. 

Each peripheral device ina microcomputer system 
usually has a "service routine" associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex· 
ami!1ing the I/O devices Interface characteristics for 
both data transfer and timing, and matching this infor· 
mation to the examples and tables in the detailed opera· 
tional description, a control word can easily be devel· 
oped to initialize the 8255A to exactly "fit" the applica
tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A. 

INTERRUPT 
REQUEST 

MODE 1 
(OUTPUT) 

...... 

MODE 1 
(OUTPUT) 

PC, 

INTERRUPT 
REQUEST 

PAPER FEED 

iPBo 
! PB, 
i PB2 
! PB3 
I PB4 

~~ PB, 

PC, DATA READY 

PC, ACK 

CONTROL LOGIC AND DRIVERS 

Figure 19. Printer Interface 
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INTERRUPT 
REQUE ST~ 

PC, 

8256A 

MODE 1 
(lNPUTI 

MODE 1 
IOUTPUTI 

PCo 

UPT..-J INTERR 
REQUEST 

PAn 
PA, 

PA, 

PA, 

PA, 

PA, 

PAs 

PA, 

PC, 

Pc, 
~ 

'PBo 

PB, 

PB, 

PB, 

PB, 

PB, 

PBs 

PB, 

I PC, 
PC, 

I pe6 

i PC7 

Ro 

R, 

R, FULLY 

R, DECODED 
KEYBOARD 

R, 

R, 

SHIFT 

CONTROL 

STROBE 

ACK 

Bo 

B, 

B, 
BURROUGHS 
SELF·SCAN 

B, DISPLAY 

B, 

a. 
BACKSPACE 

CLEAR 

DATA READY 

ACK 

BLANKING 

CANCEL WORD 

Figure 20. Keyboard and Display Interface 

INTERRUPT 
REG UEST I 

pc, 

MODE 1 
(INPUT) 

"'SA 

PA, 

PA, 

PA, 

PA, 

PA, 
! PA, 

P" 

I PA7 

i:: PC, 

PC, 

-------
iPS, 

PB, 

I PB2 

MODE 0 j PB3 

(INPUT) I PB4 

I PBs l PO, 
PO, 

R, 

R, 

R, 

R, 
FULLY 

DECODED 

R, KEYBOARD 

R, 

SHIFT 

CONTROL 

STROBE 

ACKNOWLEDGE 

BUSY LT 

TEST LT 

- -,,-
--"'-
--",-

---0--

- --0--------0--

- --0--

t-- T ERMINAL 
ADDRESS -

-
-
-
-
-

-

Figure 21. Keyboard and Terminal Address 
Interface 
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PAo LSB 

P., 

PA, 

PA, 

P" 

MODE 0 p .. f---
(OUTPUT) 

P" 12-81T 

PA, D-A f-----+-CONVERTER 
ANALOG OUTPUT 

PC, (OAe) 

PC, 

...... PC, 

PC, MSB 

r STB DATA 

PC, OUTPUT ~N 

BIT 
SET/RESET 

PC, SAMPLE EN 

PC, STB 

ps, LSB 

PB, 8-BIT 
A-D 

PB, CONVERTER -
MODE 0 PB, 

(ADe) . 
ANALOG INPUT 

(INPUT) PB, 

PB, 

PB, 

Po, MSB 

Figure 22. Digital to Analog, Analog to Digital 

INTERRUPT 
REQ UEST l 

PC, 

MODE 1 
(OUTPUT) 

82&5A 

MODE 0 
(OUTPUTI 

PA, 

PA, 

PA, 

PA, 

PA, 

P" 

P" 
PA, 

PC, 

PC, 

PC, 

PC, 

PC, 

PC, 

PC, 

Ps, 

PO, 

PB, 

PB, 

PB, 

PB, 

~B6 

PB, 

R, 

R, CRT CONTROLLER 

R, • CHARACTER GEN. 

R, • REFRESH BUFFER 

R, • CURSOR CONTROL 

R, 

SHIFT 

CONTROL 

DATA READV' 

ACK 

BLANKED 

BLACK/WHITE 

ROWSTB 

COLUMN STB 

CURSOR HN STa 

}w_ .. ~~_ 
ADDRESS 
H&V 

Figure 24. Basic Floppy Disc Interface 
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INTERRUPT 
REQUE ~TI 

Pc, PAo 

P" 
PA, 

PA, 

PA, 

PA, 

MODE2 PAe 

PA, 

PC, 

PC, 

PC, 

PC, 

825SA 

PC, 

PC, 

PC, 

r 
PB, 

PB, 

MODE 0 PBl 
(OUTPUT) PB. 

PB, 

PB, 

PB, 

'. 
0, 

0, 

0, 

0, FLOPPY DISK 

0, 
CONTROLLER 
AND DRIVE 

0, 

0, 

°7 ' 

DATA STB 

ACKliN) 

DATA READV 

ACK (OUT) 

TRACK "0" SENSOR 

SYNC READY 

INDEX 

ENGAGE HEAD 

FORWARD/REV. 

READ ENABLE 

WRITE ENABLE 

DISC SELECT 

ENABLE CRe 

TEST 

BUSY LT 

Figure 23. Basic CRT Controller Interface 

REQUEST 
INTERRUPT I' 

PC, PA, R, 

PA, R, 

PA, R, 8 lEVEL 
PAPER 

PA, R, TAPE 

PA, R4 ' 
READER 

MODE 1 
P" R, 

(INPUT) PA, R, 

PA, R, 

PC, STB 

PC, , ACK 

PC, STOP/GO 

... SA MACHINE TOOL 

{'C' 
START/STOP 

MODE 0 PC 
LIMIT SENspR (HN) (INPUT) 1 

PC, OUT OF flUID 

r 
CHANGE TOOL 

PB, LEFT/RIGHT 

PB, UP/DOWN 

MODE 0 PB3 HOR. STEP STROBE 

(OUTPUTl PB4 VERT. STEP,STROBE 

, '"1185 SLEW/STE~ './ " 

PB, FLUID ENABLE 

PB, f----- EMERGENCY STOP 

Figure 25. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS· 'NOTlCE: . Stresses above those listed under "Absolute 

Ambient Temperature Under Bias ......... o°c to 70°C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ............ -0.5V to +7V 
Power Dissipation ....................... 1 Watt 

Maximum Ratings" may Cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = O°C to 7(rc, Vee = +5V ± 5%, GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL (DB) Output Low Voltage (Data Bus) 0.45 V IOL = 2.5mA 

VOL(PER) Output Low Voltage (Peripheral Port) 0.45 V IOL = 1.7mA 

VOH(DB) Output High Voltage (Data Bus) 2.4 V IOH = -400/.LA 

VOH(PER) Output High Voltage (Peripheral Port) 2.4 V IOH = -200/.LA 

IDAR[ll Darlington Drive Current -1.0 -4.0 mA REXT = 750n; VEXT= 1.5V 

Icc Power Supply Current 120 mA 

IlL· Input Load Current ±10 /.LA VIN = Vee to OV 

IOFL Output Float Leakage ±10 J1A VOUT = VCC to .45V 

NOTE: 
1 .. Available on any 8 pins from Port Band C. 

CAPACITANCE 

Symbol. Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF fc = lMHz 

CliO I/Q Capacitance 20 pF Unmeasured pins returned to GND 

A.C. CHARACTERISTICS (TA = O°C to 70°C, Vee = +5V ± 5%, GND = OV) 

Bus Parameters 

READ 

8255A 8255A·5 

Symbol Parl!meter Min. Max. Min. Max. Unit 

tAR Address Stable Before READ 0 0 ns 

tRA . Address Stable After READ 0 0 ns 

tRR READ Pulse Width 300 300 ns 

tRD Data Valid From R EAD[lI 250 200 ns 

tDF Data Float After READ 10 150 10 100 ns 

tRv TLme. Between READs and/or WR ITEs 850 850 ns 
, 
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A.C. CHARACTERISTICS (Continued) 
WRITE 

Symbol Parameter 

tAW Address Stable Before WR ITE 

tWA Address Stable After WR ITE 

tww WRITE Pulse Width 

tDW Data Valid to WR ITE (T.E.) 

tWD Data Valid After WR ITE 

OTHER TIMINGS 

Symbol Parameter 

tWB WR = 1 to Outputl1 J 

tlR Peripheral Data Before RD 

tHR Peripheral Data After RD 

tAK ACK Pulse Width 

tST STB Pulse Width 

tps Per. Data Before T. E. of STB 

tPH Per. Data After T.E. of STB 

tAD ACK = 0 to Output l1J 

tKD ACK = 1 to Output Float 

tWOB WR = 1 to OBF = 011 1 

tAOB ACK = Oto OBF = 1111 

tSIB STB=Oto 18F=111J 

tRIB R D = 1 to I B F = 011 J 

tRIT RD = Oto INTR = 0111 

tSIT STB = 1 to INTR = ,1 11 

tAIT ACK =, to INTR = ,1 11 

tWIT WR = Oto INTR = 011,3J 

NOTES: 
1. Test Conditions: CL = 150 pF. 

8255A 8255A·5 

Min. Max. Min. Max. 

0 0 

20 20 

400 300 

100 100 

30 30 

8255A 8255A·5 

Min. Max. Min. Max. 

350 350 

0 0 

0 0 

300 300 

500 500 

0 0 

180 180 

300 300 

20 250 20 250 

650 650 

350 350 

300 300 

300 300 

400 400 

300 300 

350 350 

450 450 

2. Period of Reset pulse must be at least 50l-'S during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. INTRt may occur as early as WRt. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.4 
2.0 2.0 > TEST POINTS < 

DEVICE A 
UNDER i CL" 150pF V 
TEST 

0.8 0.8 -=-0.45 

Unit 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

---0 VEXT* 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND OASV FOR 
A lOGIC 0" TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 08V FOR A lOGIC 0 

'VEXT IS SET ATVARIQUS VOLTAGES DURING TESTING TO GUA,RANTEE THE 
SPECIFICATION 
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WAVEFORMS 

MODE 0 (BASIC INPUT) 

~ tRR~~ 

RO ~. -e'-

l-tIR - -tHR-1 
tNPUT 

~_tAR~ --- tRA---:1 
CS,A1,AO 

07.
00---------ts=-tRD -~I-----' ~tDF~J--

MODE 0 (BASIC OUTPUT) 

--f-.-tWD 
1--~~-tWA---____1 

CS, A1, AO 

OUTPUT 
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WAVEFORMS (Continued) 

MODE 1 (STROBED INPUT) 

-tsT-

IBF 

INTR 

INPUT FROM 
PERIPHERAL ---

-'''B11 

. ... 

MODE 1 (STROBED OUTPUT) 

tSIT 

. 

D l-tRIB~I) 

'-) j 
J 

i--tpW-:1 
---------------------
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WAVEFORMS (Continued) 

MODE 2 (BIDIRECTIONAL) 
DATA FROM 

/ 

/v 8080 TO 8255 

INTR 

IBF 

PERIPHERAL _________ _ 
BUS 

/ 
DATA FROM 

PERIPHERAL TO 8255 

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF • MASK· STB • RD + OBF • MASK· ACK • WR ) 

WRITE TIMING READ TIMING 

- - ----+---

DATA FROM 
8255 TO 8080 

AO_1' cs==>( _________ --"I)<\. ____ _ 

AD 

VALID :HIGH IMPEDANCE 
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8275 
PROGRAMMABLE CRT CONTROLLER. 

• Programmable.Screen.and Character 
Format . 

.6 Independent Visual Field Attributes 

• 11 Visual Character Attributes 
(Grapl)ic Capability) 

.• Cursor Control (4 Types) 

• Light Pen Detection and Registers 

• MCS-51TM, MCS-85™, iAPX 86,. and 
iAPX 88 Compatible 

• Dual Row Buffers 

• Programmable DMA Burst Mode 

• Single + 5V Supply 

• 40·Pin Package 

The Intel@ 82i"~ Programmable CRT .Controller is a single chip device to interface CRT raster scan displays with 
Intel@ microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 

CCLK 

LC3 vcc 
LC2 LAo 
LC, LA, 

080_7 CCO_6 LCo LTEN 
DRQ RVV 

DACK VSP 
HRTC GPAl 
VRTC GPAo 

R5 HLGT 
ORO LCO_3 

WR IRQ 
DACK LPEN CCLK 

IRO DBO CC6 
DB1 CC5 

iID 
DB2 CC4 
DB3 CC3 

-WR LAO_l 
DB4 CC2 HRTe 

AO-
VRTe DB5 CCl HLGT 
RVV DB6 CCo LTEN 

cs-----.J vSP DB7 cs 
GPAO_l GND Ao 

lPEN 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 

Pin Pin 
Symbol No. Type Name and Function Symbol No. Type Name and Function 

LC3 1 0 Line Count: Output from the line count- Vcc 40 +5V Power S,upply. 
LC. 2 er which is used to address the charac-
LC, 3 ter generator for the line positions on the 
LCo 4 screen. 

LAo 39 0 Line Attribute Codes: These attribute 
LA, 38 codes have to be decoded externally by 

the dot/timing logic to generate the 
ORO 5 0 DMA Requeat: Output signal to the horizontal and vertical line combina-

8257 DMA controller requesting a DMA tions for the graphic displays specified 
cycle. by the character attribute codes. 

DACK 6 I DMA Acknowledge: Input signal from LTEN 37 0 Light Enable: Output signal used to 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 

enable the video signal to the CRT. This 
output is active at the programmed 

granted. underline cursor position, and at posi-

HRTC 7 0 Horizontal Retrace: Output signal \!pns specified by attribute codes. 

which is active during the programmed RVV 36 0 Reverse Video: Output signal used to 
horizontal retrace infarval. During this indicate the CRT circuitry to reverse the 
period the VSP output is high and the video signal. This output is active at the 
L TEN output is low. cursor pOSition if a reverse video block 

VRTC 8 0 Vertical Retrace: Output signal which 
is active during the programmed 
vertical retrace interval. During this 

cursor is programmed or at the posi-
tions specified by the field attribute 
codes. 

period the VSP output is high and the VSP 35 0 Video Suppression: Output signal 
L TEN output is low. used to blank the video signal to the 

RD 9 I Read Input: A control signal to read CRT. This output is active: 

registers. -during the horizontal and vertical re-

WR 10 I Write input: A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 

trace intervals. 
-at the top and bottom lines of rows if 

underline is programmed to be num-
ber 8 or greater. 

LPEN 11 I Light Pen: Input signal from the CRT 
systel!1,signifying that a light pen signal 
has been detected. 

-when an end of row or end of screen 
code is detected. 

-when a DMA underrun occurs. 

DBa 12 I/O BI-D'irectional Three-State Data Bus 
DB, 13 Lines: The outputs are enabled during 
DB. 14 a read of the C or P ports. 
DB3 15 
DB. 16 
DBs 17 

-at regular intervals (1/16 frame fre-
quency for cursor, 1/32 frame fre-
quency for character and field attri-
butes)-to create blinking displays as 
specified by cursor, character attri-
bute, or field attribute programming. 

DBs 18 GPA, 34 0 General Purpose Attribute Codes: 

DB7 19 GPAo 33 Outputs which are enabled by the gen-

Ground 20 Ground. 
eral purpose field attribute codes. 

HLGT 32 0 Highlight: Output signal used to inten-
sify the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 

IRO 31 0 Interrupt Request. 

CCLK 30 I Character Clock (from dot/timing logic). 

CCs 29 0 Character Codes: Output from the 
CCs 28 row buffers used for character selection 
CC4 27 in the character generator. 
CC3 26 
CC. 25 
CC, 24 
CCo 23 

CS 22 I Chip Select: The read and write are en-
abled by CS. 

Ao 21 I Port Address: A high input on Ao 
selects the "c" port or command regis-
ters and a low input selects the "P" 
port or parameter registers. 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8275 to the system Data 8us. 

This functional block accepts inp'uts from the System Con
trol Bus and generates, control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various cdntrol formats for the 
device functional definition. 

AO OPERATION ,REGISTER 

0 Read PREG 

0 Write PREG 

1 Read SREG 

1 Write CREG 

RD (Read) 
A "low" on this input informs the 8275 that the CPU is 
reading data or statl!s information from the 8275. 

WR (Write) 

OB0-7 

DRQ ___ --, 

AO--

READI 
WRITE! 

DMA 
CONTROL 

LOGIC 

CCLK 

CCO_6 

LC0-3 

lAo_1 

HRTC 
VRTe 
HLGT 
RW 
LTEN 
v~p 

'-r..,...---.,...,-. GPAO_1 

LP,EN 

A "low" on this input informs the 8275 that the CPU is 
writing data or cO'ltrol words to the 8275. Figure 3. 827S·Block Di,8gramShowing Data Bus 

Buffer and ReadlWrlte Functions . 
CS (Chip Select) 
A "low" on this input selects the 8275. No reading or writ
ing will occur unless the device is selected. When CS is high, 
the Data Bus in the float state and' RD and WR will have no 
effect on the chip. 

DRQ (DMA Request) 

A "high" on this output informs the DMA Controller that 
the 8275 de~ires a DMA transfer: 

DACK, (DMA Acknowledge) 
A "low", on this input informs the 8275 that a DMA cycle 
is in' progress. . 

IRQ (Interrupt Request) 

A "high" on this output informs the CPU that the 8275 
desires interrupt service. 

9-356 

Ao RD 

0 0 
0 

0 
1 1 
X 1 
X X 

WR CS 

1 0 Write 8275 Parameter 
0 0 Re~d 8215 Parameter 
1 0 Write 8275 Command 
0 0 Read 8275 Status 

0 Three-State 
X Three-state 
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Character Counter 

The Character Counter is a programmable counter that is 
useil'to' determine thellumber of characters to be displayed 
per row and the length of the horizontal retrac@ interval. It 
is driven by the CCLK (Character Clock) input, which 
shoul~, be a derivative of the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) ~r 
character row. Its outputs are used to address the external 
character generator ROM. 

Row Counter 

The Flow Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace interval. 

Light Pen Registers 

The Light Pen Registers are two registers that store the con
tents of the character counter a.nd the row counter when
ever there is a rising edge on the LFlEN (Light Pen) input. 

Note: Soft~are correction is required. 

Raster Timing and Video Controls 

The Rast~r Timing.circuitr.Ycontr,~ls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs: The Video 'Control circuitry. controls the genera
tion of LA0-1 (Line·.Attribute.), HGL T (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup
press), and GPAO_1 (General Purpose Attribute) outputs. 

Row Buffers 

The Row Buffers are two 80 character buffers. They ,are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 

ORQ ____ -, 

OACK 

IRQ 

CCLK 

CCO_6 

LCo_3 

LAO_1 

HRTe 
VRle 
HlGT 
RVV 
LTEN 
VSP 

I-,------,.r~ GPAO_I 

LPEN 

Figure 4; 8275 B,lock Diagram Showing Counter 
and Register Functions 

FIFOs 

There are two 16 character FIFOs in the 8275. They are 
'. used to pro~ide,. e?<tra, row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 

Bu"er InpuUOutput Controllers' 

The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac
ter attribute, field attribute or special code, these can· 
trollers control the appropriate action. (Examples: An 
"End of Screen-Stop DMA" special code will cause the 
Buffer I nput Controller to stop further DMA requests. A 
"Highlight" field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 

The 8275 is programmable to a large number of different 
display formats. It provides ~aster timing, display row buf
fering, visual attribute decoding, cursor timing, and light 
pen detection. . 

It is designed to interface with the .8257 DMA Controller 
and standard character generator ROMs for dot matrix 
decoding. Dot level timing must be provided by external 
circuitry. 

MEMORIES 

lJ 
1\ SYSTEM BUS ( 

OBO_7 
MnfR AO 
lOW OBO_7 
MEMW Wfl 
iOR R5 
CS cs 
HRQ IRQ 
HACK 

ORQ LCO_3 
8257 VIDEO SIGNAL 
OMA CHARACTER 

CONTROLLER OACK GENERATOR 

8275 CCO_6 
HORIZONTAL SYNC 

CRT 
, DOT 

CONTROLLER TIMING VERTICAL SYNC 
AND CCLK 

INTERFACE 
INTENSITY 

VIDEO CONTROLS 

Figure 5. 8275 Systel!1S Block Diagral!1 Showing Systel!1s Operation 
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General Systems Operational Description The number of lines per character row, the underline posi
tion, and blanking of top and bottom lines are program. 
mabie. (See Programming Section.) The 8275 provides a "window" into the microcomputer 

system memory. 

Display characters are retrieved from memory and dis· 
played on a row by row basis. Th.e 8275 has two row buf· 
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro
grammable, providing easy interface to most CRT displays. 

The 8275 provides special Control Codes which can be used 
to minimize DMA or software overhead. It also provides 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 
(see Visual Attributes Section). 

(See Programming Section.) . 

The 8275 also controls raster timing. This is done by gen
erating Horizontal Retrace (H RTC) and Vertical Retrace 
(VRTC) signals. The timing. of these signals .is program
mable. 

The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 

The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 

The 8275 displays character rows one line at a time. 

ihe 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 

1st 2nd 3rd 4th 5th 6th 7th 
Chara~ter Character Character Character Character Character Character 

..---.....---...~..---.....---.....---... 

00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

First Line of a Character Row 

1 st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

..---.....---.....---.....---.....---.....---.....---... 
00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000.00 •• 000.0080000000000000.000.00.000.00.000.0 

Second"tine of a Character Row 

1st 2nd 3rd 4th 5th . 6th 7th 
Character Character Character Character Character Character Character 

..---.....---.....---.....---.....---.....---.....---... 
00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000800 •• 000.00.0000000000000.000.00.000.00.000.0 
0_0000_00.0000_00.0000000000000.000.00.000.00.000_0 

Third Line of a Character Row 

1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

..---.....---..----..---.....---.....---,....---... 
00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
0.0000.00 •• 000.00.0000000000000.000.00.000_00.00'0_0 
o.oooo.oo.o.oo.co.OOOOooooooooo.ooo.oo.ooo_oo.ooo.o 
0.0000.00.0000.00 •••• DO 00000 000 •••• 000.000.00_ 0_ O. 0 
0.0000.00_00.0.00_0000000000000_0.0000.000.00.0.0.0 
O.ODOO.OO.OOO •• CO.OOOOODOOOOOoo.oo.ooo.ooo.OO.O_Q.O 
00 •••• 000.0000.00 ••••• 0 ODD 0 0 000. 0 O. 0000 ••• 00008 O. 00 

Seventh Line of a Character Row 

Figure 6. Display of a Character Row 
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Display Row Buffering 
Before the start of a frame, the 8275 requests DMA and 
one row buffer is filled witn characters. 

CCLK 

ORO LCO_3 
DACK 

IRa 

jijj' 

WI! lAo-, 
HRTC 

AO 
VRTe 
HLqT 
RVV 
LlEN 
\lSI' 

f§ GPAo-l 

LPEN 

Figure 7. First Row Buffer Fliled 

When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA. begins filling the other 
row buffer with the next row of characters. 

eelK 

OBO_7 ~*""..:D;;A .. TA;':"'~i1I--I~*-_1JlI CCO-a 
SUFFER 

DRa ____ ~ 

AO 

LCO_3 

lAo-, 
HRTC 
VRTe 
HLOT 
RVV 
LTEN 
VSP 

1.,-------.1'"...., GPAO-l 

LPEN 

Figure 8. Second Buffer Filled, First Row 
Displayed 

After all the lines of the character row are scanned, the 
roles of the two row buffers are reversed and the same 
procedure is followed for the next row. 

ORa 

DACK 

IRa 

AD 

. WI! 

AO 

~ 

eelK 

LCo-3, 

lAo-, 
HRTe 
VRTe 
HLGT 
RVV 
LTEN 
\lSI' 

..... -----,.r- GPAo-, 

LPEN 

.Flgure 9. First Buffer Filled with Third Row, 
Second Row Displayed 

. This is repeated until all of the character rows are dis· 
played. 
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Display Format 

Screen Format 

The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 

123456789 .............. 80 
2 
3 
4 
5 
6 
7 
8 
9 

64 

Figure 10. Screen Format 

The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 

123456789 ............... 80 

2 

3 

4 

5 

64 

Figure 11. Blank Alternate Rows Mode 

Row Format 

The 8275 is designed to hold the line count stable wh ile 
outputting the appropriate character codes during each 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 

The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 

The output of the line counter can be programmed to be in 
one of two modes. 

I n mode 0, the output of the line counter is the same as the 
line number. 

In mode 1, the line counter is offset by one from the line 
number. 

Note: In mode 1, while the first line (line number 0) is being dis
played, the last count is output by the line counter (see 
examples). 

line line 
Line Counter Counter 

Number Mode 0 Mode 1 

0 0 0 0 0 0 0 0 0 0 0000 1111 

1 0 0 0 0 • 0 0 0 0 0001 0000 
2 o· 0 0 • 0 • 0 0 0 0010 0001 
3 0 0 • 0 0 0 • 0 0 001 1 0010 
4 0 • 0 0 0 0 0 • 0 0100 001 1 
5 0 • 0 0 0 0 0 • 0 0101 0100 
6 0 • • • • • • • 0 0110 0101 
7 0 • 0 0 0 0 0 • 0 0111 0110 

8 0 • 0 0 0 0 0 • 0 1000 0111 

9 0 • 0 0 0 0 0 • 0 1001 1000 
10 0 0 0 0 0 0 0 0 0 1010 1001 

11 0 0 0 0 0 0 0 0 0 1011 1010 
12 0 0 0 0 0 0 0 0 0 1100 1011 
13 0 0 0 0 0 0 0 0 0 1101 1100 
14 0 0 0 0 0 0 0 0 0 11 10 1 101 
15 0 0 0 0 0 0 0 0 0 1111 1110 

Figure 12. Example of a 16-Line Format 

Line Line 
Line Counter Counter 

Number Mode 0 Mode 1 

0 0 0 0 0 0 0 0 0000 1001 
1 0 0 0 • 0 0 0 0001 0000 

2 0 0 • 0 • 0 0 0010 0001 
3 0 • 0 0 0 • 0 001 1 0010 
4 0 • 0 0 0 • 0 0100 0011 

5 0 • • • • • 0 0101 0100 

6 0 • 0 0 0 • 0 0110 0101 

7 0 • 0 0 0 • 0 0111 0110 

8 0 0 0 0 0 0 0 1000 0111 

9 0 0 0 0 0 0 0 1001 1000 

Figure 13. Example of a 1D-Llne Format 

Mode 0 is useful for character generators that leave address 
zero blank and start at address 1. Mode 1 is useful for char
acter generators which starfat address zero. 
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Underline placement is also programmable (from line num
ber 0 to 15). This is independent of the line counter mode. 

If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 

Line Line 
Line Counter Counter 

Number Mode 0 Mode 1 

a 0 0 0 0 0 0 0 0 0 0000 1011 
0 0 0 0 • 0 0 0 0 0001 0000 

2 0 0 0 • 0 • 0 0 0 a 010 0001 
3 0 0 • 0 0 0 • 0 0 00 11 a a 10 
4 0 • 0 0 0 0 0 • 0 0100 a all 
5 0 • 0 0 0 0 0 • 0 a 1 a 1 0100 
6 0 • • • • • • • 0 01 10 a 1 a 1 
7 0 • 0 0 0 0 0 • 0 0111 0110 
8 0 • 0 0 0 0 0 • 0 1000 all 1 
9 0 • 0 0 0 0 0 • 0 1001 1000 

10 • • • • • • • • • 1010 1001 
11 0 0 0 0 0 0 0 0 0 101 1 1010 

Top and Bottom 
Lines are Blanked 

Figure 14. Underline in Line Number 10 

If the line number of the underline is less than or equal to 7 
(line number MSB = 0). then the top and bottom lines will 
not be blanked. 

Line 
Number 

0 0 

1 0 

2 0 

3 0 

4 0 

5 0 

6 0 

• 

0 0 • 0 0 0 

0 • 0 • 0 0 

• 0 0 0 • 0 

• 0 0 0 • 0 

• • • • • 0 

• 0 0 0 • 0 

• 0 0 0 • 0 

• • • • • • 
Top and Bottom 
Lines are not Blanked 

Line line 
Counter Counter 
Mode 0 Mode 1 

0000 01 1 1 
0001 0000 
0010 0001 
001 1 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 

Figure 15. Underline in Line Number 7 

If the line number of the underline is greater than the maxi
mum number of lines, the underline will not appear. 

Blanking is accomplished by the VSP (Video Suppression) 
Signal. Underline is accomplished by the L TEN (Light 
Enable) signal. 

Dot Format 

Dot width and character width are dependent upon the 
external timing and control circuitry. 

Dot level timing circuitry should be designed to accept the 
parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 

VIDEO 

Figure 16. Typical Dot Level Block Diagram 

Dot width is a function of dot clock frequency. 

Character width is a function of the character generator 
width. 

Horizontal character spacing is a function of the shift 
register length. 
Note: Video control and timing signals must be synchronized with 

the video signal due to the character generator access delay. 
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Raster Timing 
The character counter is driven by the character clock input 
(CCLK). It counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it 'Starts counting out the hori· 
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 

CCLKL 
HRTe 

1----iI 

PROGRAMMABLE 1 TO 80 CCLKS 

LC()'3 ____ PR_E_S_EN_T_L_'N_E_C_O_UN_T ___ .I 

Figure 17. Line Timing 

Jl 

NEXT 
LINE COUNT 

The line counter is driven by the character counter. It is 
used to generate the .Iine address outputs (LCO_:3) for the 
character generator. After it counts all of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For
mat Section for detailed description of Line Counter 
functions.) 
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The row counter is an internal counter driven by the line 
counter. It controls the functions of the row buffers and 
counts the number of character rows displayed. 

ONE CHARACTER ROW . 

LCO'3k~ 
ROW COUNTER . PRESENT ROW NEXT ROW INTERNAL 

• PROGRAMMABLE 1 TO 16 
LINE COUNTS 

Figure 18. Row Timing 

After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts counting out the 
vertical retrace interval (programmable from 1 to 4). 

ONE FRAME . 
Row'~6G~~~~ JCx:xxxxXioc 

FIRST LAST FIRST LAST 
DISPLAY DISPLAY RETRACE RETRACE 

ROW ROW ROW ROW 

, 
PROGRAMMABLE 

1 TO 64 ROW COUNTS 

, 
PROGRAMMABLE 

1 TO 4 ROW COUNTS 

Figure 19. Fra",e Timing 

The Video Suppression Output (VSP) is active during 
horizontal and vertical retraceint~rvals. 

Dot level. timing circuitry must synchronize these outputs 
with the video signal to the CRT Display. 
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DMATiming 

The 8275 can be programmed to request burst DMA trans
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from 0 to 55 character clock periods ±1). 
This allows the user to tailor his DMA overhead to fit his 
system needs. 

The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur unt.il the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filled. 

The first DMA request for a row will start at the first char
acter clock of the preceding row. If the burst mode is used, 
the first DMA request may occur a number of character 
clocks later. This number is equal to the programmed burst 
space. 

If, for. any reason, there is a DMA underrun, a flag in the 
status word will be set. 

INTERNAL 
,OW 

COUNTER 

-~~4---------i 
1>---\ 

__ ~t,~/\J~/\ 

Figure 20. DMA Timing 

NEXT 
ROW8UHER 

FILLED 

The DMA controller is typically initialized for the next 
frame at the end of the current frame. 

Interrupt Timing 

The·8275 can be progra·mmed to generate an interrupt 
request at the end of . each· frame. This· cah be' used to 
reinitialize the DMA controller. If the 8275 interrupt 
enable flag is set,1m interrupt request will occur at the 
beginning of the last display row. 

INTERN.Al.~. . ROW 
COUNTER 

VRTe ~\--_~_...J 

IRQ 

Figure 21. Beginning of Interrupt Request 

I RO will go inactive after the status register is read. 

IRQ t 
RD~~-

Figure 22. End of Interrupt Request 

A reset command will al~o cause I RO to go inactive, but 
this is not recommended during normal service. 

Another method qf reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 

Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 
As a result, the user's cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 
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VISUAL ATTRIBUTES AND SPECIAL 
CODES 

The characters processed by the 8275 are 8-bit quantities_ 
The character code outputs pro'vide the character generator 
with 7 bits of address_ The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB = 1). 

There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 

HORIZ. RIGHT 
HALF 

Character Attribute Codes 
Character attribute codes are codes that can be used to gen
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LAO-1), the Video Suppression 
output (VSP), and the Light Enable output. The dot level 
timing circuitry can use these signals to generate the proper 
symbols, 

Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 

Character Attributes 

MSB, LSB 

1 1 "'C--=C--r=C--=C B H 

I I L HIGHLIGHT 
BLINK 

L _____ CHARACTER ATTRIBUTE CODE 

001 =~:=:::r~=====D I CH'AR'. GEN 

LAO 

HGLT 

ENABLE 

02~-~--1===r-~--t==========~~ 
CHARACTER 

GENERATORL ____ -t==:r}_-t===F=f~{) ~~~ 03r 

PIPELINE 

SHIFT 
REGISTER 

f:igure 23. Typical Character Attribute Logic 
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Table 2. Character Attributes 
Character attributes were designed to produce the following graphics: 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

DESCRIPTION 

Top Left Corner 

Top Right Corner 

Bottom Left Corner 

Bottom Right Corner 

Top Intersect 

Right Intersect 

Left Intersect 

Bottom Intersect 

Horizontal Line 

Vertical Line 

Crossed Li nes 

Not Recommended * 

Special Codes 

Illegal 

Illegal 

Illegal 

*Character Attribute Code 1011 is not recommended for 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. 

~haracter Attribute Codes 1101, 1110, and 1111 are illegal. 

alinking is active when B = 1. 

Highlight is active when H = 1. 
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Special Code. 

Four special codes are available to help reduce memory, 
software, or DMA overhead. 

Special Control Character 

MSB LSB 
1 1 1 1 0 0 S S 

~SPECIAL CONTROL CODE 

S S FUNCTION 

0 0 End of Row 

0 1 End of Row·Stop DMA 

0 End of Screen 

End of Streen·Stop DMA 

The End of Row Code (00) activates VSP and holds it to 
the end of the line. 

The End of Row·Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
s8flle way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 

The End of Screen·Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 

If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored; except for the End of 
Screen character, which operates normally. All characters 
after an End-of Screen character are ignored. 

Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dummy character must be placed in 
memory after the Stop DMA character. 

Field Attribute. 

The field attributes are control codes which affect the 
visual characteristics for a field, of characters, starting at the 

character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertical retrace interval. 

There are- six field attributes: 

1. Blink - Characters following the code are caused 
to blink by activating the Video Suppression out· 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 

2. Highlight - Characters following the code are 
caused to be highlighted by activating the High· 
light output (HGLT). 

3. Reverse Video - Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 

4. Underline - Characters following the code are 
caused to be underlined by activating the Light 
Enable output (L TEN). 

5,6. General Purpose - There are two additional 8275 
outputs which act as general purpose, independ· 
ently programmable field attributes. GPAO-1 are 
active high outputs. 

Field Attribute Code 

MSB LSB 
10URGGBH 

II T IL--HIGHLIGHT 
L----BLINK 

L _____ GENERAL PURPOSE 
L. -------REVERSE VIDEO 

L.-------UNDERLINE 

H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 

GG = GPA1, GPAo 

'More than one attribute can be enabled at the same time. 
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If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will blink. 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 

If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this blanked character. 

ABC D E F G H I J K L M 
NOPORSTUV 

1 2 3 4 5 6 7 8 9 

Figure 24. Example of the Visible Field Attribute 
Mode (Underline Attribute) 

If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 

080_7 

DRQ ____ , 

DACK 

IRQ 

AO 

CClK 

CCO_6 

LCO_3 

LAO_1 

HRTe 
VATe 
HLGT 
RVV 
LTEN 
vsp 
GPAO_1 

lPEN 

Figure 25. Block Diagram Showing FIFO 
Activation 

8275 

Each row buffer has a corresponding FIFO. These F I FOs 
are 16 characters by 7 bits in size. 

When a field attribute is placed in the row buffer during 
DMA, the buffer input controller recognizes it and places 
the next character in the proper FIFO. 

When a field attribute is placed in the Buffer Output Con· 
troller during display, it causes the controller to immedi· 
ately· put a character from the FIFO on the Character Code 
outputs (CCO...,). The chosen Visual Attributes are also 
activated. 

Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 

Note: Since the FIFO is 7 bits wide,. the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code must not immediately follow a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 

ABCDEFGHIJKLM 
. NO P 0 R STU V 

123 4 5 6 7 8 9 

Figure 26. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 

Field and Character Attribute Interaction 

Character Attribute Symbols are affected by the Reverse 
Video (RVV) and General Purpose (GPAO_l) field attri· 
butes. They are not affected by Underline, Blink or High· 
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 
The cursor location is determined by a cursor row register 
and a character position register which are loaded by com
mand to the controller. The cursor can be programmed to 
appear on the display as: 

1. a blinking underline 
2. a blinking reverse video block 
3. a non-blinking underline 
4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16. 

If a non-blinking reverse video cursor appears in a non
blinking reverse video field, the cursor will appear as a 
normal video block. 

If a non-blinking underline cursor appears in a non-blinking 
underline field, the cursor will not be visible. 

Light Pen Detection 

A light pen consists of a micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 

If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a 0 to 1 transition for proper operation. 

Note: Due to internal and external delays, the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. 

Device Programming 

The 8275 has two programming registers, the Command 
Register (CREG) and the Parameter Register (PREG). It 
also has a Status Register (SREG). The Command Register 
can only be written into and the Status Registers can only 
be read from. They are addressed as follows: 

AO OPERATION REGISTER 

0 Read PREG 

0 Write PREG 

1 Read SREG 

1 Write CREG 

The 8275 expects to receive a command and a sequence 
of 0 to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 

Instruction Set 
The 8275 instruction set consists of 8 commands. 

COMMAND 

Reset 
Start Display 
Stop Display 

Read Light Pen 

Load Cursor 

Enable Interrupt 

Disable Interrupt 

Preset Counters 

NO. OF PARAMETER BYTES 

4 
o 
o 
2 
2 
o 
o 
o 

in addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 
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1. Reset Command: 
DATA BUS 

OPERATION AO DESCRIPTION MSB LSB 

Command Write 1 Reset Command 0 0 0 0 0 0 0 0 -- --
S~reen Comp, 

Write 0 Byte 1 
5 H H H H H H H 

Write 0 Screen Camp 
V V R R R R R R 

Byte 2 
Parameters 

Write 0 Screen Camp U U U U L L L L Byte 3 -
Write 0 Screen Camp 

M F C C Z Z Z Z Byte 4 

Action - After the reset command is written, DMA re
quests stop, 8275 interrupts are disabled, and the VSP 
output is used to blank the screen. H RTC and VRTC con
tinue to run. HRTC and VRTC timing are random on 
power-up. 

As parameters are written, the screen composition 
defined. 

Parameter - S Spaced Rows 

S FUNCTIONS 

0 Normal Rows 

Spaced Rows 

Parameter - HHHHHHH Horizontal Characters/Row 

NO. OF CHARACTERS 
H H H H H H H PER ROW 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 2 
0 0 0 0 0 0 3 

0 0 1 1 80 
0 0 0 0 0 Undefined 

Undefined 

Parameter - VV Vertical Retrace Row Count 

v V NO. OF ROW COUNTS PER VRTC 

o 0 
o 

o 
2 

3 
4 

Parameter - RRRRRR Vertical Rows/Frame 
R R R R R R NO. OF ROWS/FRAME 

o 0 0 0 0 0 

o 0 0 001 
o 0 000 

1 

2 

64 

is 

Parameter - UUUU Underline Placement 

LINE NUMBER OF 
.U U U U UNDERLINE 

0 0 0 0 

0 0 0 1 2 

0 0 0 3 

.16 

Parameter - LLLL Number of Lines per Character 

L L L L NO. OF LINES/ROW 

0 0 0 0 

0 0 0 1 

0 0 0 3 

16 

Parameter - M Line Counter Mode 

M LINE COUNTER MODE 

o Mode 0 (Non-Offset) 

Mode 1 (Offset by 1 Countl 

Parameter - F Field Attribute Mode 
F FIELD ATTRIBUTE MODE 

o Transparent 
Non·Transparent 

Parameter - CC 
C C 

Cursor Format 
CURSOR FORMAT 

o 0 Blinking reverse video block 

o Blinking underline 

o 
1 

Nonblinking reverse video block 

Nonblinking underling 

Parameter - ZZZZ Horizontal Retrace Count 
NO. OF CHARACTER 

Z Z Z Z COUNTS PER HRTC 

0 0 0 0 

0 0 0 1 4 

0 0 0 6 

32 

Row 

Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, 0 = not blankedl. 
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2. Start Display Command: 

" IbpEA~l'ION 
DATA BUS 

AO DESCRIPTION MSB LsB 

command" Write 1 Stad Display 0 0 1 S 5 5 B B 

No parameters 

SSS BURST SPACE CODE 

NO. OF CHARACTER CLOCKS 
S S S BETWEEN DMA REQUESTS 

0 0 0 0 
0 0 1 7 
0 0 15 
0 1 1 23 

0 0 31 
0 39 

0 47 
55 

BB BURST COUNT CODE 

NO. OF DMA CYCLES PER 
B B BURST 

0 0 1 
0 1 2 

0 4 

8 

Action - 8275 interrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable arid Video Enable status 
fl ags are set. 

3. si:op Display Command: 

I OPERATION 
DATA BUS 

AO DESCRIPTION MsB LsB 

Command I Write 1 Stop Display 0 1 0 0 0 0 o 0 

No parameters 

Action - Disables video, interrupts remain enabled, H RTC 
and VRTC continue to run, Video Enable status flag is 
reset, and the "Start Display" command must be given to 
re-enable the display. 

4. Read Light Pen Command 
DATA BUS 

OPERATION AO DESCRIPTION MSB LSB 

Command Write 1 Read light Pen 0 1 1 0 0 0 0 0 

Parameters 
Read 0 Char. Number (Char. Position in Row) 
Read 0 Row Number (Row Number! 

Action - The 8275 is conditioned to supply the contents 
of the light pen position registen>.. ~n the next two read 
cycles of the parameter register. Status flags are not af· 
fected. 

Note: Software correction of light pen position is required. 

5. Load Cursor Position: 

DATA BUS 
OPERATION AO DESCRIPTION MSB LSB 

Command Write 1 Load Cursor 1 0 0 0 0 0 0 0 

Parameters 
Write 0 Char. Number (Char. Position in Rowl 
Write 0 Row Number (Row Number) 

Action - The 8275 is conditioned to place the next two 
parameter bytes into the cursor position registers. Status 
flags not affected. 

6. Enable I nterrupt Command: 

IOPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write 1 Enable Interrupt 1 0 1 0 0 0 0 0 

No parameters 

Action - The interrupt enable status flag is set and inter
rupts are enabled. 

7. Disable Interrupt Command: 

I OPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write 1 Disable Interrupt 1 1 0 0 0 0 0 0 

No parameters 

Action -' Interrupts are disabled and the interrupt enable 
status flag is reset. 

8, Preset Counters Command: 

I OPERATION 
DATA BUS 

AO DESCRIPTION MSB LSB 

Command I Write 1 Preset Counters 1 1 1 0 0 0 0 0 

No parameters 

Action - The internal timing counters are preset, corre
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 

Th is command is useful for system debug and synchroniza
tion of clustered CRT displays on a single CPU. 
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Status Flags 

DATA BUS 
MSB LSB 

OlE IR LPICVEOU FO 

IE - (I nterruptEnable) Set or reset by command. It 
enables verti'cal .retrace interrupt. It is auto· 
matically set by a "'Start Display" c~m.mand 
and reset with the "Reset" command. 

IR - (Interrupt Request) This flag is set atthe begin· 
ning of display of the last row of the frame if 
the interrupt enable flag is set. It is reset after 
a status read operation. 

LP - This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This. flag is automatically reset after a 
status read. 

. 9-372 

IC - (Improper Command)' This flag is set when a 
command Parameter string. is too long or too 
short. The flag is autoiri~tically reset after a 
status read. 

VE - (Video Enable) This. flag indicates that video 
operation of the CRT is enabled. This flag is 
set on' a "St3rt Display" command, and reset 
on a "Stoppisplay" or "Reset" command. 

DU - (DMA Unclerrun) This' flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status. read. 

FO - (FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 
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ABSOLUTE MAXIMUM RATINGS" 

Ambient Temperature Under Bias ......... O°C to lO°C 
Storage Temperature .............. -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground ............ -0.5V to +lV 
Power Dissipation ....................... 1 Watt 

*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (TA = O°C to lO°C, Vee = 5V ±5%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+0.5V V 

VOL Output Low Voltage 0.45 V IOL = 2.2 mA 

VOH Output High Voltage 2.4 V IOH = -400f..LA 

IlL Input Load Current ±10 f..LA VIN = Vee to OV 

IOFL Output Float Leakage ±10 f..LA VOUT = Vee to 0.45V 

lee Vee Supply Current 160 mA 

CAPACITANCE (TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Max. Units Test Conditions 

CIN Input Capacitance 10 pF fc=lMHz 

CliO I/O Capacitance 20 pF Unmeasured pins returned to Vss. 

A.C. CHARACTERISTICS (TA = O°C to 70°C, Vee = 5.0V ±5%, GND = OV) 

Bus Parameters 

READ CYCLE 

Symbol Parameter Min. Max. Units Test Conditions 

tAR Address Stable Before READ 0 ns 

tRA Address Hold Time for READ 0 ns 

tRR READ Pulse Width 250 ns 

tRO Data Delay from READ 200 ns CL - 150 pF 

tOF READ to Data Floating 20 100 ns CL min. - 20 pF; CL max. - 150 pF 

WRITE CYCLE 

Symbol Parameter Min. Max. Units Test Conditions 

tAW Address Stable Before WR ITE 0 ns 

tWA Address Hold Time for WR ITE 0 ns 

tww WR ITE Pulse Width 250 ns 

tow Data Setup Time for WR ITE 150 ns 

two Data Hold Time for WR ITE 0 ns 

9-373 AFN-00224B 



A.C. CHARACTERISTICS (Continued) 

CLOCK TIMING 

8275 

Symbol Parameter Min. 

tCLK Clock Period 480 

tKH Clock High 240 

tKL Clock Low 160 

tKR Clock Rise 5 

tKF Clock Fall 5 

OTHER TIMING 

Symbol Parameter 

tcc Character Code Output Delay 

tHR Horizontal Retrace Output Delay 

tLC Line Count Output Delay 

tAT Control/ Attribute Output Delay 

tVR Vertical Retrace Output Delay 

tRI IRO~ from RDt 

tWQ DROt from WRt 

tRQ DROl from WR~ 

tLR DACKl toWRl 

tRL WRt to DACKt 

tpR LPEN Rise 

tpH LPEN Hold 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 

0.45 

2.0 2.0 " , /" TEST POINTS <-.. 
0.8 0.8 

AG. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 AND OA5V 
FOR A LOGIC "0" TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A 
LOGIC "1" AND O.BV FOR A LOGIC "0" 

8275 

8275·2 

Max. Min. Max. Units Test 
Conditions 

320 ns 

120 ns 

120 ns 

30 5 30 ns 

30 5 30 ns 

8275 8275-2 

Min. Max. Min. Max. Units Test 
Conditions 

150 150 ns CL = 50 pF 

200 150 ns CL = 50 pF 

400 250 ns CL = 50 pF 

275 250 ns CL = 50 pF 

275 250 ns CL = 50 pF 

250 250 ns CL = 50 pF 

250 250 ns CL = 50 pF 

200 200 ns CL = 50 pF 

0 0 ns 

0 0 ns 

50 50 ns 

100 100 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER rrcc 

TEST 

-= 
CL INCLUDES JIG CAPACITANCE 
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WAVEFORMS 

TYPICAL DOT LEVEL TIMING 

EXT DOT elK 

CCLK" lL ______ --' 

CCO_6 FIRST CHARACTER CODE SECOND CHARACTER CODe 

~ ROM ACCESS-

CHARACTER -..;,...-------..1,--------------, r----------
GENERATOR FIRST CHARACTER SECOND CHARACTE R OUTPUT ________ ...J '-____________ ~ '-________ _ 

ATTRIBUTES 
& CONTROLS 

VIDEO 
(FROM SHIFT 

REGISTER) 

ATTRIBUTES 
& CONTROLS 

(FROM 
SYNCHRONIZER) 

LINE TIMING 

FIRST CHARACTER 

ATTRIBUTES Be CONTROLS FOR FIRST CHAR. 

·CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 

SECOND CHARACTER 

ATTRIBUTES Be CONTROLS 
FOR 2ND CHAR. 

LCO_3 -+ ____ P_RE_S_E_NT_L_'N_E_C_O_U_N_T __ --II-______________ ~ NE'HI"E COUNT 

VIDEO 
CONTROLS 

AND ATTRIBUTES" 

*lAO_l. VSP, LTEN, HGlT, RVV, GPAO_l 

9-375 AFN-00224B 



inter 8275 

WAVEFORMS (Continued) 

ROW TIMING 

ceLK 

HRTe 

LCO_3 

t----PROGRAMMABLE FROM 1 TO 16 LlNES-----I 

INTERNAL \f : 
COUN~~~ _l_A_ST_R_O_w ... l~ PRESENT RO~ \-____ ...J 

FRAME TIMING 

celK 

INTERNAL 
ROW 

COUNTER 

VRle 

INTERRUPT TIMING 

\ 
ceLK 

cc LAST RETRACE I V FIRST RETRACE 
0-6 ___ C_HA_R_A_C_TE_R __ ....yI/\\..... __ C_H_A_RA_C_T_ER __ 

LCO_3 FIRST LINE COUNT 

I\~_-
HRTe 

INTERNAL -----"---t---------

COUN~~~ ______ l_1_ST_O_I..,SP_lA_Y_~-O-w~.-~~t-,-R~~~~~~= 

----11---'1 

RD 

IRQ 

9-376 

~AST 
RETRACE 

ROW 

A 
----.J '~tRli 

----
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WAVEFORMS (Continued) 

DMATIMING 

CCLK 

---JtKot_ 

DAa~-

LPEN if K 
--~R~ ~tPH~ '---

WRITE TIMING READ TIMING 

INVALID 

INVALID 

CLOCK TIMING 

CCLK 

tKF 
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8276 
SMALL SYSTEM CRT CONTROLLER 

• Programmable Screen and Character 
Format 

• 6 Independent Visual Field Attributes 

• Cursor Control (4 Types) 

• MCS-51®, MCS-85®, iAPX 86,and 
iAPX 88 Compatible 

• Dual Row Buffers 

• Single +5V Supply 

• 40-Pin Package 
• 3 MHz Clock with 8276-2 

The Intel 8276 Small System CRT Controller is a single chip device intended to interface CRT raster scan dis
plays with Intel microcomputers in minimum device-count systems. Its primary function is to refresh the dis
play by buffering character information from main memory and keeping track of the display position of the 
screen. The flexibility designed into the 8276 will allow simple interface to almost any raster scan CRT display. It 
can be used with the 8051 Single Chip Microcomputer for a minimum IC count design. 

080_ 7 

CIP- RASTER TIMING 
AND 

VIDEO CONTROL 

Figure 1. Block Diagram 

CCLK 

CCO- 6 

LCO- 3 

HRTe 
VRTC 
HLGT 
RVV 
LTEN 

- VSP 
GPAO_ 1 

9-378 

LC3 Vee 

LC2 NC 

LC, NC 

LCa LTEN 

BRDY RW 

liS VSP 

HRTC GPA1 

VRTC GPAo 

Rfj HLGT 

WR INT 

NC CCLK 

DBa ces 

DB, CCs 

DB2 

DB3 CC3 

DB, CC2 

DBs CC, 

DBs CCa 

087 CS 
GND 

Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 

Pin 
Symbol No. Type Name and Function 

Pin -I Symbol No. Type Name and Function 

LC3 1 0 Line count. Output from the line count- Vee 40 +5V power supply. 

LC2 2 er which is used to address the charac-
LC1 3 ter generator for the line positions on 
LCo 4 the screen. 

NC 39 No connection. 

NC 38 No connection. 

LTEN 37 0 Light enable. Output signal used to 

BRDY 5 0 Buffer ready. Output signal indicating enable the video signal to the CRT. This 
that a Row Buffer is ready for loading of output is active at the programmed 
character data. underline cursor position, and at posi-

tions specified by attribute codes. 

BS 6 I Buffer select. Input signal enabling RVV 36 0 Reverse video. Output signal used to 

WR for character data into the Row activate the CRT circuitry to reverse the 

Buffers. video signal. This output is active at the 
cursor position if a reverse video block 

HRTC 7 0 Horizontal retrace. Output signal 
which is active during the programmed 
horizontal retrace interval. During this 

cursor is programmed or at the posi-
tions specified by the field attribute 
codes. 

period the VSP output is high and the VSP 35 0 Video suppression. Output signal 

LTEN output is low. used to blank the video signal to the 
CRT. This output is active: 

VRTC 8 0 Vertical retrace. Output Signal which 
is active during the programmed verti-
cal retrace interval. During this period 
the VSP output is high and the LTEN 
output is low. 

- during the horizontal and vertical re-
trace intervals. 

- at the top and bottom lines of rows if 
underline is programmed to be num-
ber 8 or greater. 

- when an end of fOW or end of screen 

RD 9 I Read input. A control signal to read 
registers. 

code is detected. 

- when a Row Buffer underrun occurs. 

- at regular intervals (1/16 frame fre-
quency for cursor, 1/32 frame fre-

WR 10 I Write input. A control signal to write quency for attributes)-to create 
commands into the control registers or blinking displays as specified by 
write data into the row buffers. cursor orfield attribute programming. 

NC 11 No connection. GPA1 34 0 General purpose attribute codes.-
GPAo 33 Outputs which are enabled by the gen-

DBa 12 I/O Bidirectional data bus. Three-state eral purpose field attribute codes. 
DB1 13 lines. The outputs are enabled during a 
DB2 14 read of the C or P ports. 

DB3 15 
DB4 16 

HLGT 32 0 Highlight. Output signal used to inten-
sify the display at particular positions 
on the screen as specified by the field 
attribute codes. 

DBs 17 
DB6 18 INT 31 0 Interrupt output. 

DB7 19 CCLK 30 I Character clock (from dot/timing 
logic). 

Ground 20 Ground. 
f 

CC6 29 0 Character codes. Output from the 
CCs 28 row buffers used for character selec-
CC4 27 tion in the character generator. 
CC3 26 
CC2 25 
CC1 24 
cCo 23 

CS 22 I Chip select. Enables RD of status or 
WR of command or parameters. 

C/ P 21 I Port address. A high input on this pin 
selects the "C" port or command regis-
ters and a low input selects the "P" port 
or parameter registers. 

I I 
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FUNCTIONAL DESCRIPTION 

Data Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to 
interface the 8276 to the system Data Bus. 

This functional block accepts inputs from the Sys
tem Control Bus and generates control signals for 
overall device operation. It contains the Command, 
Parameter, and Status Registers that store the vari
ous control formats for the device functional 
definition. 

C/P OPERATION REGISTER 

0 Read RESERVED 

0 Write PARAMETER 

1 Read STATUS 

1 Write COMMAND 

RD (READ) 
A "low" on this input informs the 8276 that the CPU 
is reading status information from the 8276. 

WR (WRITE) 
A "low" on this input informs the 8276 that the CPU 
is writing data or control words to the 8276. 

CS (CHIP SELECT) 
A "low" on this input selects the 8276 for RD or WR 
of Commands, Status, and Parameters. 

BRDY (BUFFER READY) 
A "high" on this output indicates that the 8276 is 
ready to receive character data. 

BS (BUFFER SELECT) 
A "low" on this input enables WR of character data 
to the 8276 row buffers. 

INT (INTERRUPT) 
A "high" on this output informs the CPU that the 
8276 needs interrupt service. 

C/P RD WR CS BS 

0 0 1 0 1 Reserved 
0 1 0 0 1 Write 8276 Parameter 
1 0 1 0 1 Read 8276 Status 
1 1 0 0 1 Write 8276 Command 
X 1 0 1 0 Write 8276 Row Buffer 
X 1 1 X X High Impedance 
X X X 1 1 High Impedance 

Character Counter 

The Character Counter is a programmable counter 
that is used to determine the number of characters 
to be displayed per row and the length of the hori
zontal retrace interval. It is driven by the CCLK 
(Character Clock) input, which should be derived 
from the external dot clock. 

Line Counter 

The Line Counter is a programmable counter that is 
used to determine the number of horizontal lines 
(Raster Scans) per character row. Its ou:tputs are 
used to address the external character generator. 

Row Counter 

The Row Counter is a programmable counter that is 
used to determine the number of character rows to 
be displayed per frame and length of the vertical re
trace interval. 

Raster Timing and Video Controls 

The Raster Timing circuitry controls the timing of 
the HRTC (Horizontal Retrace) and VRTC (Vertical 
Retrace) outputs. The Video Control circuitry con
trois the generation of HGL T (Highlight), RVV (Re
verse Video), L TEN (Light Enable), VSP (Video Sup
press), and GPAO- 1 (General Purpose Attribute) 
outputs. 

Row Buffers 

The Row Buffers are two 80-character buffers. They 
are filled from the microcomputer system memory 
with the character codes to be displayed. While one 
row buffer is displaying a row of characters, the 
other is being filled with the next row of characters. 

Buffer Input/Output Controllers 

The Buffer Input/Output Controllers decode the 
characters being placed in the row buffers. If the 
character is a field attribute or special code, they 
control the appropriate action. (Example: A "High
light" field attribute will cause the Buffer Output 
Controller to activate the HGL T output.) 
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SYSTEM OPERATION 

The 8276 is programmable to a large number of dif
ferent display formats. It provides raster timing, dis
play row buffering, visual attribute decoding and 
cursor timing. 

It is designed to interface with standard character 
generators for dot matrix decoding. Dot level timing 
must be provided by external circuitry. 

General Systems Operational Description 

Display characters are retrieved from memory and 
displayed on a row-by-row basis. The 8276 has two 
row buffers. While one row buffer is being used for 
display, the other is being filled with the next row of 
characters to be displayed. The number of display 
characters per row and the number of character 
rows per frame are software programmable, provid
ing easy interface to most CRT displays. (See Pro
gramming Section.) 

INT BRDY 
8088 

MICRO· 
PROCESSOR BS 

I 
8276 
CRT co CONTROLLER 

I l 820. DECODER I 
~~ 1t 

LCo 3 

ceo 5 

SYSTEM BUS 

8253·5 
COUNTERI 

TIMER 

8251A 
USART 

SERIAL 
COMMUNICATIONS 

CHANNEL 

The 8276 uses BRDY to request character data to fill 
the row buffer that is not being used for display. 

The 8276 displays character rows one scan line at a 
time. The number of scan lines per character row, 
the underline position, and blanking of top and bot
tom lines are programmable. (See Programming 
Section.) 

The 8276 provides special Control Codes which can 
be used to minimize overhead. It also provides Vis
ual Attribute Codes to cause special action on the 
screen without the use of the character generator. 
(See Visual Attributes Section.) 

The 8276 also controls raster timing. This is done by 
generating Horizontal Retrace (HRTC) and Vertical 
Retrace (VRTC) signals. The timing of these signals 
is also programmable. 

The 8276 can generate a cursor. Cursor location and 
format are programmable. (See Programming 
Section.) 

CHARACTER 
GENERATOR 

(ROM OR 
RAMI 

CCLK 

VIDEO CONTROLS 

PROGRAMi 
DISPLAY 
MEMORY 

HIGH 
SPEED 

DOT 
TIMING 
LOGIC 
AND 

INTERFACE 

8255A-5 
KEYBOARD 

VIDEO SIGNAL 

HORIZONTAL SYNC 

VERTICAL SYNC 

INTENSITY 

CONTROLLER I 
~ ~ 

I STATUS 

TO CRT 

Figure 3. CRT System Block Diagram 
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15t 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

-"--"--"--"--"--"--"-
00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 

First Line of a Character Row 

15t 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

-"--"--"--"--"--"--"-
00 •••• 000.0000.00 ••••• 000000000 •••• 0000 ••• 000.000.0 
080000.00 •• 000.0080000000000000.000.008000800.00080 

Second Line of a Character Row 

1 5t 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character ----------"---------OO •••• O~D.nODD.DD ••••• DOODDDODD •••• DDOD ••• ODO.ODD.D 

OBODDO.OO •• OOO.OOBODODDDDDODDDOBODOBOO.ODOBOOBOOOBO 
OBOOOOBOOBODOO.CO.ODQDDOODDDDOOBOOOBOOBODO.OO.ODO.O 

Third Line of a Character Row 

lot 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 

----------"--"-----"
OD •••• OOO.OODD.~D ••••• ODDOOOOOD ••• aODDoa •• OOO.ODO.O 
o.ooooaoo •• oOO.OO.DOOODOOODODOO.DOO.OO.DOO.OO.OOO.O 
OBODOO.Oo.o.ooaooaOOOODOOODODOO.ooo.ooaooo.oo.ooo.o 
Q.OOOO.OO.OOOO.OO •••• OOOODDOODD •••• ~OO.ODO.OO.O.O.O 
O.DDoo.no.Do.D.OO.ODDOODODOOUDO.O.ODOO.OOO.oO.O.O~o 
0.0000.UO.000 •• 008000000000000080080008000.0080.0.0 
OO •••• ODo.oooo.oo ••••• ooooooooo.oo.nooO ••• OOOO.O.OD 

Seventh Line of a Character Row 

Figure 4. Di~play Of A Character Row 

Display Row Buffering 

Before the start of a frame, the 8276 uses BRDY and 
BS to fill one row buffer with characters. 

When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, the other row 
buffer is filled with the next row of characters. 

After all the lines of the character row are scanned, 
the buffers are swapped and the same procedure is 
followed for the next row. 

This process is repeated until all of the character 
rows are displayed. 

Row Buffering allows the CPU access to the display 
memory at all times except during Buffer Loading 
(about 25%). This compares favorably to alternative 
approaches which restrict CPU access to the display 
memory to occur only during horizontal and vertical 
retrace intervals (80% of the bus time is used to re
fresh the display.) 
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Figure 5. First Row Buffer Filled 
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Figure 6. Second Row Buffer Filled, First Row 
Displayed 

080- 7 ceO--6 

Figure 7. First Row Buffer Filled With Third Row, 
Second Row Displayed 

Display Format 

SCREEN FORMAT 
The 8276 can be programmed to generate from 1 to 
80 characters per row, and from 1 to 64 rows per 
frame. 

123456789 
2 
3 
4 
5 
6 
7 
8 
9 

64 

.... 80 

Figure 8. Screen Format 

The 8276 can also be programmed to blank alternate 
rows. In this mode, the first row is displayed, the 
second blanked, the third displayed, etc. Display 
data is not requested for the blanked rows. 

123456789 ............... 80 

2 

3 

4 

5 

64 

Figure 9. Blank Alternate Rows Mode 

ROW FORMAT 
The 8276 is designed to hold the line count stable 
while outputting the appropriate character codes 
during each horizontal sweep. The line count is in
cremented during horizontal retrace and the whole 
row of character codes are output again during the 
next sweep. This is continued until the entire char
acter row is displayed. 

The number of lines (horizontal sweeps) per charac
ter row is programmable from.1 to 16. 

The output of the line counter can be programmed 
to be in one of two modes. 

In mode 0, the output of the line counter is the same 
as the line number. 

AFN-00224B 
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In mode 1, the line counter is offset by one from the 
line number. 

Note: In mode 1, while the first line (line number 0) is being dis
played, the last count is output by the line counter (see 
examples). 

Line 
Line Counter 

N umber Mode 0 

o 0 0 0 0 0 0 U 0 0 0000 
o 0 0 0 • 0 0 0 0 0001 

2 oooao.ooo 0010 
300.000.000011 
4 O.OOOOU.O 0100 
50. 0 00 0 0.00101 
60 ••••••• 00110 
7 0.00000.00111 
8 0.00000.01000 
9 0.00000.01001 

10 0 0 0 0 0 0 0 0 0 1010 
11 0 0 0 0 0 0 0 0 0 101 1 
12 0 0 0 0 0 0 0 0 0 1 100 
13 0 0 0 0 0 0 0 0 0 1 101 
14 
15 

UUOOOOOOO 1110 
UODODDODO 1111 

Line 
Counter 
Mode' 

1111 
0000 
0001 
00'0 
001 1 
0100 
0101 
01'0 
01 1 , 
1000 
100' 
10'0 
101 1 
, 100 
1 101 
1 1 10 

Figure 10_ Example of a 16-Line Format 

Line 
Number 

o 

2 
3 
4 
5 
6 

8 
9 

o 0 0 0 DOD 

o 0 0 • DOD 
DO. [J • 0 0 

o • 0 0 0 • 0 

08000.0 

o • • • • • 0 

0.000.0 

08000.0 

DOD 0 0 0 0 

o 0 0 0 0 0 0 

Line Line 
Counter Counter 
Mode 0 Mode 1 

0000 
0001 
0010 
001 1 
0100 
0101 
01 10 
01 1 1 
1000 
1001 

1001 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
01 1 1 
1000 

Figure 11. Example of a 10-Line Format 

Mode 0 is useful for character generators that leave 
address zero blank and start at address 1. Mode 1 is 
useful for character generators which start at 
address zero. 

Underline placement is also programmable (from 
line number 0 to 15). This is independent of the line 
counter mode. 

If the line number of the underline is greater than 7 
(line number MSB = 1), then the top and bottom 
lines will be blanked. 

Line 
Number 

o 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Line Line 
Counter Counter 
Mode 0 Mode 1 

o 0 0 0 0 U 0 0 0 0000 
o 0 00. 0 0 0 0 0001 
000.0.0000010 
00.000. U 00011 
0.00000.[] 0100 
O. 0 0 0 [J 0 • [1 0101 
0 ••••••• 00110 
0.00000.00111 
o • 0 0 0 [J 0 • 0 1000 
0.00000.01001 
• • • • • • • •• 1010 
OOOOOOOOD 1011 

Top and Bottom 
Lines are Blanked 

101 1 
0000 
0001 
0010 
001 1 
0100 
0101 
0110 
011 1 
1000 
1001 
1010 

Figure 12. Underline in Line Number 10 

If the line number of the underline is less than or 
equal to 7 (line number MSB = 0), then the top and 
bottom lines will not be blanked. 

Line 
Number 

o 

2 
3 
4 
5 
6 

o 0 0 • DOD 

lJOBOBOO 

o • 0 0 0 • 0 

o • 0 0 0 • 0 

o • • • • • 0 

0.000.0 

o • 0 0 0 • 0 

• • • • • • • 
Top and Bottom 
lines are not Blanked 

Line Line 
Counter Counter 
Mode 0 Mode' 

0000 
0001 
0010 
001 1 
0100 
0101 
01 10 
01 1 , 

01 1 1 
0000 
0001 
0010 
001 1 

0'00 
0101 
0' 10 

Figure 13. Underline in Line Number 7 

If the linenumber of the underline is greater than the 
maximum number of lines, the underline will not ap
pear. 

Blanking is accomplished by the VSP (Video Sup
pression) signal. Underline is accomplished by the 
LTEN (Light Enable) signal. 
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DOT FORMAT 
Dot width and character width are dependent upon 
the external timing and control circuitry. 

Dot level timing circuitry should be designed to ac
cept the parallel output of the character generator 
and shift it out serially at the rate required by the CRT 
display. 

8276 

CC 

VIDEO 

vspr--IL~~~::"j------' 

Figure 14. Typical Dot Level Block Diagram 

Dot width is a function of dot clock frequency. 

Character width is a function of the character 
generator width. ' 

Horizontal character spacing is a function of the 
shift register length. 

Note: Video control and timing signals must be synchronized 
with the video signal due to the character generator ac
cess delay. 

Raster Timing 

The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1 to 80). It then 
causes the line counter to increment, and it starts 
counting out the horizontal retrace interval (pro
grammable from 2 to 32). This process is constantly 
repeated. 

CCLK~ 
HRTe 

\----/' 

PROGRAMMABLE 1 TO 80 CClKS 

PRESENT LINE COUNT LCO_3 ________________ J 

Jl 

NEXT 
LINE COUNT 

The line counter is driven by the character counter. It 
is used to generate the line address outputs (LCO-3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 
16), it increments the row counter, and starts over 
again. (See Character Format Section for detailed 
description of Line Counter functions.) 

The row counter is an internal counter driven by the 
line counter. It controls the functions of the row buf
fers and counts the number of character rows 
displayed. 

r , 

HRTC LSULrLJ 

LC()'3~~ 
INTERNAL 
ROW COUNTER PRESENT ROW NEXT ROW 

PROGRAMMlSLE 1 TO 16 
LINE COUNTS 

Figure 16. Row Timing 

After the row counter counts all of the rows in a 
frame (programmable from 1 to 64), it starts count
ing out the vertical retrace interval (programmable 
from 1 to 4). 

ONE FRAME , 

VRTC~~~ 
• - I 

PROGR~MABLE PROGR;MMABLE 
1 TO 64 ROW COUNTS 1 TO 4 ROW COUNTS 

Figure 17. Frame Timing 

The Video Suppression Output (VSP) is active dur
ing horizontal and vertical retrace intervals. 

Dot level timing circuitry must synchronize these 
Figure 15. Line Timing outputs with the video signal to the CRT Display. 
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Interrupt Timing 

The 8276 can be programmed to generate an inter
rupt request at the end of each frame. If the 8276 
interrupt enable flag is set, an interrupt request will 
occur at the beginning of the last display row. 

INTERNAL~ 
ROW 

COUNTER 
LAST FIRST 

DISPLAY RETRACE 
ROW ROW 

VRTC ~r---~_..J 

INT 

Figure 18. Beginning of Interrupt 

INT will go inactive after the status register is read. 

INT I 
RD~,----, -

Figure 19. End of Interrupt 

A reset command will also cause INT to go inactive, 
but this is not recommended during normal service. 

Nole: Upon power-up. the 8276 Interrupt Enable Flag may be set. 
As a resu It. the user's cold start routine should write a reset 
command to the 8276 before system interrup-ts are 
enabled. 

VISUAL ATTRIBUTES 
AND SPECIAL CODES 

The characters processed by the 8276 are 8-bit 
quantities. The character code outputs provide the 
character generator with 7 bits of address. The Most 
Significant Bit is the extra bit and it is used to deter
mine if it is a normal display character (MSB = 0), or 
if it is a Field Attribute or Special Code (MSB = 1). 

Special Codes 

Four special codes are available to help reduce bus 
usage. 

SPECIAL CONTROL CHARACTER 

MSB LSB 

111100SS 
~ SPECIAL CONTROL CODE 

S S FUNCTION 

o 0 End of Row 

o 
o 

End of Row-Stop Buffer Loading 

End of Screen 

End of Screen-Stop Buffer Loading 

The End of Row Code (00) activates VSP and holds it 
to the end of the line. 

The End of Row-Stop Buffer Loading (BRDY) Code 
(01) causes the Buffer Loading Control Logic to stop 
buffer loading for the rest of the row upon being 
written into the Row Buffer. It affects the display in 
the same way as the End of Row Code (00). 

The End of Screen Code (10) activates VSP and 
holds it to the end of the frame. 

The End of Screen-Stop Buffer Loading (BRDY) 
Code (11) causes the Row Buffer Control Logic to 
stop buffer loading for the rest of the frame upon 
being written. It affects the display in the same way 
as the End of Screen Code (10). 

If the Stop Buffer Loading feature is not used, all 
characters after an End of Row character are ig
nored, except for the End of Screen character, 
which operates normally. All characters after an End 
of Screen character are ignored. 

Note: If a Stop Buffer Loading is not the last character in a row, 
Buffer Loading is not stopped until after the next character 
is read. In this situation. a dummy character must be 
placed in memory after the Stop Buffer Loading character. 

Field Attributes 

The field attributes are control codes which affect 
the visual characteristics for a field of characters, 
starting atthe character following the code up to, 
and including, the character which precedes the 
next field attribute code, or up to the end of the 
frame. The field attributes are reset during the verti
cal retrace interval. 
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The 8276 can be programmed to provide visible field 
attribute characters; all field attribute codes will oc
cupy a position on the screen. These codes will ap
pear as blanks caused by activation of the Video 
Suppression output (VSP). The chosen visual attri
butes are activated after this blanked character. 

There are six field attributes: 

1. Blink-Characters following the code are 
caused to blink by activating the Video Sup
pression output (VSP). The blink frequency is 
equal to the screen refresh frequency divided 
by 32. 

2. Highlight-Characters following the code are 
caused to be highlighted by activating the High
light output (HGL T). 

3. Reverse Video-Characters following the code 
are caused to appear with reverse video by ac
tivating the Reverse Video output (RVV). 

4. Underline-Characters following the code are 
caused to be underlined by activating the Light 
Enable output (L TEN). 

5,6. General Purpose-There are two additional 
8276 outputs which act as general purpose, in
dependently programmable field attributes. 
GPAo-1 are active high outputs. 

ABCDE FGHIJKLM 
NOPQRSTUV 

1 2 3 4 5 6 7 8 9 

Figure 20. Example of a Visible Field Attribute 
(Underline Attribute) 

FIELD ATTRIBUTE CODE 

MSB 

1 0 
LSB 

U R G G B H 

II TILl ---- HIGHLIGHT 

L __ L~~::;:~~;:~~-= ~~I::RAL PURPOSE 

" " REVERSE VIDEO 
'---------- UNDERLINE 

H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 

GG = GPA" GPAo 

Nole: More than one attribute can be enabled at the same time. 
If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will blink. 

Cursor Timing 

The cursor location is determined by a cursor row 
register and a character position register which are 
loaded by command to the controller. The cursor 
can be programmed to appear on the display as: 

1. a blinking underline 
2. a blinking reverse video block 
3. a non-blinking underline 
4. a non-blinking reverse video block 

The cursor blinking frequency is equal to the screen 
refresh frequency divided by 16. 

If a non-blinking reverse video cursor appears in a 
non-blinking reverse video field, the cursor will ap
pear as a normal video block. 

If a non-blinking underline cursor appears in a non
blinking underline field, the cursor w"ill not be 
visible. 

Device Programming 

The 8276 has two programming registers, the Com
mand Register and the Parameter Register. It also 
has a Status Register. The Command Register can 
only be written into and the Status Register can only 
be read from. They are addressed as follows: 

9-387 

elF» OPERATION REGISTER 

0 Read Reserved 

0 Write Parameter 

1 Read Status 

1 Write Command 

The 8276 expects to receive a command and a sequ
ence of 0 to 4 parameters, depending on the com
mand. If the proper number of parameter bytes are 
not received before another command is given, a 
status flag is set, indicating an improper command. 

AFN·OO224B 
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Instruction Set 

The 8276 instruction set consists of 7 commands. 

COMMAND 

Reset 
Start Display 
Stop Display 
Load Cursor 
Enable Interrupt 
Disable Interrupt 
Preset Counters 

NO. OF PARAMETER BYTES 

4 
o 
o 
2 
o 
o 
o 

In addition, the status of the 8276 can be read by the 
CPU at any time. 

1. RESET COMMAND 
DATA BUS 

OPERATION C/P DESCRIPTION MSB LSB 

Command Write Reset Command 0 0 000000 

Write 
Screen Camp SHHHHHHH 

Byte 1 

Write 
Screen Camp VVRARRRR 

Byte 2 
Parameters 

Screen Camp 
Write Byte 3 

UUUULLLL 

Write 
Screen Camp 

M 1 CCZZZZ 
Byte 4 

Action-After the reset command is written, BRDY 
goes inactive, 8276 interrupts are disabled, and the 
VSP output is used to blank the screen. HRTC and 
VRTC continue to run. HRTC and VRTC timing are 
random on power-up 

As parameters are written, the screen composition is 
defined. 

Parameter-S Spaced Rows 

S FUNCTIONS 

o Normal Rows 

Spaced Rows 

Parameter-HHHHHHH 
Horizontal Characters/Row 

H H H H H H H 

o 0 0 0 0 0 0 
o 0 0 000 1 
o 0 0 0 0 1 0 

o 0 1 1 1 1 
o 1 0 0 0 0 

1 1 1 1 1 1 

NO. OF CHARACTERS 
PER ROW 

1 
2 
3 

80 
Undefined 

Undefined 

9-388 

Parameter-VV Vertical Retrace Row Count 

V V NO. OF ROW COUNTS PER VRTC 

001 
o 1 2 
103 
1 1 4 

Parameter-RRRRRR Vertical Rows/Frame 

R R R R R R NO. OF ROWS/FRAME 

o 0 000 0 
o 0 0 001 
o 000 1 0 

1 1 1 1 1 1 

1 
2 
3 

64 

Parameter-UUUU Underline Placement 

U U U U 

o 0 0 0 
000 1 
o 0 1 0 

1 1 

LINE NUMBER OF 
UNDERLINE 

1 
2 
3 

16 

Parameter-LLLL Number of Lines 
per Character Row 

L L L L NO. OF LINES/ROW 

o 0 0 0 
000 1 
001 0 

1 
2 
3 

1 1 16 

Parameter-M Line Counter Mode 

M LINE COUNTER MODE 

o 
1 

Mode 0 (Non-Offset) 
Mode 1 (Offset by 1 Count) 

Parameter-CC Cursor Format 

C C 

o 0 

CURSOR FORMAT 

Blinking reverse video block 
Blinking underline o 1 

1 0 
1 1 

Non-blinking reverse video block 
Non-blinking underline 
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Parameter-ZZZZ Horizontal Retrace Count 

NO. OF CHARACTER 
Z Z Z Z COUNTS PER HRTC 

a a a a 2 
a a a 1 4 
a a 1 a 6 

1 1 32 

Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, 0 = not blanked). 

2. START DISPLAY COMMAND 

DATA BUS 
Msa LS8 

Command 0 a 1 0 0 0 0 0 

Action-8276 interrupts are enabled, BRDY goes 
active, video is enabled, Interrupt Enable and Video 
Enable status flags are set. 

3. STOP DISPLAY COMMAND 
DATA BUS 

MSB LSB 

01000000 

Action-Disables video, interrupts remain enabled, 
HRTC and VRTC continue to run, Video Enable 
status flag is reset, and the "Start Display" com
mand must be given to reenable the display. 

4. LOAD CURSOR POSITION 
DATA BUS 

OPERATION CIP DESCRIPTION MSB LSB 

Command Write 1 Load Cursor 1 D D D D D D D 

Parameters 
Write D Char. Number (Char. Position in Row) 
Write D Row Number (Row Number) 

Action-The 8276 is conditioned to place the next 
two parameter bytes into the cursor position regis
ters. Status flag not affected. 

5. ENABLE INTERRUPT COMMAND 

Action-The interrupt enable flag is set and inter
rupts are enabled. 

6. DISABLE INTERRUPT COMMAND 

DATA BUS 
MBB LSB 

11000000 

Action-Interrupts are disabled and the interrupt 
enable status flag is reset. 

7. PRESET COUNTERS COMMAND 

Action-The internal timing counters are preset, 
corresponding to a screen display position at the top 
left corner. Two character clocks are required for 
this operation. The counters wUI remain in this state 
until any other command is given. 

This command is useful for system debug and syn
chronization of clustered CRT displays on a single 
CPU. 

Status Flags 

DATA BUS 
MSB . LSB 

Command o IE IR X Ie VE BU X 

IE - (Interrupt Enable) Set or resefby command. 
It enables vertical.retrace interrupt. It is auto
matically set by a "Start Display" command 
and reset with the "Reset" command. 

IR - (Interrupt Request) This flag is set at the be
ginning of displayofthe lasnow ofthe frame 
if the interrupt enable flag is set. It is reset 
after a status read operation. 

IC - (Improper Command) This flag is set when a 
command parameter string. istoo long or too 
short. The flag is automatically reset after a 
status read. 

VE - (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a "Start Display" command, and reset 
on a "Stop Display" or "Reset" command. 

BU - (Buffer Underrun) This flag is set whenever a 
Row Buffer is not filled with character data in 
time for a buffer swap required by the display. 
Upon activation of this bit, buffer loading 
ceases, and the screen is blanked until after 
the vertical retrace interval. 
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ABSPLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... ooe to 700e 
Storage Temperature .......... -6soe to +1sooe 
Voltage On Any Pin 

With Respect to Ground ........ -O.SV to + 7V 
Power Dissipation ....................... 1 Watt 

'NOTICE: Stresses above those listed under "Absolute Maxi
mum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the opera
tional sections of this specification is not implied. 

D.C. CHARACTERISTICS (TA = O°C to 70°C; Vce = 5V ±5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

V IL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5V V 

VOL Output Low Voltage 0.45 V IOL = 2.2 mA 

VOH Output High Voltage 2.4 V IOH = -400 /LA 

IlL Input Load Current ±10 /LA VIN = Vee to OV 

IOFL Output Float Leakage ±10 /LA VOUT = Vee to 0.45V 

lee Vee Supply Current 160 mA 

CAPACITANCE (TA = 25°C; Vec = GND = OV) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

CIN Input Capacitance 10 pF fC = 1 MHz 

CliO I/O Capacitance 20 pF Unmeasured pins returned to VSS. 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER rrcc 

TEST 

-=-

CL INCLUDES JIG CAPACITANCE 
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A.C. CHARACTERISTICS (TA = O°C to 70°C; VCC = 5.0V ±5%; GND = OV) 

Bus Parameters 

READ CYCLE 

Symbol Parameter Min. Max. Units 

tAR Address Stable Before READ 0 ns 

tRA Address Hold Time for READ 0 ns 

tRR READ Pulse Width 250 ns 

Test Conditions 

tRO Data Delay from READ 200 ns CL = 150pF 

tOF READ to Data Floating 20 100 ns 

WRITE CYCLE 

Symbol Parameter Min. Max. Units Test Conditions 

tAw Address Stable Before WRITE 0 ns 

tWA Address Hold Time for WRITE 0 ns 

tww WRITE Pulse Width 250 ns 

tow Data Setup Time for WRITE 150 ns 

two Data Hold Time for WRITE 0 ns 

CLOCK TIMING 

8276 8276·2 

Symbol Parameter Min. Max. Min. Max. Units Test 
Conditions 

tCLK Clock Period 48Q 320 ns 

tKH Clock High 240 120 ns 

tKL Clock Low 160 120 ns 

tKR Clock Rise 5 30 5 30 ns 

tKF Clock Fall 5 30 5 30 ns 

OTHER TIMING 
8276 8276·2 

Symbol Parameter Min. Max. Min. Max. Units Test 
Conditions 

tcc Character Code Output Delay 150 150 ns CL = 50 pF 

tHR Horizontal Retrace Output Delay 200 150 ns CL = 50 pF 

tLC Line Count Output Delay 400 250 ns CL = 50 pF 

tAT Control/Attribute Output Delay 275 250 ns CL = 50 pF 

tVR Vertical Retrace Output Delay 275 250 ns CL = 50 pF 

tRI INHfrom RDt 250 250 ns CL = 50 pF 

tWQ BRDYt from WRt 250 250 ns CL = 50 pF 

tRQ BRDYt from WRt 200 200 ,ns ~ = 50 pF 

tLR Bst toWRt' 0 0 
.. 

ns 
" 

tRL WRt to BSt 0 0 ns 
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WAVEFORMS 

Typical Dot Level Timing 

eXT DOT-elK 

cclK·lL-______ ..J 

CCO_6 FIRST CHARACTER CODE SECOND CHARACTER coDe 

CHARACTER 
GENERATOR 

OUTPUT 
i" ... ""·1~ ____ F_'R_S_T_C_HA_R_A_C_TE_R ____ oJX,.--S-EC-O-N-O-C-HA-R-A-CT-E-R--

:~~'::~~6~: =:x: ATTRIBUTES. CONTRflS FOR FIRST CHAR XI... ______________ L 
SHIFT REGISTER SETUP· l I 

Line Timing 

VIDEO 
(FROM SHIFT 

REGISTER) 

ATTRIBUTES 
& CONTROLS, 

(FROM 
SYNCHRONIZER) 

FIRST CHARACTER 

ATTRIBUTES & CONTROLS FOR FIRST CHAR 

'CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8276. 

CClK l--F\-J\--/\J'tfV 
J I 

CCO_6 

HATe 

SECOND CHARACTER 

ATTRIBUTES & CONTROLS 
FOR 2ND CHAR. 

-i1LC 

LCO_3 -+ ____ P_RE_S_E_NT_L_'N_E_C_O_U_N_T __ ~r--------------~)(~N-E-XT-Ll-N-EC-O-U-N-T 

VIDEO 
CONTROLS 

AND ATTRIBUTES * 

VSP, LTEN, HGL T, RVV. GPAO_l 
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Row Timing 

CCLK 

HRTe 

LCO_3 

~PROGRAMMABLE FROM 1 TO 16 LINES 

INTERNAL ---"""""'I : \-----""""\ 
COUN~~~ LAST ROW '1 PRESENT ROW \-____ -' 

Frame Timing 

CClK 

INTERNAL 
ROW 

COUNTER 
~AST 

RETRACE ROW 

VRTe 

Interrupt Timing 

\ 
CCLK 

r4P J \ 

cs~ I 
cc LAST RETRACE I V FIRST RETRACE 

0-6 ___ C_"A_R_A_CT_E_R __ -t'l/\,-__ C_"_A_RA_C_T_ER __ 

jjjj 

t~ \ 

INT 

lCo_3 FIRST LINE COUNT 

HATe 
\'------

INTERNAL --------t---------

COUN~~~ ------'=-T-OI-SPf-L-A-r-"-OW--_'-,_R-_-_-_-_-_-_-_ 

9-393 AFN-002248 



8276 

Timing for Buffer Loading 

CCLK 

~'Kat_ 

BRDYJ 

Write Timing 

as, CI P, CS INVALID VALID INVALID 

_'A--,-W d' 'ww- L.....-'WA--,--_ 
WR 

_____ 'DW -1 r 
OBO-7 INVALID INVALID 

Clock Timing 

CCLK 

'KF 

Read Timing 

Input and Output Waveforms for A.C. Tests 

9-394 

2.4 ==:X2.O> TESHOINTS <2.0X:::=:= 
0.8 0.8 

0.45 

FOR A.G. TESTING, INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" 
AND 0 45V FOR A LOGIC "0." TIMING MEASUREMENTS FOR INPUT 
AND OUTPUT SIGNALS ARE MADE AT 2.0V FOR A LOGIC "1" AND 
a.BY FOR A LOGIC "0." 
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8279/8279·5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

• Mcs·a&TM Compatible a279·& 

• Simultaneous Keyboard Display 
Operations 

• Scanned Keyboard Mode 

• Scanned Sensor Mode 

• Strobed Input Entry Mode 

I!! a·Character Keyboard FIFO 

• 2·Key Lockout or N·Key Rollover with 
Contact Debounce 

• Dual a· or 16·Numerical Display 

• Single 16·Character Display 

• Right or Left Entry 16·Byte Display 
RAM 

• Mode Programmable from CPU 

• Pro~rammable Scan Timing 

• Interrupt Output on Key Entry 

The Intel<l> 8279 is a general purpose programmable keyboard and display 1/0 interface device designed for use with 
Inte,<I> microprocessors. The keyboard portion can provide a sca(1ned interface to a 64·contact key matrix. The 
keyboard portion Will also interface to an array of sensors or asHq!>ed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2·key lockout or N·key rollOver. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. . 

The display portion provides .a scanned display interface for LED, incandescent, and other popular display 
technologies. 130th numeric and alphanumeric segment displays may be used as weU as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual l6X!!. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats lire possible. Bath read and write of the display RAM 
can be done with auto·increment of the display RAM address. 

CPU 
INTERFACE 

TVcc 
A 

IRQ Rla.7 8 ] .. 
¢:!=) DATA 

BUS 
SHIFT 

RD 

WR 
CNTLlSTB 

cs j,. 

SL()'3 4 

" . AO 
"-

OUT AO.3 4 > 
RESET 

CLK OUT 80-3 4 '> 
ijlj 

J- I 
Vss 

Figure 1. Logic Symbol 

. 

SC 

KEY DATA 

AN 

DISPLAY 
DATA 

Figure 2. Pin Configuration 
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HARDWARE DESCRIPTION 
The 8279 is,packaged in a 40 pin DIP. The following'is 
a functional description of each' pin. ' 

Table 1. Pin Descriptions 

Symbol 

ClK 

RESET 

CS 

Ao 

RD,WR 

IRQ 

Vss. Vce 

Pin 
No. Nilme and Function " 

8 BI-dlrectional data bus: All data 
and commands between the CPU 
arid the 8279 are transmitted on 
these lines. 

1 Clock: Clock from system used to 
generate internal timing. 

1 Reset: A high signal on this pin re
sets the 8279. After being reset the 
8279, is placed in the following 
mode: 
1)16 8-bit character display 

~Ieft entry. 
2) Encoded scan keyboard-2 

key lockout. 
Along with this the program clock 
prescaler is set to 31. 

1 Chip Select: A low on this pin en
ables the interface functions to 
receive or transmit. 

1 Buffer Address: A high on this 
line inqicates the signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data. ' 

2 Input/Output Read and Write: 
These ,signals enable the data 
buffers to either send data to the 
external bus or receive it from the 
external bus. 

1 Interrupt Request: In a key
board mode, the interrupt line is 
high when there is data in the 
FIFO/Sensor RAM. The interrupt 
line goes low with each FIF'O/ 
Sensor RAM read and returns 
high If there is still information in 
the RAM. In a sensor mode, the 
interrupt line goes high whenever 
a change in a sensor is detected. 

2 Ground and power supply pins. 

4 Scan Lines: Scan lines which are 
used to scan the key' swit~h or 
sensor matrix lind the display 
digits. These lines can be elltier 
encoded (1 of 16) or decoded '(1 
of 4)." " 

8 Return Line: Return line inputs 
which are connected to the scan 
lines through 'the keys or sensor 
switches, They have active internal 
pullups to keep them tiigh until a 
switch closure pulls one I~w. They 
also serve as an 8-blt input in the 
Strobed Input mode. 

Pin' 
Symbol No. Name and Function 

SHIFT 1 Shift: The shift input status is 
stored along with the key position 
on key closure in the Scanned Key-
board modes. It has an active in" 
ternal pullup to keep it high until a 
switch closure pulls it low., 

CNTLJSTB 1 Control/Strobed Input Mode: For 
keyboard modes this line ,is used 
as a control input and stored like 
status on 11 key clo~re. T,he, line '" 
is also the str~b~ line that enters 
the data into the FIFO in the 
Strobed Input mode. 

(Rising, Edge), It has an active in~ 
ternal pullup to keep it high until 
a switch closure pulls it low. 

OUT Ao-OUT As 4 Outputs: These two ports are the' 
OUT Bo-OUT B3 4 outputs for the 16 x 4 display re-

fresh registers. The data from 
these outputs is synch(onized to 
the scsn lines (Slo-Sl3) for multi-. 
plexed digit displays, The two 4 

" 

bit ports may 'be blanked inde-'" 
pendently. These two ports may , 
also be considered as one 8-bit 
port. 

BD 1 !5lank Display: This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 

FUNCTIONAL DESCRIPTION 

Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functi.ons,without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors.' , 

The 8279 has two sections: keyboard and display. The 
keyboard section can inferface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display sec~ion drives alphanumeric displays or a bank of 
indicator ligh,ts. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 

The 8279 is designed, ,to directly .. !'onnect to the 
microprocessor bus. The CPU can prog'ram all operating 
modes,for the 8279. These modes iAclude: 

9-396 . AFN-o<l742B 
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Input Modes 

• Scanned Keyboard - with encoded (8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6·bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys areautomatically debounced 
with 2-key lockout or N-key rollover. 

• Scanned Sensor Matrix - with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 

• Strobed Input -- Data on return lines during control 
line strobe is transferred to FIFO. 

Output Modes 
o 8 or 16 character multiplexed displays that can be or-

ganized as dual 4·bit or single 8-bit (Bo = Do, A3 = D7)' 

• Right entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Clock Prescaler 

• Interrupt output to signal CPU when there is keyboard 
or sensor data available. 

o An 8 byte FIFO to store keyboard information. 

• 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 

eLK RESET 

OUT AO-J OUT B0.3 

080-7 

TIMING 
AND 

CONTROL 

PRINCIPLES OF OPERATION 

The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 3. 

1/0 Control and Data Buffers 

The I/O control section uses the CS, AQ, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect tl1e 
internal bus to the external. bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WRoCS and output during 
RD 0 CS. 

Control and Timing Registers and Timing Control 

These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. 'The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 

CS Ao IRQ 

KEYBOARD 
DEBOUNCE 

AND 
CONTROL 

Figure 3. Internal Block Diagram 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain.T~e first counter is a .;. N prescaler 
that. can be programmed to yield an internal frequency 
of 100 kHz which gives a 5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key scan, row scan, keyboard matrix scan, and display 
scan times. 

Scan Counter 
The scan counter has two modes. In the encoded mode, 
the counter provides a binary' count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 

In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard DeboLince 
and Control 
The 8 return linesare buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTLlSTB line pulse. 

FIFO/Sensor RAM and Stiitus 
This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. t"n Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 

Display Address Registers and Display RAM 
The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM. Cdn be directly read by the CPU aiter the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered indepen.den;tly or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 

SOFTWARE OPERATION 

8279 commands 
The following .commands program the 8279 operating 
modes. The.commands are sent on the.Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR. 

Keyboard/Display Mode Set 

MSB LSB 

lolololDIDIKIKIKI 

Where DD is the Display Mode and KKK is the Keyboard 
Mode. 

DD 
o 0 8 8-bit character display - Left entry 

o 1 16 8-bit character display - Left entry' 

o 8 8-bit character display - Right entry 

16 8-bit character display - Right entry 

For description of right and .Ieft entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 

KKK 
0 0 0 Encoded Scan Keyboard - 2 Key Lockout" 

0 0 Decoded Scan keyboard - 2-Key Lockout 

0 0 Encoded Scan Keyboard - N-Key Rollover 

0 Decoded Scan Keyboard - N-Key Rollover 

0 0 Encoded Scan Sensor Matrix 

0 Decoded Scan Sensor Matrix 

1 0 Strobed Input, Encoded Display Scan 

Strobed Input, Decoded Display Scan 

Program Clock 

Code: 1 0 1 0 11 1 pip 1 pip 1 P I 
All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
Which ranges from 2 to 31. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clOCked 
by a 2 MHz Signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat
ing frequency. 

Read FIFO/Sensor RAM 

Code: I 0 11 I 0 I AI I X I A I A I A I X = Don't Care 

The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key-

-Default after reset. 
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board Mode, the Auto-Increment flag (AI) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati
cally drive the data bus for each subsequent read (Ao= 0) 
in the same sequence in which the .data first entered the 
FIFO_ All subsequent reads will be from the FIFO until 
another command is issued. 

In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the AI flag 
is set (AI = 1), each successive read will be from the sub
sequent row of the sensor RAM. 

Read Display RAM 

Code: 1 0 11 11 1 AliA 1 A 1 A 1 A 1 

The CPU sets up the 8279 for a read of the Display RAM 
by first writing thi.s command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the AI 
flag is set (AI = 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 

Write Display RAM 

Code: 11 I 0 1 0 1 AliA 1 A 1 A 1 A 1 

The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com
mand with Ao= 1, all subsequent writes with Ao= 0 will 
be to the Display RAM. The addressing and Auto
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 

Display Write Inhibit/Blanking 

. A B A B 
Code: 11 1 0 11 1 X IIW IIW 1 BL I BL I 
The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4·bit display ports. By 
setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit Bo corresponds 
to bit Do on the CPU bus, and that bit A3 corresponds to 
bit D7• 

If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a "blank." This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 

Clear 

Code: 11 11 1 0 1 Co 1 CD 1 CD 1 CF 1 CA 1 

The Co bits are available in this command to clear all 
rows of the Display RAM to a selectable blanking code 
as follows: 

r~ ,~, AU '.m, IX 0 000"'''''' 
1 0 AB = Hex 20 (0010 ooom 
1 1 All Ones 

Enable clear display when = 1 (or by CA = 1) 

During the time the Display RAM is being cleared ("'1601's), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis
play RAM becomes available again, it automatically 
resets. 

If the CF bit is asserted (C F = 1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row O. 

CA, the Clear All bit, has the combined effect of CD and 
CF; it uses the CD clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 

End Interrupt/Error Mode Set 

Code: 11 11 11 1 E Ix Ix Ix Ix 1 X = Don't care. 

For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resetl. 

For the N-key rollover mode - if the E bit is programmed 
to "1" the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 

Status Word 
Th!3 status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 

Data Read 

Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of AI. 

Data Write 
Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto
Incrementing on the riSing edge of WR occurs if AI set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode, 2·Key Lockout 
There are three possible combinations of conditions 
that can occur duri"gdebounce scanning. When a key is 
depressed, the debounce logic is set. Other. depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then' it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 

Scanned Keyboard Mode, N·Key Rollover 
With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 

Scanned Keyboard - Special Error Modes 
For N-key rollover mode the user can program a special 
error mode. This is done by the "End Interrupt/Error Mode 
Set" command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce CYCle, two keys are foul']d depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATUS" for further details.) The error 
flag is reset by sending the normal CLEAR command with 
CF = 1. 

Sensor Matrix Mode 
In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier. the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 

The IRQ' line goes hi'gh if any sensor value change is 
detected at the end of a sensor matrix scan. The IRQ line is 
cleared by the fi rst data read operation if the Auto-
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In.crement flag is set to zero, or by the End .Interrupt 
command if the Auto-Increment flag is set to one. 

Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0> may cause multiple interrupts. (SLo= 0 in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 

Data Format 
In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of theCNTL and SHIFT 
lines (non·inverted). CNTL is the MSB of the character 
and SHIFT is the next most Significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 

MSB LSB 

~ETUR~ 
SCANNED KEYBOARD DATA FORMAT 

In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor R,AM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could betied to the return lines and scanned by 
the 8279. 

MSB LSB 

In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTLlSTB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 

MSB LSB 

RL71 RL61 RLsl RL41 RL31 RL21 RLI I RLo 

Display 
Left Entry 

Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 ·in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left The17th (9th) character is entered back 
in the left,most position and filling again proceeds from 
there. 
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a 1 14 15_Display 

1st entry QI] = - --OJ RAM 
Address 

a 1 14 15 

2nd entry QB = =ITJ 
a 1 14 15 

16th entry QEI= = = = EEl 
a 1 14 15 

17th entry ~= = = =EEJ 
a 1 14 15 

18th entry @EI= = = =~ 
Right Entry 

LEFT ENTRY MODE 
(AUTO INCREMENT) 

Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 

2 14 15 a-Display 

1st entry ITJ=- I I I I RAM 
Address 

2 3 15 a 

ITJ= 
-

I 111 2nd entry 2 
-

3 4 a 2 

ITJ=- - -
I 1 I 21 3rd entry 3 

-

a 1 13 14 15 

G2:[ 
-

114115116 I 16th entry -

1 2 14 15 a 

17th entry §I= __ =1 15 i16 I17 1 

2 3 15 a 1 

18th entry ~= - - = 1161171181 

RIGHT ENTRY MODE 
(AUTO INCREMENT) 

Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
o with sequential entry is recommended. 

Auto Increment 

In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 

9-401 

a 1 2 3 4 5 6 7--Display 

1st entry 11 I I I I I I I I RAM 
Address 

0 1 2 3 4 5 6 7 

2nd entry 11 12 I I I I I I I 
0 1 2 3 4 5 6 7 

Command 11 121 I I I I I I 10010101 
Enter next at Location 5 Auto Increment 

01234567 

3rd entry 11 I 2 I I I I 3 I I I 
01234567 

4th entry 11 12 I I I I 3 14 I 
LEFT ENTRY MODE 
(AUTO INCREMENT) 

In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 

2 3 4 5 6 7 0.- Display 

1 st entry I I I I I I I 11 1 ::d~ess 

Command 
10010101 

23456701 

23456701 

11 121 
Enter next at Location 5 Auto Increment 

34567012 

3rd entry I I 1 3 [ 11 12 I 

4th entry 

456701 3 

1314 [ [I 12 I 1 I 
RIGHT ENTRY MODE 
(AUTO INCREMENTI 

Starting at an arbitrary location operates as shown below: 

o 1 2 3 4 5 6 7_ Display 

Command 
10010101 I I I I I I I I 1 :::'ess 

Enter next at Location 5 Auto Increment 

2345670 

1 st entry 

23456701 

2nd entry 11121 

8th entry H 5 16 I 7 18 11 12 13 I 
9th entry 15 16 17 I 8 19 12 13 14 I 

RIGHT ENTRY MODE 
(AUTO INCREMENT) 

AFN-00742B 
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Entry appears to be from the initial entry point. 

8/16 Character Display Formats 

If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 

G. FIFO Status 

FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when theentry of another character into a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that tne 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 

INT SHIFT CNTL 
INT 

8·BIT DATA BUS 
MICRO- DATA B7 °0_7 PROCESSOR BUS 
SYSTEM 

RD 
lOR 

CONTROLS { 
WR 8279 

lOW 
RESET 

RESET 
CS cs AODRESS{ 

BUS AO 
AO 

ClK 

In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indica· 
tion is contained in the Sensor RAM. 

In SpeCial Error Mode the S/E bit is showing the error 
flag and serves as an indication to whether a simultane· 
ous multiple closure error has occurred. 

SHIFT 

CONTROL 

8/ 
RETURN 

LINES 

RO., 0 
voo 

vssl], 
ov 

50 _3 4/ 

FIFO STATUS WORD 

Multiple Closures 
Display unavailable 

KEYBOARD 
MATRIX 

8 COLUMNS 

8 ROWS 

+l 
3 -- 8 DECODER 

~ 3 lSB' 

SCAN LINES t, 
4 -16 DECODER 

CLOCK CLKB~_3 
Bott'6 r~~:e~~YI 

4 ADDRESSES 
~DECODED) 

DISPLAY 

4 CHARACTERS 

I 
DATA 

DISPLAY 

"00 not drive the keyboard decoder with the MSa of the scan lines. 

Figure 4. System Block Diagram 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature .............. O°C to 70°C 
Storage Temperature ....... . . . . . . _65° C to 1 25" C 
Voltage on any Pin with 

Respect to Ground ....••.....•.. -0.5V to +7V 
Power Dissipation .................•.... 1 Watt 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operationa/sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS [TA = OOC to 700C, Vss = Vee = +5V ± 5%, Vee = +5V ±10% (8279-5)] 

Symbol Parameter Min. Max. 

VILl Input Low Voltage for -0.5 1.4 
Return Lines 

VIL2 Input Low Voltage for All Others -0.5 0.8 

VIHl Input High Voltage for 2.2 

Return Lines 

VIH2 Input High Voltage for All Others 2.0 

VOL Output Low Voltage 0.45 

VOHl Output High Voltage on Interrupt 3.5 
Line 

VOH2 Other Outputs 2.4 

IILl Input Curren! on Shift, Control and +10 
Return Lines -100 

IIL2 Input Leakage Current on All Others ±10 

IOFL Output Float Lea kage ±10 

Icc Power Supply Current 120 

, 
CAPACITANCE 

.> --
~ymbol Parameter Typ. Max. 

CIN Input Capacitance 5 10 

COUT Output Capacitance 10 20 

A.C. CHARACTERISTICS [TA = OOC to 700C, Vss = OV, (Note 3)] 
Bus Parameters 

READ CYCLE 

8279 

Symbol Parameter Min. Max. 

tAR Address Stable Before READ 50 

tRA Address Hold Time for READ 5 

tRR READ Pulse Width 420 

tRO[4] Data Delay from READ 300 

tAO [4] Address to Data Valid 450 

tOF READ to Data Floating 10 100 

tRCY Read Cycle Time 1 

9-403 

Unit Test Conditions 

V 

V 

V 

V 

V Note 1 

V Note 2 

FOH = -100,..A 

f.1A VIN = Vee 
f.1A VIN = OV 

f.1A VIN = Vcc to OV 

f.1A VOUT = Vee to 0.45V _. 
mA 

Unit Test CondHions 

pF Ie = 1 MHz Unmeasured 

pF pins returned to VSS 

8279·5 

Min. Max. Unit 

0 ns 

0 ns 

250 ns -

150 ns 

250 ns 

10 100 ns 

1 f.1s 

AFN-Q0742B 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

8279 8279·5. 

Symbol Parameter Min. Max. Min. Max. Unit 

tAW Address Stable Before WR ITE 50 0 ns 

tWA Address Hold Time for WR ITE 20 0 ns 

tww WR ITE Pulse Width 400 250 ns 

tDW Data Set Up Time for WR ITE 300 150 ns 

tWD Data Hold Time for WR ITE 40 0 ns 

twCY I Write Cycle Time 1 1 /AS 

OTHER TIMINGS 

8279 8279·5 

I Symbol Parameter Min. Max. Min. Max. I Unit 

t<PW Clock Pulse Width 230 120 -l nsec 

tCY Clock Period 500 320 -~. nsec 

Keyboard Scan Time ........................ 5.1 msec Digit-on Time .............................. 480 /Lsec 
Keyboard Debounce Time .................. 10.3 msec 
Key Scan Time .............................. 80 /Lsec 

Blanking Time ............................. 160 /Lsec 
Internal Clock Cycle[5] ....................... 10 /Lsec 

Display Scan Time ......................... 10.3 msec 

NOTES: 
1. 8279. IOl = 1.6mA; 8279·5. IOl = 2.2mA. 
2. 8279. IOH = -1OO/LA; 8279-5. IOH = -400/LA. 
3. 8279, Vee = +5V ±5%; 8279-5, Vee = +5V ±10%. 
4. 8279, Cl = 100pF; 8279-5, Cl = 150pF. 
5. The Prescaler should be programmed to provide a 10 /Ls internal clock cycle. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

u=x )C 2.0 2.0 

0.45 ,0.8 > TEST POINTS < 0'8'. ' 

AG,-TESTING. INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC -'1"' AND 0 45V FOR 
A LOGIC -0," TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC '1 
AND Q.BV FOR A LOGIC '0 

9-404 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

1C'~120PF TEST 

-=-
CL =120pF 
CL INCLUDES JIG- CAPACITANCE 

AFN·00742B 
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WAVEFORMS 

READ OPERATION 

~-------------------
.--~R~I~·r-----------

1+----- ' •• -----1 

-tOF 

�------'AO---~~ 

DATA BUS 

(OUTPUT)~~~~~~~~~~~~~~:::::::_D_A_T_A_V_A_LI_D::::_-_--~4~~~~~~~~~~~~~~~ 

WRITE OPERATION 

I+-----'ww----~ 

-'OW---+ --- 'wO 

~-------------------

DATA BUS DATA \j-DATAVALlD~V DATA 
IINPUT) _____ M_AY_CH_A_N_G_E ___ ~I'. '-~~ _____ M_A_Y_C_H_A_NG_E _____ _ 

CLOCK INPUT 

9-405 

(SYSTEM'S 
ADDRESS BUS) 

(READ DDNTROL) 

(SYSTEM'S 
ADDRESS BUS) 

(WRITE CONTROL) 

AFN.oo742B 
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WAVEFORMS (Continued) 

SCAN 

ENCODED 
SCAN 

So 

S, 

S, 

S, 

8279/8279-5 

u u u 
DECODED 

SCAN 

S, 

S, 

So 

s, 

AO-AS 
ACTIVE HIGH 

80- 8 3 
ACTIVE HIGH 

RLo- RL7 

u 
u u 

u u 

NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 

52"53 ARE NOT SHOWN BUT THEY ARE SIMPLY 81 DIVIDED BY 2 AND 4 

9-406 

u u 
u 

u 
PRESCALER PROGRAMMED FOR IN~ 
TERNAL FREQUENCY = 100 kHz SO 
tCY = 10,us 

A(1) 

*BLANK CODE IS EITHER ALL 
O's OR ALL 1's OR 20 HEX 

8(1) 

-+~----490~s----~+-

L 

L 
L 

LJ 

BLANK 
CODE-

AFN-00742B 
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iAPX 43201/43202/43203 
VLSI MICROMAINFRAME™ SYSTEM 

• Multiprocessor Computer System 
provides a range of performance 

• Object Based Architecture Meets 
Operating System and High Level 
Language Needs 

• 240 Bytes of Virtual Address Space 

• Protected Addressing Increases reliability 
and fits High Level Language Needs 

CENTRAL SYSTEM 
(DATA PROCESSING) 

MEMORY 

PROCESSOR/MEMORY 

• Multiple I/O Subsystems provide 
I/O Extensibility 

• Silicon O.S. Provides: 

- Transparent Multiprocessor Support 

- Multitasking 

- DynamiC Storage 
Allocation/Deallocatlon 

- Interprocess Communication 

GENERAL DATA 
PROCESSOR 
43201/43202 

,-------, 
I I 

• •• I G~=~'::~~~t~A I 
I 43201/43202 I 
L __ --, , __ ...J 

I I 
.. J 1.., 

r------~ L... ___ , 

I I 
\ INTERCONNECT I 
1 I 

.--_____ -'L., r---------~ 

1 
PERIPHERAL SUBSYSTEMS 

(I/O PROCESSING) 

j 

INTERFACE 
PROCESSOR 

43203 

1.., r-' 
I I 

r--....J '---, 
I INTERFACE I 
I PROCESSOR I 
I 43203 I 

L __ , r--J 
I ) 

••• r-J L.., 
1..-__ -, r--...J 1... __ , 

PERIPHERAL 
,SUBSYSTEM 

I I 
I I 
I PERIPHERAL II I SUBSYSTEM 

I I 
I 

I 'I L ________ ...J 

Figure 1: General 432 System Organization 

The following are trademarks of Intel Corporation and its affiliates and may be used only to describe Intel products: Inlellee, MULTIBUS, and the combination of iSBC and a 
numerical suffix. Corporation assumes no responsibility for the use of any circuitry embodied in an Intel product. No other circuit .patent licenses are implied. 

© INTEL CORPORATION, 1981 10-1 172235-001, REV, A 
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APPLICATIONS 

The 432 is a VLSI computer system aimed at a 
distinctive class of applications. Products well
suited to the 432 exhibit some or all of the following 
attributes' (as seen by the OEM, not the end user): 

• a range of performance (potentially extending 
up to the level of a midrange mainframe) is 
required to span a family of related products or 
to provide headroom for future growth; 

• maximum dependability (data integrity and 
uptime) of both hardware and software is 
critical; 

• software dominates development cost and time 
to market; 

• concurrent execution of many independent and 
cooperative activities characterizes the run
time environment; 

• growth and evolution of services over time 
make software revision as important as initial 
development. 

Compared to "traditional" microcomputer applica
tions, these applications are larger (as measured by 
consumption of computer as well as staff and 
financial resources) and are far more complex. 
These factors place demanding requirements on 
the computer system selected to support the 
application. / 

The goal of the 432 is to significantly reduce the 
lifecycle costs of complex applications. Toward this 
end, the 432 introduces a new computer technology, 
an integrated system of hardware, software and 
methodology. 

SYSTEM ORGANIZATION 

All 432-based systems share the overall organization 
depicted in figure 1. The boundary between the 
central system and the peripheral su bsystems 
essentially divides responsibility for data processing 
from input/output processing. It also serves as a 
protective barrier: all information in central system 
memory is shielded (by 432 hardware) against 
unauthorized access; peripheral subsystems may 
or may not provide any sort of protection. Finally, 
processing required to satisfy a critical real-time 
constraint (usually related to an I/O device) is 
generally performed in a peripheral subsystem, 
close to the source of the constraint. 

Intel Corporation, 3585 SW 198th, Aloha, Oregon 97007 
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The central system is organized as a set of 432 
processors that share access to a common pool of 
memorY and to each other. General data processors 
(GDPs) perform computational work, while interface 
processors (IPs) provide pathways for input/output 
to and from the central memory. The number and 
type of processors configured in a given system is a 
function of performance requirements, and can be 
varied independently of software. All 432 processors 
have built-in facilities for communicating with each 
other, both aljtomatically and under software 
control. Additional communication facilities permit 
programs running on the same or different process
ors to exchange messages through memory. 

The central system supports up to 224 bytes (16 
megabytes) of real memory, and a virtual memory 
space of 240 (over a trillion) bytes; Enforced 
automatically by the processors, every data structure 
in the central memory is individually protected. It is 
important to note here that "data structure" means 
any organized collection of information, including 
such logical entities as operand stacks and sequences 
of code, as well as what are ordinarily considered 
data structures. 

A multiprocessor design like the 432 permits widely 
differing systems to be built from a small collection 
of parts. No bus design could possibly satisfy the 
cost, size, flexibility and performance requirements 
of all possible system configurations. Therefore, 
the 432 defines a standard processor/memory 
communications protocol rather than a standard 
bus. Designed to minimize bus occupancy and 
exploit available bus width, the protocol is based on 
avariable-Iength (1 to 16 byte) packet of information. 
Processors transmit request packets to memory, 

. and receive reply packets in response to read 
operations. The protocol defines interprocessor 
communicat,ion as well. Each application is free to 
design an interconnect structure that implements 
the protocol in conformance with local needs. 

Independent decentralized I/O, along the lines of 
the mainframe channel concept, is inherent in the 
432. Input/output operations - including all device 
control, interrupt handling and data buffering - are 
delegated to peripheral subsystems. These are 
autonomous satellite computers attached to the 
'central system by means of 432 interface processors. 
The number and configuration of peripheral 
subsystems is a function of application needs and 
can evolve over time. Any computer that can 
communicate over a standard 8- or 16-bit bus, such 
as Intel's Multibus design (IEEE standard 769), can 
serve as a peripheral subsystem. 



iAPX 43201 iAPX 43202 ~OO[g[bO~DOO~OOW 
VLSI GENERAL DATA PROCESSOR 

• Self-Dispatching Processors for • Capability-Based Addressing and 
Software-Transparent Multiprocessing Protection 

• Hardware Implemented Inter-Process 240 Bytes of Virtual Address Space 
Communication and Dynamic Storage • 
Allocation 

Object-Based Architecture for • 
• High-Level Language Directed Improved Programmer Productivity 

Instruction Set with 0-3 Operand 
Symmetrical Support of AIIS-, 16-, and References • 
32-Bit Scalar Data Types and Proposed 

• Functional Redundancy Checking IEEE Standard 32-, 64-, and SO-Bit 
Mode for Hardware Error Detection Floating Point 

The Intel iAPX 432 General Data Processor (GOP) consists of two VLSI devices, the 43201 and the 43202. 
These companion devices (shown in Figures 1 and 2) provide the general data processing facility of the 
iAPX 432 MicromainframeT" system. The combination of VLSI technology and advanced architecture in the 
iAPX 432 system results in mainframe functionality with a microcomputer form factor. The new object
based architecture significantly reduces the cost of large software systems and enhances their reliability 
and security. 

Software-transparent multiprocessing allows the user to configure systems matchedto the required per
formance and provides an easy growth path. Hardware support for operating systems and high-level 
languages eases their implementation. 

The GOP provides 240 bytes of virtual address space with capability-based addressing and protection. In 
addition, a hardware-implemented functional redundancy checking mode is provided for the detection of 
hardware errors. 

The iAPX 43201 and iAPX 43202 are fabricated with Intel's highly reliable +5-volt, depletion load, 
N-channel, silicon gate HMOS technology and each is packaged in a 64-pin Quad In-Line Package (QUIP). 
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Figure 1. 43201 Pin Assignment 171873-1 

Instruction Decoder/Microinstruction Sequencer 
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Figure 2. 43202 Pin Assignment 
Execution Unit 171873-2 
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iAPX 432 GOP FUNCTIONAL 
DESCRIPTION 

The general data processor is organized inter
nally as a three-stage microprogram-controlled 
pipeline. The first stage is the instruction decoder 
(10); the second stage is the microinstruction 
sequencer (MS); and the third stage is the execu
tion unit (EU). 

The first two stages of the pipeline are physically 
located on the 43201 (Figure 3). Each stage of the 
pipeline can be considered an independent sub
processor which operates until the pipeline is full 
and then halts and waits for more work to do. 

Instruction Decoder 

The first subprocessor of the pipeline is the 10, 
which performs the following functions: 

• Receives macroinstructions 

• Processes variable-length fields 

• Extracts logical addresses 

• Generates starting addresses for the micro
instruction procedures 

• Generates microinstructions for simple 
operations 

The general task facing the Instruction Decoder is 
to interpret the macro-instruction stream to deter
mine which micro-instruction sequence should be 
initiated next and to extract logical add res,s data. 
The major sub-tasks involved in accomplishing the 
larger goal are: 

• iAPX 432 instructions contain a variable number 
of bits, depending upon the complexity of the 
instruction. Instructions may range from a few 
bits long to several hundred bits long. Instruc
tions may extend over many words in memory. 
The Instruction Decoder requests words from 
memory as they are needed. 

• A GOP instruction is composed of a variable 
number of fields and each field may contain a 
variable number of bits. In most cases, the 

MASTER HERR! 

~--------'"----------------------------r:::::::~~~~~i~ii~~~~~~:::·----~-----------t------ ------• 
.: SEQUENCER 

r-::t 
~ BUFFER t AND 

HARDWARE 
, CHECKING 

'" 

,10 r=::-l LOGIC 

L::J 

<:======~=IS6 ISO 

Figure 3_43201 Block Diagram ,171873-3 
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encoding of a field specifies its iength. The 
Instruction Decoder interprets a field to find its 
length. 

• The Instruction Decoder determines when an 
instruction boundary has been reached so that 
it may properly begin decoding the next 
instruction. 

• In some cases, the interpretation of one field 
may depend upon the value of some previous 
field. In particular, the interpreiation of the 
opcode (the last field of an instruction) depends 
on the value of the class field of that instruction 
(the first field). The Instruction Decoder saves 
enough information about the instruction to 
properly interpret every field in the instruction. 

• A GDP instruction may contain an explicit 
reference to some location in memory. This 
logical address information must be transferred 
to the Reference Generation Unit so that the 
correct physical address of the operand may be 
generated. As with all fields of a GDP instruc
tion, the logical address fields are also variable 
length fields. The Instruction Decoder has pro
visions for formatting the logical address infor
mation and storing it until needed by the 
Reference Generation Unit. 

• The iAPX 432 instruction set contains several 
branch instructions. Since iAPX 432 instructions 
may start at any bit in the segment, the Instruc
tion Decoder is able to start decoding at any 
point in the segment. Since branches occur 
fairly often in a typical instruction stream, it is 
also desirable to minimize the start-up time of 
the GDP after a branch has occurred. 

• The Instruction Decoder provides a mechanism 
to recover from an instruction that faults. The 
information necessary for fault recovery will be 
retained by the Instruction Decoder until the 
instruction is successfully completed. 

Microinstruction Sequencer 

The second subprocessor il"l the pipeline is the 
Microinstruction Sequencer (MS) which performs 
the following functions: 

• Issues microinstructions to the Execution Unit 
(EU) (43202) 

• Executes microcode sequences out of an 
on-chip, 4.0K x 16-bit microcode ROM 

• Responds to the bus control Signals 

10-5 

• Invokes macroin~truction fetches 

• Initiates interprocessor communication and 
fault handling sequences 

The role of the Microinstruction Sequencer is to 
decide which microinstruction should be sent to 
the Execution Unit for each cycle. The Micro
instruction Sequencer must consider each of the 
following when generating microinstructions: 

• There are two sources of microinstructions. 
They may come from either the Instruction 
Decoder or from a ROM contained in the 
Microinstruction Sequencer (MS). The MS must 
choose the appropriate source. 

• The Microinstruction Sequencer must compute 
the address in ROM (if any) of the next 
microinstruction. 

The Execution Unit may require variable 
lengths of time to complete some microinstruc
tions. The Microinstruction Sequencer waits for 
the Execution Unit to finish the requested 
operation. 

Execution Unit 

The 43202 contains the third stage of the GDP 
pipeline-the Execution Unit (EU). (Refer to 
Figure 4.) This unit receives microinstructions 
from the 43201 and routes them to one of the two 
independent subprocessors that make up the EU. 
These two are the Data Manipulation Unit (DMU) 
and the Reference Generation Unit (RGU). 

The EU executes most microinstructions in one 
clock cycle. However, each of the subprocessors 
has an associated sequencer that may run for 
many cycles in response to certain microinstruc
tions. Those sequencers are invoked for com
plicated arithmetic operations (in the Data 
Manipulation Unit) and Processor Packet bus 
transactions(in the Reference Generation Unit). 

The Data Manipulation Unit contains the registers 
and arithmetic capabilities to perform the follow
ing functions: 

• Hardware recognition of nine (9) data types 

• Built-in state machine for 16- and 32-bit multiply, 
divide, and remainder 

• Control functions for 32-, 64-, and a~-bit floating 
point arithmetic 
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Figure 4. 43202 Block Diagram 171873-4 

The Reference Generation Unit performs the 
following functions: 

• Provides the translation of a 40-bit virtual 
address into a 24-bit physical address 

• Provides for a hardware-enforced domain 
protection system (read, write, alter, accessed) 

• Handles sequencing for 8-, 16-, 32-, 64-, and 
80-bit memory accesses 

• Controls on-chip top-of-stack register 

The Execution Unit manipulates data and 
translates the logical addresses into physical 
addresses. The efficient performance of these 
tasks req u ires: 

While most microinstructions require only a 
single cycle to complete, there are some that 
require multiple and even variable numbers of 
cycles. As a result there are two sequences in 
the Execution Unit. One sequence is associ
ated with the Data Manipulation Unit and is 
responsible for controlling multiple-cycle 

.arithmetic operations. The other sequencer 
works in conjunction with the Reference Gener
ation Unit and is responsible for running cycles 
on the Processor Packet bus. 
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• When a reference to a given memory segment 
has been translated from its logical representa
tion to a physical address, there is a cache in 
the Reference Generation Unit that maintains 
the physical base address as well as the length 
of the segment. Future references to the same 
segment can use this cached information as the 
basis for logical to physical address translation. 

• There is a hardware-implemented feature which 
uses least-recently-used algorithms for 
deciding which cached segment base-length 
pair to replace when a new segment is 
referenced. 

• The top 16-bit element of the operand stack can 
be stored in a register in the Data Manipulation 
Unit. 

• A circuit in the Reference Generation Unit 
checks every memory reference to see if it is 
within the length of its segment. Since the iAPX 
432 architecture controls the type of access 
(read, write) as well, whether or not the access 
is allowed at all, this hardware also verifies that 
the reference is of the proper type. 

The 43201 and 43202 components, described 
above, together form the GOP. Figure 5 is a block 
diagram that shows both units interfacing to the 
Packet bus as a Single processor. 
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iA PX 43201/43202 
PHYSICAL INTERCONNECT 

Figure 6 illustrates how the 43201 and 43202 are 
layed-out to form a GOP. 

432 INSTRUCTIONS 

Intel iAPX 432 instruction codes have been 
designed to minimize the space the instructions 
occupy in memory and still allow for efficient 
encoding. In order to achieve the ultimate in effi
ciency of storage, the instructions are encoded 
without regard for byte, word, or other artificial 
boundaries. The instructions may be viewed as a 
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linear sequence of bits in memory, with each 
instruction occupying exactly the number of bits 
required for its complete specification. 

iAPX 432 processors view these instructions as 
composed of fields of varying numbers of bits that 
are organized to present information to the 
Instruction Decoder in the sequence required for 
decoding. A unified form for all instructions allows 
instruction decoding of all instructions to proceed 
in the same fashion. 

In general, GOP instructions consist of four main 
fields. These fields are called the class field, the 
format field, the reference field, and the opcode 
field. The reference field, in turn, may contain 
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several other fields, depending upon the number 
and complexity of the operand references in the 
instruction. The fields of a GDP instruction are 
stored in memory in the following format. 

The class field is either 4- or 6-bits long, depen
ding on its encoding. The class field specifies the 
number of operands required by the instruction 
and the primitive types of the operands. The class 
field may indicate 0,1,2 or 3 references. 

If the class field indicates one or more references, 
a format field is required to specify whether the 
references are implicit or explicit and their uses. 

In the case of explicit references the format field 
can indicate whether or not the reference is direct 
or indirect. Further, the format field may indicate 
that a single operand plays more than one role in 
the execution of the instruction. As an example, 
consider an instruction to increment the value of 
an integer in memory. This instruction contains a 
class field, which specifies that the operator is of 
order two and that the two operands both occupy a 
word of storage, followed by a format field, whose 
value indicates that a single reference specifies a 
logical address to be used both for fetching the 
source operand and for storing the result, follow
ed by an explicit data reference to the integer to 
be incremented, and finally followed by an opcode 
field for the order-two operator INCREMENT 
INTEGER. It is possible for a format field to 
indicate that an instruction contains fewer explicit 
data references than are indicated by the instruc
tion's class field. In such a case the other required 
data references are implicit references, and the 
corresponding source or result operands are 
obtained from or returned to the top of the 
operand stack. The use of implicit references is 
illustrated in the following example, which con
siders the high-level language statement 

A=A+B*C 

The instruction stream fragment for this statement 
consists of two instructions and has the following 
form: 

\ I opcode I reference I format I class I 
+- Increasing address 

Assume t.hat A, B, and C are integer operands. 
The first class field (the rightmost field above) 
specifies that the operator requires three 
references and that all three references are to 
word operands. 

The first format field contains a code specifying 
two explicit data references. These references 
are to supply only the two source operands. The 
destination is referenced implicitly so that the 
result of the multiplication is to be pushed onto 
the operand stack. The second class field is iden
tical to the first and specifies three required 
references by the operator. In addition, all three 
references are to word operands. The second for
mat field specifies one explicit data reference to 
be used for both the first source operand and the 
destination. The second source operand is 
referenced implicitly and is to be popped from the 
operand stack when the instruction is executed. 

The reference fields themselves can be of various 
lengths and can appear in various numbers, con
sistent with their specification in the class and for
mat fields. If implicit references are specified, 
reference fields for them will not appear. Direct 
references will require more bits to specify than 
indirect references. 

Following the class, format, and reference fields, 
the opcode field appears. The opcode field 
specifies the operator to be applied to the 
operands specified in the preceding fields. 

Modes of Generation 

Figures 7 and 8 illustrate the two iAPX 432 system 
modes of generation: Selector Generation and 
Displacement Generation. 

The modes of Selector Generation are concerned 
with the object structure and how they are access
ed by the operands. The four modes of Selector 
Generation shown are: 

• Short Direct 

• Long Direct 

• Stack Indirect 

• General Indirect 

The modes of Displacement Generation specify 
the physical location and displacement of objects 
within a given segment or segment. The four 
modes of Displacement Generation are: 

• Scalar Data Reference Mode 

• Record Item Reference Mode 

• Static Vector Element Reference Mode 

• Dynamic Vector Element Reference Mode 
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SHORT DIRECT I S 

I ENTRY 
ACCESS S SEGMENTS 

14 2 

LONG DIRECT 

( ,,: I ENTRY 

f. 
ACCESS 

SEGMENTS 

J 

STACK INDIRECT 

~I TOP OF OPERAND I ENTRY STACK 
ACCESS 

b 
f4 

b 
SEGMENTS 

2 

DISPLACEMENT LENGTHl rOBJECTSELECTOR LENGTH 

GENERAL INDIRECT DATA SEGMENT 

I DISPLACEMENT ]OBJECT SELECTOR: X!XI ENTRY ENTRY 70R16BITS: 6DR16BITS 1 ! 
ACCESS ACCESS 

140'" 
SEGMENTS SEGMENTS 

70R 16 2 J 111 I , 
I 2 

j 
" 

Figure 7. Modes of Selector Generation 

10-9 



~ 

iAPX432 01/02 

DATA ITEM INDEX LENGTH 

xl 
, 

DISPLACEMENT (7 OR 16 BITS) 

~ 

DATA SEGMENT 

7 OR 16 

//////////////~ 

I 
SElECTOR 

(MAY BE DIRECT OR INDIRECT) 

A. SCALAR DATA REFERENCE MODE 

DISPLACEMENT LENGTH 

BASE DISPLACEMENT DATA ITEM OFFSET X (SPECIFIED (7 OR 16 BITS) INDIRECTLY) 

1 ..... 36 BITS 7 OR 16 BITS 
DATA SEGMENT 

TOPOF 
OPERAND STACK 

OR 
VARIABLE IN SAME 

DATA SEGMENT 
OR 

VARIABLE IN ANOTHER I RECORD 

i:'"'' 
DATA SEGMENT 

V // / / / / / / / / / / / / /, 

DISPLACEMENT TO BASE 
OF RECORD REFERENCED 

r 
SELECTOR 

B. RECORD ITEM REFERENCE MODE 

Figure 8. Modes of Displacement Generation 
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BASE LENGTH 

\ 

ELEMENT INDEX 
I 

(SPECIFIED I BASE DISPLACEMENT X INDIRECTLY I 
I 

\ 

1--->36 BITS o OR 16 BITS 

DATA SEGMENT 

TOPQF 
OPERAND STACK 

OR 
VARIABLE IN SAME 

DATA SEGMENT 
OR 

VARIABLE IN ANOTHER 

(/////////////\ 1 
DATA SEGMENT 

1\ 

SCALlNGB:@- ELEMENT 
DATA TYPE DISPLACEMENT I 

SElECTOR 

C. STATIC VECTOR ELEMENT REFERENCE MODE 

ELEMENT INDEX 
(SPECIFIED 

INDIRECTlY) 

VECTOR 
REFERENCED 

ELEMENT OF 
VECTOR 

REFERENCED 

BASE DISPLACEMENT I 
(SPECIFIED 

INDIRECTLY) 

y~~----~------~~------~----~~, 

{'-36 BITS 1--36 BITS 

TOPOF 
OPERAND STACK 

OR 
VARIABLE IN SAME 

DATA SEGMENT 
OR 

VARIABLE IN ANOTHER 
DATA SEGMENT 

TOP OF 
OPERAND STACK 

OR 
VARIABLE IN SAME 

DATA SEGMENT 
OR 

DATA SEGMENT 

VARIABLE IN ANOTHER 1 
,.'''~~ V// / // /// // / /// /. ",I!m~," 
SCALINGBY~ \ 
DATA TYPE 

I 
SELECTOR 

I\ELEMENT OF 
VECTOR 

REFERENCED 

D. DYNAMIC VECTOR ELEMENT REFERENCE MODE 

Figure 8. Modes of Displacement Generation (Conl'd.) 
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HARDWARE ERROR DETECTION FOR 
iAPX 432 PROCESSORS 

iAPX 432 processors include a facility to support 
the hardware detection of errors by functional 
redundancy checking (FRC). At initialization time, 
each iAPX 432 processor is configured to operate 
as either a master or a checker processor. A 
master operates in the normal manner. A checker 
places all output pins that are being checked in 
the high-impedance state. Thus, those pins which 
are to be checked on a master and checker are 
parallel-connected, pin for pin, so the checker can 
compare its master's output values with its own. 
Any comparison error causes the checker to 
assert HERRI (refer to Figure 9). 

MASTER 

-- INPUTS OUTPUTS f-- .......... 

- CHECKED 
I-INPUTS OUTPUTS 

-- HERRI 
CHECKER 

Figure 9. Hardware Error Detection 171873-12 

iAPX432 INFORMATION STRUCTURE 

The following section presents the information 
structure for an iAPX 432 system and includes a 
discussion of memory system requirements, 
physical addressing,. data formats, and data 
representation. Any 432 processor in the system 
can access all the contents of physical memory. 
This section describes how information is 
represented and accessed. 

Memory 

The iAPX 432 implements a two-level memory 
structure. The software system exists in a 
segmented environment in which a logical 
address specifies the location of a data item. The 
processor automatically translates this logical 
address into a physical address for accessing the 
value in physical memory. 

Physical Addressing 

Logical addresses are translated by the processor 
into physical addresses. Physical addresses are 
transmitted to memory by a processor to select' 
the beginning byte of a memory value to be 
referenced. A physical address is 24 binary bits in 
length. This results in a maximum physical 
memory of 16 megabytes. 

Data Formats 

When a processor executes the instructions of an. 
operation within a context, operands found in the 
logical address space of the context may be 
manipulated. An individual operand may occupy 
one, two, four, eight, or ten bytes of memory 
(byte, double byte, word, double word, or 
extended word, respectively). All operands are 
referenced by a logical address as described 
above. The displacement i.n such an address is the 
displacement in bytes from the base address of 
the data segment to the first byte of the operand. 
For operands consisting of multiple bytes, the 
address locates the low-order byte while the 
higher-order bytes are found at the next higher 
consecutive addresses. 

Da~a Representation 

An iAPX 432 convention has been adopted for 
representing data operands stored in memory. 
The"bits in a field are numbered by increasing 
numeric significance, with the least-significant bit 
shown on the right. Increasing byte addresses are 
shown from right to left. Examples of the five basic 
data lengths used in the iAPX 432 system are 
shown in Figure 10. 

Data Positioning 

The data operand types shown in Figure 10 may be 
aligned on an arbitrary byte boundary within a data 
segment. Note that more efficient system opera
tion may be obtained when multi-pyte data struc
tures are aligned on double-byte boundaries (if 
the memory system is organized in units of double 
bytes). . 

Requirements of an iAPX 432 
Memory System 

The multiprocessor architecture of the iAPX 432 
places certain requirements on the operation of 
the memory system to ensure the integrity of data 

10-12 
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BIT 7 0 

BYTE D 
ADDRESS N 

BIT 15 87 

DOUBLE BYTE . I 
ADDRESS N+1 N 

BIT 31 2423 1615 87 

WORD I I I I 
ADDRESS N+3 N+2 N+1 N 

BIT 63 56 . 

ADDRESSY 

)31 
2423 1615 87 

DOUBLE WORD I I 
N+3 N+2 N+1 N 

BIT 79 72 
)47 

4039 3231 2423 1615 87 

EXTENDED WORD 

ADDRESSY N+5 N+4 N+3 N+2 N+1 N 

Figure 10. Basic iAPX 432 Data Lengths 171873-13 

items that can potentially be accessed simul
taneously. Indivisible read-modify-write (RMW) 
operations to both double-byte and word 
operands in memory are necessary for manip
ulating system objects. When an RMW-read is pro
cessed for a"location in memory, any other RMW
reads from that location must be held off by the 
memory system until an RMW-Write to that loca
tion is received (or until an RMW timeout occurs). 
Note that while the memory system is awaiting the 
RMW-write, any other types of reads and writes 
are allowed. Also, for ordinary reads and writes of 
double-byte or longer operands, the memory 
system must ensure the entire operand has been 
either read or written before beginning to process 
another access to the same 'location; e.g., if two 
siml,lltaneous writes to' the same location occur, 
the memory system must ensure that the set of 
locations used to store the operand does not get 
changed to some interleaved combination. of the 
two written values. 

PROCESSOR PACKET BUS DEFINITION 

This section describes· -and defines the 'signif~ 
ican:ce of the 19 Signal lines that make up the Pro
cessor Packet bus, and the general scheme 'by 
which timing relationships on these lines are 
derived. Although this section defines all legal 
bus activities, the processors do not necessarily 
perform all allowed activities. 'Slaves to' the Pro-

cess or Packet bus must support all state transi
tions to ensure compatibility (refer to Figure 11 for 
Packet bus states). 

The Processor Packet bus consists of 3 control 
lines: 

• Processor Packet bus Request (PRO), 

• Enable Buffers for Output (BOUT), 

• Interconnect Status (lCS). 

This bus also includes sixteen 3-state Address
Control-Data lines (ACD15 through ACDO). PRO 
has two functions whose use depends upon the 
application; i.e., PRO either indicates the first 
cycle of a transaction on the Processor Packet bus 
or the cancellation of a transaction initiated in the 
previous cycle. Of the three control lines, BOUT 
has the simplest function, serving as a direction' 
control for buffers in large systems requiring more; 
electrical drive. than. the. processor components 
can provide. The ICS signal has significance per
taining to one of three different system conditions 
and depends on the state of the Processor Packet 
bus transaction. The processor interprets the ICS 
input as an.indication of one of the following: 

• Whether or not an interprocessor communica
tion (lPC) is waiting, 

• Whether or not the slave requires more time to 
service the processor's request, 

• Whether or not a bus ERROR has occurred. 

10-13 
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Initial State Next State Trigger 

Ti TI Bus cycle desired 
TI No bus cycle desired 

.. 

TI T2 Unconditional 

T2 T3 ICS high 
Tw ICSlow 
TI Cancelled, Access Pending 
Ti Cancelled, No Access Pending 

T3 T3 Additional transfer required, ICS high 
Tw Additional transfer required, ICS low 
Tv All transfers completed, no overlapped access 
Tvo Current write with overlapped access 

Tv Ti No access pending 
TI Access pending 

Tvo T2 Unconditional 

Tw Tw ICSlow 
T3 ICS high 

Figure 11. Processor Packet Bus State Diagram 171873-14 
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The Address/.ControllData lines emit output 
specification information to indicate the type of 
cycle being initiated, e.g., addresses, data to be 
written, or control information. They also receive 
data returned to the processor during reads. 
Details of the ACD line operation and the 
associated control lines are summarized below. 

ACD15-ACDO (Address/ControllData) 

During the first cycle, (T1 or Tvo) of a Processor 
Packet bus transaction (indicated by the rising 
edge of PRO), the high-order 8 ACD bits 
(ACD15 ... ACD8) specify the type of the current 
transaction. In this first cycle, the low-order ACD 
bits (ACD? .. ACDO) contain the least significant 
eight bits of the 24-bit physical address. 

During the subsequent cycle (T2), the remainder 
of the address is present on the ACD pins (aligned 
such that the most significant byte of the address 
is on ACD15 through ACD8, the mid-significant 
byte on ACD? through ACDO). If PRO is asserted 
during T2, the access is cancelled and the ACD 
lines are not defined. 

During the third cycle (T3 or Tw) of a Processor 
Packet bus transaction the processor presents a 
high impedance to the ACD lines for read 
transactions and asserts write data for write 
transactions. 

Onc.e the bus has entered T3 or Tv, the sequence 
of state transactions depends on the type of 
cycle requested during the preceding T1 or Tvo. 
Accesses ranging in length from 1 to 32 bytes may 
be requested (see 'Table 1). If a transfer of more 
than one double-byte has been requested, it is 
necessary to enter T3 for every double·byte that is 
transferred. The processor may simply enter T3 or 
it may first enter Tw for any number of cycles (as 
dictated by ICS). 

After all data is transferred, the processor enters 
either Tv or Tvo. Tvo can be entered only when the 
internal state of execution is such that the pro
cessor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, 
the ACD lines contain address and speCification 
information aligned in the same fashion as in T1. If 
the processor does not require an overlapped 
access, the bus state moves to Tv (the ACD lines 
will be high impedance). After Tv, a new bus cycle 
can be started with T1, or the processor may enter 
the idle state(Ti). 

ICS (Interconnect Status) 

ICS has three possible interpretations depending 
on the state of the bus transaction (see Table 2). 
Notice that under most conditions ICS has IPC 
significance for more than one cycle. It is impor
tant to note thata valid low during any cycle with 
IPC significance will signal the processor that an 

Table 1. ACD Specification Encoding 

ACD ACO ACO ACO ACO ACO ACO ACD 
15 14 13 12 11 10 9 8 

Access Op RMW Length Modifiers 

0- 0- 0- 000 -1 Byte ACD 15 = 0: 
Memory Read Nominal 001 - 2 Bytes OO-Inst Seg 

010-4 Bytes Access 
011 - 6 Bytes 01-Stack Seg 
100 - 8 Bytes Access 

1 - 1 - 1 - 101 -10 Bytes 1 O-Context Ctl 
Other Write RMW 110-16 Bytes· .. Seg Access 

111-32 Bytes· 11-0ther 

ACD 15 = 1: 
• Not implemented OO-Reserved 

01-Reserved 
10-Reserved 
11-lnterconn 

Register 

10-15 
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IPC or reconfiguration request has been received. 
An iAPX 432 processor is required to record and 
service only one IPCor reconfiguration request at 
a time. Logic in the interconnect system must 
record and sequence multiple (possibly simul
taneous) IPC occurrences and reconfiguration 
requests to the processor. Thus the logic that 
forms ICS must accomodate global and local IPC 
arrivals and requests for reconfiguration as 
individual events: 

• Assert IPC significance on ICS for the arrival of 
an IPC or reconfiguration request. 

• When the iAPX 432 processor reads inter
connect address register 2, it will respond to 
one of the status bits for the IPC or reconfigura
tion request signalled on ICS in the following 
order: 

Bit 2 (1=reconfigure, 0=00 not reconfigure) 

Bit 1 (1=globaIIPC arrived, O=no globallPC) 

Bit 0 (1 =LocalIPC arrived, O=no 10ca11PC) 

• The logic in the interconnect system must clear 
the highest order status bit that was serviced by 
the iAPX 432 processor, and if additional IPC 
information has arrived, the interconnect 
system logic must signal an additional IPC 
indication to the iAPX 432 processor. The inter
connect system must signal the second IPC by 
raising ICS high for at least one cycle and then 
setting ICS low for at least one cycle during IPC 
significance time. 

Table 2. ICS Interpretation 

Level 
State High Low 

IPC None Waiting Ti, T1, T2' 
Stretch Don't Stretch T3, Tw 
Err Bus Error No Error Tv, Tvo 

, ICS has no significance in a cycle following a T2 
where PRQ is asserted (cancelled access) or in any 
cycle during which CLRI is asserted. 

PRQ (Processor Packet Bus Request) 

PRQ is normally low and can go high only during 
T1, T2 and Tvo. High levels during Tvo and T1 
indicate the first cycle of an access. A high level 
during T2 indicate that the current cycle is to be 
cancelled. (See Table 3.) 

Table 3. PRO Interpretation 

State PRO Condition 

Ti 0 Always 
T1 1 Initiate access 
T2 0 Continue access 

1 Cancel access 
T3 0 Always 
Tw 0 Always 
Tv 0 Always 
Tvo 1 Initiate overlapped access 

BOUT (Enable Buffers for Output) 

BOUT is provided to control external buffers when 
they are present. Table 4 and Figures 12 through 
16 show its state under various conditions. 

PROCESSOR PACKET BUS TIMING 
RELATIONSHIPS 

All timing relationships on the Processor Packet 
bus are derived from a simple scheme and related 
to Table 5. Each timing diagram shown in the 
following pages (Figures 12 through 17) provides a 
separate table illustrating the various system 
states during the cycle. This approach to transfer 
timing was designed to allow maximum time for 
the transfer to occur and yet guarantee hold time. 
The solid lines in Figure 18 show the state transi
tions initiated by the GOP. 

Any agent connected to the Processor Packet bus 
is recognized as either a processor or a slave. 
Examples of processors are the GOP and the IP. A 
memory system provides an example of a slave. 

10-16 

In all tranfers between a processor and a slave, 
the data to be driven are clocked three-quarters of 
a cycle before they are to be sampled. This allows 
adequate time for the transfer and ensures suffi" 
cient hold time after sampling. The BOUT timing is 
unique because BOUT is intended as a direction 
control for external buffers. 

Detailed set-up and hold times depend on the pro
cessor implementation and can be found in the AC 
characteristics section. 
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Table 4. BOUT Interpretation 

Low-to-High High-to-Low High-to-Low 
Transition Transition Transition 

BOUT Always High or Low or Low or High 

Write T1, T2, T3, Tw, Tvo Ti None Tv 

Read T1,T2 Ti,Tv T3,Tw None 

NOMINAL WRITE CYCLE 

I" "I 5 ClKA CYCLES 

CLKA 

ACD15 .ACDo n ..... _____ ...... < ADOA/SPEC}< ADDR >< WRlTEDATA } ........ ------ .......... - .. --- ... --{ ADDR/SPEC}{ AD DR }-----

PRO I \ I \ 

ICS IPC X IPC X IPC Y STRETCH '< ERR X IPC X IPC X IPC x= 
BOUT~ \ I 

ACD15 AC08 ACD7 ACeO State 

Hi-z Hi-z Ti 
Spec Lo-edr T1 
HI-adr Mid-adr T2 
Hi-data1' lo-datal T3 
Hi-z Hi-z T, 
Hi-z Hi-z Ti 
Spec Lo-adr T1 
HI-adr Mid-adr T2 

'Undeflned If single byte write 

Figure 12. Nominal Write Cycle Timing 171873-15 

Table 5. iAPX 432 Component Signaling Scheme 

Processor Slave 

Inputs ACD: ~ClKA All: tClKB 
Sampled Others: tClKA 

Outputs All (except BOUT): ~ClKA ACD: ~ClKB 

Driven Others: !ClKB 
BOUT: tClKA 
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I- MINIMUM WRITE CYCLE -I 3 CLKA CYCLES 

Tv 1 T, T2 T3 I Tva T2 T3 

CLKA 

ACD1S ... ACDo -----------

PRO I \ I \ 

ICS IPC X IPC X IPC Y STRETCH '{ ERR X IPC X STRETCH L 

BOUT ---.I 
ACD1S ACDS ACD7 Aeoo Stat(l 

Hi-z HI-z Tv" 
Spec Lo-adr T1 
Hi-adr Mld-adr T2 
Hi-dalal' La-datal T3 
Spec Lo-adr T" 
Hi-adr Mid-adr T2 
Hi-datal Lo..(latal T3 

'Undefmed If sHlgle byte wnte 
"(Precededbyreadcycle) 

Figure 13. Minimum Write Cycle Timing 171873-16 

CLKA 

ACD15 ... ACDo ... -----------< AD DR/SPEC X .. __ A_D_D_R_...JX WRITE DATA X .. ____ W_R_'T_E_D_A_T"'1A~--..J}----------------

PRO 

ICS IPC 

BOUT -.I \'---
AC015 ACDS ACD7 ACOO State 

Hi-z Hi-z Ti 
Spec Lo-adr T1 
Hi-adr Mid-adr T2 
HI-datal La-datal T3 
HI-data2 Lo-da!a2 Tw 
HI-data2 La-data2 T3 
HI-z Hi-z T, 
HI-z Hi-z T, 

Figure 14. Stretched Write Cycle Timing 171873-17 
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I- MINIMUM READ CYCLE -I 5 CLKA CYCLES 

Tv T, T, T3 Tv T, T, 

CLKA 

ACDt5···ACDO ------_ ....... READ DATA }----------------{ AD DR/SPEC >C 

PRO 

les IPC 

BOUT .---I \~----....I/ 
ACD15 ACD8 ACD7 ACDO State 

HI-z HI-z Tv" 

Spec Lo-adr T1 
HI-adr Mld-adr T2 
HI-data" Lo-dala1 T3 
HI-z Hi-z T, 

HI-z Hi-z TI 

Spec Lo-adr T1 

'Urldeflned If single byte read 
"(Preceded by a read): AD TIMING 

Figure 15. Minimum Read Cycle (Not Buffered) 171873-18 

I- MINIMUM READ CYCLE (BUFFERED SYSTEM) -I 6 CLKA CYCLES 

CLKA 

ACO,s .. ACDo ------------{' ADDRISPEC X ... __ A_D_D_R_..J}-------_ ... --------{ READ DATA }----------------< ADDR 

PRO / __ ---J \~------------------------';--
ICS X __ '_PC_-JX"' __ '_PC_-JX ... __ '_Pc ____ A STRETCH / STRETCH ,< ... __ E_R_R_-,X ... __ 'P_C __ C 

BOUT --1 \~ ____________ --JI 
ACD1S ACD8 ACD7 ACDO Slate 

HI'z HI-z Tv" 

Spec Lo-adr T1 

Hi-adr Mld-adr T2 
Hi-z Hi-z Tw 

Hi-datal" lo-datal T3 
Hi:z T, 

HI-z HI-z T, 

'Undeflned If smgle byte read 
"(Precededbyaread) 

Figure 16. Minimum Read Cycle (Buffered System) 171873-19 
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I-
T, I 

ClKA 

ACD1S .. 
ACDo _ .. ___ _ 

PRQ -.-I 

ICS 

2 CLKA CYCLES -I 
T, T2 

8 
CANCEL 

IPC 

AC015 ACD8 ACD7 ACOD Slate 

Hi"z Hi-z TI 
Spec Lo-adr T1 
Undefined Undefined T2" 
Spec Lo-adr Tl'" 

HI-adr Mld-adr T2 
Hi-data' lo-data T3 
HI·z Hi-z T, 

HI-z HI-z r; 

'Undellnedlfslnglebytewnte 
"AccessCar'lcelled 

"'NewAccess Started (Slave must 
supportthlssubsequentaccass 
even though all processors niay nol 
Implement I!.) 

I 

iAPX 432 01/02 

T, T2 T3 TV T, 

\~---------------------------
NO 

SIGNIFICANCE 

IGNORE 
COMPLETELY 

IPC 

Figure 17. Minimum Faulted Access Cycle 171873-20 
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'Note that the broken transitions in the 
GOP state diagram are not gener
ated by the GOP component pair. 

Figure 18. GOP State Diagram 171873-21 

43201 PIN DESCRIPTION 

Processor Packet Bus Group 

ACD1S-ACDo (Address/Controll 
Data lines, Inputs, high asserted) 

The Processor Packet bus Address/GontrollData 
lines are the basic communication path between 
the GOP and its environment. These lines are 
always inputs to the 43201 and are driven by either 
the 43202 or the external environment. Note that 
the 43201 must receive the specification byte from 
the 43202 during T1 of a bus transaction (Figure 
11). As a result, the AGO receivers must be 
capable of slave timing as well as processor tim
ing. (See Processor Packet bus timing relation
ships for definition of processor and slave timing). 

PRQ (Processor Packet bus 
Request,lnput, high asserted) 

The PRO input is used to initiate a transaction 
between the GOP and the bus interface. PRO is 
normally held low by the 43202 whenever there is 
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no transaction. PRO is asserted high during the 
first cycle of a bus transaction and returns low dur
ing the second cycle if the transaction is to be 
completed. The GDP may cancel a bus transaction 
by asserting PRO high (instead of returning it low) 
during the second cycle of the transaction. The 
GOP will cancel a transaction if a bounds or 
access rights violation for the transaction has 
been detected. PRO is sampled on the rising edge 
of GLKA. 

ICS (Interconnect Status, 
Input, high asserted) 

The IGS input is continually monitored by the 43201 
to determine the state of bus transactions. The 
interpretation of ICS depends on the present cycle 
of a bus transaction and will indicate one of the 
following states: 

1. Interprocessor communication (IPC) message 
waiting. 

2. Input data invalid, a stretched access. 

3. Output data not taken, a stretched access. 

4. Bus error in external environment. 
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Intra-GOP Bus Group 

UI1S .•. UIO (Microinstruction 
Bus lines, Outputs, high asserted) 

These lines are used to transmit microinstructions 
from the 43201 to the 43202. These pins are high 
impedance in the checker state (Refer to Hard
ware Error Detection Group). They are monitored 
by the hardware error checking logic. 

IS6 .. .IS0 (Interchip Status lines 
Inputs, high asserted) , 

The 43201 receives information pertaining to inter
chip microprogtam status from the 43202 over 
these lines. 

System Group 

FATAl/ (Fatal, Output, low asserted) 

FATAL! is aSSlerted by the 43201 under microcode 
control and is used by the GDP microcode to 
indicate to the system that the GDP cannot con
tinue due to grossly incorrect information struc
tures in memory. FATAL! is synchronously 
asserte,d low and remains low until the processor 
is initialized. FATAL! is not affected by the hard
ware checking logic. 

AlARM/ (Alarm signa.l, 
Input, low asserted) 

The ALARM I input signals the occurrence of an 
unusual system-wide condition (such as power 
fail). The 43201 does not respond to ALARMI until 
it has completed execution of the current 432 
instruction, i.e., if any instruction is currently 
under execution. ALARMI is active low and is 
sampled on the rising edge of CLKA. 

INIT / (Initialization, Input, low asserted) 

The INIT I pin is used to establish initialization. 
INIT I .must be asserted low for at least 10 CLKA 
cycles before the initial state is reached to allow 
time for the 43201 to begin execution of a micro
code sequence that Initializes all of the 43201 and 
43202 internal registers. Once this initialization 
sequence has been completed, normal operation 
begins. ' . 

ClR/ (Clear, Input, low asserted) 

As~ertion of CLRI results in a microprogram trap 
which causes the GDP to immediately terminate 
any bus transactions or internal operations which 
may be in progress at the time, reset to a known 
state, assert FATAL!, and await an IPC (which 
resets the GDP to the same state as INIT I asser
tion does). The IPC will not be serviced for at least 
five clock cycles following CLRI assertion, 

If CLRI is continuously asserted low for more than 
one clock cycle, it is ignored during alternate 
clock cycles (beginning with the second clock 
cycle) of continuous CLR/low assertion. 

Hardware Error Detection Group 

MASTER (Master, Input, high asserted) 

The MASTER pin is used to place the processor in 
either master or checker mode. MASTER is sam
pled during initialization (INIT I asserted). If 
MASTER is asserted throughout initialization, the 
43201 functions normally and drives the micro
instruction b.us .. If MASTER is low throughout 
initialization, microinstruction bus signals 
U115-u10 go to their high-impedance state. A 43201 
checker does not drive the microinstruction bus; 
rather, it monitors the bus and compares the data 
on the bus to its internally generated result, 
signalling disagreement on its HERRI line. This 
hardware error detection capability on the 43201 is 
provided mainly for test purposes. MASTER 
should be tied toVee/or normal operation and tied 
low to enable hardware error detection and 
disable the bus (UI15-ulb) outputs. '. 

HERR/ (Hardware Error, 
Output, low asserted) 

HERRI is a signal produced by the 43201 to 
indiCate disagreement between the data 
appearing on the micro-instruction bus (UI15-uIO) 
~nd the internally generated result of the 43201. 
HE;.RRI is asserted low when disagreement occurs 
and is valid during CLKA. HERRI can drive one 
low power Schottky load. 
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Clock Group 

CLKA, ClKB (Clock A, Clock B, Inputs) 

Clock A (CLKA) provides the basiC timing 
reference foi" the 43201. CLKS overlaps CLKA by 
nominally 1/4 cycle (90 degrees phase shift). All 



iAPX 43201/02 

external signals are referenced to CLKA. Refer to 
the AC Electrical Characteristics for exact state
ment of timing relationships. 

Testing Input 

RDROMI (Read ROM, 
Input, low asserted) 

The RDROM / input line is used to force a sequen
tial read of Read-Only-Memory. If RDROM/ is low 
when INIT / goes high, the 43201 goes into a 
special diagnostic mode. In this mode, with 
RDROM / held. low, the 43201 microinstruction 
sequencer steps through the 43201 microprogram 
ROM, sequentially displaying (but not executing) 
the 43201 microprogram on the U115-u10 lines. The 
RDROM/ feature is useful for testing. RDROM/ 
should be tied to Vee for normal operation and tied 
low for testing. 

Power and Ground Connections 

Vee (4 pins) 

These pins supply + 5 V±10 % referenced to GND 
pins. 

GND (5 pins) 

These pins supply ground reference for the 43201. 

VBB (Internally Generated) 

This pin is connected to the substrate bias voltage 
of the 43201. An external low leakage 1 microfarad 
capacitor rated at 5 volts or greater should be used 
to bypass VBB. VBB is a negative voltage. 

N.C. (No Connection, 4 pins) 

43202 PIN DESCRIPTION 

Processor Packet Bus Group 

ACD1S-ACDo (Address/Controll 
Data lines, Inputs or Three-state Outputs, 
high asserted) 
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The Processor Packet bus Address/Control/Data 
lines are the basic communication path between 
the GDP and its environment. These pins are used 
three ways: 

• They may indicate control information for bus 
transactions, 

• They may issue physical addresses generated 
by the GDP for an access, or 

• They may transfer data (either direction). 

When the 43202 is in checker mode, the ACD pins 
are monitored by the hardware error checking 
logic and are in the high impedance mode. 

PRQ (Processor Packet bus Request, 
Three-state Output, high asserted) 

PRO is used to indicate the presence of a transac
tion between the GDP and its external environ
ment. Normally low, the PRO pin is brought high 
during the same cycle as the first double-byte of 
address information is being driven onto the ACD 
pins. PRO remains high for only one cycle during 
the access, unless an address development fault 
occurs. The 43202 will leave PRO high for a second 
cycle to indicate the GDP has detected an 
addressing or segment rights fault in completing 
address generation. PRO is checked by the hard
ware error logic. PRO is in a high impedance state 
when the 43202 is in checker mode (see MASTER 
description). 

ICS (Interconnect Status, 
Input, high asserted) 

ICS is an indication to the 43202 from the bus 
interface circuitry concerning the status of a bus 
transaction. The interpretation of the ICS state is 
dependent upon the present cycle of a bus trans
action and may indicate: 

• Interprocessor communication (lPC) message 
waiting, 

• Input data invalid, 

• Output data not taken, 

• Bus error in external environment. 
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BOUT (Enable Buffers for Output, 
Output, high asserted) 

BOUT is used to control external bus transceivers 
to buffer the 43201, 43202 from the Processor 
Packet bus load. Though not required, the use of 
buffers may be desired in systems with heavy 
loading. BOUT is asserted when information is t6 
leave the 43202 on the ACO lines. BOUT is not 
checked by the hardware error detection logic. 

Intra-GOP Bus Group 

UI1S-UIO (Microinstruction Bus 
lines, Inputs, high asserted) 

The UI1S-uIO input lines provide the 43202 with 
microinstruction information sent from the 43201. 

IS6-ISO (lnterchip Status lines, 
Outputs, high asserted) 

The IS6-ISO lines drive interchip microprogram 
status information from the 43202 to the 43201. 
IS6-ISO are not checked by the hardware error 
detection logic. 

System Group 

PClKI (Processor Clock, 
Input, low asserted) 

PCLKI is asserted to change the state of two pro
cessor timers. The affected timers are called the 
system timer and the service timer. Assertion of 
PCLKI for one cycle causes the system timer to 
increment and the service timer to decrement. 
Assertion of PCLKI for more than one cycle 
causes the system timer to be cleared and 
decrements the service timer. For proper opera
tion PCLKI must be unasserted for at least four 
clock cycles before being asserted. PCLKI is syn
chronous with respect to CLKA, but is generally 
unrelated to other interface timings. 

ClRI (Clear, Input, low asserted) 

Assertion of CLRI results in a microprogram trap 
which causes the GOP to immediately terminate 
any bus transactions or internal operations which 
may be in progress at the time, reset to a known 

state, assert FATAU, and await an IPC (which 
resets the GOP to the same state as INIT I asser
tion does). The IPC will not be serviced for at least 
five clock cycles following CLRI assertion. 

If CLRI is continuously asserted low for more than 
one clock cycle, it is ignored during alternate 
clock cycles (beginning with the second clock 
cycle) of continuous CLR/low assertion. 

Hardware Error Detection Group 

MASTER (Master, Input, high asserted; 
25k nominal pullup on-chip) 

The MASTER input determines whether the 43202 
is to function as a master or a checker. In master 
mode, the 43202 functions normally and drives all 
of its outputs. In checker mode, ACD1S-ACDo and 
PRO enter the high impedance state and BOUT is 
unconditionally low. A 43202, whether master or 
checker, monitors the AC01S-ACDo and PRO 
lines and compares the data on them to its inter
nally generated result, signalling disagreement on 
its HERRI line. For normal operation, MASTER 
may be either left alone or tied high. MASTER 
must be tied low to disable the AC01S-ACDo and 
PRO outputs. 

HERRI (Hardware Error, Open Drain 
Output, low asserted) 

HERR/is asserted low by the 43202 to indicate 
disagreement between the data appearing on the 
AC01S-ACDo and PRO pins and the. internally 
generated result of the 43202. HERRI is valid dur
ing CLKA and can normally be asserted by a 43202 
every clock cycle. HERRI is prevented from being 
asserted low during any clock cycle following a 
clock cycle in which a CLRI low assertion is 
recognized by the 43202. HERRI requires an exter
nal2.2k ohm nominal pullup resistor. 

Clock Group 

ClKA, ClKB (Clock A, Clock B, Inputs) 
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Clock A (CLKA) provides the basic timing 
reference for the 43202. Clock B (CLKB) overlaps 
CLKA by nominally 1/4 cycle (90 degrees phase 
shift). Refer to the acelectrical characteristics for 
exact statement of timing relationships. All exter
nal signals are referenced to CLKA. 
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Power and Ground Connections 

Vee (Power Supply, 4 pins) 

These pins supply + 5 V ±10%, referenced to GND 
pins. 

GND (Ground, 5 pins) 

These pins supply ground reference for the 43202. 

N.C. (No Connection, 7 pins) 

INSTRUCTION SET SUMMARY 

Refer to Table 14 for the iAPX 432 General Data 
Processor operator set summary. 

43201/43202 ELECTRICAL 
SPECIFICATIONS 

Tables 6 through 13 and Figures 19 through 27 pro
vide appropriate timing diagrams and tables to 
represent the complete electrical specifications 
for both the 43201 and 43202 components. 

Table 6. iAPX 43201 Electrical Specification 

Absolute Maximum Ratings 

Ambient TemperatureUnder Bias O· C to 70· C 
Storage Temperature -65· C to + 150· C 
Voltage on Any Pin with respect to GND* -1Vto +7V 
Power Dissipation 2.5 Watts 

*43201 VBB Pin with respect to GND -5Vto OV 

Table 7. iAPX 43201 Electrical Specification 

DC Characteristics 

VSS = 0 Volts, VCC = 5 Volts ± 10% Ta = O· C to 70· C 

Symbol Description Min Max Units 

Viii Input Low Voltage IS6 ... ISO -0.3 +0.7 V 

Vihi Input High Voltage IS6 ... ISO 3.0 VCC+0.5 V 

Vilc Clock Input Low Voltage -0.3 +0.5 V 

Vihc* Clock Input High Voltage 3.5 VCC+0.5 V 

Vii Input Low Voltage -0.3 0.8 V 

Vih Input High Voltage 2 VCC+0.5 V 

Vol Output Low Voltage 0 0.35 V 
(Microinstruction Lines) 
(101 = -0.1 rnA) 

Voh Output High Voltage 3.25 VCC V 
(Microinstruction Lines) 
(Ioh = 0.1 rnA) 

Vol Output Low Voltage - 0.45 V 
(101 = 2.0 rnA) 

Voh Output High Voltage 2.4 VCC V 
(loh = -400 uA) 

Icc Power Supply Current - 400 rnA 
(Sum of all VCC Pins) 

Iii Input Leakage Current - ±10 uA 
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Table 7. iAPX 43201,Electrical Specification (Cont'd.) 

DC Characteristics 

VSS = 0 Volts, vee = 5 Volts ± 10% Ta = 0° e to 70° C 

Symbol Description Min Max Units 

10 Output leakage Current - ±10 uA 

101 @O.45Vol 
HERR! - .4 mA 
FATAL! - 4 mA 
OTHER - 2 mA 

loh @2.4 Voh - -0.1 mA 

, For operation at 5 MHz or slower, the 43201 may be operated with Vihc minimum of 2.7 Volts. 

Table S. iAPX 43201 AC Characteristics 

VCC=5±10% Ta = 0° e to 70° C 

Symbol Description 
SMHz 5 MHz 

Unit 
Min Max Min 

tcy Clock Cycle Time 125 1000 200 

tr, tf Clock Rise and Fall Time 0 10 0 

t1, t2, Clock Pulse Widths 26 250 45 
t3, t4 

tdc Signal to Clock Set-up Time 5 - 5 

tcd Clock to Signal Delay Time - 55 -

tis Init to Signal Hold Time 15 - 20 

tie Init enable Time 10 - 10 

tdh Clock to Signal Hold Time 25 - 35 

tOH Clock to Signal Output Hold Time 15 - 20 

tsi Signal to INIT! Set-up Time 10 - 10 

tuif Microinstruction Bus Float Time 0 - 0 

The above specifications are subject to the following definitions and test conditions: 

1. Notethattcy=t1 +t2+t3+t4+2'lr+2'tf. 

2. Pins under consideration were subjected to the following purely capacitive loading: 
C1 = 25 pF on HERR! 
C1 = 50 pF on uI15 ... uI0, IS6 ... ISO 
C1 = 70 pF on all remaining pins. 

Max 

1000 nsec. 

10 nsec. 

250 nsec. 

- nsec. 

85 nsec. 

- nsec. 

- Icy 

- nsec. 

- nsec. 

- nsec. 

- nsec. 

3. All timings are measured with respect to the switching level of 1.5 Volts. The switching point of ClKA 
and ClKB is referenced to the 1.8 Volt level. 

4. ClKA and ClKB must be continuously applied for the 43201 to retain its state. 

Table 9. iAPX 43201 Capacitance 

Symbol Parameter Typical Unit 

Cin Input Capacitance 6 pF 
Cout Output Capacitance 12 pF 

Conditions: fc=1 MHz, Vin=OV, VCC=5V, Ta=25' C 
Outputs in High Impedance state 
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Table 10. iAPX 43202 Electrical Specification 

Absolute Maximum Ratings 

Ambient Temperature Under Bias 0' Cto 70' C 
Storage Temperature -65' C to + 150' C 
Voltage on Any Pin with respect to GND -1Vto + 7V 
Power Dissipation 2.5 Watts 

Table 11. iAPX 43202 Electrical Specification 

DC Characteristics 

VSS = 0 Volts, VCC = 5 Volts ± 10% Ta = 0' C to 70' C 

Symbol Description Min Max Units 

Vilc Clock Input Low Voltage -0.3 +0.5 V 

Vihc* Clock Input High Voltage 3.5 VCC+0.5 V 

Vii Input Low Voltage -0.3 +0.8 V 

Vih Input High Voltage 2 VCC+0.5 V 

Viii Input Low Voltage -0.3 +0.7 V 
uI15 ... uI0 

Vihi Input High Voltage 3.0 VCC+0.5 V 
uI15 ... u10 

Vol Output Low Voltage - 0.45 V 
(101 = 4.0 rnA) ACD15 ... ACDO, PRQ 
(101 = 8.0 mAl BOUT, HERRI 

Voh Output High Voltage 2.4 VCC V 
(Ioh = -800 uA) 

Voli Output Low Voltage IS6 ... ISO - 0.35 V 
loli = 0.1 mA 

Vohi Output High Voltage IS6 ... ISO 3.25 - V 
lohi = 0.1 mA 

Icc Power Supply Current - 455 mA 
(Sum of all VCC Pins) 

IIi Input Leakage Current - ±10 uA 
except MASTER 

lIim Input Leakage on MASTER - -400 uA 

110 Output Leakage Current - ±10 uA 
Vo = 0.45V .. VCC 

* For operation at 5 MHz or slower, the 43202 may be operated with Vihc minimum of 2.7 Volts. 
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Table 12. iAPX 43202 ACCllaracteristics 

VCC = 5 ± 10% Ta = O· C to 70· C 

Symbol Description 
8 MHz 5 MHz Unit 

Min Max Min 
, 

Max 

tr, tf Clock Rise and Fall Time 0 10 0 10 nsec. 

t1, t2, Clock Pulse Widths 26 250 45 250 nsec. 
t3, t4 

tcy Glock Cycle Time 125 1000 200 1000 nsec. 
(Icy = t1 + t2 + t3 + t4 + 2*tr+ 2*tf) 

tdc Signal to Clock Set-up Time 5 -' 5 - nsec. 

tcd Clock to Signal Delay Time - 55 - 85 nsec. 

tdh Clock to Signal Hold Time 25 - 35 - nsec. 

toh Clock to Signal Output HoldTime " 15 - 20 - osec. 

ten Clock to Signal Output 15 -'- 20 - nsec. 
Enable Time 

tdf Clock to Signal Data Float Time - 55 - 75 nsec. 

The timing characteristics given below assume the following loading' on output pins. loading is given in 
terms of a fixed capacitance plus a DC current load. 

Pins 

HERRI 
BOUT 
PRQ 
IS6 ... ISO 
ACD15 ... ACDO 

Loading 

90 pF 101=8 mA., Open Drain 
70 pF 101=8mA., loh=-800 uA 
70 pF 101=4 mA., loh=-800 uA 
50 pF MOS only 
70 pF 101=4 mA., loh=-800 uA 

All output delays are measured with respect to the falling edge of ClKA except for BOUT. BOUT output 
delays are measured with respect to the rising edge of ClKA. . " . 

All timings are measured with respect to the switching level of 1.5 Volts. The switching point of ClKA and 
ClKB is referenced to the 1.8V level. ' 

The 43202 is not capable of DC operation. For continuous data and logic state retention the ClKA and ClKB 
signals must be present. 

Table 13. iAPX 43202 Capacitance 

Symbol Parameter Typical Unit 

Cin Input Capacitance 6 pF 
Cout Output Capacitance 12 pF 

Conditions: fc=1 MHz, Vin=O, Vout=O, VCC=5.0 V, Ta=25° C. 
Outputs in High Impedance state 
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ClKA 

,,115 ... 1..,10 

FATAL! 
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ClKA 

ClKB 

171873-22 

Figure 19. 43201 Clock Input Specification 

171873-23 

ClKA 

ACD15 ... ACDO 

(FROM MEMORY) ---/I'-+-JI''--fo-------

156 ... 150 
ACD15 ... ACDO 
(FROM 43202) INVALID 

Cl~~;i~~M/ -------'1'--+--'1'----
1J115···fAIO 

(HARDWARE ERROR 
DETECTION) 

171873-24 

Figure 20. 43201 Output Timing Specification Figure 21. 43201 Input Timing Specification 

CLKA 

,115-,10 -----_~C,I-_.,_ ... ____ "-___ --'''-___ ...J''_+_-_+..J'"_+---, .... -----

INIT/~ i -'SI 
MASTER 

HERRI 

~tIS--" 

Figure 22. 43201 Hardware Error Detection Timing 171873-25 
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CLKA 

INIT/ 

Figure 23. 43201 Initialization Timing 171873-26 

CLKA 

INIT! 

-.. ~tDC .....- tDe 

RDROMI 

,,115 ... ,uIO ____ ~~----~:~~----__ ---IX~---fD-~-~~-~---JX~---b-~-~~-~----~ 

Figure 24. 43201 Microcode Interrogate Timing 171873-27 

CLKA 

ClK!3 

Figure 25. 43202 Clock Input Specification 171873-22 
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CLKA 

ALL OUTPUT PINS 
EXCEPT BOUT 

BOUT 

Figure 26. 43202 Output Timing Specification 171873-28 

CLKA 

ACD15 ... ACDO 
(READ TIMING) 

HARDWARE ERROR DETECTION 
INPUT TIMING AND INPUT TIMING 

-----JI'~~II~+---__ --

FOR ALL INPUTS EXCEPT ACD1S ... ACDO _______ ..... III....i-...II'-__ _ 

Figure 27. 432021nputTiming Specification 171873-29 
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Table 14. General Data Processor Operator Set Summary 

Character Operators Short-Integer Operators Integer Operators 

Move Character Move Short Integer Move Integer 
Zero Character Zero Short Integer Zero Integer 
One Character One Short Integer One Integer 
Save Character Save Short Integer Save Integer 

AN 0 Character Add Short Integer Add Integer 
OR Character Subtract Short Integer Subtracllnteger 
XOR Character Increment Short Integer Increment Integer 

XNOR Character Decrement Short Integer Decrement Integer 

Complement Character Negate Short Integer Negate Integer 

Multiply Short Integer Multiply Integer 

Add Characler Divide SharI Integer Divide Integer 

Substract Character Remainder Short Integer Remainder Integer 
Increment Character 
Decrement Character Equal Short Integer Equal Integer 

Not Equal Short Integer Not Equal Integer 
Equal Character Equal Zero Short Integer Equal Zero Integer 

Not Equal Character Not Equal Zero Short Integer Not Equal Zero Integer 
Equal Zero Character GreaterThan Integer 

Not Equal Zero Character Greater Than Short Integer Greater Than or Equal Integer 
Greater Than Character Greater Than or Equal Short Integer Positive Integer 

Greater Than or Equal Character Positive Short Integer Negative Integer 

Convert Character to Short Ordinal Negative Short Integer 
Convert Integer to Short Integer 

Convert Short Integer to Integer Convert Integer to Ordinal 

Convert Short Integer to Temporary Real Convert Integer to Temporary Real 

Short-Ordinal Operators Ordinal Operators Short-Real Operators 

Move Short Ordinal Move Ordinal Move Short Real 

Zero Short Ordinal Zero Ordinal Zero Short Real 

One Short Ordinal One Ordinal Save Short Real 

Save Short Ordinal Save Ordinal 
Add Short Real-Short Real 

AN D Short Ordinal AND Ordinal Add Short Real-Temporary Real 
OR Short Ordinal OR Ordinal Add Temporary Real-Short Real 

XOR Short Ordinal XOROrdinal Subtract Short Real-Short Real 
XNOR Short Ordinal XNOR Ordinal Subtract Short Real-Temporary Real 

Complement Short Ordinal Complement Ordinal Subtract Temporary Real-Short Real 
Multiply Short Real-Short Real 

Extract Short Ordinal Extract Ordinal Multiply Short Real-Temporary Real 
Insert Short Ordinal Insert Ordinal Multiply Temporary Real-Short Real 
Significant Bit Short Ordinal Significant Bit Ordinal Divide Short Real-Short Real 

Divide Short Real-Temporary Real 
Add Short Ordinal Add Ordinal Divide Temporary Real-Short Real 
Subtract Short Ordinal Subtract Ordinal Negate Short Real 

Increment Short Ordinal Increment Ordinal Absolute Value Short Real 
Decrement Short Ordinal Decrement Ordinal 
Multiply Short Ordinal Multiply Ordinal 
Divide Short Ordinal Divide Ordinal 
Remainder Short Ordinal Remainder Ordinal 

Equal Short Ordinal Equal Ordinal 
Not Equal Short Ordinal Not Equal Ordinal 
Equal Zero Short Ordinal Equal Zero Ordinal 
Not Equal Zero Short Ordinal Not Equal Zero Ordinal 
Greater Than Short Ordinal Greater Than Ordinal 
Greater Than or Equal Short Ordinal Greater Than or Equal Ordinal 

Convert Short Ordinal to Character Convert Ordinal to Short Ordinal 
Convert Short Ordinal to Ordinal Convert Ordin.al to Integer 

Convert Short Ordinal to Temporary Real Convert Ordinal to Temporary Real 
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Table 14. General Data Processor Operator Set Summary (Cont'd.) 

Short-Real Operators Real Operators Temporary-Real Operators 

Equal Short Real Move Real Move Temporary Real 
Equal Zero Short Real Zero Real Zero Temporary Real 
Greater Than Short Real Save Real Save Temporary Real 
Greater Than or Equal Short Real 
Positive Short Real Add Real-Real Add Temporary Real 
Negative Short Real Add Real-Temporary Real Subtract Temporary Real 

Add Temporary Real-Real Multiply Temporary Real 
Convert Short Real to Temporary Real Subtract Real-Real Divide Temporary Real 

Subtract Real-Temporary Real Remainder Temporary Real 
Subtract Temporary Real-Real Negate Temporary Real 
Multiply Real-Real Square Root Temporary Real 
Multiply Real-Temporary Real Absolute Value Temporary Real 
Multiply Temporary Real-Real 
Divide Real-Real Equal Temporary Real 
Divide Real-Temporary Real Equal Zero Temporary Real 
Divide Temporary Real-Real Greater Than Temporary Real 
Negate Real GreaterThan or Equal Temporary Real 
Absolute Value Real Positive Temporary Real 

Negative Temporary Real 
Equal Real 
Equal Zero Real Convert Temporary Real to Ordinal 
Greater Than Real Convert Temporary Real to Integer 
Greater Than or Equal Real Convert Temporary Real to Short Real 
Positive Real Convert Temporary Real to Real 
Negative Real 

Convert Real to Temporary Real 

Access Descriptor Movement Type Definition Manipulation 
Operators Rights Manipulation Operators Operators 

Copy Access Descriptor Amplify Rights Create Public Type 
Null Access Descriptor Restrict Rights Create Private Type 

Retrieve Public Type Representation 
Retrieve Type Representation 
Retrieve Type Definition 

Refinement Operators Segment Creation Operators Access Path Inspection Operators 

Create Generic Refinement Create Data Seg ment Inspect Access Descriptor 
Create Typed Refinement Create Access Segment Inspect Access 
Retrieve Refined Object Create Typed Segment 

Create Access Descriptor 

Object Interlock Operators Branch Operators Interconnect Operators 

Lock Object Branch Move to Interconnect 
Unlock Object Branch True Move from Interconnect 
Indivisibly Add Short Ordinal Branch False 
Indivisibly Add Ordinal Branch Indirect 
Indivisibly Insert Short Ordinal Branch Intersegment 
Indivisibly Insert Ordinal Branch Intersegment without Trace 

Branch Intersegment and Link 

Process Communication Processor Communication Context Communication 
Operators Operators Operators 

Send Send to Processor Enter Access Segment 
Receive Broadcast to Processors Enter Global Access Segment 
Conditional Send Read Processor Status and Clock Set Context Mode 
Conditional Receive Call Context 
Surrogate Send Call Context with Message 
Surrogate Receive Return from Context 
Delay 
Read Process Clock 
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iAPX 43203 
VlSllNTERFACE PROCESSOR 

Fully Independent and Decentralized • Protected I/O Interface to 432 Memory 
I/O 

• Silicon Operating System Instruction 
Buffered Data Path for High-Speed Set Extensions for Attached iAPX 
Burst-Mode Transfers Processors 

Initialization/Diagnostic Interface to • Multibus™ System Compatible 
432 Systems Interface 

Multiple 43203's per System Provide • Functional Redundancy Checking 
Incremental I/O Capacity Mode for Hardware Error Detection 

The Intel 43203 Interface Processor (IP) provides 1/0 facilities in iAPX 432 micromainframe systems 
employing peripheral subsystems. An IP maps a portion of the peripheral subsystem address space into 
iAPX 432 system memory. As any iAPX 432 processor, the IP operates in an object-oriented, capability
based, multiprocessing environment. 

The 43203 is a VLSI device, fabricated with Intel's highly reliable + 5 volt, depletion load, N-channel, silicon 
gate HMOS technology, and is packaged in a 54-pin Quad In-Line Package (QUIP). Refer to Figure 1 for the 
QUIP representation of the 43203 pin configuration. 

INT 
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OE 

INH1 

VSS 

XACK/ 

DEN/ 

HlD 

HDA 

SYNC 

NAK/ 

BOUT 

ICS 

PRQ 

vcc 
ACD1S 

ACD14 

ACD13 

ACD12 

ACD11 

ACD10 

ACD9 

ACD8 

o 

AD15 

AD14 

AD13 

AD12 

ADll 

AD10 

AD9 

AD8 

VCC 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

VSS 

PSR 

BHEN/ 

WR/ 

CS/ 

AlARM/ 

VSS ClR/ 

ACD7 HERR 

ACD6 0 FATAl/ 
~~ ~~ 

~~ ~ru 

ACD3 VCC 

~M C~ 

ACDl elKB 

ACDO~~~ ______ Jr ____ ~L-______ -=~~VSS 

Figure 1. iAPX 43203 Interface Processor Pin Configuration 
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FUNCTIONAL DESCRIPTION 

The block diagram shown in Figure 2 illustrates 
the internal architecture of the Interface 
Processor. Figure 3 represents the Interface Pro
cessor as a logical device and illustrates the 
signal interface to the Processor Packet bus (left 
side) and the peripheral subsystem (right side). 
The Interface Processor (IP) operates in conjunc
tion with an Attached Processor (AP) to form the 
logical 110 processor of an iAPX 432 system. 

The IP acts as a slave to the AP, and maps a por
tion of the AP's peripheral subsystem address 
space into iAPX 432 system memory with the same 
protection mechanisms as any iAPX 432 pro
cessor. Five peripheral subsystem (PS) memory 
subranges may be mapped into iAPX 432 memory 
segments. These five windows (labeled 0 through 

iAPX432 
SYSTEM 

A .... DATA 

4) allow the AP to reference iAPX 432 memory with 
logical addresses or, in special circumstances, 
with direct, 24-bit physical addresses. 

A BASIC I/O MODEL 

A typical application based on the iAPX 432 
microprocessor family consists of a' main system 
and one or more peripheral subsystems. Figure 4 
illustrates a hypothetical configuration that 
employs two peripheral subsystems. The main 
system hardware is composed of one or more 
iAPX 432 general data processors (GDPs) and a 
common memory that is shared by these pro
cessors. The main system software is a collection 
of one or more processes tnat execute on the 
GDP(s). 
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Figure 2. iAPX 43203 IP Functional Block Diagram 
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A fundamental principle of the iAPX 432 architec
ture is that the main system environment is self
contained; neither processors nor processes 
have any direct contact with the "outside world." 
Conceptually, the main system is enclosed by a 
wall that protects objects in memory from possible 
damage by uncontrolled 1/0 operations. 

In an iAPX 432-based system, the bulk of process
ing required to support inputloutput operations is 
delegated to peripheral subsystems; this includes 
device control, timing, interrupt handling and buf
fering. A peripheral subsystem is an autonomous 
computer system with its own local memory, 1/0 
devices and controllers, at least one processor, 
and software. The number of peripheral sub
systems employed in any given application 
depends on the I/O-intensiveness of the applica
tion, and may be varied with changing needs, 
independent of the number of GDPs in the 
system. 

A peripheral subsystem resembles a mainframe 
channel in that it assumes responsibility for low
level 1/0 device support, executing in parallel with 
main system processor(s). Unlike a simple chan
nel, however, each peripheral subsystem can be 
configured with a complement of hardware and 
software resources that precisely fits application 
cost and performance requirements. In general, 
any system that can communicate over a standard 
8- or 16-bit microcomputer bus such as Intel's 
Multibus design may serve as an iAPX 432 
peripheral subsystem. 

A peripheral subsystem is attached to the main 
system by means of an IP. At the hardware level, 
the IP presents two separate bus interfaces. One 
of these is the standard iAPX 432 Processor 
Packet bus and the other isa very general 
interface. 

To support the transfer of data through the wall 
that separates a peripheral subsystem from the 
main system, the IP provides a set of software
controlled windows. A window is used to expose a 
single object in main system memory so that its 
contents may be transferred to or from the 
peripheral subsystem. 

The IP also provides a set of functions that are 
invoked by software. While the operation of these 
functions varies considerably, they generally per
mit objects in main system memory to be 
manipulated as entities, and enable communica
tion between main system processes and soft
ware executing in a peripheral subsystem. 
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It is important to note that both the window and 
function facilities utilize and strictly enforce the 
standard iAPX 432 addressing and protection 
systems. Thus, a window provides protected 
access to an object, and a function provides a pro
tected way to operate in the main system. The IP 
permits data to flow across the peripheral sub
system boundary while preserving the integrity of 
the main system. 

As Figure 5 illustrates, inputloutput operations in 
an iAPX 432 system are based on the notion of 
passing messages between main system pro
cesses and device interfaces located in a 
peripheral subsystem. A device interface is con
sidered to be the hardware and software in the 
peripheral subsystem that is responsible for 
managing an 1/0 device. An 1/0 device is con
sidered to be a "data repository," which may be a 
real device (e.g., a terminal), a file, or a pseudo
device (e.g., a spooler). 

A message sent from a process that needs an 1/0 
service contains information that describes the 
requested operation (e.g., "read file XYZ"). The 
device interface interprets the message and car
ries out the operation. If an operation requests 
input data, the device interface returns the data as 
a message to the originating process. The device 
interface may also return a message to positively 
acknowledge completion of a request. 

A very general and very powerful mechanism for 
passing messages between processes is inherent 
in the iAPX 432 architecture. A given peripheral 
subsystem may, or may not, have its own 
message facility, but in any case, such a facility 
will not be directly compatible with the iAPX 432's. 
By interposing a peripheral subsystem interface 
at the subsystem boundary, the standard IP com
munication system can be made compatible with 
any device interface (see Figure 6). 

iAPX432 SYSTEM INTERFACE 

The IP exists in both the protected environment of 
the iAPX 432, and the conventional environment of 
the peripheral subsystem. Because of this, an IP 
is able to provide a pathway over which data may 
flow between the iAPX 432 system and the exter
nal subsystem. The IP operates at the boundary 
between the systems, providing compatibility and 
protection. In this position, the Interface Pro
cessor presents two different views of itself, one 
to software and processors in the iAPX 432 
environment and another to its attached 
processor. 
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MAIN SYSTEM PERIPHERAL SUBSYSTEM 

PROCESS 

Figure 5. Basic 10 Service Cycle 

From the iAPX 432 side, an IP looks and behaves 
very much like any other processor. It attaches to 
the Processor Packet bus in the same way as a 
GOP. Within the iAPX 432 memory, the IP supports 
an execution environment that is compatible with, 
and largely identical to, the GOP. Thus, the IP 
recognizes and manipulates system objects 
representing processors, processes, ports, etc. It 
supports and enforces the iAPX 432's access con
trol mechanisms, and provides full interprocess 
and interprocessor communication facilities. 

The principal difference between the two pro
cessors is that the GOP manipulates its environ
ment in response to the instruction it fetches, 
while the IP operates under the direction of its 
attached processor. Indeed, the IP may be said to 
extend the instruction set of the Attached Pro
cessor (AP) so that it may function in the environ
ment of the iAPX 432 system. 

PERIPHERAL SUBSYSTEM INTERFACE 

A peripheral subsystem interface (PSI) is a collec
tion of hardware and software that acts as an 
adapter that enableq message-based communica
tion between a process in the main system and a 
device interface in a peripheral subsystem (see 
Figure 6). Viewed from the iAPX 432 side, the 

peripheral subsystem interface appears to be a 
process. The peripheral subsystem interface may 
be designed to present any desired appearance to 
a device interface. For example, it may look like a 
collection of tasks, or like a collection of 
subroutines. 

Hardware 

The PSI hardware consists of an IP, an AP, and 
local memory (see Figure 7). To improve per
formance, these may be augmented by a OMA 
controller. The AP and the IP work together as a 
team, each providing complementary facilities. 
Considered as a whole, the AP liP pair may be 
thought of as a logical 1/0 processor that supports 
software operations in both the main system and. 
the peripheral subsystern. 

ATTACHED PROCESSOR 
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Almost any general-purpose CPU, such as an 
8085, an iAPX 86 or an iAPX 88 can be used as an 
AP. The AP need not be dedicated exclusively to 
working with the IP. 

It may, for example, also execute device interface 
software. Thus, the AP may be the only CPU in the 
peripheral subsystem, or it may be one of several. 
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As Figure 7 shows, the AP is "attached" to the 
interface processor in a logical sense only. The 
physical connections are standard bus signals 
and one interrupt line (which would typically be 
routed to the AP via an interrupt controller). 

Continuing the notion of the logical 110 processor, 
the AP fetches instructions, and provides the 
instructions needed to alter the flow of execution, 
and to perform arithmetic, logic and data transfer 
operations within the peripheral subsystem. 

INTERFACE PROCESSOR 

The IP completes the logical 110 processor by pro
viding data paths between the peripheral sub
system and the main system, and by providing 
functions that effectively extend the AP's instruc
tion set so that software running on the logical 110 
processor can operate in the main system. Since 
these facilities are software-controlled, they are 
discussed in the next section. 

As Figure 7 shows, the IP presents both a 
peripheral subsystem bus interface and a stan
dard iAPX 432 Processor Packet bus interface. By 
bridging the two buses, the IP provides the hard
ware link that permits data to flow under software 
control between the main system and the 
peripheral subsystem. 

The IP connects to the main system in exactly the 
same way as a GOP. Thus, in addition to being 
able to access main memory, the IP supports 
other iAPX 432 hardware-based facilities, 
including processor communication, the alarm 
signal and functional redundancy checking. 

The IP is connected to the peripheral subsystem 
bus as if it were a memory component; it occupies 
a block of memory addresses up to 64K bytes 
long. Like a memory, the IP behaves passively 
within the peripheral subsystem (except as noted 
below). It is driven by peripheral subsystem 
memory references that fall within its address 
range. 

While the IP generally responds like a memory 
component, it also provides an interrupt request 
signal. The interface processor uses this line to 
notify its AP that an event has occurred which 
requires its attention. 

To summarize, the AP and the IP interact with 
each other by means of address references 
generated by the AP and interrupt requests 
generated by the IP. Since the IP responds to 

memory references, other active peripheral sub
system agents (bus masters), such as OMA con
trollers, may obtain access to main system 
memory via the IP. 

Software 

IP CONTROLLER 

The peripheral subsystem interface is managed 
by software, referred to as the IP controller. The IP 
controller executes on the AP and uses the 
facilities provided by the AP and the IP to control 
the flow of data between the main system and the 
peripheral subsystem. 

While there are no actual constraints on the struc
ture of the IP controller, organizing it as a collec
tion of tasks running under the control of a 
multitasking operating system (such as an RMX-80 
or iRMX-86 operating system) can simplify soft
ware development and modification. This type of 
organization supports asynchronous message
based communication within the IP controller, 
similar to the iAPX 432's intrinsic interprocessor 
communication facility. Extending this approach 
to the device interface as well results in a consis
tent, system-wide communication model. 
However, communication within the IP controller 
and between the IP controller and device inter
faces, is completely application-defined. It may 
also be implemented via synchronous procedure 
calls, with "messages" being passed in the form 
of parameters. 

However it is structured, the IP controller interacts 
with the main system through facilities provided 
by th.e interface processor. There are three of 
these facilities: execution environments, win
dows, and functions. 

EXECUTION ENVIRONMENTS 

The IP provides an environment within the main 
system that supports the operation of the IP con
troller in that system. This environment is 
embodied in a set of system objects that are used 
and manipulated by the IP. At any given time, the 
IP controller is represented in main memory by a 
process object and a context object. Like a GOP, 
the IP itself is represented by a processor object. 
Representing the IP and its controlling software 
like this creates an execution environment that is 
analogous to the environment of a process run
ning on a GOP. This environment provides a stan
dard framework for addressing, protection and 
communication within the main system. 
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Like a GOP, an IP actually supports multiple pro
cess environments. The IP controller selects the 
environment in which a function is to be executed. 
This permits, for example, the establishment of 
separate environments corresponding to indi
vidual device interface tasks in the peripheral sub
system. If an error occurs while the IP controller is 
executing a function on behalf of one device inter
face, that error is confined to the associated pro
cess, and processes associated with other device 
interfaces are not affected. 

WINDOWS 

Every transfer of data between the main system 
and a peripheral subsystem is performed with the 
aid of an IP window. A window defines a corre
spondence, or mapping, between a subrange of 

peripheral subsystem memory addresses (within 
the range of addresses occupied by the IP) and an 
object in main system memory (see Figure 8). 
When an agent in the peripheral subsystem (e.g., 
the IP controller) reads a local windowed address, 
it obtains data from the associated object; writing 
into a windowed address transfers data from the 
peripheral subsystem to the windowed object. 

The action of the IP, in mapping the peripheral 
subsystem address to the main system object, is 
transparent to the agent making the reference; as 
far as it is concerned, it is simply reading or 
writing local memory. 

Since a window is referenced like local memory, 
any individual transfer may be between an object 
and local memory, an object and a processor 
register, or an object and an 1/0 device. The 

PERIPHERAL SUBSYSTEM MEMORY SPACE _I~ MAIN SYSTEM MEMORY SPACE 

LOCAL MEMORY ADDRESSES 

NORMAL MEMORY 

I PERIPHERAL SUBSYSTEM ADDRESS 
ONTO AN OBJECT IN MAIN MEMORY. ~ 
IP WINDOW MAPS SUBRANGE OF 

INTERFACE PROCESSOR ADDRESSES t-------;-- - - - - - -,-----, 

OBJECT 

SUBRANGE 

WINDOWED MEMORY REFERENCI'=~~~====~~====~~~~~~~ 
I-------t------ - ----L ____ ----I 

Figure 8. Interface Processor Window 
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latter may be appealing from the standpoint of 
"efficiency," but it should be considered with 
caution. Using a window to directly "connect" an 
1/0 device and an object in main memory has th~ 
undesirable effect of propagating the real-time 
constraints imposed by the device beyond the 
subsystem boundary into the main system. It 
may seriously complicate error recovery as well. 
Finally, since there is a finite number of windows, 
most applications will need to manage them as 
scarce resources that will not always be instantly 
available. This means that at least some 1/0 
device transfers will have to be buffered in local 
memory until a window becomes available. It may 
be simplest to buffer all 1/0 device transfers and 
use the windows to transfer data between local 
memory and main system memory. 

There are four IP windows that may be mapped 
onto four different objects. The IP controller may 
alter the windows during execution to map dif
ferent subranges and objects. References to win
dowed subranges may be interleaved and may be 
driven by different processors in the peripheral 
subsystem. For example, the AP and a DMA con
troller may be driving transfers concurrently, sub
ject to the same bus arbitration constraints that 
would apply if they were accessing local memory. 

FUNCTIONS 

A fifth window provides the IP controller with 
access to the IP's function facility. By writing 
operands and an opcode into predefined locations 
in this window's subrange, the IP controller 
requests the IP to execute a function on its behalf. 
This procedure is very similar to writing com
mands and data to a memory-mapped peripheral 
controller (e.g., a floppy disk controller). Upon 
completion of the function, the IP provides status 
information that the IP controller can read through 
the window. The IP can perform transfer requests 
through the other four windows while it is 
executing a function. 

The IP's function set permits the IP controller to: 

• alter windows; 
• exchange messages with GDP processes via 

the standard 432 communication facility; 
• manipulate objects. 

These functions may be viewed as instruction set 
extensions to the AP, which permit the IP con
troller to operate in the main system. The com
bination of the IP's function set and windows, the 

AP's instruction set, and possibly additional 
facilities provided by a peripheral subsystem 
operating system, permits the constructi.on of 
powerful IP controllers that can relieve the main 
system of much I/O-related processing. At the 
same time, by utiliz.irig only a subset of the 
available IP functionS, relatively simple IP con
trollers can also be built (in cases where this 
approach is more appropriate). 

SUPPLEMENTARY INTERFACE 
PROCESSOR FACILITIES 

The preceding sections describe the IP as it is 
used most of the time. The IP provides two addi
tionalcapabilities that are typically used less fre
quently, and only in exceptional circumstances. 
These are physical reference mode and intercon
nect access. 

Physical Reference Mode 

The IP normally operates in logical reference 
mode; this mode is characterized by its object
oriented addressing and protection system. There 
are times when logical referencing is impossible 
because the objects used by the hardware to per
form logical-to-physical address development are 
absent (or, less likely, are damaged). In these 
situations, the IP can be used in physical 
reference mode. 

In physical reference mode, the IP provides a 
reduced set of functions. Its windows operate as 
in logical reference mode, except that they are 
mapped onto memory segments (rather than 
objects) that are specified directly with 24-bit 
addresses. In this respect, physical reference 
mode is similar to traditional computer addressing 
techniques. 

Physical reference mode is most often employed 
during system initialization to load binary images 
of objects from a peripheral subsystem into main 
memory. Once the required object images are 
available, processors can begin normal logical 
reference mode operations. 

Interconnect Access 

In addition to memory, the iAPX 432 architecture 
defines a second address space called the 
processor-memory interconnect address space. 
One of the IP windows is software-switchable to 
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either space. In logical reference mode, the inter
connect space is addressed in the same object
oriented manner as the memory space, with the IP 
automatically performing the logical-to-physical 
address development. In physical reference 
mode, the interconnect space is addressed as an 
array of 16-bit registers, with a register selected 
by a 24-bit physical address. 

iAPX 432 INFORMATION STRUCTURE 

The following information describes the 
requirements placed on the logical structure of 
the iAPX 432 hardware environment. These 
requirements are concerned directly with the con
straints of physical memory, the type of data 
transferred, and the structure of the data types. 
These requirements are common to the iAPX 432, 
family of processors. (Any pin notations called out 
in this information are described in the 43203 Pin 
Description section of this data sheet). 

Any 432 processor in the system can access all the 
contents of physical memory. This section 
describes how information is represented and 
accessed. 

Memory 

The iAPX 432 implements a two-level memory 
structure. The software system exists in a 
segmented environment in which a logical 
address specifies the location of a data item. The 
processor automatically translates this logical 
address into a physical address for accessing the 
value in physical memory. 

Physical Addressing 

Logical addresses are translated by the processor 
into physical addresses. Physical addresses are 
transmitted to memory by a processor to select 
the beginning byte of a memory value' io be 
referenced. A physical address is 24 binary bits in 
length. This results in a maximum physical 
memory of 16 Megabytes. 

Data Formats 

When a processor executes the instructions of an 
operation within a context, operands found in the 
logical address space of the context may be 

manipulated. An individual operand may occupy 
one, two, four, eight, or ten bytes of memory 
(byte, double byte, word, double word, or 
extended word, respectively). All operands are 
referenced by a logical address as described 
above. The displacement in such an address is the 
displacement in bytes from the base address of 
the data segment to the first byte of the operand. 
For operands consisting of multiple bytes, the 
address locates the low-order byte while the 
higher-order bytes are found at the next higher 
consecutive addresses. 

DATA REPRESENTATION 

An iAPX 432 convention has been adopted for 
representing data operands stored in memory. 
The bits in a field are numbered by increasing 
numeric significance, with the least-significant bit 
shown on the right. Increasing byte addresses are 
shown from right to left. Examples of the five basic 
data lengths used in the iAPX 432 system are 
shown in Figure 9. 

DATA POSITIONING 

The data operand types shown in Figure 9 may be 
aligned on an arbitrary byte boundary within a data 
segment. Note that more efficient system opera
tion may be obtained when multi-byte data struc
tures are aligned on double-byte boundaries (if 
the memory system is organized in units of double 
bytes). 

Requirements of an iAPX 432 
Memory System 

The multiprocessor architecture of tbe iAPX 432 
places certain requirements on' the operation of 
the memory system to ensure the integrity of data 
items that can potentially be accessed 
simultaneously. Indivisible read-modify-write 
(RMW) operations to both double-byte and word 
operands in memory are necessary for manipu
lating system objects. When an, RMW-read is 
processed for a location in memory, any other 
RMW-reads from that location must be held off by 
the memory system until an RMW~write to that 
location is received (or until an RMW timeout 
occurs). Note that while the memory system is 
awaiting the RMW-write, any other types of reads 
and writes are allowed. Also, for ordinary reads 
and writes of double-byte or longer operands, the 
memory system must ensure the entire operand 
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Figure 9. Basic iAPX 432 Data Lengths 

has been either read or written before beginning 
to process another aCcess to the same location; 
e.g., if two simultaneous writes to the same loca
tion occur, the memory system must ensure that 
the set of locations used to store the operand 
does not get changed to some interleaved com
bination of the two written values. . 

~PX432HARDWAREERROR 
DETECTION 

iAPX 432 processors include a facility to support 
the hardware detection of errors by functional 
redundancy checking (FRC). At initialization time, 
each iAPX 432 processor is configured .to operate 
as either a master or a checker processor (Figure 
10). A master operates in the normal manner. A 
checker places all output pins that are being 
checked into a high-impedance state. Thus, those 
pins which are to be checked on a master and 
checker are parallel-connected, pin for pin, such 
that the checker is able to compare its master's 
output pin values with its own. Any comparison 
error causes the checker to assert HERR. 

MASTER 

INPUTS OUTPUTS ---,- >----+ 

CHECKED 
I-INPUTS OUTPUTS 1 

HERR 

CHECKER 

171873:"12 

Figure 10. Hardware Error Detection 

PROCESSOR PACKET BUS DEFINITION 

This section describes and defines the signifi
cance of the 19 signal lines that make up· the Pro
cessor Packet bus, and the general scheme by 
which timing relationships on these lines are 
derived. Although this section defines all legal 
bus activities, the processors do not necessarily 
perform all allowed activities. Slaves to the Pro
cessor Packet bus must support all state transi
tions to ensure compatibility. 
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The Processor Packet bus consists of 3 control 
lines: 
• Processor Packet bus Request (PRQ), 
• Enable Buffers for Output (BOUT), 
• Interconnect Status (ICS). 

This bus also includes sixteen 3-state Address
Control-Data lines (ACD15 through ACDO). PRQ 
has two functions whose use depends upon the 
application; i.e., PRQ either indicates the first 
cycle of a transaction on the Processor Packet bus 
or the cancellation of a transaction initiated in the 
previous cycle. Of the three control lines, BOUT 
has the simplest function, serving as a direction 
control for buffers in large systems requiring more 
electrical drive than the processor components 
can provide. The ICS signal has significance per
taining to one of three different system conditions 
and depends on the state of the Processor Packet 
bus transaction. The processor interprets the ICS 
input as an indication of one of the following: 

• Whether or not an interprocessor com
munication (lPC) is waiting, 

• Whether or not the slave requires more time to 
service the processor's request, 

• Whether or not a bus ERROR has occurred. 

The Address/Control/Data lines emit output 
specification information to indicate the type of 
cycle being initiated, e.g., addresses, data to be 
written, or control information. They also receive 
data returned to the processor during reads. 
Details of the ACD line operation and the 
assoc.iated control lines are summarized below. 

ACD15-ACDO (Address/ControllData) 
As shown in Figure 11, the first cycle, (T1 or Tvo) of 
a Processor Packet bus transaction (indicated by 
the rising edge of PRQ), the high-order 8 ACD bits 
(ACD15 ... ACD8) specify the type of the current 
transaction. In this first cycle, the low-order ACD 
bits (ACD7 ... ACDO) contain the least-significant 
eight bits of the 24-bit physical address. 

During the subsequent cycle (T2), the remainder 
of the address is present on the ACD pins (aligned 
such that the most significant byte of the address 
is on ACD15 through ACD8, the mid-significant 
byte on ACD7 through ACDO). If PRQ is asserted 
during T2, the access is cancelled and the AGD 
lines are not defined. 

During the third cycle (T3 or Tw) of a Processor 
Packet bus transaction the processor presents a 
high impedance to the ACD lines for read trans
actions and asserts write data for write 
transactions. 

Once the bus has entered T3 or Tv, the sequence 
of state transactions depends on the type of 
cycle requested during the preceding T1 or Tvo. 
Accesses ranging in length from 1 to 32 bytes may 
be requested (see Table 1). If a transfer of more 
than one double byte has been requested, it is 
necessary to enter T3 for every double-byte that is 
transferred. The processor may simply enter T3 or 
it may first enter Tw for any number of cycles (as 
dictated by ICS). 

After all data is transferred, the processor enters 
either Tv or Tvo. Tvo can be entered only when the 
internal state of execution is such that the pro
cessor is prepared to accomplish an immediate 
write transfer (overlapped access). During Tvo, 
the ACD lines contain address and specification 
information aligned in the same fashion as in T1. If 
the processor does not require an overlapped 
access, the bus state moves to Tv (the ACD lines 
will be high impedance). After Tv, a new bus cycle 
can be started with T1, or the processor may enter 
the idle state(Ti). 

ICS (Interconnect Status) 

ICS has three possible interpretations depending 
on the state of the bus transaction (see Table.2). 
Notice that under most conditions ICS has IPC 
significance for more than one cycle. It is impor
tant to note that a valid low during any cycle with 
IPC significance will signal the processor that an 
IPC or reconfiguration request has been received. 
An iAPX 432 processor is required to record and 
service only one IPC or reconfiguration request at 
a time. Logic in the interconnect system must 
record and sequence multiple (possibly 
simultaneous) IPC occurrences and reconfigura
tion requests to the processor. Thus the logic that 
forms ICS must accomodate global and local IPC 
arrivals and requests for reconfiguration as 
individual events: 

1. Assert IPC significance on ICS for the arrival of 
an IPC or reconfiguration request. 

2. When the iAPX 432 processor reads 
interconnect address register 2, it will respond 
to one of the status bits for the IPC or recon
figuration request Signalled on ICS in the 
following order: 

Bit 2 (1=reconfigure, O=do not reconfigure) 

Bit 1 (1=globaIIPC arrived, O=no globallPC) 

Bit 0 (1 =locallPC arrived, O=no 10ca11PC) 
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171873~14 

Initial State Next State Trigger 

Ti TI Bus cycle desired 
Ti No bus cycle desired 

TI T2 Unconditional 

T2 T3 ICS high 

Tw ICSlow 

TI Cancelled, Access Pending 

TI Cancelled, No Access Pending 

T3 T3 Additional transfer required, ICS high 

Tw Additional transfer required, ICS low 

Tv All transfers completed, no overlapped access 
Tvo Current write with overlapped access 

Tv Ti No access Pending 
TI Access pending 

Tvo T2 Unconditional 

Tw Tw ICSlow 

T3 ICS high 

Figure 11. Processor Packet Bus State Diagram 
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Table 1. ACO Specification Encoding 

ACO ACO ACO 
15 14 13 

Access Op RMW 

0- 0- 0-
Memory Read Nominal 

1 - 1 - 1 -
Other Write RMW 

3. The logic in the interconnect system must clear 
the highest order status bit that was serviced by 
the iAPX 432 processor, and if additional IPC 
information has arrived, the interconnect 
system logic must signal an additional IPC 
indication to the iAPX 432 processor. 

The interconnect system must signal the 
second IPC by raising ICS high for at least one 
cycle and then setting ICS low for at least one 
cycle during IPC significance time. 

Table 2. ICS Interpretation 

Level 
State High Low 

IPC None Waiting Ti, Tl, T2* 
Stretch Don't Stretch T3, Tw 
Err Bus Error No Error TV,Tvo 

* ICS has no significance in a cycle following a T2 
where PRQ is asserted (cancelled access) or in any 
cycle during which CLRI is asserted. 

PRQ (Processor Packet Bus Request) 

PRQ is normally low and can go high only during 
T1, T2 and Tvo. High levels during Tvo and T1 
indicate the first cycle of an access. A high level 
during T2 indicates that the current cycle is to be 
cancelled. See Table 3. 

ACO ACO ACO ACO ACO 
12 11 10 9 8 

Length Modifiers 

000 -1 Byte ACDt5=0: 
001 - 2 Bytes OO-Inst Seg 
010 - 4 Bytes Access 
011 - 6 Bytes 01-Stack Seg 
100 - 8 Bytes Access 
101 -10 Bytes 1 O-Context Ctl 
110-16 Bytes* Seg Access 
111-32 Bytes* 11-0ther 

ACD15 = 1: 
* Not implemented OO-Reserved 

01-Reserved 
10-Reserved 
ll-lnterconn 

Register 

Table 3. PRQ Interpretation 

State PRQ Condition 

Ti 0 Always 
Tl 1 Initiate access 
T2 0 Continue access 

1 Cancel access 
T3 0 Always 
Tw 0 Always 
Tv 0 Always 
Tvo 1 Initiate overlapped access 

BOUT (Enable Buffers for Output) 

BOUT is provided to control external buffers when 
they are present. Table 4 and Figures 12 through 
16 show its state under various conditions. 

Processor Packet Bus Timing 
Relationships 

All timing relationships on the processor packet 
bus are derived from a simple scheme and related 
to Table 5. Each timing diagram shown in the 
following pages (Figures 12 through 17) provides a 
separate table illustrating the various system 
states during the cycle. This approach to transfer 
timing was designed to allow maximum time for 
the transfer to occur and yet guarantee hold time. 
The solid lines in Figure 18 show the state transi
tions initiated by the IP. 

10-47 



iAPX43203 

Any agent connected to the processor packet bus 
is recognized as either a processor or a slave. 
Examples of processors are the GOP and the IP. A 
memory system provides an example of a slave. 

adequate time for the transfer and ensures suffi
cient hold time after sampling. The BOUT timing is 
unique because BOUT is intended as a direction 
control for external buffers. 

In all tranfers between a processor and a slave, 
the data to be driven are. clocked three-quarters of 
a cycle before they are to be sampled. This allows 

Detailed set-up and hold times depend on the pro
cessor implementation and can be found in the ac 
characteristics section. 

Table 4. BOUT Interpretation 

Low-to-High High-to-Low High-to-Low 
Transition Transition Transition , BOUT Always High or Low or Low or High 

Write T1, T2, T3, Tw, Tvo Ti None Tv 
Read T1,T2 Ti, Tv T3, Tw None 

Table 5. iAPX 432 Component Signaling Scheme 

Processor Slave 

Inputs ACD: J,ClKA All: tClKB 
Sampled Others: tClKA 

Outputs All (except BOUT): J,ClKA ACD: .ClKB 
Driven Others: tClKB 

BOUT: tClKA 

I" 
NOMINAL WRITE CYCLE 

5 CLKA CYCLES "I 
T, T, T3 Tv T, 

CLKA 

AC D1S··· 

ACDo .u __ uuu_< ADDA/SPEC}< AD DR }< WRITE DATA }n_nn_nn ___ n __ n-( ADDR/SPEC}{ ADDR }--

I \ 

IPC y STRETCH '< ERR X IPC X IPC X IPC )C 

\ I 

171873-15 

Figure 12. Nominal Write Cycle Timing 
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CLKA 

ACD1::; ... ACDO ------------< AD DR/SPEC X ... __ A_D_D_R_....JX WRITE DATA X ... ____ W_R_I_TE_D_A_T_A ..... __ ...J}----------------

PRO 

ICS IPC 

BOUT ~ \ ..... _-
ACD15 ACD8 AC07 ACDO State 

Spec Lo·adr f1 
T2 

HI-data1 Lo-datal T3 
lo-data2 Tw 

HI-data2 Lo·dala2 T3 

HI-z HI-z 

171873-17 

Figure 14. Stretched Write Cycle Timing 
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MINIMUM READ CYCLE -I I- 5 CLKA CYCLES 

T, TV T, 

CLKA 

ACD15··· ACDo ------- ... _ .. '-___ .oJ ----------------{ ADDRISPEC >C 

PRO 

ICS IPC 

BOUT -.-I \I-____ -J! 
ACD15 ACD8 AGO? ACDO State 

Ht-z HI-z T, 

Spec T1 
Mld-adr T2 

HI-data" T3 
HI-, 

HI-z Ti 

Soec lo-adr 

Undef,['\ed II smgle byte read 

171873-18 

Figure 15. Minimum Read Cycle (Not Buffered) 

MINIMUM READ CYCLE (BUFFERED SYSTEM) I- -I 6 CLKA CYCLES 

CLKA 

ACD,S .. ACDo------------{ ADDRISPEC X ... __ A_D_D_R_.-J}-----------------< READ DATA )-----------------( AD DR 

PRO I \ I 
ICSX IPC X IPC X IPC >. STRETCH ! STRETCH '< ERR X IPC x= 

BOUT -.-I \ ! 
AC01S ACD8 AC07 ACDO Stale 

H'-l H,·, T, 

Spec lo-adr " H,-adr T2 
H,-z Tw 
H,-datal' T3 

T, 

HL-Z T, 

Undefmed It Single byte read 171873-19 

Figure 16. Minimum Read Cycle (Buffered System) 
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I ~ 2 CLKA CYCLES -I 

CLKA 

ACD1S •. · 

ACDo ------

CANCEL \~-------------------------

ACD15 ACDS ACD7 ACOD 

Ht-z HI-z 

Spec Lo-adr 

Undefined Undefined 

Spec Lo-adr 

HI-adr Mld-adr 

HI-data' LO-data 

HI-z 

HI-z HI-z 

'Undefmed If single byte write 
"AccessCancelied 

Stale 

" T1 
T2" 

T1'" 

T2 
T3 
T. 
T, 

"'New Access Started (Slave must 
supportlhlssubsequentaccess 
even though all processors may not 
Implement I!.} 

IPC 
NO 

SIGNIFICANCE 

IGNORE 
COMPLETELY 

IPC 

Figure 17. Minimum Faulted Access Cycle 

~ .... _---

-NOTE THAT THE BROKEN TRANSITION 
IN THE IP STATE DIAGRAM IS NOT 
GENERATED BY THE IP. 

Figure 18. IP State Diagram 
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Table 6. iAPX 43203 Interface Processor Pin Summary 

432 System Side 

". Hardware 
Pin Group Pin Name Direction Error 

.. Detection 

PROCESSOR ACD15 ... ACDO 110 X 
PACKET BUS PRQ 0 X 
GROUP ICS I 

BOUT 0 

SYSTEM ALARM 1 I 
GROUP FATAL! O(lat 

Initia!ization) 

CLRI I 
PCLKI I 
INITI I 

CLOCK CLKA I 
GROUP CLKB I 

HARDWARE ERROR HERR O(lat 
DETECTION GROUP Initialization) 

Peripheral Subsystem Side 

Hardware 
Pin Group Pin Name Direction Error 

Detection 

PERIPHERAL AD15 ... ADO 110 X 
SUBSYSTEM BHENI I 
BUS GROUP CSI I 

WRI I 

PS TIMING GROUP ALE I 
OE I 
SYNC I 

PS BUFFER CONTROL DENI 0 X 
GROUP 

PS INTERLOCK GROUP HLD 0 X 
HDA I 

PS SYNCHRONIZATION XACKI 0 X 
GROUP NAKI 0 X 

INH1 0 X 

PS INTERRUPT GROUP INT 0 X 

PS RESET GROUP PSR 0 X 
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43203 PIN DESCRIPTION 

The following section provides detailed informa
tion concerning the 43203 pin description. Table 6 
lists a summary of all signal groups, signal names 
and their active states, and whether or not they 
are monitored by the Hardware Error Detection 
circuitry. 

Processor Packet Bus Group 

ACD15-ACDo (Address/Controll 
Data lines, Inputs or Three-state Outputs, 
high asserted) 

The Processor Packet bus Address/Control/Data 
lines are the basic communication path .between 
the IP and its environment. These pins are used 
three ways: 

• They may indicate control information for bus 
transactions, 

• They may issue physical addresses generated 
by the IP for an access, or 

• They may transfer data (either direction). 

When the 43203 is in checker mode, the ACD pins 
are moni.tored by the hardware error detection 
logic and are in the high impedance mode. 

PRQ (Processor Packet bus Request, 
Three-stateOutput, high asserted) 

PRO is used to indicate the presence of a trans
action between the IP and its external environ
ment. Normally low, the PRO pin is brought high 
during the same cycle as the first double-byte of 
address information is being driven onto the ACD 
pins. PRO remains high for only one cycle during 
the access, unless an address development fault 
occurs. The 43203 will leave PRO high for a second 
cycle to. indicate the GDP has detected an 
addressing or segment rights fault in completing 
address generation.PRQ is checked by the hard
ware error detection logic. PRO is in a high 
impedance state when the 43203 is in che.cker 
mode. 

ICS (Interconnect Status, 
Input, high asserted) 

ICS is an indication to the 43203 from the bus 
interface circuitry concerning the status of a bus 
transaction. The interpretation of the ICS state is 
dependent upon the present cycle of a bus trans
action and may indicate: 

• Interprocessor communication (IPC) message 
waiting, 

• Input data invalid, 

• Output data not taken, 

• Bus error in external environment. 

System Group 

ALARM! (Alarm, Input, low asserted) 

The ALARM / input monitors the occurrence of an 
unusual, system-wide condition such as power 
failure. ALARM/ is sampled on the rising edge of 
CLKA. 

FAT ALI (Fatal, Output, low asserted) 
(Master, Input, low asserted) 

FATAL! is asserted by the IP under microcode 
control when the processor is unable to continue 
due to various error or fault conditions. Once 
FATAL! is asserted, it can only be reset by asser
tion of INIT /. FATAL! is not checked by the hard
ware error detection logic. 

When INIT/ is asserted, the FATAL! pin assumes 
an input role. Please refer to the INIT / pin descrip
tion for a discussion of this function. 

Hardware Error Detection Group 

HERR (Hardware Error Output, Open 
Drain Output, high asserted) (Master, 
Input, low asserted) 

HERR is used to signal a discrepancy between a 
master and a checker (difference between the 
value internally computed in the checker and that 
output by the master). The sampling of errors 
occurs at the most appropriate time for the pin(s) 
being checked. 
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HERR is an open drain output which requires an 
external pullup resistor. Nominally the output is 
held low. HERR is released upon the detection of 
discrepancy. The timing of HERR depends on the 
source of the error. Once HERR is high it will 
remain high until external logic forces it to go low 
again. When HERR goes low again, the present 
HERR error condition is cleared and HERR is 
immediately capable of detecting and signaling 
another error. 

When IN IT/ is asserted, the HERR pin assumes an 
input role. Please refer to the INIT i pin description 
for a discussion of this function. 

PClK/ (Processor Clock, Input, 
low asserted) 

Assertion of PCLK/ for one clock cycle causes the 
system timer in the IP to decrement. Assertion of 
PCLK/ for two or more cycles causes the system 
timer to be reset. PCLKI must be unasserted for at 
least 10 clock cycles before being asserted again. 

ClR/ (Clear, Input, low asserted) 

Assertion of CLR/ results in a microprogram trap 
which causes the IP to immediately terminate any 
bus transactions or internal operations which may 
be in progress at the time, reset to a known state, 
assert FATAL!, and await an IPC (which resets the 
IP to the same state as INIT I assertion does). The 
IPC will not be serviced for at least four clock 
cycles following CLR/ assertion. 

Response to CLR/ is disabled by the .first CLR/ 
assertion and is reenabled when the IP receives 
the first IPC (or INIT / assertion). 

CLR/ is sampled by the IP on the rising edge of 
CLKA. 

INIT / (Initialize, Input, low asserted) 

Assertion of INIT / causes the internal state of the 
IP to be reset and starts execution of the initializa
tion microcode. INIT / must be asserted for a 
minimum of 10 clock cycles. After the INIT/ pin is 
returned to its nonasserted state, IP microcode 
will initialize all of the internal registers and win
dows and will wait for a 10ca11PC. 

During INIT/ assertion, the FATAL! and HERR 
pins are sampled by the IP to establish the mode 
in which the two bus interfaces of the IP are to par-

ticipate in hardware errOJ detection. Table 7 
specifies the encoding of the master/checker 
modes. 

Table 7. Representation of MASTER/CHECKER 
Modes at Initialization 

iAPX432 Peripheral 
FATAL/ HERR Side Subsystem Side 

0 0 MASTER MASTER 
0 1 MASTER CHECKER 
1 0 CHECKER MASTER 
1 1 CHECKER CHECKER 

Clock Group 

ClKA, ClKB (Clock A, Clock B, Inputs) 

CLKA provides the basic timing reference for the 
IP. CLKB follows CLKA by one-quarter cycle and 
is used to assist internal timings. 

Peripheral Subsystem Bus Group 

AD1S-ADo (AddressiData, Input/Output) 

These pins constitute a multiplexed address and 
data input/output bus. When the attached pro
cessor bus is idle or during the first part of an 
access, these pins normally view the bus as an 
address. The address is asynchronously checked 
to see if it falls within (matches) anyone of the five 
window address ranges. The address is latched 
on the falling edge of ALE thereby maintaining 
the state of a match or no match for the remainder 
of the access cycle. The addresses are then 
unlatched on the falling edge of OE. 

Once SYNC has pulsed high, the AD15-ADo pins 
become data input and output pins. When WR/ is 
high (read mode), data is now accessed in the IP 
and the output buffers are enabled onto the AD 
pins if the OE is asserted. When WR/ is low (write 
mode), data is sampled by the IP after the rising 
edge of SYNC during the CLKA high time. 

The addresS is always a 16-bit, unsigned number. 
Data maybe either 8 bits or 16 bits as defined by 
BHEN / and ADo. The 8-bit data may be transferred 
on either the high (AD15-AD8) or the low 
(AD7-ADo) byte. When 8-bit data is transferred on 
the high or low byte, the opposite byte is 3-stated. 
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Twenty-bit addresses are accommodated by the 
external decoding of the additional address bits 
and are incorporated in the external CS/logic. 

During the clock in which write data is sampled, 
data must be set up before the rising edge of 
CLKA and must be held until the falling edge of 
that CLKA. Read data is driven out from a CLKA 
high and should be sampled on the next rising 
edge of CLKA. 

Hardware error detection sampling is not done 
synchronously to CLKA. It is sampled by the faIl
ing edge of the OE pin. The internal AD pin hard
ware error detection signal is then clocked and 
output on the HERR pin. At this paint it may still 
not be synchronous with CLKA and should be 
externally synchronized. 

BHEN/ (Byte High Enable, Input, 
low asserted) 

This pin, together with ADO, determines whether 
8 or 16 bits of data are to be accessed, and if it is 
8 bits, whether it is to be accessed on the upper or 
lower byte position. This pin is latched by the fail
ing edge of ALE and unlatched by the falling edge 
of OE. BHENt and ADO decode as shown in 
Table 8. 

Table 8. Bus Data Controls 

BHENI ADO Description 

a 0 16-bit access 

0 1 8 bits on upper byte, 
lower byte tristated 

1 a 8 bits on lower byte, 
upper byte tristated 

1 1 8 bits on lower byte, 
upper byte tristated 

CS/ (Chip Select, Input, low asserted) 

Chip Select specifies that this IP is selected and 
that a read or write cycle is requested. This pin is 
latched by the falling edge of ALE and unlatched 
by the falling edge of OE. 

WR/ (Write, Input, low asserted) 

This pin specifies whether the access is to be a 
read or a write. WRI is asserted high for a read 
and asserted low for a write. This pin is latched by 
the falling edge of ALE and unlatched by the fail
ing edge of OE. 

PS Timing Group 

ALE (Address Latch Enable, Input, 
Rising- and Falling-Edge-Triggered) 

The rising edge of ALE sets a flip-flop which 
enables Transfer Acknowledge (XACK/) to 
become active. The falling edge of ALE latches 
the address on the AD1S-ADO pins and latches 
WR/, BHEN I and CS/. Figure 19 shows two styles 
of ALE. 

OE (Data Output Enable, Input, high 
asserted) 

During a read cycle the OE pin enables read data 
on to the AD1S-ADO pins when it is asserted. Dur
ing a read or write cycle the falling edge of OE 
signifies the end of the access cycle. Specifically, 
the falling edge of OE does three things: 

1. Resets the XACKI enable flip-flop, thereby 
terminating XACK/. 

2. Terminates DENI (if read cycle). 

3. Opens address latches WR/, BHEN I, and CS/. 

AD15 ... ADO, WRf, CS/, BHEN/ -CD-
ALE (STYLE 1) r 

------J '--_ 

ALE (STYLE 2) 

171874-10 

Figure 19. Two styles of ALE 
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SYNC (Synchronized Qualifier Signal, 
Input, high asserted) 

A rising edge on this signal must be synchronized 
to the IP CLKA falling edge. This signal qualifies 
the address, BHEN /, CS/ and WR/, indicating a 
valid condition. SYNC also initiates any internal 
action on the IP's part to process an access. It 
starts the request for data to the IP in a read 
access. In a write access, data is expected one or 
two CLKA's after SYNC pulses high. At initializa
tion time, IP microcode sets the write sample 
delay to the slowest operation (two CLKA's after 
SYNC). However, this can be modified to one 
clock cycle by making a function request to the IP 
to change the write sample delay. 

When the hold/hold-acknowledge mechanism of 
the IP is used, and once HDA has pulsed high, a 
SYNC pulse is required to qualify the hold 
acknowledge since the HDA pin can be 
asynchronous. 

PS Buffer Control Group 

DEN/ (Data Enable, Output, low 
asserted) 

This pin enables external data buffers which 
would be used in systems where the address and 
data are not multiplexed (e.g., a Multibus system). 
DEN / assertion begins no sooner than the CLKA 
high time of the first clock of SYNC assertion if a 
valid, mappable address range is detected. It is 
terminated with the falling edge of OE. In a write 
access, it is also terminated after XACK/ 
assertion. 

Hardware error detection occurs during the first 
clock of SYNC assertion. 

PS Interlock Group 

HLD (Hold Request, Output, high 
asserted) 

The hold/hold-acknowledge mechanism is an 
interlocking mechanism between the peripheral 
subsystem and the IP. Hold is used by the IP to 
gain control of the subsystem bus to ensure that 
no subsystem processors will make an access to 
the IP while it alters internal registers. 

This signal is put out synchronously with the 
rising edge of CLKA. Hardware error detection 
sampling occurs during CLKA low time. 

In special cases it may not be necessary to use 
the HLD function interlocking. In this case HDA 
can be tied high and no SYNC pulse will be 
required for HDA qualification. The hardware 
detects this condition by noting that the HDA pin 
was high a half clock before HLD requests a hold. 
In this mode the HLD output still functions and can 
be monitored if desired. 

HDA (Hold Acknowledge, Input, high 
asserted) 

HDA is asserted by the peripheral subsystem 
when the IP's request for a hold has been granted. 
This pin need only be a high pulse and can be 
asynchronous to CLKA. This pin must be followed 
by a SYNC pulse in order to synchronously 
qualify it. 

PS Synchronization Group 

XACK/ (Transfer Acknowledge, Output, 
low asserted) 

XACK/ is used to acknowledge that a data transfer 
has taken place. 

For random or local accesses, XACK/ indicates 
that a transfer to or from iAPX 432. memory has 
been completed. 

For buffered accesses where the XACK-Delay is 
not in the advanced mode, XACK/ signifies that 
the transfer from Ito the prefetch / postwrile buffer 
in the IP has been completed. 

For buffered accesses which use advanced 
acknowledge mode (XD=O) the formation of an 
advanced XACK/ signal is requested. This allows 
the possibility of interfacing to the peripheral sub
system without wait states. The acknowledge will 
be advanced if the access is a read operation and 
the buffer contains the required data or the access 
is a write operation and the buffer contains suffi
cient space to accept the write data. In addition, 
the access must be valid. 
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If XACK/ is preceded by a low pulse on NAK/, 
then XACK/ signifies that the access encountered 
a fault. If the access was a random access, other 
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dow will be ignored by the IP. 
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If the IP is programmed to be in advanced 
acknowledge mode (XD=O) and XACKI is not 
returned before the peripheral subsystem issued 
SYNC, then XACKI will be postponed until valid 
data has been established on the AD15-ADO bus. 

Five conditions affecting XACKI behavior are: 

• XACK-Delay, user programmable through an IP 
function request. This parameter establishes 
the minimum operating XACK-delay with 
respect to the SYNC signal. Table 9 displays the 
representation of the XACK-delay codes. 

• XACK-enable-flip-flop, set by the rising edge of 
the ALE signal and reset by the falling edge of 
the OE signal. 

• Internal IP Registers. These are used to 
determine validity of the peripheral subsystem 
access and establish access modes. 

• Type of access behavior: Random or Buffered, 
Memory or Interconnect. 

• Bus Faults, nonexistent memory, etc. 

Hardware error detection occurs during the first 
clock of SYNC assertion. 

NAKI (Negative Acknowledge, Output, 
low asserted) 

This signal precedes XACKI by one-half clock 
cycle in order to qualify it as a negative 
acknowledge. This pin pulses low for only one 
clock period. 

When the IP is in physical mode and making an 
interconnect access, negative acknowledge may 
be used to indicate that the access was made to a 
nonexistent interconnect address space. This will 

allow determination of the system configuration 
by a subsystem processor at system initialization 
time. 

This pin could be used to set a status bit and 
cause a special interrupt to transmit the informa
tion back to the subsystem . 

This signal is synchronously driven from the fail
ing edge of CLKA. Hardware error detection 
occurs during CLKA high time. 

INH1 (Inhibit, Output, high asserted) 

This pin is asynchronously asserted by non
clocked logic when a valid mappable address 
range is detected. It can be used to override other 
memories in the peripheral subsystem whose 
address space is overlapped by an IP window. 
After initialization, the microcode sets the INH1 
mode for each window by loading registers in the 
IP for each window. Once the subsystem is 
allowed to make a function request, it can selec
tively disable or enable the inhibit mode on each 
window. This pin is gated off by CS/. 

The selection of the inhibit mode for window 0, 
when in buffered mode, causes a corresponding 
built-in XACK-delay which delays the 
acknowledge from going active until two clock 
periods after the rising edge of SYNC. This was 
done to facilitate most Multibus systems using 
INH1, as they require that the acknowledge be 
delayed. When the Advanced XACKI mode is pro
grammed, the inhibit mode should not be used on 
window 0 when in buffered mode, since the 
acknowledge will not be effectively delayed. 

Hardware error detection occurs during the first 
clock of SYNC assertion. 

Table 9. XACKI Timing Parameters 

Inhibit 
/WRI XD1 XDO XACKI Formation 

Mode 

0 x 0 0 Advanced Acknowledge 
(XACKI can occur before SYNC) 

0 1 0 1 Rising edge of SYNC 
0 0 0 1 Rising edge of SYNC plus 1 Clock 
0 1 1 0 Rising edge of SYNC plus 1 Clock 
0 0 1 0 Rising edge of SYNC plus 2 Clocks 
1 X 1 0 Rising edge of SYNC plus 2 Clocks 
1 X 0 1 Rising edge of SYNC plus 2 Clocks 
X X 1 1 Illegal condition 

Note: X=don't care condition 
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PS Int~rrupt Group 

INT (Interrupt, Output, high asserted) 

This output is a pulse 2 CLKA's wide, and is 
synchronously driven from the rising edge of 
CLKA. Hardware error detection occurs during 
CLKA low time. 

PS Reset Group 

PSR (Peripheral Subsystem Reset, 
Output, high asserted) 

PSR is asserted by the IP under microprogram 
control. When asserted, the peripheral subsystem 
should be reset. In a debug type of control, it may 
be desirable to use this pin.to set a status bit in an 
external register or possibly cause a special inter-

rupt. This pin is normally asserted by the IP when 
the peripheral subsystem is believed to be faulty 
and would not respond to other means of control. 

This signal is put out synchronously with the ris
ing edge of CLKA. Hardware error detection 
sampling occurs during CLKA low time. 

43203 ELECTRICAL CHARACTERISTICS 

Tables 10 through 12 and Figures 20 through 25 
provide electrical specification information and 
include input/output timing, read and write timing, 
and component maximum ratings. 

Instruction Set Comparison 

Refer to Table 13 for a GDP/IP operator 
comparison. 

Table 10. 43203 Absolute Maximum Ratings 

Absolute Maximum Ratings 

AmbientTemperature Under Bias 0' C to 70' C 

Storage Temperature -65' Cto +150' C 

Voltage on Any Pin with Respect to GND -1 V to + 7V 

Power Dissipation 2.5 Watts 

Table 11. iAPX 43203 DC Characteristics 

VCC=5V±10% Ta=O°C to 70°C 

Spec Description Min Max Units 

Vilc Clock Input Low Voltage -0.3 +0.5 V 
Virlc' Clock Input High VOltage 3.5 VCC+0.5 V 
Vii Input Low Voltage -0.3 0.8 V 
Vih Input High Voltage 2 VCC+0.5 V 
Icc Power Supply Current - 450 mA 
Iii Input Leakage Current - ±10 uA 
10 Output Leakage Current - ±10 uA 
101 @0.45Vol 

HERR - 8 mA 
FATAL! - 4 mA 
AD15 ... ADO - 4 mA 
OTHER - 2 mA 

loh @2.4 Voh - -0.1 mA 

• For operation at 5 MHz or slower, the 43203 may be operated with a Vihc minimum of 2.7 volts. 
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Table 12. iAPX 43203 AC Characteristics 

VCC = 5± 10% Ta = O°C to lO°C Loading: AD15 ... ADO 20 to 100pf 
OTHER 20to lOpf 

Symbol Description 
8 MHz. 5MHz. 

Unit 
Min Max Min Max 

GLOBAL TIMING REQUIREMENTS 

tcy Clock Cycle Time 125 1000 200 1000 nsec. 
tr, tf Clock Rise and Fall Time - 10 - 10 nsec. 
t1,t2 
t3,t4 Clock Pulse Widths 26 250 45 250 nsec. 
tis INIT t to Signal Hold Time 15 - 20 - nsec. 
tsi Signal to INIT t Setup Time 10 - 10 - nsec. 
tie IN IT t Enable Time 10 - 10 - tcy 

SYSTEM SIDE TIMING REQUIREMENTS 

tdc Signal to CLOCK Setup Time 5 - 5 - nsec. 
tcd Clock to Signal Delay Time - 55 - 85 nsec. 
tdh Clock to Signal Hold Time 25 - 35 - nsec. 
toh Clock to Signal Output Hold Time 15 - 20 - nsec. 
ten Clock to Signal Output Enable Time 15 - 20 - nsec. 
tdf Clock to Signal Data Float Time - 55 - 75 nsec. 

PERIPHERAL SUBSYSTEM SIDE TIMING REQUIREMENTS 

tas AD15 ... ADO,CSt ,WRt,BHENt 
Setup Time to ALE Low 0 - 0 - nsec. 

tah AD15 ... ADO,CSt ,WRt ,BHENt 
Hold Time to ALE Low 32 - 35 - nsec. 

tss SYNC High Setup Time to 
CLKA High 50 - 60 - nsec. 

tsh SYNC Low Hold Time to 
CLKA High 30 - 40 - nsec. 

tsw SYNC High Pulse Width 50 tss + 60 tss + nsec. 
1.5tcy 1.5tcy 

tds Write Data Setup to 
Sampling CLKA High 10 - 20 - nsec. 

tdx* Write Data Hold to Sampling 
CLKA Low (Advanced XACKI) 10 - 20 - nsec. 

tdhx Write Data Hold to XACKI 5 - 5 - nsec. 
tasy AD15 ... ADO,CSI ,WRI ,BHENt 

Setup to SYNC 120 - 160 - nsec. 

PERIPHERAL SUBSYSTEM TIMING RESPONSES 

tsdh CLKA High to HLD,INT,PSR - 75 - 90 nsec. 
taih Valid AD15 ... ADO,CSI 

to Chip INH1 Valid Delay - 80 - 85 nsec. 
tede OE to DEN I Delay - 65 - 70 nsec. 
tead OE to Enable AD15 ... ADO Buffers 

Delay (Read Cycle) - 70 - 75 nsec. 
tdad OE to Disable AD15 ... ADO Buffers 

Delay (Read Cycle) - 52 - 52 nsec. 
tced CLKA High to Enable AD15 .. ADO 

Buffers Delay - 70 - 75 nsec. 
tcvd CLKA High to Valid Read Data Delay - 80 - 90 nsec. 
tox OE Inactive to XACKI 

Inactive Delay - 80 - 90 nsec. 
tdds AD15 ... ADO Disable Setup 

to DENI High 0 - 0 - nsec. 
txde XACKI Lowto DENt High 

(Write Cycle) - 35 - 40 nsec. 
tcde CLKA High to DEN t Low - 70 - 75 nsec. 
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Table 12. iAPX 43203 AC Characteristics (Cont'd.) 

Symbol Description 
8 MHz. SMHz. 

Unit 
Min Max Min Max 

XACKI TIMING CHARACTERISTICS 

Buffered Accesses with XD= 0 
tax ALE High to XACKI Valid 0 65 0 70 nsec. 
tdsx AD15 ... ADO Read Data Valid 

Setup to XACKI Valid 
(When internal state does not 
allbw XACKI before SYNC) 20 - 20 . - nsec. 

tadx Valid AD15 ... ADOto XACKI Valid 
(When int.ernal state allows 
XACKI before SYNC) - 120 - 140 nsec. 

Buffered Accesses (With XD=l or 
XD=2) or Random Accesses 

tdsx AD15 ... ADO Read Data Valid 
Setupto XACKI 20 - 20 - nsec. 

Faulted Accesses 
tsdl ClKA low to NAKI - 75 - 90 nsec. 
tsnx Setup of NAKI to XACKI 50 - .. 50 - nsec. 

Note: All timing parameters are measured at the 1.5 Volt level except for ClKA and ClKS which are measured 
at the 1.8 Volt level. 

• Write data is sampled for only one clock cycle. The·PS must meet the· tDf.iX specification the.reby guaranteeing 
tDx· 

CLKA 

CLKB 

171873·22 

Figure 20. 43203 Clock Input Specification 

CLKA 

ALL OUTPUT 
PINS 

EXCEPT BOUT 
(ON 432 SIDE) 

··BOUT 

171874-11 

Figure 21. 43203 Output Timing Specification 
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CLKA 

ACD15 ... ACDO 
(READ DATA 

TIMING) 

~~~~~~~~~~~3f -----=;;;.-~ ~-t---. ,...----
TIMING ANI}INPUT 

TIMING FOR ALL 
INPUTS EXCEPT 
ACD1S···ACDO 
(ON 432 SIDE) 

171874·12 

Figure 22. 43203 Input Timing Specification 

CLKA 

INIT/ 

HERR 
FATAL/ 

..... .... toe 

lSI 

MASTER/CHECKER 

171874·13 

·Figure 23. 43203 Initialization Timing 
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VALIDADDR VALID WRITE DATA 
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Figure 24. Local Processor Bus Timing 
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Figure 25. Multibus™ Interface Timing 

10-61 



inter iAPX43203 

Table 13. GDP/IP Operator Comparison 

OPERATOR IP IMPLEMENTATION 

Window Definition Operator 
Update Window + 

Access Descriptor Movement Operators 
Copy Access Descriptor = 
Null Access Descriptor = 

Rights Manipulation Operators 
Amplify Rights = 
Restrict Rights = 

Type Definition Manipulation Operators 
Create Public Type -
Create Private Type -
Retrieve Public Type = 
Retrieve Type = 
Retrieve Type Definition = 

Refinement Operators 
Create Generic Refinement = 
Create Typed Refinement = 
Retrieve Refinement = 

Segment Creation Operators 
Create Data Segment -

Create Access Segment -
Create Typed Segment -
Create Access Descriptor -

Access Path Inspection Operators 
Inspect Access Descriptor = 
Inspect Access Path = 

Object Interlock Operators 
Lock Object = 
Unlock Object = 
Indivisibly Add Short Ordinal -
Indivisibly Add Ordinial -

Indivisibly Insert Short Ordinal -

Indivisibly Insert Ordinal -

Context Communication Operators 
Enter Access Segment = 
Enter Process Globals Access Segment = 
Set Context Mode I 
Call -
Call Context with Message -
Return -
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Table 13. GDP/IP Operator Comparison (Cont'd.) 

OPERATOR 

Process Communication Operators 
Send 
Receive 
Conditional Send 
Conditional Receive 
Surrogate Send 
Surrogate Receive 
Delay 
Read Process Clock 

Processor Communication Operators 
Send to Processor 
Broadcast to Processors 
Read Processor Status and Clock 
Move to Interconnect 
Move from Interconnect 

Branch Operators 
Character Operators 
Short-Ordinal Operators 
Short-Integer Operators 
Ordinal Operators 
Integer Operators 
Short-Real Operators 
Real Operators 
Temporary-Real Operators 

Legend: 
= IP and GDP identical implementation 
+ GDP does not implement operator 
- IP does not implement operator 

IP IMPLEMENTATION 

= 
= 
= 
= 
= 
= 
= 
= 

= 
= 
= 
-

-

-

-

-

-

-

-

-
-

-

While conceptually similar, IP imp,lements operator differently 
than GDP 
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12114A 
1024 x 4·81T STATIC RAM 

INDUSTRIAL 

12114AL·3 12114AL·4 12114A·4 12114A·5 

Max. Access Time (ns) 150 200 200 250 

Max. Current (mA) 50 50 70 70 

HMOS Technology • Directly TTL Compatible: All Inputs 

Low Power, High Speed and Outputs 

Identical Cycle and Access Times 

Single +5V Supply ±10% • Common Data Input and Output Using 
Three-State Outputs 

High Density 18 Pin Package 

Completely Static Memory - No Clock • Industrial Grade Temperature Range 
or Timing Strobe Required - 40°C to + 85°C 

The Intel"' 12114A is a 4096·bit static Random Access Memory organized as 1024 words by 4 bits using HMOS, a high 
performance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, 
therefore it requires no clocks or refreshing to operate. Data access is particularly simple since address setup times 
are not required. The data is read out non destructively and has the same polarity as the input data. Common input/out· 
put pins are provided. 

The 12114A is des.igned for memory applications where the high performance and high reliability of HMOS, low cost, 
large bit storage, and simple interfacing are important design objectives. The 12114A is placed in an 18·pin package for 
the highest possible density. 

It is directly TTL compatible in all respects: inputs, outputs, and a single + 5V supply. A separate Chip Select (CS) lead 
allows easy selection of an individual package when outputs are or·tied. 

A, ~ @ 
~Vcc .. Vee 

A ® 
.....ill-GNO 

Ao . 
0 .. A, A, 110, 

A, 
ROW MEMORY ARRAY 

A, 
A, :i) SHECT 64 AOWS 

64 COLUMNS .., 
@ A, ... 110, 

A, 
A, @ ... 1/o, A, .. 

IIO,@ 
A, 110, A, 

110, 

1I0,@ 

.., 
A, 

110, A • 110. 

GND ... 
WE es 

o = PIN NUMBERS 
All-At ADDRESS INPUTS Voe POWER 1+5VJ 

WE" WRITE ENABLE GND GROUND 

CS CHIP SELECT 

1/0,-1/0. OAT A INPUT 10UTPUT 

Figure 1. 12114A Block Diagram Figure 2. 12114A Pin Diagram 
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12114A FAMILY 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ - 50'C to + 95'C 
Storage Temperature ............. -65'Cto +150'C 
Voltage on any Pin 

With Respect to Ground ............ - 3.5V to + 7V 
Power Dissipation ............................ 1.0W 
D.C. Output Current ....... ; .................. 5 mA 

·COMMENT: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. AND OPERATING CHARACTERISTICS [3] 

TA= -40'C to +85'C, Vcc=5V ± 10%, unless otherwise noted. 

12114AL-3/L·4 12114A·4/-5 
Symbol Parameter Min. Typ.'" Max. Min. Typ.111 Max. Unit Conditions 

III I nput Load Current 10 10 VA V,N ~ a to 5.5V 
(All Input Pins) 

ILo I/O Leakage Current 10 10 vA CS = V,H 
V'la ~ GND to Vee 

Icc Power Supply Current 25 50 50 70 mA Vec= max, II/O~ a mA, 
TA = -40' C 

VIL Input Low Voltage -3.0 0.8 -3.0 0.8 V 

V,H Input High Voltage 2.0 6.0 2.0 6.0 V 

10L Output Low Current 2.1 90 21 9.0 mA Vo , = 0.4V 

10H Output High Current -1.0 -2.5 -1.0 -2.5 mA VOH = 2AV 

105 121 Output Short Circuit 40 40 mA Vour = GND 
Current 

NOTES: 
1. Typical values are for TA ;'2S'C and Vee; S.OV. 
2. Duration not to exceed 30 seconds. 
3. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 

thermal resistance values of the package at maximum temperature are: 

8JA (@ 400 fpM air flow) = 40'C/W 
8JA (stili air) = 70'C/W 
8Jc =25'C/W 

CAPACITANCE 
TA =25'C, 1=1.0 MHz 

Symbol 

CliO 

CIN 

Test 

InputlOutput Capacitance 

Input Capacitance 

NOTE: ThIS parameter IS periodIcally sampled and not 100% tested. 

A.C. CONDITIONS OF TEST 

Max 

5 

5 

Unit Conditions 

pF Vl/o=OV 

pF VIN = OV 

Input Pulse Levels ....................................................................... 0.8V to 2.0V ' 
Input Rise and Fall Times ...................................................................... 10 ns 
Input and Output Timing Levels .................................................................. 1.5V 
Output Load ............................................................... 1 TTL Gate and CL = 100 pF 
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12114A FAMILY 

A.C. CHARACTERISTICS T A = - 40·C to + 85·C, Vee= 5V ± 10%, unless otherwise noted. 

READ CYCLE [1J 

12114AL·3 12114A·4/L·4 12114A·5 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

tRe Read Cycle Time 150 200 250 ns 

tA Access Time 150 200 250 ns 

teo Chip Selection to Output Valid 70 70 85 ns 

tex Chip Selection to Output Active 10 10 10 ns 

toTO Output 3-state from Deselectlon 40 50 60 ns 

tOHA Output Hold from Address Change 15 15 15 ns 

WRITE CYCLE [2J 

12114AL·3 12114A·4/L·4 12114A·5 

Symbol Parameter Min. Max. Min. Max. Min. Max. Unit 

twe Write Cycle Time 150 200 250 ns 

tw Wnte Time 90 120 135 ns 

tWR Write Release Time 0 0 0 ns 

tOTW Output 3-state from Write 40 50 60 ns 

tow Data to Write Time Overlap 90 120 135 ns 

tDH Data Hold from Write Time 0 0 0 ns 

NOTES: 
1. A Read occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the overlap of a low CS and a low WE. tw is measured from the latter of CS or WE going low to the earlier of 

CS or WE going high. 

READ CYCLE@ WRITE CYCLE 

I-------,,,-----~ 'we 

I-----,A----~ 
ADDRESS 

A.DDRESS -JI\.-----------+-Ji'--- I--IWR~ 

S'\: ~ U.i.L.L.L.LLL.L 
'w 

~ ®' 
-lor=1 

DOUl 

i'DW ItoI'! 

0,. 

NOTES: 
3. WE is high for a Read Cycle. 
4. If the CS low transition occurs simultaneously with the WE low transition, the output buffers remain in a high impedance state. 
5. WE must be high during all address transitions. 
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12118 FAMILY 
16,384 x 1·BIT DYNAMIC RAM 

INDUSTRIAL 

Maximum Access Time (ns) 

Read, Write Cycle (ns) 

Read-Modify Cycle (ns) 

• Single + 5V Supply, :t: 10% Tolerance 

• HMOS Technology 

• Low Power: 138 mW Max. Operating 
11 mW Max. Standby 

• Low VDD Current Transients 

• All Inputs, Including Clocks, TTL 
Compatible 

12118·12 12118·15 

120 150 
270 320 
320 410 

• CAS Controlled Output is Three·State, 
TTL Compatible 

• RAS·Only Refresh 
• 128 Refresh Cycles Required Every 2 ms 

• Allows Negative Overshoot 
VIL min= -2V 

• Industrial Grade Temperature Range 
- 40°C to + 85°C 

The Intel® 12118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single + 5V power supply. The 
12118 is fabricated using HMOS-a production proven process for high performance, high reliability, and high storage 
density. 

The 12118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur
rent transients contribute to the high noise immunity of the 12118 in a system environment. 

Multiplexing the 14 address bits into 7 address input pins allows the 12118 to be packaged in the industry standard 16-pin 
DIP. The two 7-bit address words are latched into the 12118 by the two TIL clocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing tech
nique while maintaining high performance. 

The 12118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 

The Single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS
only refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through A6 during a 2 ms 
period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 

64 x 128 CELL 
MEMORY ARRAY 

Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS· 'COMMENT: 

Ambient Temperature Under Bias .... - 50·C to + 95·C 
Storage Temperature ............. -65·Cto +150·C 
Voltage on any Pin Relative to Vss ............... 7.5V 
Data Out Current ............................ 50mA 
Power Dissipation ........................... 1.0W 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to abo 
solute maximum rating conditions for extended periods may af· 
feet device reliability. 

D.C. AND OPERATING CHARACTERISTICS [1,4] 

TA = -40·C to +8SoC, VDD=SV ± 10%, Vss=OV, unless otherwise noted. 

Limits 
Symbol Parameter Min. Typ.I'1 Max. Unit Test Conditions Notes 

IILlI Input Load Current (any Input) 0.1 10 p.A VIN=VSS to Voo 

IILOI Output Leakage Current for Chip Deselected: CAS at VIH, 
High Impedance State 0.1 10 p.A VOUT = 0 to 5.5V 

1001 VOO Supply Current, Standby 1.2 2 mA CAS and RAS at VIH 

1002 Voo Supply Current, Operating 21 25 mA 12118-4, tRe = tRe MIN 3 

19 23 mA 12118-7, tRe= tRe MIN 3 

1003 Voo Supply CurrenI-, RAS-Only 14 16 mA 12118-4, tRe = tRe MIN 3 
Cycle 12 14 mA 12118-7, tRe = tRe MIN 3 

1005 Voo Supply Current, Standby, 2 4 mA CAS at VIL, RAS at VIH 3 

Output Enabled 

VIL Input Low Voltage (all inputs) -2.0 0.8 V 

VIH Input High Voltage (all inputs) 2.4 7.0 V 

VOL Output Low Voltage 0.4 V IOL = 4.2mA 

VOH Output High Voltage 2.4 V IOH = -5mA 

NOTES 
1. All voltages referenced to V ss 
2. Typical values are for TA = 25°C and nominal supply voltages. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 MAX is measured with the output open. 
4. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 

thermal resistance values of the package at maximum temperature are: 

OJA (@ 400 fpM air flow) = 45·C/W 
OJA (still air)= 60·C/W 
°Jc=25·C/W 

CAPACITANCE!1] 
TA = 2SoC, VDD = SV ±10%, VSS = OV. unless otherwise noted. 

Symbol Parameter 

Cit Address, Data In 

CI2 RAS, CAS, WE, Data Out 

NOTES: 

Typ. 

3 

4 

I Capacitance measured with Boonton Meter or effective capacitance calculated from the equation. 
C ~ I:.t with :.V equal to 3 volts and power supplies' at nominal levels. 

:.V 

11-S 

Max. Unit 

5 pF 

7 pF 
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A.C. CHARACTERISTICS [1,2,3] 

TA= - 40·C to + 85·C, VDD= 5V ± 10%, VSS= OV, unless otherwise noted. 

READ, WRITE, READ-MODIFY.WRITE AND REFRESH CYCLES 

Symbol Parameter 

tRAC Access Time From RAS 

tCAC Access Time From CAS 

tREF Time Between Refresh 

tRP RAS Precharge Time 

tCPN CAS Precharge Ttme'non-pagecycles l 

tCRP CAS to RAS Precharge Time 

tRCD RAS to CAS Delay Time 

tRSH RAS Hold Time 

tCSH CAS Hold Time 

tASA Row Address Set-Up Time 

tRAH Row Address Hold Time 

tASC Column Address Set-Up Time 

tCAH Column Address Hold Time 

tAA Column Address Hold Time. to RAS 

tr Transition Time (Rise and FallJ 

tOFF Output Buffer Turn Off Delay 

READ AND REFRESH CYCLES 
tAC Random Read Cycle Time 

tAAS RAS Pulse Width 

tCAS CAS Pulse Width 

tACS Read· Command Set-Up Time 

tACH Read Command Hold Time 

WRITE CYCLE 

tAC Random Write Cycle Time 

tAAS RAS Pulse Width 

tCAS CAS Pulse Width 

twcs Write Command Set-Up Time 

tWCH Write Command Hold Time 

tWCA Write Command Hold Time. to RAS 

twP Write Command Pulse Width 

tAWL Write Command to RAS Lead Time 

tcwL Write Command to CAS Lead Time 

tDS Data-In Set-Up Time 

tDH Data-In Hold Time 

tDHA Data-In Hold Time. to RAS 

READ-MODIFY-WRITE CYCLE 

tRWC Read-Modify-Write Cycle Time 

tRAW RMW Cycle RAS Pulse Width 

tCRw RMW Cycle CAS Pulse Width 

tRwD RAS to WE Delay 

tcwD CAS to. WE Delay 

NOTES: 
,. All voltages referenced to Vss. 
2. Eight cycles are required after power up or prolonged periods 

(greater than 2ms) of l'IASinactivity before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

3. A.C. Characteristics assume tT = 5ns. 
4. Assume that tRCD" tRCD(max). If tRCD is greater than tRCD (max.) 

then tRAC will increase by the amount that tACO exceeds tRCD (max.). 
5. Load = 2 TIL loads and l00pF 
6. Assumes tRCD" tRCD (max.). 

11-6 

12118-12 12118-15 

Min. Max. Min. Max. Unit Nota. 

120 150 ns 4.5 

65 80 ns 4.5.6 

2 2 ms 

120 135 ns 

55 70 ns 

0 0 ns 

25 55 25 70 ns 7 

85 105 ns 

120 165 ns 

a a ns 

15 15 ns 

a 0 ns 

15 20 ns 

70 gO ns 

3 50 3 50 ns 8 

a 50 a 60 ns 

270 320 ns 

140 10000 175 10000 ns 

65 10000 95 10000 ns 

a a ns 

a a ns 

270 320 ns 

140 10000 175 10000 ns 

65 10000 95 10000 ns 

a a ns 9 

30 45 ns 

85 115 ns 

30 50 ns 

65 110 ns 

50 100 ns 

a a ns 

30 45 ns 

85 115 ns 

320 410 ns 

190 10000 265 10000 ns 

120 '0000 185 10000 ns 

120 150 ns 9 

65 80 ns 9 

7. tRco(max.) is specified as a reference point only. If tRCO is less than 
tRCD (max.) access time is tRAC. If tRCD is greater than tRCD (max.) 
access time is tACO + tCAC. 

8. tT is measu'ed between VIH (min.) and VIL (max.). 
9. twcs, tCWD and tRWD are specified as reference pOints only. If twcs 

~ twcs (min.) the cycle is an early write cycle and the data' out pin 
will remain high impedance throughout the entire cycle. If tCWD ~ 
tCWD (min.) and tRWD " tRWD (min.). the cycle is a read·modify·write 
cycle 'and the data out will contain the data read from the selected 
address. If neither of the above conditions is satisfied, the condition 
of the data out is indeterminate. 
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WAVEFORMS 

CLE 'RC 
1·~'Red tRAS 

READ CY 

v," 
RAS 

v" 
G) r--l0 J 

®tcRP--1 tCSH -'CPN-I ~c;- tRCD I RSH . 
v," 

CAS 
V" I CD 1\\\\ l0 

tCAS 

'AR 
tASR 1- _tRAH _] 1- lAse -tCAH-

~" 
ADDRESSES 

V" ~~ ROW K ){ COLUMN K ADDRESS ADDRESS 

1- t Res ·1! RCH 0 
V," 

WE 
V" §I '\ 

tCAc 

tRAC --tOFF--

DOUT 
Va" 

HIGH 0) r-VA-L-,-o-----~ ® 
---------~IM~P~EO~A~N~C~E---------------------~~~~-OA-T_A_O_U_T ____ ~ 

VOL 

WRITE CYCLE 'RO 

tRAS 

V," .1' J\ RAS 
v" 2 ) 

®tCRP -! tCSH t-
----tRCD-----~ • 'RSH 

V," J (1)1\\ \I'i(, tCAS 
CAS 

V" 

-tRAH---j IAS~± 
'AR 

j tASRr f--tCAH--

V," )f' ROW; )( )¢ COLUMN K ADDRESSES "0 ADDRESS ADDRESS 
V" 

I RWL 

tr.WL 

V," ~ 
-twcs- ~ IWCH-----:I 

WE 
V" ~~} twP -y 

tWCR 

r-(~:hs- ~tDH®----------
V," ){(i):i) O'N 
V" 

tOHR 

Va" HIGH 
DOlIT VOL IMPEDANCE 

NOTES 1,2. V 1H MIN AND V tL MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF INPUT SIGNALS 

3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT 

5. tOFF IS MEASURED TO lOUT « IiLO I 
6 lOS AND tOH ARE REFERENCED TO CAS OR WE. WHICHEVER OCCURS LAST. 
7. tRCH IS REFERENCED TO THE TRAILING EDGE OF CAs OR RAS. WHICHEVER OCCURS FIRST 
8. tCRP REOUIREMENT IS ONLY APPLICABLE FOR RAS/CASCYCLES PRECEEDED BY A CAS

ONL Y CYCLE (I.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 
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intJ 12118 FAMILY 

WAVEFORMS 

READ-MODIFY-WRITE CYCLE 

J tRwe 

tRRIN Ir-',,--I , CD 0 

®""-I =---tRCD ~ 

'----tf CD \\~ 0 
,<.w y 

-;-:--tAR '.w, _I 
tASRi-- =r"~r '.", 1- leAH ---'",,---

, 
ADDRESSES ~:: )( <!J 'AD~~~SS X X ;g~~~~ 

0 'RWD 

IRcst--1 leWD 

-~~1t 
00/ 

0'0' ..: ® 'I 1--'0' 

)(Q) D:~tI6N )( 
f..:--ICAC~ 0 
' .. , 0 1 

HIGH VALID , IMPEDANCE 0 DATA OUT 

RAS-ONL Y REFRESH CYCLE 

i------------tRAS-----------l 
V llj 

RAS 
\ill 

v," 
rn 

v" 

v" 
ADDRESSES 

V" 

°OUT 
Vo' HIGH 

VOL IMPEDANCE 

NOTES: 1,2. V1H MIN AND V1L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING Of DOUT ' 

5. tOFF IS MEASURED TO 'OUT" I'LO!· 
6. tos AND tOH ARE REFERENCED TO CAS OR WE. WHICHEVER OCCURS LAST. 

7. leRP ReQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS
ONL V CYCLE (I.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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12716 
16K (2K x 8) UV ERASABLE PROM 

INDUSTRIAL 

• Fast Access Time: 450 ns Max 

• Industrial Grade Temperature 
Range: . - 40°C to + 85°C 

• Single + 5V Power Supply 

• Low Power Dissipation 
- 525 mW Max. Active Power 
- 132 mW Max. Standby Power 

'.1 

• Simple Programming Requirements 
- Single Location Programming 
- Programs with One 50 ms Pulse 

• Inputs and Outputs TTL Compatible 
during Read and Program 

• Completely Static 

The Intell!) Industrial Grade 12716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The 127160perates from a single 5-volt power supply, has a static standby mode, and features fast single ad
dress location programming. It makes designing with EPROMs faster, easier and more economical. 

The 12716, with its single 5-volt supply and with an access time of 450 ns max, is ideal for use with the newer high per
formance industrial grade +5V microprocessors such as Intel's 8085. The .2716 is also the first EPROM with a static 
standby mode which reduces the power dissipation without increasing access time. The maximum active power 
dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 75% savings. 

The 12716 has the simplest and fastest method yet devised for programming EPROMs-single pulse TIL level pro
gramming. No need for high voltage pulsing because all programming controls are handled by TIL signals. Program 
any location at any time-either individually, sequentially or at random, with the 2716's single address location pro
gramming. Total programming time for all 16,384 bits is only 100 seconds. 

MODE SELECTION 

~ 
CEJPGM OE Vpp Vee OUTPUTS 

(18) 120' t211 124' 19-11,13-171 
MODE 

Read V,L V'L >. +. DOUT 

Standby V,H Don't Care +. +. High Z 

Program Pulsed VIL to VIH V,H +2' +. DIN 

Program Verify 

Program Inhibit 

lIeco--

Ao-Ala 
ADDRESS 

INPUTS 

V,L V,L +2' +. Dour 
V,L V,H +2' +. High Z 

BLOCK DIAGRAM 
UA,TAOUTPU1S 

000] ----

PIN CONFIGURATION 

A] Vee 

AS AS 

A5 Ag 

A4 Vpp 

A3 OE 
A2 AlO 

CE 
0, 

Os 

0, 05 

02 

GND 

PIN NAMES 

.6.0- A,O ADDRESSES 

CE/PGM CHIP ENABLE/PROGRAM 
DE OUTPUT ENABLE 

o -0, OUTPUTS 
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12716 

PROGRAMMING 
The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias 

Storage Temperature 

All Input or Output Voltages with 
Respect to Ground. 

. ~50° C to +95° C 

. - 65°C to + 125°C 

..... +6Vto -O.3V 

Vpp Supply Voltage with Respect 
to Ground During Program .... . ... + 26.5V to - O.3V 

D.C. CHARACTERISTICS 
TA = -40°C to +85°C, Vee I1 .21 = +5V ± 5%, Vppl21 = Vee 

READ OPERATION 

Symbol Parameter r--Min. 

III I nput Load Current 
---- --

ILO Output Leakage Current 

Ippt l2] Vpp Current 

leet l2] Vee Current (Standby) 

lee212] Vee Current (Active) 

V1L Input Low Voltage - 0.1 

V1H Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

*NOTlCE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. TMs is a stress 
rating only and functionaJ.:Qj!JIfrI'aoon Df the device at these or any other 
conditions above 'those iJidiicflled -jn the operational sectiO'ns of this 
spec;ocaUon is not implied. ,ExpGSUfe to absolute maximum rating con
ditions for extended periods may alleet device reliability. 

Limits 
Typl(3] Max. Unit Conditions 

10 /-<A VIN = 5.25V 

10 /-<A VOUT = 5.25V 

5 mA Vpp = 5.25V 

10 25 mA CE=V1H, OE=V1L 

57 100 rnA OE=CE=V1L 

0.8 V 

Vee + 1 V 

0.45 V IOL=2.1 mA 

V IOH = -400 /-<A 

NOTES: 1. vee must be applied simultaneously or before V pp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to VCC except during programming. The supply current would then be the sum of ICC and IpP1 ' 

3. Typical values are for TA = 25 Q C and nominal supply voltages. 

4. This parameter is only sampled and is not 100%, tested. 

TYPICAL CHARACTERISTICS 

ICC CURRENT vs. TEMPERATURE 

80 
I 

70 

60 

50 

r--. - I 
I"'--- I - r-

" .s 40 
u 

ICC2 ACTIVE CURRENT 
CE=Vll 
VCC = 5V 

30 

20 

10 

ICC1 SITANbsy dURR~NT 
I-

CE=VIH 
r- Vce = 5V 

It 
-40 -20 0 20 40 60 80 100 

TEMPERATURE (0C) 

600 

500 

~ 400 

g 
~ 300 

200 

100 

ACCESS TIME vs. CAPACITANCE 

-f..-- :.---f-""" 

o 100 200 300 400 500 600 700 800 
CLlpFi 
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700 

600 
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300 

200 

100 
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12716 

A.C. CHARACTERISTICS 
TA,=-40°C to +85°6, vec[1,2[ =+5V ± 5%:Vpp[2[ = Vee 

., 
Sym~ol Parameter 

Min. 

tACC Address to. Output D.elay 

tCE CE to Output Delay 

tOE .. Output Enable to Output Delay 

tDF Output Enable High 10 Output Float 0 

\OH Output Hold From Addresses, CE or 0 
DE Whichever Occurred Fi!st 

Symbol Parameter Typ. Max. 

CIN Input Capacitance 4 6 
COUT Output Capacitance 8 12 

WAVEFORMS 

ADDRESSES 

CE--------------~--~ 

Unit Conditions 

pF li'IN=OV 

pF VbUT= OV 

ADDRESSES 
VALID 

6€--------------~----------, 

Limits 

ryp. 
Test . Unit COndlflon's' Max. 

450 ns CE=OE=VIL 
450 ns OE=VIL 
150 ns CE=VIL 
130 ns CE=VIL 

ns CE=OE=VIL 

A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and CL = 100 pF 

Input Rise and Fall Times: ,,20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Leval: 

Inputs 1\1 and 2V 
Outputs 0.8V.~nd 2V 

!'-------+--. . . . . . . • . . 
tDF 

rr7"7"7"7-+-· • • • • •• 
HIGH Z 

OUTPUT----------------...:.......:....--------~~~~~+_< 

"' .................... +-- ••••••• 

NOTES:' 1. Vee' must be applied simultaneously or befo'ra Vpp and removed '.Imullane
ousty or a~ter Vpp-

2. Vpp may be 'connected directly to Vee except during programming. The 
supply current would ttl_n be'the 8um of Icc and IpP1 • .'. 

3. Typical values are ,'or .T A = 25°C and nominal supply voltages. 
4. This parameter Is only sampled and is not 100% tested. 
5. All times shown in parentheses are minimum and are nsec unless other· 

wise specified. 
6. OE may be delayed up to IACC - IOE after the failing edge of CE without 

Impact on IACC. 
7. IOF Is specified from OE or~. whichever occurs first. 
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12716 

DEVICE OPERATION 

The five modes of operation of the 2716 are listed in 
Table 1. It should be noted that all Inputs for the five 
modes are at TTL levels: 'The power svpplies required 
are a + 5V Vcc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two mQdes. ' 

MODE SELECTION 

~ 
CE/PO'l OE v .. Vee OUTPUTS 

MQ~E 
1181, 1'101 1211 f241 '8-11.13·171 

Read VIL V'C .. .. DOUT 

Standby VIH Don',Care .. .. HiphZ 

P~ograrn Pulsed VIL'to VIH V," '2' .. D,N 

P'ogt'~Ve'ilv V'C V'C '25 .. DOUT 

Program 'ntt.ibit VIC V," '25 ., High Z 

READ MODE 

The 2716 has two control functions, both of which 
must be logically satisfied in order to obtain dat at the 
outputs. ChIp Enable (~ is the power control and 
should be used for device selection. Output Enable (01:) 
is the output control and should be used 'to gate data to 
the output pins, .Independent of device selection. 
Assuming that addtesses are stable, address access 
time (t"cel is equal to the delay from CE to QutP!lt (tCE)' 
Data is available at the outputs 150 ns (toel after the fail
ing edge of OE, assuming that CE has been low and 
addresses hav", been stable far at leas! tACC-taE' 

ST~NpBY MQDE 

The 2716 has a standby mode whicl:! rt;!duces the active 
power disl!lipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL 

high special to tht;! CE input. When in standby mode, the 
outputs'arein a high impedance stat",; independent of the 
OE; i"1Put. ' 

OUTPJ./TOR.TIEING 

Because 2716's' are usually used in larger memory 
arrays, Intel has provided a 2 Une control fimctlon that 
accommodates this USE! of multiple memary connec
tions. The two line cantrol functlan allows for 

a) the lowest pO!lslble memqry power dissipation, ,and, 
b) complete assurance that .output bus contentiqn'will 
not o<:cur. ' 

Ta most efficiently use these two control lines, it is rec
ommended that CE (pin 18) be decoded and used as the 
iirjrna,ry device selecting functian, while OE (pin 20) be 
made a common connection t6 all devices il) the array 
and"connj!cted ta the READ line from the system control 

bus. This assures that all deselec,ted memory ,devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par-
ticular memory device. ' 

PROGRAMMING 

Initially, and after each erasure, all bits of the 2716 are 
in the "1" state. Data is introduced by selectively pro
gramming "O's" into the desired bit locations. Although 
only "O's" wil be programmed, both "1's"and "O's" can 
be presented in the data word. The only way to change a 
"0" to a "1" is by ultraviolet light erasure. 

The 2716 is in the programming mode when the Vpp 
power supply Is at 25V and ~ Is at V1H' The data to bE! 
programmed Is applied 8 bits in parallel to the data out
put pins. The levels' required for the address and data 
inputs are TTL. ' 

When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
prqgram pulse l1)ust be applied at each address location 
to be programmed. You can progam any location at any 
time - eithetjindividually, sequentially, or at random. 
The progra,!)4>l!lse has a maxif!lum wit)dth of 55 msec. 
The ,2716 must not be programmed with a DC signal 
applied to the CE input. 

Programming of multiple 2716's in parallel with the 
same data can be easily accomplished due to the sim· 
plicity of the programming requirements. Like inputs of 
the paralleled 2716's may be connected together when 
they are programmed with the same data. A high' level 
TTL pulse applied to the CE input proQrams the paral
leled '2716's. 

PROGRAM INHIi3IT 

ProgramminQ of multiple 2716's in parallel with differ
ent data is also easily accomplished. Except for CE, all like 
units (including OE) of the parallel 2716's may be 
common. A TTL level program pulse applied to a 2716's 
CE input with Vpp at 25V will program that 2716. A low 
level CE input inhibits the other 2716 from being 
programmed.' ' 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programmlf1g and program verify, Vpp must be at 5V. 
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• 
• 
• 
• 
• 
• 
• 

SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP AID CONVERTER 

8-Bit CPU, ROM, RAM, I/O In Single • 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 
40-Pin Package • 10 ~sec Cycle; All Instructions 1 or 2 
On-Chip 8":Bit A/D Converter; Two Cycles 
Input Channels • -40°C to 85°C Operation 
8 Comparator Inputs (Port 0) • Interval Timer/Event Counter 
Zero-Cross Detection Capability • Instructions-8048 Subset 
Single 5V Supply (4.5V to 6.5V) • Clock Generated with Single Inductor 
High Current Drive Capability-2 Pins or Crystal 

Two Interrupts-External and Timer • Easily Expanded I/O 

The Intel 18022 is the newest member of the MCS-48@ family of single chip 8-bit microcomputers. It is 
designed to satisfy the requirements of low-cost, high-volume applications which involve analog signals, 
capacitive touch panel keyboards, and/or large ROM space. The 18022 addresses these applications by 
integrating many new functions on-chip, such as A/D conversion, comparator inputs and zero-cross detection. 

The features of the 18022 includes 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 
I/O lines, an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for 
interfacing to low voltage capacitive touch panels or other non-TTL interfaces, external and timer interrupts, 
and zero-cross detection capability. In addition, it contains the 8-bit interval timer/event counter, on-board 
oscillator and clock circuitry, single 5V power supply requirement, and easily expandable I/O structure 
common to all members of the MCS-48 family. 

The 18022 is deSigned to be an efficient controller as well as an arithmetic processor. It has bit-handling 
capability plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
using the MCS-48 instruction set which consists mostly of single-byte instructions and has extensive 
conditional jump and direct table lookup capability. Program memory usage is further reduced via the18022's 
hardWare implementation of the A/D converter which simplifies interfacing to analog signals. 

Figure 1. 18022 Block Diagram 

P23 

P20 

VTH P17 

POO Pl. 

P15 

P14 

P03 

P'4 

P07 

ALE XTAL2 

XTAL 1 

Figure 2. 18022 Pin Con
figuration 
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PORTO 

XTAl { 
THRESHOLD 
REFERENCE 

RESET PORTO 

TEST 0 

PORT 1 

TEST 1 

PQRT 2 

ADDRESS 

ANO LATCH 
ENABLE 

ANl PORr 
EXPANDER 
STROBE 

AID AID SUBSTRATE 
Vee Vss 

Figure 3. 18022 Logic Symbol 



inter 18022 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ...... -40o e to 85°e 

Storage Temperature ............... -65°e to +180o e 

Voltage on Any Pin with 
Respect to Ground .................... -0.5V to + 7V 

Power Dissipation ............................ 1 Watt 

*NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40o e to 85°e; vee = 5.5V ± 1V; VSS = OV) 

Limits 
Symbol Parameter Min Typ Max Unit Test Conditions 

VIL Input Low Voltage -0.5 0.5 V VTH Floating 

VIL1 Input Low Voltage (Port 0) -0.5 VTH -0.2 V 

VIH Input High Voltage 2.3 vee V vee = 5.0V ± 10% 
(All except XTAL 1, RESET) VTH Floating 

VIH1 Input High Voltage 3.8 vee V vee = 5.5V ± 1V 
(All except XTAL 1, RESET) VTH Floating 

VIH2 Input High Voltage (Port 0) VTH + 0.2 vee V 

VIH3 Input High Voltage (RESET, XTAL 1) 3.8 vee V 

VTH Port 0 Threshold Reference Voltage 0 .4Vee V 

VOL Output Low Voltage 0.45 V IOL = 0.8 mA 

VOL1 Output Low Voltage (P10, P11) 2.5 V IOL = 3 mA 

VOH Output High Voltage (All unless Open Drain 2.4 V IOH = 30 J.l.A 
Option-Port 0) 

III Input Current (T1) ± 700 J.l.A vce ~ VIN ~ VSS + 
0.45V 

ILO Output Leakage Current (Open Drain ±10 J.l.A vce ~ VIN ~ VSS + 
Option-Port 0) 0.45 V 

ICC VCC Supply Current . 120 mA 

III Input Current to Ports 500 J.l.A VIN = 0.45V 

A.C. CHARACTERISTICS (TA = -40°C to 85°C; VCC = 5.5V ± 1V; VSS = OV) 

Symbol Parameter Min Max Unit Test Conditions 
tCY Cycle Time 10.0 50.0 J.l.S 3 MHz XTAL = 10 J.l.S tCY 

VT1 Zero-Cross Detection Input (T1) 1 3 VACpp AC Coupled 

AZC Zero-Cross Accuracy ± 200 mV 60 Hz Sine Wave 

FT1 Zero-Cross Detection Input Frequency (T1) 0.05 1 kHz 
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18022 

A.C. CHARACTERISTICS (TA = -40°C to 85°C; VCC = 5.5V ± 1V; VSS = OV) 
Test Conditions: CL = 80 pF; tCY = 8.38 J.Ls 

Symbol Parameter Min Max 
tCP Port Control Setup Before Falling Edge of PROG 0.5 

tPC Port Control Hold After Falling Edge of PROG 0.8 

Expander tPR PROG to Time P2 Input Must Be Valid 1.0 
Operation tOP Output Data Setup Time 7.0 

tPD Output Data Hold Time 8.3 

tPF Input Data Hold Time 0 150 

tPP PROG Pulse Width 8.3 

tPRL ALE to Time P2 Input Must Be Valid 3.6 

Normal tPL Output Data Setup Time 0.8 
Operation tLP Output Data Hold Time 1.6 

tPFL Input Data Hold Time 0 

tLL ALE Pulse Width 3.9 23.0 

PORT 2 TIMING 

ICY 

ALE I \ V -
r---ILL- r-- tPL - ILP r-

EXPANDER X ~ PORT PORT 2 O~3 DATA PORT CONTROL 
OUTPUT 

TPRl - tPFL 

EXPANDER 'j. PORT PORT 2 0-3 DATA .J.. PORT CONTROL 
INPUT 

Unit Notes 

J.Ls 

J.Ls 

J.Ls 

J.Ls 

J.LS 

ns 

J.LS 

J.Ls 

P.S 

J.Ls 

J.Ls 

J.Ls i tCY = 10.0 J.Ls for min 

r 
~tDP- IPO i-

X OUTPUT OATA K 
IPA .j IPF f-

D( r-~ A NPUT DATA 

ICP- -ICP-

I 
IPP 

~ r-PROG 

11-15 AFN-02049A 



18031/8051 
SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

INDUSTRIAL 

• 8031- Control Oriented CPU With RAM and 1/0 
• 8051 - An 8031 With Factory Mask-Programmable ROM 

.4Kx8ROM 
• 128x8RAM 
• Four 8-Bit Ports, 32 I/O Lines 
• Two 16-Bit Timer/Event Counters 
• High-Performance Full-Duplex Serial 

Channel 
• External Memory Expandable to 128K 
• Compatible with MCS-8()Q'l!/MCS-85@> 

Peripherals 

• Boolean Processor 
• MCS·48® Architecture Enhanced with: 

• Non-Paged Jumps 
• Direct AddreSSing 
• Four 8-Register Banks 
• Stack Depth Up to 128-Bytes 
• Multiply, Divide, Subtract, Compare 

• Most Instructions Execute in 1 P.s 
• 4 P.s Multiply and Divide 

The Intel® 8031/8051 is a stand-alone, high-performance single-chip computer fabricated with Intel's highly-reliable +5 Volt, 
depletion-load, N-Channel, Silicon-gate HMOS technology and packaged in a 40-pin DIP. It provides the hardware features, 
architectural enhancements and new instructions that are necessary to make it a powerful and cost effective controller for 
applications requiring up to 64K bytes of program memory and/or up to 64K bytes of data storage. 

The 8051 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data memory, 32110 lines; two 16-bit 
timer/counters; a five-source, two-priority-Ievel, nested interrupt structure; a serial 110 port for either multi-processor communica
tions, I/O expansion, or full duplex UART; and on-chip oscillator and clock circuits. The 8031 is identical, except that it lacks the 
program memory. For systems that require extra capability, the 8051 can be expanded using standard TTL compatible memories 
and the byte oriented MCS-80 and MCS-85 peripherals. 

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic processor. The 8051 has 
extensive facilities for binary and BCD arithmetic and excels in bit-handling capabilities. Efficient use of program memory results from 
an instruction set consisting of 44% one-byte, 41 % two-byte, and 15% three-byte instructions. 58% of the. instructions execute in 1 MS, 
40% in 2 MS, and multiply and divide require only 4 MS. Among the many instructions added to the standard 8048 instruction set are 
multiply, divide, subtract and compare. 

iNTO 

INT1 

EAIVDO 

ALEIPAOG 

P2.0 A8 
-"'---' 

Figure 1. Pin 
Configuration 

[",0--1 TXD4-

iNTo ..... ... 
iiii'fi ..... ~ 

Tn ..... 0 

I ~ ..... <:. w, __ 
lRO"-

Figure 2. Logic Symbol 
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FREQUENCY 
REFERENCE 

PARALLEL PORTS 
ADDRESS/DATA BUS. 
AND 110 PINS 

Figure 3. Block Diagram 
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I8048HII8035HL 
NEW HIGH PERFORMANCE 

HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 
INDUSTRIAL 

• 18048H Mask Programmable ROM 
• 18035HL External ROM or EPROM 
• RAM Power Down Mode 
• Interchangeable with 8748 
• 8 MHz Operation 

8-Bit CPU, ROM, RAM, I/O in Single 
Package 
High Performance HMOS 
Reduced Power Consumption 
1.88 JLsec Cycle 
All instructions 1 or 2 Cycles 
Over 90 Instructions: 70% Single Byte 
~40° C to 850 C Operation 

• 1Kx8 ROM 
64x8RAM 
271/0 Lines 

• Interval Timer/Event Counter 
• Easily Expandable Memory and I/O 
• Compatible with 8080/8085 Series 

Peripherals 
• Two Single Level Interrupts 

The Intel 18048H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using Intel's 
advanced N-channel silicon gate HMOS process. 
The 18048H contains a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27110 lines, and an 8-bit timer/counter 
in addition to on-board oscillator and clock circuits. For systems that require extra capability the 18048H can be 
expanded using standard memories and MCS-80®/MCS-85® peripherals. The 18035HL is the equivalent of the 
18048H without program memory and can be used with external ROM and RAM. 
To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin-compatible version of the 18048H with UV-erasable user-programmable EPROM program memory is available. 
The 18748 will emulate the 18048H up to 6 MHz clock frequency with minor differences. 

18048H is fully compatible with the 18048 when operated at 6 MHz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set conSisting mostly of single byte instructions and no instructions over 2 bytes in length. 

Figure 1. 
Block Diagram 

18048H 
I8035HL 

Figure 2. 
Logic Symbol 

Figure 3. 
Pin Configuration 

Tile following are trademarks of Intel Corporation and Its affiliates and"may be used only to identify Intel products: i, Intel. INTEL. INTELLEC, MCS, 1m, iCS, ICE, UPI, BXP, isee: iSBX, 
Insite, iRMX, System 2000. CREDIT, iRMXl80, MULTIBUS, PROMPT, Promware, Megachassis, Ubrary Manager, MAIN MULTIMODULE, aM thecombinationof MeS, ICE. iSSe, iRMXor 
iCS and a numerical suffix. © INTELCORPOAATION, 1981. 
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18048H1I8035HL 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias .......... -40°C to 85°C 
Storage Temperature .................. -65°C to +150°C 
Voltage on Any Pin With Respect 

to Ground ..... ' ........................ -O.5V to +7V 
Power Dissipation ............................. 1.5 Watt 

·NOTlCE: Stresses above those listed under "Absolute Maximum 
Ratings;' may cause permanent damage to the devic~ . .This is a 
stress rating only and functional operation of device at these or any 
other conditions above those indicated in the operational sections 
of this specification is not implied. 

D.C. CHARACTERISTICS (TA = -40°C to 85°C, VCC = VDD = 5V ± 10%, VSS = OV) 

Limits 
Symbol Parameter Unit Test Conditions 

Min Typ Max 

VIL Input Low Voltage -.5 .8 V 
(All Except RESET. Xl. X2\ 

VIL1 Input Low Voltage -.5 .6 V 
(RESET. Xl, X2) 

VIH Input High Voltage 
(All Except XTAL 1, XTAL2. RESET) 

2.2 VCC V 

VIHl Input High Voltage (Xl, X2, RESET) 3.8 VCC V 

VOL Output Low Voltage (BUS) . .45 V 10L = 1.6mA 

VOL1 Output Low Voltage .45 V 10L = 1.2 mA 
Om. WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) .45 V 'OL =0.8 mA 

VOL3 Output Low Voltage 
(All Other Outputs) 

.45 V 10L= 1.2 mA 

VOH Output High Voltage (BUS) 2.4 V 10H = -280J.LA 

VOH1 Outp~igh Voltage 2.4 V IOH =-80 J.LA 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH =-30J.LA , (All Other Outputs) 

1L1 Input Leakage Current (T1. INT) ±10 fl-A VSS';;VI N';;VCC 

ILl1 Input Leakage Current _ -600 fl-A VSS + .45';; VIN';;VCC 
(Pl0-P17, P20-P27. EA, SS) 

ILO Output Leakage Current (BUS, TO) ± 10 fl-A VSS + .45,;;VIN';;VCC 
(High Impedance State) 

IDD VDD Supply Current 6 12 mA 

IDD + Total Supply Current 5 95 mA 
ICC 

f---

VDD RAM Standby Pin Voltage 3.0 V Reset .;;0.6V 

-so mA 
BUS Pl, P2 

50 mA 
BUS •• 1 .• 2 

-500 JJA 

~ Z 
-30 mA ·300 JJ 9 30mA 

~ 
z 

9 9 

'~ ~ -10 mA -100 IJA 10 mA" 

OV 2V 4V o'y'- 2'0 4Y OV 2V 4V 

VOH VOH VOL 

AFN-02012A 
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18048H!I8035H L 

A.C. CHARACTERISTICS (T A = -40°C to 85°C. VCC = VDD = 5V ± 10%. VSS = OV) 

f (tCY) 
Symbol Parameter (Note 3) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15tCy-40 

tCC1 Control Pulse Width (RD. WR) 1/2 tCY -200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tDW Data Setup before WR 13/30 tCY -200 

tWD Data Hold after WR 1/15 tCY -50 

tDR Data Hold (RD. PSEN) 1/10 tCY -30 

tRD1 RD to Data in 2/5 tCY -200 

tRD2 PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCy-150 

tAD1 Addr Setup to Data (RD) 23/30 tCY -250 

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

--
tAFC1 Addr Float to RD, WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFC1 ALE to Control, (RD. WR) 1/5 tCY -75 

'LAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCA1 Control to ALE (RD, WR, PROG) 1/15 ICY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 
~-

tDP Output Data Setup 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 I/O Setup to ALE 4/15 tCY -200 

tLP Port 2 I/O Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time 1/( fXTAL x 15) 

tOPRR TO Rep Rate 3/15 tCY 

Notes: 
1. Control Outputs CL = 80 pF 

BUS Outputs CL = 150pF 
2. BUS High Impedance Load 20pf 

4. Interrupt pin must remain low for at 
least 3 tcy to ensure proper operation. 11-19 

8MHz Conditions 
Min Max Unit (Note 1) 

270 ns 

270 ns 

90 ns 

740 ns 

550 ns 

620 ns 

80 ns (Note 2) 

0 160 ns 

550 ns 

360 ns 

600 ns 

1190 ns 

870 ns 

210 ns 

20 ns 

300 ns 

120 ns 

90 ns 

460 ns 

170 ns 

300 ns 

1010 ns 

0 190 ns 

600 ns 

140 ns 

1070 ns 

300 ns 

90 ns 

670 ns 

1.88 15 iJS (Note 4) 

380 ns 

3. Calculated values will be equal to 
or better than published 18048H values. 
f(tcy) assumes 50% duty cycle on XI. X2. 
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IS049HflS039HL 
NEW HIGH PERFORMANCE 

SINGLE COMPONENT S-BIT MICROCOMPUTER 
INDUSTRIAL 

• 18049H Mask Programmable ROM 
• 18039H Requires Extemal ROM or EPROM 
• 11 MHz Operation 

• 8-Bit CPU, ROM, RAM, I/O in Single • 2Kx 8 ROM 
Package 128x 8 RAM 

• Single 5V ± 10% Supply 271/0 Lines 

• 1.36 jJsec Cycle; All instructions 1 or 2 • Interval Timer/Event Counter 
Cycles • Easily Expandable Memory and I/O 
Over 90 Instructions: 70% Single Byte • Compatible with MCS Memory and I/O 

• Pin Compatible with 8048/8748 • Single Level Interrupt 

• -400 C to 850 C Operation 

The Intel18049H is a totally self-sufficient 8-bit parallel co~puter fabricated on a single silicon chip using Intel's 
advanced N-channel silicon gate HMOS process. 
The 18049H contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter 
in addition to on-board oscillator and clock circuits. For systems that require extra capability, the 18049H can be 
expanded using standard memories and MCS-80®/MCS-85® peripherals. The 18039HL is the equivalent to an 
18049H without program memory. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin
compatible versions of this single component microcomputer exist: the 18049H with factory-programmed mask 
ROM program memory for low-cost high volume production, and thel8039HL without program memory for use with 
external program memories in prototype and preproduction systems. 
This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 18049H has 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions and no instructions over two 
bytes in length. 

Figure 1. 
Block Diagram 

18049H 
18039HL 

Figure 2. 
Logic Symbol 

Figure 3. 
Pin Configuration 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel,INTEL, INTELLEC, MeS. 1m. iCS, ICE. UPI, exp, iSeC, iSeX, 
Insite, iRMX, System 2000, CREDIT, iRMXl80, MULTI BUS, PROMPT, Promware, Megachassis, librarv Manager, MAIN MULTIMODULE, and thecambination of Mes, ICE. iSBe. iRMXor 
iG$ and a numerical suffix. © INTEL CORPORATION, 1981. AFN-Q2011A 
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IB049HIIB039HL 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias ......... -40°C to 85°C 
Storage Temperature .................. -65°C to +150°C 
Voltage On Any Pin With Respect 

to Ground ............................. -0.5V to +7V 
Power Dissipation ............................. 1.5 Watt 

'NOTICE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functiooal operation of device at these or any 
other conditions above those indicated in the operational sections 
of this specification is not implied. 

D.C. CHARACTERISTICS (TA = -40°C to 85°C, VCC = VDD = 5V ± 10%, VSS = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

Vil Input low Voltage -.5 .B V 
(All Except RESET, X1, X2) 

VIl1 Input low Voltage -.5 .6 V 
(RESET, X1, X2) 

VIH Input High Voltage 2.2 VCC V 
(All Except XTAl1, XTAl2, RESET) 

VIH1 Input High Voltage (X1, X2, RESET) 3.8 VCC V 

VOL Output low Voltage (BUS) .45 V IOl = 1.6 mA 

VOL1 Outp~ow Voltage .45 V 10l = 1.6 mA 
(RD, WR, PSEN, ALE) 

VOl2 Output low Voltage (pROG) .45 V 10l =.8 mA 

VOl3 Output low Voltage .45 V IOl = 1.2 mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH = -2BO IlA 

VOH1 Outpl!!-High Voltage 
(RD, WR, PSEN, ALE) 

2.4 V IOH = -BOllA 

VOH2 Output High Voltage 2.4 V IOH = -30 IlA 
(All Other Outputs) 

1L1 Input leakage Current (T1, INT) ±. 10 fLA VSS $ VIN $ VCC 

.lLl1 Input leakage Current _ 
(P10-P17, P20-P27, EA, SS) 

-600 fLA VSS + .45 $VIN :::;VCC 

IlO Output leakage Current (BUS, TO) .:':. 10 fLA VSS + .45 $VIN :::;VCC 
(High Impedance State) 

IDD VDD Supply Current 10 20 mA 

IDD + Total Supply Current 75 145 mA 

ICC 

BUS P1, P2 BUS, P1, P2 
-500 IJA SOmA 

~ l: :z:: -300 Jl 9 30mA 
9 9 

~ .1001lA 10mA 

4V OV 4V OV 2V 4V 

VOH VOH VOL 
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IS049HIIS039HL 

A.C. CHARACTERISTICS (T A = -40°C to 85°C, VCC = VDD = 5V ± 10%, VSS = OV) 

f (tCY) 
Symbol Parameter (Note 3) 

tLL ALE Pulse Width 7/30 tCY -170 

tAL Addr Setup to ALE 1/5 tCY -110 

tLA Addr Hold from ALE 1/15 tCY -40 

tCC1 Control Pulse Width (RD, WR) 1/2 tCY -200 

tCC2 Control Pulse Width (PSEN) 2/5 tCY -200 

tow Data Setup before WR 13/30 tCY -200 

two Data Hold after WR 1/15 tCY -50 

tOR Data Hold (RD, PSEN) 1/10 tCY -30 

tRD1 RD to Data in 2/5 tCY -200 

tRD2 I PSEN to Data in 3/10 tCY -200 

tAW Addr Setup to WR 2/5 tCY -150 
--,-

tAD1 Addr Setup to Data (RD) 23/30 tCY -250 
~-

tAD2 Addr Setup to Data (PSEN) 3/5 tCY -250 

tAFC1 Addr Float to RD, WR 2/15 tCY -40 

tAFC2 Addr Float to PSEN 1/30 tCY -40 

tLAFC1 ALE to Control, (RD, WR) 1/5 tCY -75 

tLAFC2 ALE to Control (PSEN) 1/10 tCY -75 

tCA1 Control to ALE (RD, WR, PROG) 1/15 tCY -40 

tCA2 Control to ALE (PSEN) 4/15 tCY -40 

tcp Port Control Setup to PROG 2/15 tCY -80 

tpc Port Control Hold to PROG 4/15 tCY -200 

tpR PROG to P2 Input Valid 6/10 tCY -120 

tpF Input Data Hold from PROG 1/10 tCY 

top Output Data Setup 2/5 tCY -150 

tpD Output Data Hold 1/10 tCY -50 

tpp PROG Pulse Width 7/10 tCY -250 

tPL Port 2 1/0 Setup to ALE 4/15 tCY -200 

tLP Port 2 1/0 Hold to ALE 1/10 tCY -100 

tpv Port Output from ALE 3/10 tCY +100 

tCY Cycle Time 1/(fXTAL x 15) 

tOPRR TO Rep Rate 3/15 tCY 

Noles: 
1. Control Outputs CL = 80 pF 

BUSOutputs CL = 150pF 
2. BUS High Impedance Load 20pF 

4. Interrupt pin must remain low for at 
least 3 tcy to ensure proper operation. 11-22 

11 MHz Conditions 
Min Max Unit (Note 1) 

150 ns 

160 ns 

50 ns 

480 ns 

350 ns 

390 ns 

40 ns (Note 2) 

0 110 ns 

350 ns 

210 ns 

400 ns 

800 ns 

570 ns 

140 ns 

10 ns 

200 ns 

60 ns 

50 ns 

320 ns 

100 ns 

160 ns 

700 ns 

0 140 ns 

400 ns 

90 ns 

700 ns 

160 ns 

40 ns 

510 ns 

1.36 ~s (Note 4) 

270 ns 

3. Calculated values will be equal to 
or better than published 18049H values. 
f(tcy) assumes 50% duty cycle on X1, X2. 
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inter 
18085AH 

SINGLE CHIP 8-BIT HMOS MICROPROCESSOR 
INDUSTRIAL 

• Industrial Temperature Range: 
-40 to + 85°C 

• Single +5V Power Supply with 10% 
Voltage Margins 

• 100% Software Compatible with 8080A 

• 1.3 jJ.s Instruction Cycle 

• On-Chip Clock Generator (with External 
Crystal, LC or RC Network) 

• On-Chip System Controller; Advanced 
Cycle Status Information Available for 
Large System Control 

• Four Vectored Interrupt Inputs (One is 
Non-Maskable) Plus an 8080A
Compatible Interrupt 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision 
Arithmetic 

• Direct Addressing Capability to 64k 
Bytes of Memory 

The Intel® 18085AH is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor, and it is designed to improve the present 8080A's 
performance by higher system speed. Its high level of system integration allows a minimum system of three ICs 
[8085AH (CPU), 8156H (RAM I/O), and 8355/8755A (ROM/PROM/I/O)] while maintaining total system 
expandability. 

The 18085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 

The 18085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 18085AH. 

HlDA 
eLK rOUT) 

,m 
TRAP 

11S1 7 ~ IOiM 

RST65 " , " iill 
INTR ~~ Ifl085AH ~~ Wi< 

"CO 

"0 '" "" U A15 

"0' " '" ADo U 

'" Al, 
A1l5 " "" "", " '>0 

" ", 
'" '0 

Figure 1. Block Diagram Figure 2. 
Pin Configuration 
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18085AH 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. . ..... -40°C to 8SoC 
Storage Temperature ........ -6SoC to + lS0°C 
Voltage on Any Pin 

With Respect to Ground ............... -0.3 to +7V 
Power Dissipation ........................... 1.S Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

D.C.CHARACTERISTICS (TA = -40°C to 8SoC, Vee = SV ±10%, Vss = OV; unless otherwise specified) 

Symbol Parameter Min. Max. Units Test Conditions 

V ,L Input Low Voltage -0.5 +0.8 V 

V,H Input High Voltage 2.2 VCC +0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V IOH = -400flA 

Icc Power Supply Current 200 mA 

I'L Input Leakage ±10 flA Yin = VCC 

lLO Output Leakage ±10 flA 0.45V ,,;; Vout ,,;; V cc 

V,LR Input Low Level, RESET -0.5 +0.8 V 

V,HR Input High Level, RESET 2.4 VCC +0.5 V 

VHY Hysteresis, RESET 0.25 V 

NOTE: 
1. The 18085AH will operate as a 8085AH-2 from ooe to 70oe. 

Table 2. Bus Timing Specification as a T eye Dependent 

tAL - (1/2) T - 50 

tLA - (1/2) T - 60 

L tLL - (1/2) T - 40 

I 
t LCK - (1/2) T - 60 

(1/2) T - 30 t LC -

tAD - (5/2 + N) T - 225 

t RO - (3/2+N)T-200 

tRAE - (1/2) T - 60 

tCA - (1/2) T - 40 

I 
tow - (3/2 + N) T - 60 

NOTE: 
N is equal to the total WAIT states. 
T = tcye. 

MIN 

MIN 

MIN 

MIN 
--

MIN 

MAX 

MAX 

MIN 

MIN 

MIN 

11-24 

I tWD - (1/2) T - 80 MIN 

I tcc - (3/2 + N) T - 80 MIN 

~ tCL - (1/2)T-110 MIN 

t ARy - (3/2) T - 260 MAX 

(HACK - (1/2) T - 50 MIN 

tHABF - (1/2) T + 30 MAX 

tHABE - (1/2) T + 30 MAX 

tAC 
- (212) T - 50 MIN 

t 1 - (1/2) T- 80 MIN 

t2 - (1/2) T - 40 MIN 

tRY - (3/2) T - 80 MIN 

tiNS - (112) T + 200 MIN 

AFN-008558 



inter I8085AH 

A.C. CHARACTERISTICS (TA = -40·C to 85·C, vcc = 5V ±10%, vss = oli) 

Symbol Parameter Min. Max. Units Test Conditions 

TCYC ClK Cycle Period 320 2000 ns See Notes 1, 2, 3, 4, 5 

t1 ClK low Time 80 ns 

t2 ClK High Time 120 ns 

t r, t f ClK Rise and Fall Time 30 ns 

tAL Address (A8-A15) Valid Before Trailing Edge of ALE'" 110 ns 

tALL Address (AO-A7) Valid Before Trailing Edge of ALE 90 ns 

tLA Address Hold Time After ALE 100 ns 

tLL ALE Width 140 ns 

t LCK ALE low During ClK High 100 ns 

t LC Trailing Edge of ALE to leading Edge of 130 ns 
Control 

tAFR Address Float After leading Edge of 0 ns 
READ (INTA) 

tAD Valid Address to Valid Data In 575 ns 

tRO READ (or INTA) to Valid Data 300 ns 

tRDH Data Hold Time After READ (INTA) 0 ns 

tRAE Trailing Edge of READ to Re·Enabling 150 ns 
of Address T eyc = 320ns; 

tCA Address (A8-A 15) Valid After Control 120 ns CL = 150 pF 

tow Data Valid to Trailing Edge of WR ITE 420 ns 

two Data Valid After Trailing Edge of WR ITE 100 ns 

tcc Width of Control low (RD, WR, INTA) 400 ns 

tCL Trailing Edge of Control to leading Edge 50 ns 
of ALE 

t ARy READY Valid From Address Valid 220 ns 

t RyS READY Setup Time to leading Edge of ClK 110 ns 

t RYH READY Hold Time 0 ns 

t HACK HlDA Valid to Trailing Edge of ClK 110 ns 

tHABF Bus Float After H lDA 210 ns 

tRY Control Trailing Edge to leading Edge of 400 ns 
Next Control 

tAC Address Valid to leading Edge of Control 270 ns 

t!-lOS HOLD Setup Time to Trailing Edge of ClK 170 ns 

t HOH HOLD Hold Time 0 ns 

tiNS INTR Setup Time to leading Edge of ClK 360 ns 
(M1, T1 only). Also RST and TRAP 

tlNH INTR Hold Time 0 ns 

NOTES: 
1. A8-15 address specs apply to 101M. SO and Sl. A8-15 are undefined during t4'-t. of OF cYcle whereas 101M So and 5, are stable. 
2. For all output timing where CL = 150pf use the following correction factors:25pf ;., CL < 150pf : - .10 nslpf; 150pf < CL '" 300 pf : 

+.30 ns/pl. 
3. Output timings are measured with purely capacitive load. 
4. All timings are measured at output voltage VL = .BV, VH = 2.0V, and 1.5V with 20ns rise and fall time on Inputs. 
S. All timings are measured at input voltage VIL = .45V, VIH = 2.4V. 
6. To calculate timing specifications at other values ofT eye use the table in Table 2. 
7. L.E. = leading edge; T.E. = trailing edge. 
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A.C, TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C, TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC --1" AND OASV FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1" 
AND Q,aV FOR A LOGIC "0 . 

18085AH 

A.C. TESTING LOAD CIRCUIT 

.. 

DEVICE 
UNDER i}CC"'S0 PF 
TEST 

-=-
CL:= 150 pF 
CL INCLUDES JIG CAPACITANCE 

11-26 AFN-008558 



INDUSTRIAL iAPX 86/1 0 
16-BIT HMOS MICROPROCESSOR 

INDUSTRIAL 

• Direct Addressing Capability to 
1 MByte of Memory 

• Assembly Language Compatible with 
8080/8085 

• 14 Word, by 16-Bit Register Set with 
Symmetrical Operations 

• 24 Operand Addressing Modes 

• Bit, Byte, Word, and Block Operations 

• 8-and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 

• 5 MHz Clock Rate 

• MULTIBUS™ System Compatible 
Interface 

• Industrial Temperature Range: 
- 40°C to + 85°C 

The Intel® Industrial iAPX 86/1 0 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a40-pin CerDIP package. The processor has attributes of 
both 8-and 16-bit microprocessors. It addresses memory as a sequence of8-bit bytes, but has a 16-bit wide physical path to 
memory for high performance. 

EXECUTION UNIT 

REGISTER FilE 

DATA. 
POINTER. AND 

INDEX REGS 
(8 WORDS) 

r----"-"'-----. __ BHEiSI 

6-6YTE 
INSTRUCTION 

QUEUE 

TEST--_r------~~--------, 
INT--_ 

CONTROL & TIMING 

HOlD---

HlOA --.... --,-----,---....,.-----,---""7':-' 

eLK RESET READY GNO 

V" 

Figure 1. Block Diagram 

4,90'56 

LOCK 

2 aso.as, 

GND Vee 

AD14 AD15 

AD13 A161S3 

AD12 A17fS4 

AD11 A181S5 

A010 A191S6 

AD9 BHE/S7 

ADa MN/MX 

ADT AD 
ADS RO/GTO (HOLD) 

ADS RO/Gn (HLDA) 

ADO LOCK (WR) 

AD3 52 (M/iO) 

AD2 S1 (DT/A) 

AD1 so (DEN) 

ADO aso (ALE) 

NMI aS1 (INTA) 

INTA TEST 

eLK READY 

GND RESET 

Figure 2. Pin Configuration 



INDUSTRIAL iAPX 86 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... - 40·C to + 85·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin with 

Respect to Ground .... , ............. - 1.0 to + 7V 
Power Dissipation ........................ 2.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40°C to +85°C. Vee = 5V ±100/0) 

Sym~1 Parameter Min. Max. Units Test Conditions 

vlL Input Low Voltage .,.0.5 +0.8 V 

VIH Input High Voltage 2.0 Vcc + 0.5 V 

VOL Output Low Voltage 0.45 V IOL=2.0 mA 

VOH Output High Voltage 2.4 V 10H = - 400 IlA 

Ic.G IPower Supply Current 
340 mA TA =25·C iAPX 86, 

III Input Leakage Current ±10 ,..A OV<VIN<VCC 

ILO Output Leakage Current ±10 ,..A 0.45V " VOUT " V CC 

VCL Clock Input Low Voltage -0.5 +0.6 V 

VCH Clock Input High Voltage 3.9 Vcc + 1.0 V 

Capacitance of Input Buffer 
GIN (All input except 15 pF fc= 1 MHz 

ADo- AD,5. RQ/GT) 

Cia 
Capacitance of 110 Buffer 

15 pF fc= 1 MHz 
(ADo- AD,5. RQ/GT) 
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intJ INDUSTRIAL iAPX 86 

A.C. CHARACTERISTICS (TA = -40°C to +B5°C, Vee = 5V ±10%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

iAPX 86 

Symbol Parameter Min. 

TClCl ClK Cycle Period - BOB6 200 

TClCH ClK low Time (2h TClCl)-15 

TCHCl ClK High Time (Y3 TClCl) + 2 

TCH1CH2 ClK Rise Time 

TCl2Cl1 ClK Fall Time 

TDVCl Data in Setup Time 30 

TClDX Data In Hold Time 10 

TR1VCl ROY Setup Time into B2B4 (See Notes 1,2) 35 

TClR1X ROY Hold Time into B2B4 (See Notes, 1, 2) 0 

TRYHCH READY Setup Time Into BOB6 (213 TClCl)-15 

TCHRYX READY Hold Time Into B086 30 

TRYlCl READY Inactive to ClK (See Note 3) -B 

THVCH HOLD Setup Time 35 

TINVCH INTR, NMI, TEST Setup Time (See Note 2) 30 

TIUH Input Rise Time (Except ClK) 

TIHll Input Fall Time (Except ClK) 

TIMING RESPONSES 

iAPX 86 

Symbol Parameter Min. 

TClAV Address Vaild Delay 10 

TClAX Address Hold Time 10 

TClAZ Address Float Delay TClAX 

TlHll ALE Width TClCH-20 

TCllH ALE Active Delay 

TCHll ALE Inactive Delay 

TllAX Address Hold Time to ALE Inactive TCHCl-10 

TClDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Data Hold Time After WR TClCH-30 

TCVCTV Control Active Delay 1 10 

TCHCTV Control Active Delay 2 10 

TCVCTX Control Inactive Delay 10 

TAZRl Address Float to READ Active 0 

TClRl RD Active Delay 10 

TClRH RD Inactive Delay 10 

TRHAV RJ) lriactive to Next Address.Active TClCl-45 

TClHAV HlDA Valid Delay 10 

TRlRH RD Width 2TClCl-75 

TWlWH WR Width 2TClCl-60 

TAVAl Address Valid to ALE low TClCH-60 

TOlOH Output Rise Time 

TOHOl Output Fall Time 

NOTES: 

1. Signal at 8284 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T2 state (8 ns Into T3). 
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Max. Units Test Conditions 

500 ns 

ns 

ns 

10 ns From 1.0V to 35.V 

10 ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

Max. Units Test Conditions 

110 ns 

ns 

BO ns 

ns 

BO ns 

B5 ns 

ns 

110 ns CL = 20-100 pF for 

ns all BOB6 Outputs 
(In addition to 

ns BOB6 self·load) 
110 ns 

110 ns 

110 ns 

ns 

165 ns 

150 ns I 
ns 

160 ns 

ns 

ns 

ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 
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inter INDUSTRIAL iAPX 86 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.4SV FOR 
A LOGIC "0." THE CLOCK IS DRIVEN Ai 4.3V AND 0.25\1. TIMING MEASURE
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC" 1" AND "0." 

WAVEFORMS 

BUS TIMING - MINIMUM MODE SYSTEM 

ClK (8284A Oulpul) 

M/IO 

ALE 

ROY (8284A '"pu') 
SEE NOTE 4 

READY (8088 '"pu') 

RD 

A.C. TESTING LOAD CIRCUIT 

DEVICE 

'}CL=I00PF UNDER 
TEST 

-=-
CL = 100pF 
CL INCWDES JIG CAPACITANCE 

TClDX-

DATA IN 

TCLRH-

READ CYCLE 

(NOTE 1) 

(WR,INTA_VOH) 

.,-----~~--~~---TRlRH------_+--~ 

DT/R 

TCVCTX-
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INDUSTRIAL iAPX 86 

WAVEFORMS (Continued) 

BUS TIMING - MINIMUM MODE SYSTEM (Continued) 

T, T, 

eLK (8284A Output) 

~I T',~ 
I ~ "----

TCHDX --

--,. TlLAX 

ALE 

I TCLAV-

DATA OUT 

WRITE CYCLE TCVCTX 

DEN 

DTI'A= VOH) 
(RD.(~:;: ,) 1 

-~-~-~~TWLWH ----+-.j r-+------

INTA CYCLE DT/A 

(NOTES 1 & 3) 

RD, WR= VOH 
!H'E=Vod 

SOFTWARE HALT-

RD, WR, INTA = VOH 

DTIR ~ INDETERMINATE 

NOTES: 

DEN 

TCVCTX-
__ TClAZ 

TCVCTX 

--::cc-.,.,,-~-t-' ~*I ___ '_N_VA_L_ID_AD_D_R_E_S_S ___ SOFTWARE HALT 

TCLAv=:! 

1 ~ All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2. T3. Tw to determine if Tw machines states are to be inserted. 
3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 

for second INTA cycle. 
4. Signals at 8284A are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 

11-31 AFN-01341C 



INDUSTRIAL iAPX 86 

A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROllER) 
TIMING REQUIREMENTS 

Symbol Parameter 
8086/8086·4 

Min. Max. 

TClCl ClK Cycle Period - 8086 200 500 

TClCH ClK low Time 118 

TCHCl ClK High Time 69 

TCH1CH2 ClK Rise Time 10 

TCL2Cl1 ClK Fall Time 10 

TDVCl Data in Setup Time 30 

TClDX Data in Hold Time 10 --r-
TR1VCl RDY Setup Time into 8284 (See Notes 1, 2) 35 

-- .. 

TClR1X RDY Hold Time into 8284 (See Notes 1,2) 0 

TRYHCH Ready Setup Time into 8086 118 

TCHRYX Ready Hold Time into 8086 30 

TRYlCl READY Inactive to ClK (See Note 4) -8 
1------. 

TINVCH Setup Time for Recognition I 30 
(INTR, NMI, TEST) (See Note 2) 

j-. 

TGVCH RQ/GT Setup Time 30 

TCHGX RQ Hold Time into 8086 40 

TILIH Input Rise Time (Except ClK) 20 

TIHll Input Fall Time (Except ClK) 12 

TIMING RESPONSES 

Symbol Parameter 
8086/8086-4 

Min. Max. 

TClMl Command Active Delay (See Note 1) 10 35 

TClMH Command Inactive Delay (See Note 1) 10 35 

TRYHSH READY Active to Status Passive (See Note 3) 110 

TCHSV Status Active Delay 10 110 
---

TClSH Status Inactive Delay 10 130 

TClAV Address Valid Delay 10 110 

TClAX Address Hold Time 10 

TClAZ Address Float Delay TClAX 80 
--

TSVlH Status Valid to AlE.t!igh (See Note 1) 15 

TSVMCH Status Valid to MCE High (See .Note 1) 15 

TCllH ClK low to ALE Valid (See Note 1) 15 .. _-._---_._--_ .. _-- -------- _._--
TClMCH ClK low to MCE High (See Note 1) 15 ._-----
TCHlL ALE Inactive Delay (See Note 1) 15 

TClMCl MCE Inactive Delay (See Note 1) 15 
--~-

TCLDV Data Valid Delay 10 110 

TCHDX Data Hold Time 10 -- . __ ._--------i---.--.-------
TCVNV Control Active Delay (See Note 1) 5 45 

TCVNX Control Inactive Delay (See Note 1) 10 45 

TAZRl Address Float to Read Active 0 

TClRL RD Active Delay 10 165 

11-32 

Units Test Conditions 

ns 

ns 

ns 

ns From 1.0V to 3.5V 

ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

ns From 2.0V to 0.8V 
-

Units T"OC~d"·"·1 j----

ns 
--

ns 

ns 

ns 
----

ns 

ns 

ns 

ns 
CL = 20-100 pF for 

ns all 8086 Outputs 
ns (In addition to 

ns 8086 self-load) 

ns 

ns 

ns 

ns 

ns 
I---

ns 

ns 

ns 

ns 
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inter INDUSTRIAL iAPX 86 

A.C. CHARACTERISTICS (Continued) 
--~ 

Symbol Parameter 
8086/8086-4 

Units Test Conditions r----~ 

Min. Max. 
~ .. -- -- ~--10--[-----[---
TCLRH RD Inactive Delay 150 ns 

TRHAV RD Inactive to Next Address Active TCLCL-45 ns 

TCHDTL Direction Control Active Delay (See Note 1) 50 ns 
TCHDTH Direction Control Inactive Delay (See Note 1) 30 ns 

TCLGL GT Active Delay 0 B5 ns 

TCLGH GT Inactive Delay 0 B5 ns 

TRLRH RD Width 2TCLCL-75 ns 

TOLOH Output Rise Time 20 ns From O.BV to 2.0V 

TOHOL Output Fall Time 12 ns From 2.0V to O.BV 

NOTES: 
1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T3 and wait states. 
4. Applies oaly to T2 state (8 ns into T3). 
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inter INDUSTRIAL iAPX 86 

WAVEFORMS 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288) 

CLK 

VCL 

aSo,as, 

S;,51,So (EXCEPT HALT) 

SEE NOTE 5 

I ALE (8288 OUTPUT) 

1 ROY (8284A INPUT) 

READY (8086 INPUT) 

READ CYCLE 

RD 

DTtR 

8288 OUTPUTS 

SEE NOTES 5,6 
MRDe OR IORC 

DEN 

TClAv-i 

T, T, 

-TCLDX_I i;=TDVCL--

}--!c-:-:-::----;{ DATA IN 

11-34 

TCLRH -1---1--1-

TCLMH---

TCVNX-, 
I 
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inter INDUSTRIAL iAPX 86 

WAVEFORMS (Continued) 

BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288) 
(Continued) 

elK 

52.51,So (EXCEPT HAL n 

WRITE CYCLE 

DEN 

8288 OUTPUTS 

SEE NOTES 5,6 AMWC OR AIOWC 

INTA CYCLE 

SOFTWARE HALT -

MWTC OR lowe 

4015-AOO FLOA 
(SEE NOTES 3 " 4) 

8288 0UTPt1TS 
SEE NOTES 5,6 

MCEI 
PDEN 

DT/R 

INTA 

DEN 

TSYMCH-

(DEN = VOL;RD,MRDC.1OiiC,MWTC,AMWC,IOwc,A1OWC,iNfA,:: VOH) 

T, T, 

TCVNV-

INVALID ADDRESS 

T, T. 
Tw 

TCHDX--

DATA 

TCVNX-

/ r-------,-' ------
. \._..:----

NOTES: 
1. All Signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 

, 
\~----

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

5. Signals at 8284A or 8288 are shown for reference only. 
6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 

active high 8288 CEN. 
7. All timing measurements are made at 1.SV unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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INDUSTRIAL iAPX 86 

WAVEFORMS (Continued) 

ASYNCHRONOUS SIGNAL RECOGNITION 

'NMI 

lNTR 

NOTE: 1 SETUP REQUIREMENTS FOR ASYNCHRO
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT eLK 

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) RESET TIMING 

Any eLK cycle--l - Any elK Cycle '_1 r-----~50"sec-

'cc 

LOCK 

REQUEST/GRANT SeQUENCE TIMING (MAXIMUM MODE ONLY) 

~ 0 elK Cycle -I 

Prev,Qusgranl 

NOTES: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 

AD15-ADo. 
A,slSa-A,&lS3. 

~S..!....MliO, 
DlIR, WA, DEN 

COPRO~I-ES_S_OR _____ -J 

11-36 
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m155H/8156H 
2048-BIT STATIC HMOS RAM WITH I/O PORTS AND TIMER 

INDUSTRIAL 

• Industrial Temperature Range: 
-40°C to +85°C 

• 256 Word x 8 Bits 

• Single +5V Power Supply with 10% 
Voltage Margins 

• Completely Static Operation 

• Internal Address Latch 

• 2 Programmable 8 Bit 1/0 Ports 

• 1 Programmable 6-Bit 1/0 Port 

• Programmable 14-Bit Binary Counterl 
Timer 

• Multiplexed Address and Data Bus 

• 40 Pin DIP 

The 18155H and 18156H are RAM and I/O chips to be used in the MCS-85® microcomputer system. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of400 ns to permit use with no wait 
states in 8085AH CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on-chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 

PC, vee 

pc. PC, 

TIMER IN PC, 

RESET pCo 

pCs PB, 

TIMER OUT PBs 

101M 

G PAo 7 

ADo 7 256 X 8 

STAllC 

101M PBs 

eE OR CE* PB. 

RD PB, 

WR PB, 

RAM 

G 
* P"o , 

AL' 

ALE PB, 

ADo PBo 

AD, PA, 

AD, PAs 

RD 

WR--

G 
PORT C 

6 peo !:! 

RESET TIMER 

AD, PAs 

AD. PA. 

ADs PA, 

AD. PA, 

TIMER eLK ~VCC(+5V) 
TIMER bOT Vss (OV) 

AD, PAT 

8155'" cr, 8156'" CE Vss PAo 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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intJ 18155/8156 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias.. . . . .. . .. .. - 40'C to 85'C 
Storage Temperature ............... -65°Cto+150°C 
Voltage on Any Pin 

With Respect to Ground ............... -0.5V to +7V 
Power Dissipation ............................. 1.5W 

·NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40·C to 85·C, Vee = 5V ±10%) 

Symbol Parameter Min. Max Units Test Condtions 

VIL Input Low Voltage -0.5 0.8 \ V 

VIH Input High Voltage 2.0 VCC tO.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6mA 

VOH Output High Voltage 2.4 V IOH = -400I£A 

IlL Input Leakage ±10 p.A OV,,;; V'N";; Vee 

ILO Output Leakage Current ±10 jJA 0.45V .,;; VOUT .,;; VCC 

ICC VCC Supply Current 180 mA 

IIL(CE) Chip Enable Leakage 
8155 +100 p.A OV,,;; V'N";; Vee 
8156 -100 p.A 

A.C. CHARACTERISTICS (TA = -40"C to 85·C, Vee = 5V ± 10%) 

I 8155/8156 

Symbol Parameter Min. Max. Units 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tLC Latch to READ/WRITE Contro' 100 ns 

tRO Valid Data Out Delay from READ Control 170 ns 

tAD Address Stable to Data Out Val id 400 ns 

tLL Latch Enable Width 100 ns 

tROF Data Bus Float after READ 0 100 ns 

tCL READ/WRITE Control to Latch Eanble 20 ns 

tcc READ/WRITE Control Width 250 ns 

tow Data In to WRITE Set Up Time 150 ns 

two Data In Hold Time after WRITE 25 ns 

tRV Recovery Time Between Controls 300 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time ns 

tRP Port Input Hold Time 50 ns 

tSBF Strobe to Buffer Full 400 ns 

tss Strobe Width 200 ns 

tRBE READ to Buffer Empty 400 ns 
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18155/8156 

A.C. CHARACTERISTICS (Continued) (TA = -40°C to 85°C, Vee = 5V ±10%) 

Symbol Parameter 

tSI Strobe to I NTR On 

tRDI READ to INTR Off 

tpss Port Set Up Time to Strobe 

tpHS Port Hold Time after Strobe 

tSBE Strobe to Buffer Empty 

tWBF WRITE to Buffer Full 

tWI WRITE to INTR Off 

tTL TIMER·IN to TIMER·OUT Low 

tTH TIMER·IN to TIMER·OUT High 

tRDE Data Bus Enable from READ Control 

t, TIMER·IN Low Time 

t2 TIMER·IN High Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

"=-X x= 2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.45 

A C TESTING- INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC l' AND OASV FOR 
A LOGIC 0," TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 BV FOR A LOGIC '0 
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8155/8156 

Min. Max. 

400 

400 

50 

120 

400 

400 

400 

400 

400 

10 

80 

120 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

'1C'~150PF TEST 

-=-
CL = 150pF 
CL INCLUDES JIG CAPACITANCE 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



inter 
18185* 

1024 x 8~BIT STATIC RAM FOR MCS-85® 
*Compatible with BOB5A. 

• Multiplexed Address and Data Bus 

• Directly Compatible with 808SA 
and 8088 Microprocessors 

• Low Operating Power Dissipation 

INDUSTRIAL 

• Low Standby Power Dissipation 

• Single +5V Supply 

• High Density 18-Pin Package 

• Industrial Temperature Range: 
-40°C to +85°C 

The Intel® 18185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8 bits using N-channel 
silicon gate MOS technology. The multiplexed address /l.nd data bus allows the 8185 to interface directly to the 8085A 
and 8088 microprocessors to provide a maximum level of system Integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

- . es ADD Vee 
-
eE, AD, RD 
c~ R/W 
RD lOGIC 

AD, WR 

WR AD, ALE 
ALE AD, es 

l AD, eE, 

AD, eE, 

AD, Ag 

¢= " DATA 1Kx8 
BUS RAM 

BUFFER MEMORY 
V ARRAY 

Vss As 

x-y DECODE 

----.t-. U "'" v: ADDRESS 
LATCH 

As. Ag 

ADo·AD7 ADDRESS/DATA LINES 
As. Ag ADDRESS LINES 
CS CHIP SELECT 
eEl CHIP ENABLE (101M) 
eE2 CHIP ENABLE 
ALE ADDRESS LATCH ENABLE 
R-5 READ ENABLE 

ALE WR WRITE ENABLE 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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18185 

FUNCTIONAL DESCRIPTION 
The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 

At the beginning of an 8185 memory access cycle, the 8-
bit address on ADo-?, As and Ag, and the status of CE1 and 
CE2 are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE1 and CE2 are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 

The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE, and CE2 are 
activated selectively to power down the 8185 when it is not 
in use. A possible connection would be to wire the 8085A's 
10iM line to the 8185's CE, input, thereby keeping the 
8185 powered down during 1/0 and interrupt cycles. 

Table 1. 
Truth Table for 

Power Down and Function Enable 

CEl CE2 CS (CS")12 1 8185 Status 

1 X X 0 Power Down and 
Function Disablel11 

X 0 X 0 Power Down and 
Function Disablel11 

0 1 1 0 Powered Up and 
Function Disablel11 

0 1 0 1 Powered Up and 
Enabled 

NOTES: 
X: Don't Care. 
1: Function Disable implies Data Bus in high impedance state 

and not writing. 
2: CS· = ICE, =0). (CE2= 1). (CS=O) 

CS· = 1 signifies all chip enables and chip select active 

Table 2. 
Truth Table for 

Control and Data Bus Pin Status 

ADO_? During Data 
-

(CS") RD WR Portion of Cycle 8185 Function 

0 X X Hi-Impedance No Function 

1 0 1 Data from Memory Read 

1 1 0 Data to Memory Write 

1 1 1 Hi-Impedance Reading, but not 
Driving Data Bus 

NOTE' 

X: Don't Care. 
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1-
1-
1-
1-
1--

riD~ 
Vss Vee 

I I I 
TRAP 

X, X, RESET IN -HOLD 

RST7,5 HLDA -
RST6.5 

8085A SOD -
R$T5,5 SID -
tNTR 5,_ 

INTA RESET 
50 -ADDR/ OUT 

ADDR DATA ALE AD WR 10/M RDY elK 

T Vee 
)8) (8) I 
11-1- ~ POR:¢;> 

_ PORT (8) WR ¢;> 
R0 8156 B 

ALE PORT W 
DATAi 

C (6) 

ADDR 
~ 

'N 
101M TIMER == RESET OUT 

--
'OW 

RD 

ALE W I(-~ -
PORT 

e, A 

&;= ~ AS_11J 

-V 8355/ 
8755A 

DATA,' 
ADOR 

IDiM W PORT 

RESET B 

RDY 

I 

f-- elK 

. t t t 1. 
Vss Vee Voo PROG 

We 
-
RO 

-

e"8185 
ALE 

1-- [S, CE2 

r- AB, A9 

ADO_7 

I 
t t 

V~~ Vee 

Vee 

j 
Vee 

4 Chips: 
2K Bytes ROM 
1.2SK Bytes RAM 
38 I/O Lines 
1 Counter/Timer 
2 Serial I/O Lines 
5 I nterrupt Inputs 

Figure 3. 18185 in an MCS-85® System 
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inter 18185 

8088 FIVE CHIP SYSTEM 

Figure 4 shows a five chip system containing: 

• 1.25 K Bytes RAM 
• 2 K Bytes ROM 
• 381/0 Pins 
• 1 Interval Time 
• 2 Interrupt Levels 

I--~--' -.~ 
Aa-A19 ADDR 

y 

_ ADo-AD,[/L ADDR/DATA 
ClK 'J 

8088 

r- READY 

MNfMX ~Vcc 

Vee rD1 ALE 

44-
RST ® Ali 

x, x, 
ClK f- WR 

READY f---- 101M 

RES -
8284 

RESET 

RDY1 Vee 

r GND 
. 'MANUAL .... 

GND RESET 

(VSS) CD 

'--
~ 

f---

f---

f---

f---

I---

f---

1-
5-
\--

Vss Vee 

I I 
f--+--+-+--+-I----IC'E PoR! ~ 

........ 1- --_ WR ~rvv 
~+-+-I-___ I Ali PoR~ (8). 

8155 

DATAl C (6) 
ALE PoRTb(> 

\.rr-r-,...,...-,---,/ ADDR 
IN_ 

I-- --- 101M TIMER 

~_~.IRESET oUT-

lOW 

~+-+-+---IAli 

ALE ~ 

f-++-+-+-l--~.IC'ECE PoR! ~ 

~~~~=::::::::===:")j AB_1O 
V 83551875SA 

-
- ~ 

DATAl 
ADDR 

101M PoRT~ 
>__-RESET B YV 

r READY Vee 

I iOR..J 

I---+-+-+---H-.....J 1 11 LAo!; 
Vss Vee Voo 

WR 

RD 

eE, 8185 
...... +-+++-,----lAlE 

1-+-+-+-+-+----1 CS. 
,'; 

f-+-+-+-+-+----I CE, 

f-+-+-+-+-+-----I AB• Ag 

v,-,-r--r--".----v) ADo_, 
,v 

I I 
Vss Vee 

Figure 4. 8088 Five Chip System Configuration 
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inter 18185 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -40·C to +85·C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

with Respect to Ground .............. -0.5V to +7V 
Power Dissipation ............................. 1.5W 

*NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating condtions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS ITA = O°C to 70°C, Vee = 5V ± 5%) 

Symbol Parameter Min. Max. Units Test Conditions 

Vil Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+0.5 V 

Val Output Low Voltage 0.45 V IOl=1.6mA 

VOH Output High Voltage 2.4 10H = 4OOl'A 

ill I nput Leakage ±10 I'A VIN = Vee to OV 

ILO Output Leakage Current ±10 I'A 0.45V <S VOUT <S Vee 

lee Vee Supply Current 
Powered Up 125 mA 
Powered Down 40 mA 

A.C. CHARACTERISTICS (TA= -40·C to +85·C, Vcc=5V±5%) 

8185 
Preliminary 

Symbol Parameter(1) Min. Max. Units 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tlC Latch to READIWRITE Control 100 ns 

tRO Valid Data Out Delay from READ Control 170 ns 

tLD ALE to Data Out Valid 300 ns 

tlL Latch Enable Width 100 ns 

tROF Data Bus Float after READ 0 100 ns 

tCl READIWRITE Control to Latch Enable 20 ns 

tec READIWRITE Control Width 250 ns 

tow Data In to Write Set Up Time 150 ns 

two Data In Hold Time after WRITE 20 ns 

tsc Chip Select Set Up to Control Line 10 ns 

tcs Chip Select Hold Time'after Control 10 ns 

tAlCE Chip Enable Set Up to ALE Falling 30 ns 

tLACE Chip Enable Hold Time after ALE 50 ns 

NOTES: 
1. All A.C. parameters are referenced at 

a) 2.4V and .45V for inputs 
b) 2.0V and .BV for outputs. 
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4'.c.. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2A x= =>(2.0 2.0 

0.8> TEST POINTS < 0.8 

0045 - • 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.4SV FOR 
A LOGIC "0:' TIMING MEASUREMENTS ARE MADe AT 2.0V FOR A LOGIC "'" 
AND a.BV FOR A LOGIC "0." 

WAVEFORMS 

ALE 

(CE1"'O). 

ICE,oll 

WR,Fffi 

ADO-AD7 
(AS,AgJ 

(SELECTED) 

18185 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER '1CL =100 PF 

TEST 

CL == 100pF 
CL INCWDES JIG CAPACITANCE 

(READ CYCLE) 

(WRITE CYCLE) 

(DESELECTED) 
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18212 
8·BIT INPUT/OUTPUT PORT 

INDUSTRIAL 

• Fully Parallel 8-Bit Data Register and Buffer 

• Service Request Flip-Flop for 
Interrupt Generation 

• Low Input Load Current - .2SmA Max 

• Three State Outputs 

• Outputs Sink 1SmA 

• 3.6SV Output High Voltage for Direct 
Interface to ID8085A CPU 

• Asynchronous Register Clear 

• Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 

• Industrial Temperature Range: 
-40°C to +8SoC 

The 18212 input/output port consists of an 8·bit latch with 3·state output buffers along with control and device selec· 
tion logic. Also included is a service request flip·flop for the generation and control of interrupts to the microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 

Note: The specifications for the 32t2 are identical with those for the 8212. 

SERVICE REQUEST FF 

IT> MO ---+H_,I 

!Ii> STB ~-""""-{'_J 

[I>[)I, 

DATA LATCH 

[S>012 

VO l 3 

~()14 

~{)IS 

[i]>016 

~Ol, 

~D'8 

[l9ClR 

Figure 1. 

"-. 

I ___ "";_-.J 

Logic Diagram 

oo,liE> 

11-45 

os, vee 
MD INT 

01, 01. 

DO, DO. 

01 2 01, 

DO, DO, 

01 3 01. 

003 DO. 

DI. Dis 

DO. DOs 

STe etR 

GNO OS2 

OI,.OIa DATA IN 

00,·008 DATA OUT 

os;·OS2 DEVICE SELECT 

MO MODE 

STB STROBE 
INT "INTERRUPT (ACTIVE LOW) 

CLA CLEAR (ACTIVE LOW) 

Figure 2. Pin Configuration 



118212 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias Plastic ...... - 40·C to 85·C 
Storage Temperature .............. -65° C to +160· C 
All Output or Supply Voltages ........ -0.5 to +7 Volts 
All Input Voltages .................. -1.0 to 5.5 Volts 
Output Currents ............................. 100mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40°C to 85°C, Vee = +5V ±5%) 

Symbol 
Limits 

Parameter Unit Test Conditions 
Min. Typ. Max. 

IF Input Load Current, ACK, OS2, CR. 
01,-018 Inputs -.25 mA VF = .45V 

IF Input Load Current MO Input -.75 rnA VF = .45V 

IF Input Load Current OS1 Input -1.0 mA VF = .45V 

IR Input Leakage Current, ACK, OS, CR, 
01,-018 Inputs 10 p.A VR 'S Vee 

IR Input Leakage Current MO Input 30 p.A VR 'S Vee 

IR Input Leakage Current OS1 Input 40 p.A VR 'S Vee 

Ve Input Forward Voltage Clamp -1 V Ie = -5mA 

VIL Input "Low" Voltage 0.85 V 

VIH Input "High" Voltage 2.0 V 

VOL Output "Low" Voltage 0.45 V 10L = 15mA 

VOH Output "High" Voltage 3.65 4.0 V 10H = -1mA 

Isc Short Circuit Output Current -15 -75 mA Vo = OV, Vee = 5V 

1101 Output Leakage Current High -20 /LA Va = .45V 
Impedance State 20 /LA Va = 5.25V 

Icc Power Supply Current 90 130 mA 

CAPACITANCE* (F = 1 MHz, VBIAS = 2.5V, Vee = +5V, TA =25°C) 

Limits 
Symbol Test 

Typ. Max. 

CIN OS1 MO Input Capacitance 9pF 15 pF 

CIN OS2, CK, ACK, 011-018 
Input Capacitance 5pF 10 pF 

COUT 001-008 Output Capacitance 8pF 15 pF 

"This parameter is sampled and not 100% tested. 
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inter 18212 

A.C. CHARACTERISTICS (TA = -40'C to 85'C, vee = +5V ±5%) 

Symbol Parameter 

tpw Pulse Width 

tpo Data to Output Delay 

tWE Write Enable to Output Delay 

tSET Data Set Up Time 

tH Data Hold Time 

tA Reset to Output Delay 

ts Set to Output Delay 

tE Output Enable/Disable Time 

te Clear to Output Delay 

SWITCHING CHARACTERISTICS 
Conditions of Test 

Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times 5ns 
Between 1 V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load 

Note 1: 

Test CL' Rl R2 

tPD, tWE, tA, ts, te 30pF 300n 600n 

tE, ENABLE! 30pF 10Kn 1Kn 

tE, ENABLE I 30pF 300n 600n 

tE, DISABLE! 5pF 300n 600n 

tE, DISABLEI 5pF 10Kn 1Kn 

'Includes probe and jig capacitance. 

limits 
Unit Test Conditions 

Min. Typ. Max. 

30 ns 

30 ns Note 1 

40 ns Note 1 

15 ns 

20 ns 

40 ns Note 1 

30 ns Note 1 

45 ns Note 1 

55 ns Note 1 

A.C, TESTING LOAD CIRCUIT 

-r- Vee 

R, 

DEVICE 
UNDER eel TEST 

R, 

-= -= 

CL INCLUDES JIG CAPACITANCE 
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inter 
18216/18226 

4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 
INDUSTRIAL 

• Data Bus Buffer Driver 

• Low Input Load Current - .25 mA 
Maximum 

• High Output Drive Capability for 
Driving System Data Bus 

The 18216/18226 is a 4-bit bidirectional bus driver/receiver. 

• 3.65V Output High Voltage 

• Three State Outputs 

• Reduces System Package Count 

• Industrial Temperature Range: 
-40° to +85°C 

All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.6SV VOH, and for high 
capacitance terminated bus structures, the DB outputs provide a high SOmA IOL capability. 

A non-inverting (18216) and an inverting (18226) are available to meet a wide variety of applications for buffering in 
microcomputer systems. 

18218 18226 

Do" 0'0 

0"0 0"0 

0°0 0°0 

01, 01, , 

DB, DB, 

DO, 00, 

0', 0', 

DB, DB, 

00, DO, 

0', 0', 
DB, ~--ooB, 

DO, DO, 

~----+-+-----<>cs L----t ....... ----<>cs 
o'EN <>-_-+ ___ ---l o'EN 0--_-----' 

Figure 1. Logic Diagrams 
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cs Vee 

000 OlEN 

080 00, 

0'0 DB, 

00, o~ 

08, 00, 

0', DB, 

GNo 0', 

OBO·DBJ 
DATA BUS 
BI·DIRECTIONAl 

O\,.O~ DATA INPUT 

DOo·003 DATA OUTPUT 

DATA IN ENABLE 
OlEN DIRECTION CONTROL 

CI CHIP SELECT 

Figure 2. Pin 
Configuration 



18216/18226 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .............. - 40'C to 85 'C 
Storage Temperature ............. -65'C to + 150'C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. - 1.0V to + 5.5V 
Output Currents ........................... 125 mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability 

D.C. CHARACTERISTICS (TA = -40°C to 85°C, Vee = +5V ±10%) 

Limits 
Symbol Parameter Min. Typ. Max. Unit Conditions 

IFl Input Load Current DIEN, CS -0.15 -.5 mA VF = 0.45 

IF2 Input Load Current All Other Inputs -0.08 -.25 mA VF = 0.45 

IRl Input Leakage Current D I EN, CS 20 J.lA VR =5.25V 

IR2 Input Leakage Current DI Inputs 10 J.lA VR =5.25V 

Ve Input Forward Voltage Clamp -, V Ie = -5mA 

VIL Input "Low" Voltage .95 V 

VIH Input "High" Voltage 2.0 V 
--

1101 
Output Leakage Current [>0 20 J.lA Va = 0.45V 15.25V 

(3-State) DB 100 

8216 95 130 mA 
lee Power Supply Current 

8226 85 120 mA 

VOL1 Output "Low" Voltage 0.3 .45 V DO Outputs IOL=15mA 
DO, DB Outputs DB Outputs 10L =25mA 

8216 0.5 .6 V DB Outputs 10l = 50mA 
VOL2 Output "Low" Voltage 

8226 0.5 .6 V DB Outputs 10l = 45mA DB Outputs Only I 

VO Hl Output "High" Voltage DO Outputs 3.65 4.0 V DO Outputs 10H = -lmA 

VOH2 Output "High" Voltage DB Outputs 2.4 3.0 V DB Outputs 10H = -10mA 

los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo==.OV, 

-30 -75 -120 mA DB Outputs Vee=5.0V 

NOTE: Typical value. are for TA = 25' e, Vee = 5.0V. 

CAPACITANCE (VSIAS = 2.5V, Vee = 5.0V, TA = 25°C) 

I 
Limits 

Symbol Parameter Min. Typ.ll] I Max. Unit 

i 
--------- -----r-----

I CIN Input Capacitance 4 8 pF 

COUTl I Output Capacitance 6 i 10 I pF 

CO UT2 I Output Capacitance 13 I 20 pF 
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intJ 18216/18.226 

A.C. CHARACTERISTICS (TA = -40°C to 85°C, Vee = +5V ±10%) 

Limits 

Symbol Parameter Min. Typ.ll) Max. Unit Conditions 

TpOl Input to Output Delay DO Outputs 15 

I 

25 

I 

ns 

I 

CL =30pF, Rl=300n 
R2=600n 

--
TpD2 Input to Output Delay DB out~ I 

ns~ 8216 I 20 I 30 I CL =300pF, R1=90n 

8226 I 16 25 ns R2 = 180n 
~. ._--

Te Output Enable Time 
8216 45 65 ns (Note 21 

8226 36 54 ns (Note 21 

TO Output Disable Time 20 35 ns (Note 21 

NOTES: 
1. Typical values are for TA = 25°e, Vee = 5.0V. 
2. 

TEST ", ", 
Tp01 30pF 30011 60011 

TpD2 300pF 9011 180!! 

TE, (DO. ENABLE!) 30 pF 10KIl lK!J 

T E' (DO, ENABlEI) 30 pF 30DI! 60011 

T E' (DB. ENABLE!) 300pF lOKI! lKI! 

T E' (DB. ENABLE!) 300pF 9O\! ISO!! 

TO' (DO. DISABlEI) 5 pF 30011 600!! 

TO' (DO. DISABLE I} 5 pF lOKI/ lKI! 

TO' (DB. DISABLE t) 5 pF 9011 180\( 

TO' (DB. DISABLE I) 5 pF 10K!r lKll 

TEST CONDITIONS: A.C. TESTING LOAD CIRCUIT 

Input pulse amplitude of 2.5V. 
I nput rise and fall times of 5 ns between 1 an!j 2 volts. 
Output loading is 5 mA and .JO pF. 
Speed measurements are made at 1.5 volt levels. 
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DeVICE 
UNDER 

TEST 

-r- Vee 

R, 

R, 

CL INCLUDES JIG CAPACITANCE 

AFN'()1442A 



I8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

INDUSTRIAL 

• iAPX 86 Compatible 

• MCS-80®, 85® Compatible 

• Eight-Level Priority Controller 

• Expandable to 64 Levels 

• Programmable Interrupt Modes 

• Individual Request Mask Capability 

• Single + 5V Supply (No Clocks) 

• Industrial Temperature Range: 
-40°C to +85°C 

The Intel'" 18259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The 18259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 

INTA INT Os vee 
W- I\, 
AD INTA 

0, IA7 

D6 IA6 
DATA CONTROL lOGIC 

D5 IA5 °7-0 0 BUS 
BUFFER D, 

D3 IA3 

D, IA2 

D, IA1 

Do lAO 

lAO CASQ INT 
Ro~ 

,A1 CAS 1 SPJEi'J 
lA' 

GND CAS2 

IR4 

CASO .-
D, -D D~TA BUS (BI-DIRECTIONAL) 

CAS 1 -- ~- READ INPUT 
WA WRITE INPUT 
A COMMAND SELECT ADDRESS 

CAS 2 ... cs CHIP SELECT 

~INTERNAl BUS 

CAS2-CASO CASCADE LINES 
SP/EN SLAVE PROGRAM INPUT!ENABlE 
INT INTERRUPT OUTPUT 
INTA INTERRUPT ACKNOWLEDGE INPUT 

SPIEl\! ------' 

IRO -IR7 INTERRUPT REQUEST INPUTS 

Figure 1. Block Diagram Figure 2. Pin Configuration 

11-51 AFN-00678E 



I8259A 

Table 1. Pin Descriptions 

Pin 
Symbol No. Type Name and Function 

Vee 28 Voltage: +5V supply. 

GND 14 Ground: Ground. 

DO-7 11-4 I/O Data Bus: Bidirectional data bus, used for: a) programming the mode of the 8259A (pro-
gramming is done by software); b) the microprocessor can read the status of the 8259A; 
c) the 8259A will send vectoring data to the microprocessor when an interrupt is 
acknowledged. 

IRo_7 18-25 I Interrupt Requests: These are asynchronous inputs. A positive-going edge will generate an 
interrupt request. Thus a request can be generated by raising the line and holding it high 
until acknowledged, or by a negative pulse. In level triggered mode, no edge is required. 
These lines are active HIGH. 

RD 3 I Read: (generally from 8228 in MCS-80 system or from 8086 in MCS-86 system). 

WR 2 I Write: (generally from 8288 in MCS-80 system or from 8086 in MCS-86 system). 

INTA 26 I Interrupt Acknowledge: (generally from 8228 in MCS-80 system, 8086 in MCS-86 system). 
The 8288 generates three distinct INTA pulses whan a CALL is inserted, the 8086 produces 
two distinct INTA pulses during an interrupt cycle. 

CS 1 I Chip Select: RD and WR are enabled by Chip Select, whereas Interrupt Acknowledge is 
independent of Chip Select. 

AD 27 I Address: Usually the least significant bit of the microprocessor address output. When 
AO=1 the Interrupt Mask Register can be loaded or read. When AO=Othe8259A mode can be 
programmed or its status can be read. CS is active LOW. 

INT 17 0 Interrupt: Goes directly to the microprocessor interrupt input. This output will have high 
VOH to match the 8080 3.3V VIH. INT is active HIGH. 

CD-C2 12 1/0 Cascade Lines: Three cascade lines, outputs in master mode and inputs in slave. Mode 
13 The master issues the binary code of the acknowledged interrupt level on these lines. 
15 Each slave compares this code with its own. 

- .,--~~-.. 

SP/EN 16 110 SP/EN: A dual function pin. In the buffered mode SP/EN is used to enable bus transceivers 
(EN). In the non-buffered mode SP/EN determines if this 8259A is a master or a slave. If SP= 1 
the 8259A is master; SP=O indicates a slave. 
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inter 18259A 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias. . . .. -40°C to 85°C 
Storage Temperature. - 65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground. . . - 0.5V to + 7V 
Power Dissipation. . . . . . . . . . . . .... 1 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (TA ~ -40'C to 85'C. Vee ~ 5V ±10%) 

Symbol Parameter Min. Max. 

VIL Input Low Voltage - .5 .8 

VIH Input High Voltage 2.3 Vee + .5V 

VOL Output Low Voltage .45 

VOH Output High Voltage 2.4 

VOH(INT) 
Interrupt Output High 3.5 
Voltage 2.4 

III Input Load Current -10 +10 

ILOL Output Leakage Current -10 +10 

ILOH Output Leakage Current 10 

Icc Vee Supply Current 85 

CAPACITANCE (TA = 25'C. Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit 

CIN Input Capacitance 10 pF 

CliO 1/0 Capacitance 20 pF 

A.C. CHARACTERISTICS (TA = -40°C to 85'C. Vee ~ 5V ±10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TAHRL AO/CS Setup to RD/INTAt 0 

TRHAX AO/CS Hold after RD/INTAt 0 

TRLRH RD Pulse Width 235 

TAHWL AO/CS Setup to WR1 0 

TWHAX AO/CS Hold afterWRt 0 

TWLWH WR Pulse Width 290 

TDVWH Data Setup to WRt 240 

TWHDX Data Hold after WRt 0 

TJLJH Interrupt Request Width (Low) 100 

TCVIAL Cascade Setup to Second or 55 Third INTAt (Slave Only) 

End of RD to next RD 
TRHRL End of INTA to next INTA within 160 

an INTA sequence only 

TWHWL End of WR to next WR 190 

11-53 

Units Test Conditions 

V 

V 

V 10L~ 2.2 mA 

V 10H= -400 ;<A 

V IOH= - 100 ;<A 
V IOH= - 400;<A 

;<A VIN = Vee to OV 

;<A VouT =0.45V 

;<A VOUT= Vee 

mA 

Test Conditions 

fc= 1 MHz 

Unmeasured pins returned to Vss 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns See Note 1 

ns 

ns 

ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING REQUIREMENTS 

Symbol Parameter 

18259A 

Min. 

'TCHCL 
End of Command to next Command 500 
(Not same command type) 

End of INTA sequence to next 
INTA sequence. 

Max. Units Test Conditions 

ns 

'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. B085A ~ 1.6,"5, 
8085A-2'~ 1 ,"5, 8086 ~ 1 ,"5, 8086-2 ~ 625 ns) 

TIMING RESPONSES 

Symbol Parameter Min. Max. Units Test Conditions 

TRLDV Data Valid from RDIINTA. 200 ns C of Data Bus 

TRHDZ Data Float after RD/lNTAt 10 100 ns Max. test C = 100 pF 

TJHIH Interru.pt Output Delay 350 ns Min. test C = 15 pF 

TIALCV Cascade Valid from First INTM C1NT = 100pF 

(Master Only) 
565 ns 

CENABLE= 15pF 

TRLEL Enable Active from RD. or INTM 125 ns 

TRHEH Enable Inactive from RiSt or INTAt 150 ns 

TAHDV Data Valid from Stable Address 200 ns 

TCVDV Cascade Valid to Valid Data 300 ns 

NOTE: 
1. This is the low time required to clear the input latch in the edge triggered mode. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2' 

045 =x:: > TEST POINTS < ::x:= 
A.C TESTING- INPUTS ARE DRIVEN AT 2.4V FOR A lOGIC "1" AND a 45V FOR 
A lOGIC "0 -, TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND O.8V FOR A LOGIC "0 

WAVEFORMS 

WRITE 

~--------------------~ 
-----. -- TWLWH ~-

TAHWl ~-
Ci------________ ~ 

ADDAESS IUS 

Ao-------J 

DATA IUS 
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DEVICE 
UNDER 

'1CL~100PF TEST 

-=-

CL INCLUDES JIG CAPACITANCE 
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intJ I8259A 

WAVEFORMS (Continued) 

READ/INTA MODE 
ftMNTA--------------__ ~ f-----TIILII"----

TRLEL 

TRHAX 

ei-----"'"""' 
ADDRESS BUS 

Ao-------..J 

DATA BUS- - - - - - - - - - - ----~~::~ -1,, _________ ..... J-------

INTA SEQUENCE 

'" 

INT-------J 

INTA----------------__ 

01-------- ____ _ -0--
_- TCVIAl 

TCYOV-~~ 

CO·2----______ + ___ --L+ ____ -"-__ --L...L ________ ->-_ 

-- TIAlCV 

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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I8259A 

WAVEFORMS (Continued) 

OTHER TIMING 

RD 

t=TRHRl=1\ INTA 

\ / 
WR 

\ !f=TWHWl=!\ / 
lID 

INTA 

c,~=) 
WR \ 
I~A 

/ WR 
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18282/8283 
OCTAL LATCH 

INDUSTRIAL 

• Fully Parallel 8·Bit Data Register and 
Buffer 

• Transparent during Active Strobe 

• Address Latch for iAPX 86, 88, 
MCS·80®, MCS·85®, MCS·48® Families 

• High Output Drive Capability for 
Driving System Data Bus 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

• Industrial Temperature Range: 
-40° to +85°C 

The 18282 and 18283 are 8-bit bipolar latches With 3-state output buffers. They can be used to implement latches, buf
fers, or multiplexers. The 18283 inverts the input data at its outputs while the 18282 does not. Thus, all of the principal 
peripheral and input/output functions of a microcomputer system can be implemented with these devices. 

18282 
r--------, 

I 0 Q tLv::'l elK I ~ 

._ .1.. .. __ I 
L ______ _ 

-I 
f-------- S 

-=::J L ______ _ 

l ______ _ 

Figure 1. Logic Diagrams 
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18282/8283 

Table .1. Pin Description 

Symbol Type Name and Function 

STB I Strobe: STB is an input control pulse.used,to strobe data at the input pins (Ao-A7) into the data latches, This 
signal is active HIGH to admit input data, The data is latched at the HIGH to LOW transition of STB, 

OE I Output Enable: OE is an input control signal which when active LOW enables the contents of the data latches 
onto the data output pin (Bo-B7),OE being inactive HIGH forces the output buffers to their high impedance 
state, 

010-01 7 I Dala Input Pins: Data presented at these pins satisfying setup time requirements when STB is strobed is 
latched into the data input latches, 

000-007 Data Output Pins: When OE is true, the data in the data latches is presented as inverted (18283) or non-
(18282) 0 inverted (18282) data onto the data output pins, 
000-007 
(18283) 

FUNCTIONAL D.ESCRIPTION line in its active HIGH state makes the latches appear 
transp<lrent. Data is presented to the data output pins by 
activating the OE input line, When OE is inactive HIGH 
the output buffers are in their high impedance state, 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus, 

The I8282 and I8283 octal latches are 8-bit latches with 
3-state output buffers, Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STS line HIGH to Law. Holding the STS 
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18282/8283 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -40·C to +8S·C 
Storage Temperature ............. - 6S·C to + lS0·C 
All Output and Supply Voltages ........ - O.SV to + 7V 
All Input Voltages .................. - 1.0V to + S.SV 
Power Dissipation .......................... 1 Watt 

"NOTICE: Stresses above those listed under, "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vee = SV ±10%, TA = ~40°C to +8S°C) 

Symbol Parameter Min Max Units Test Conditions 

Ve Input Clamp Voltage -1 V Ie = -S mA 

Icc Power Supply Current 160 mA 

IF Forward Input Current -0.2 mA VF = 0.4SV 

IR Reverse Input Current SO ,..A- VR = S.2SV 

VOL Output Low Voltage .45 V IOL = 20 rnA 

VOH Output High Voltage 2.4 V IOH = -S mA 

IOFF Output Off Current ± SO ,..A- VOFF = 0.4S to S.2SV 

V IL Input Low Voltage 0.8 V Vee = 5.0V (See Note 1) 

VIH Input High Voltage 2.0 V Vee = 5.0V (See Note 1) 

F-l MHz 
CIN Input CapaCitance 12 pF VBIAS = 2.SV, Vee= SV 

TA=2S·C 

A.C. CHARACTERISTICS (Vee = 5V ±10%, TA = -40°C to +85°C) 

(Loading: Outputs - IOL = 20 rnA, IOH = -5 rnA, CL = 300 pF) 

Symbol Parameter Min Max Units Test Condit.ions 

TIVOV Input to Output Delay (See Note 2) 
-Inverting 25 ns 
--':Non-Inverting 35 ns 

TSHOV STB to Output Delay 
-Inverting 45 ns 
-Non-Inverting 55 ns 

TEHOZ Output Disable Time 25 ns 

TELOV Output Enable Time 10 50 ns 

TIVSL Input to STB Setup Time 0 ns 

TSLIX Input to STB Hold Time 25 ns 

TSHSL STB High Time 15 ns 

TILlH, Input, Output Rise Time 20 ns From 0.8V to 2.0V 
TOLOH 

TIHIL, Input, Output Fall Time 12 "ns From 2.0V to 0.8V 
TOHOL 

NOTES: 
1. Output Loading 10L = 20 rnA, IOH = -5 rnA, eL = 300 pF. 
2. See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A C. TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.4SV FOR 
A LOGIC' 0." TIMLNG MEASUREMENTS ARE MAnE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0" 

A.C. TESTING LOAD CIRCUIT 

1.SV 

33Q 

OUT C>-----< 

I300PF 

3·STATE TO VOL 

WAVEFORMS 

INPUTS 

V 
---.I 

STB 

\V 
/1\ 

1.SV 

180Q 

OUT C>-------'-< 

1300 pF 

3·STATE TO VOH 

\/ 
/\ 

!---TIYSL-!--TSLIX. 

\ 
TSHSL~I\ 

V 
/ 

2.01V 

7an 

OUT 0----< 

I 300 pF 

SWITCHING 

\ 
1\ 

-TlYOY- -n"~e- '~-b YOH-.1V 

\V ~------. . .<\ 
VOL+.1V . 

OUTPUTS 

SEE NOTE 1 
-TSHOY~ 

NOTE: 1."18283 ONLY - OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE- HIGH GOING STB TRANSITJON .. 

2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5Y UNLESS OTHERWISE NOTED, 
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18284 
CLOCK GENERATOR AND DRIVER 

FOR iAPX 86, 88 PROCESSORS 
INDUSTRIAL 

• Industrial Temperature Range: • 18·Pin Package 
-40°C to +85°C 

• Generates System Reset Output from 

• Generates the System Clock for the Schmitt Trigger Input 
Industrial iAPX 86/10 

• Provides Local Ready and MULTIBUS™ 

• Uses a Crystal or a TTL Signal for Ready Synchronization 
Frequency Source 

• Capable of Clock Synchronization with 

• Single +5V Power Supply other 8284's 

The 18284 is a bipolar clock generator/driver designed to provide clock signals for the iAPX 86, 88 and peripherals. It 
also contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 

X1 

X2 

1----ClK 

Fie --t"-D.,,------L.....J~ 

EFI-'=======CY 

CSyNC---------------+---' 

AEN2 ====:j~==l~ RDY2 

Figure 1. Block Diagram 

X1 I 
X21 
Fie 
EFI 

CONNECTIONS FOR CRYSTAL 

CLOCK SOURCE SEleCT 
EXTERNAL CLOCK INPUT 

CSYNC CLOCK SYNCHRONIZATION INPUT 

PClK 

READY 

RDY1 ! 
RDY2 I 

AEN11 
AEN21 

READY SIGNAL FROM TWO MUl TIBUS™ SYSTEMS 

ADDRESS ENABLED QUALIFIERS FOR RDV1.2 

18284 Pin Names 
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CSYNC VCC 

PClK X1 

AEN1 X2 

RDY1 N.C. 

READY EFI 

RDY2 Fie 

AEN2 OSC 

ClK RES 

GND RESET 

Figure 2. Pin Configuration 

RES RESET INPUT 
RESET SYNCHRONIZED RESET OUTPUT 
OSC OSCILLATOR OUTPUT 
CLK MOS CLOCK 108086 

PCLK TTL CLOCK FOR PERIPHERALS 
READY SYNCHRONIZED READY OUTPUT 

Vee +5 VOLTS 

GND 0 VOLTS 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............. - 40·C to 85·C 
Storage Temperature ............. - 65·C to + 150·C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. -1.0V to + 5.5V 
Power Dissipation .......................... 1 Watt 

-NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = -40°C to 85°C. Vee = 5V ±10%) 

Symbol Parameter Min Max Units 

IF Forward Input Current -0.5 mA 

IR Reverse Input Current 50 ,..A 

Vc Input Forward Clamp Voltage -1.0 V 

Icc Power Supply Current 140 mA 

VIL Input LOW Voltage 0.8 V 

VIH Input HIGH Voltage 2.0 V 

VIHR Reset Input HIGH Voltage 2.6 V 

VOL Output LOW Voltage 0.45 V 

VOH Output HIGH Voltage CLK 4 V 
Other Outputs 2.4 V 

VIHR-VILR RES Input Hysteresis 0.25 V 

A.C. CHARACTERISTICS (TA = -40°C to 85°C. Vee = 5V ±10%) 

TIMING REQUIREMENTS 
Symbol Parameter Min 

TEHEL External Frequency High Time 13 

TELEH External FreQuency Low Time 13 

TElEl EFI Period TEHEl + TELEH + d 

XTAl Frequency 12 

TRtVCL ROY1, ROY2 Set·Up to ClK 35 

TClR1X ROY1; ROY2 Hold to ClK 0 

TAtVRtV AEN1, ~Set·Up to,ROY1, ROY2 15 

TClA1X AEN1, AEN2 Hold to ClK 0 

TYHEH CSYNC Set·Up to EFI 20 

TEHYL CSYNC Hold to EFI 20 

TYHYL CSYNC Width 2 'TELEL 

TllHCL RES Set·Up to ClK 65 

TCLllH RES Hold to ClK 20 

TILIH Input Rise Time 

TIHll Input Fall Time 

11-62 

Test Conditions 

VF=0.45V 

VR=5.25V 

Ic= -5 mA 

Vcc =5.0V 

Vcc =5.0V 

Vcc= 5.0V 

5 mA 

-1 mA 
-1 mA 

Vcc =5.0V 

Max Units re.t Condition. 

ns 90% - 90% YIN 

ns 10% - 10% YIN 

ns (Note 1) 

25 MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns (Note 2) 

20 ns From 0,8Y to 2,OY 

12 ns From 2,011 to'O,8Y 

AFN-01399A 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 

TClCl ClK Cycle Period 

TCHCl ClK High Time 

TClCH ClK low Time 

TCH1CH2 
ClK Rise or Fall Time 

TCl2Cl1 

TPHPl PClK High Time 

TPlPH PClK low Time 

TRYlCl Ready Inactive to ClK (See Note 4) 

TRYHCH Ready Active to ClK (See Note 3) 

TCLll ClK to Reset Delay 

TClPH ClK to PClK High Delay 

TClPl ClK to PClK low Delay 

TOlCH OSC to ClK High Delay 

TOlCl OSC to ClK low Delay 

TOlOH Output Rise Time (Except ClK) 

TOHOl Output Fall Time (Except ClK) 

NOTES: 

1. 0 = EFI rise (5 ns max) + EFI fall (5 ns max). 

18284 

Min. Max. Units Test Conditions 

125 ns 

('I3TClCl)-2.0 ns 

(2hTClCl)-15.0 ns 

10 ns 1.0V to 3.5V 

TClCl-20 ns 

TCLCl-20 ns 

-8 ns 

(2/3TClCl)-15.0 ns 

40 ns 

22 ns 

22 ns 

-5 12 ns 

2 25 ns 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to 0.8V 

2. Set up and hold only necessary to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 
4. Applies only to T2 states. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1" AND 0,45V FOR 
A LOGIC 0," TIMING MEASUREMENTS ARE MADE AT 1 5V FOR BOTH A 
lOGIC "1" AND 0" 

A.C. TESTING LOAD CIRCUIT 

-,- VL ~ 2.08V 

Rl = 325!l 

DEVICE 
UNDER 

TEST 
f---

rCL 
-=-

CL ~ SEE NOTES 1 AND 2. 
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WAVEFORMS 

osc 

eLK 

PClK 0 

ROY,2 I --\---

AEN1.2 ,--+---

R"PYO(~' ~ •.• 
CSVNC I 

RES I ---- TYHYl __ 

TEHYl 

RESET 0 

NOTE: ALL riMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 

eLK 

'OF 
--L-l x, 

24 MHzCJ 

x, 

Clock High and Low Time 

v,, 

.... , eLK 

50F 

--L-l X, 

24 MHz c:::J READY 
~ X, ose 

RDY2 
Fie 
AEN2 

CSYNC 

Ready to Clock (using Xl. X2l 

NOTES: 

1. CL = 100 pF. 

2. CL = 30 pF. 
11-64 

-TeLI1H_I_~TI1HeL_ 

I 

I PULSE I HI eLK ~.---1 LOAO I GENERATOR I VL (SEE NOTE 'J 

Fie 1- CSYNC 

Clock High and Low Time 

t--~-,---1EFI CLKt------j 

Fie 
~~Nl_ 

t------1 R DY2 

CSYNC READY 

Ready to Clock (using EFI) 
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18286/8287 
OCTAL BUS TRANSCEIVER 

INDUSTRIAL 

• 3·State Outputs • Data Bus Buffer Driver for iAPX 86,88, 
MCS·80®, MCS·85®, and MCS·48® 
Families • 20·Pin Package with 0.3" Center 

• High Output Drive Capability for 
Driving System Data Bus 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

• Fully Parallel 8·Bit Transceivers 
• Industrial Temperature Range: 

-40°C to +85°C 

The 18286 and 18287 are 8-bit bipolar transceivers with 3-state outputs. The 18287 inverts the input data at its outputs 
while the 18286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 

18288 r-------l 
I I 

I 
I 

18287 

r-------l 
I I 

~ ~.- -------
8--+f 
~H---------~ 

8ijt-L _______ J1~ @-+.A4, ______ _ 
~ ~ ~ 

+-j 

G}- -------~' B6 @--t{-------L ~ 

B-fti-------~ ~tJf--------~y -A7 B7 A7 B7 

~. --------~A. .. '. -------~ ~.-----5I 0~-.-.--.. -.-~ 
I • 0 L_________ T 

Figure 1_ Logic Diagrams 
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Figure 2. Pin Configuration 



18286/8287 

Table 1. Pin Description 

Symbol Type Name and Function 

T I Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, it 
configures the transceiver's Bo-B7 as outputs with Ao-A7 as inputs. T LOW configures Ao-A7 as the 
outputs with Bo-B7 serving as the inputs. 

OE I Output Enable: OE is an input control signal used to enable the appropriate output driver (as selected by 
T) onto its respective bus. This signal is active LOW. . 

Ao-A7 I/O Local Bus Data Pins: These pins serve to either present data to or accept data from the processor's local 
bus depending upon the state of the T pin. . 

Bo-B7 I/O System Bus Data Pins: These pins serve to either present data to or accept data from the system bus 
(18286) depending upon the state of the T pin. 
Bo-87 
(18287) 

FUNCTIONAL DESCRIPTION Bo-B7 pins. With T inactive LOW and OE active LOW 
data at the Bo-B7 pins is driven onto the Ao-A7 pins. No 
output low glitching will occur whenever the trans· 
ceivers are entering or leaving the high impedance 
state. 

The 18286 and 18287 transceivers are 8-bit transceivers 
with high impedance outputs. With T active HIGH and 
OE active LOW, data at the Ao-A7 pins is driven onto the 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -40'C to +85'C 
Storage Temperature ............. - 65'C to + 150'C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. -1.0V to + 5.5V 
Power Dissipation .......................... 1 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vcc = 5V ±10%, TA = -40°C to +85'C) 

Symbol Parameter Min Max Units Test Conditions 

Ve Input Clamp Voltage -1 V le=-5mA 

Icc Power Supply Current-8287 130 mA 
-8286 160 mA 

IF Forward Input Current -0.2 mA VF=0.45V 

IR Reverse Input Current 50 J.lA VR= 5.25V 

VOL Output low Voltage -B Outputs .45 V IOL = 20 mA 
-A Outputs .45 V IOH = 10 mA 

VOH Outpu1 High Voltage -B Outputs 2.4 V IOH=-5 mA 
-A Outputs 2.4 V IOH=-l mA 

10FF Output Off Current IF VoFF = 0.45V 
IOFF Output Off Current IR VOFF = 5.25V 

.-

VIL Input low Voltage -A Side 0.8 V Vee = 5.0V, See Note 1 
-8 Side 0.9 V Vee = 5.0V, See Note 1 

VIH Input High Voltage 2.0 V Vee = 5.0V, See Note 1 

F= 1 MHz 
CIN Input Capacitance 12 pF VSIAS=2.5V, Vee=5V 

TA=25'C 
~--- --

A.C. CHARACTERISTICS (Vcc = 5V ±10%, TA = -40'C to +85°C) 
(loading: B Outputs-IOL = 20 mA, IOH = -5 mA, CL = 300 pF; 

A Outputs-IOL = 10 mA, IOH = -1 mA, CL = 100 pF) 

Symbol Parameter Min. Max. Units Test Conditions 

TIVOV Input to Output Delay 
Inverting 25 ns (See Note 2) 
Non-Inverting 35 ns 

TEHTV Transmit/Receive Hold Time TEHOZ ns 

TTVEl Transmit/Receive Setup 30 ns 

TEHOZ Output Disable Time 25 ns 

TElOV Output Enable Time 10 50 ns 

TlLlH, Input, Output Rise Time 20 ns From 0.8V to 2.0V 
TOlOH 

TIHll, Input, Output Fall Time 12 ns From 2.0V to 0.8V 
TOHOl 

NOTES: 
1. 8 Outputs-IOL = 20 rnA, IOH = -5 rnA, CL = 300 pF; A Outputs-IOL = 10 rnA, IOH = -1 rnA, CL = 100 pF. 
2. See waveforms and test load circuit following. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

TEST LOAD CIRCUITS 

1.SV 

~'. 
OUT 

1300 pF 

3·STATE TO VOL 

B OUTPUT 

1.SV 

180Q 

OUT 0---

3·STATE TO VOH 

B OUTPUT 

INPUT/OUTPUT 

24 -----v 5 _ TEST POINTS _1 sV-
04S~ ~ 
A C TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND OASY FOR 
A LOGIC 0 _. TIMING MEASUREMENTS ARE MADE AT 15V FOR 80TH A 
LOGIC 1 AND "0 

1.SV 

66Q 

OUT 

3·STATE TO VOL 

A OUTPUT 

1.5V 

~m' 
OUT 

l'OO P
F 

3·STATE TO VOH 

A OUTPUT 
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2.01V 

~~ OUT 

1300 pF 

SWITCHING 

B OUTPUT 

2.22V 

~'= 
OUT 

1'00 pF 

SWITCHING 

A OUTPUT 

AFN~01408A 
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WAVEFORMS 

INPUTS _____________ ~----------------------------~------------~-------------------------

DE --------------+-I--T-iV-O-V-_-I--------------------L~. ~,J---,---------
OUTPUTS _______ --'x~ __________ +I_---:~~~~-~ -i ~ ... V-EL-----------

fil ., 
z 
> 
::3 
w 
o 

50 

40 

____________________ ~t~ ____ __ 

8281 

NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

pF LOAD 

50 

40 

~ 
z 30 
> 
::3 
w 
o 

20 

10 

Output Delay YS. Capacitance 
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200 400 600 

pF LOAD 

800 1000 

AFN~01408A 



18288 
BUS CONTROLLER 

FOR iAPX 86,88 PROCESSORS 
INDUSTRIAL 

• Bipolar Drive Capability • Configurable for Use with an 1/0 Bus 

• Provides Advanced Commands • Facilitates Interface to One or Two 
Multi·Master Busses 

• Provides Wide Flexibility in System 
Configurations • Industrial Temperature Range: 

-40°C to 85°C 

• 3·State Command Output Drivers 

The Intel® 18288 Bus Controller is a 20-pin bipolar component for use with medium-lo-Iarge iAPX 86 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability 
while optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate 1/0 bus. 

f Sa---
8086 S 

STATUS l -.2. -----
52 - .. 

f
CLK -

CONTROL AEN-

INPUT lCEN--
10B--

STATUS 
DECODER 

CONTROL 
LOGIC 

+5V 

COM 
MAND 

SIGNAL 
GENER 
AlOR 

CONTROL 
SIGNAL 
GENER· 

ATOR 

GND 

- ,.. MWTC 
-- MROC 1 
---- AMWC MUL TISUS 1M 

-_ IORC j COMMAND 
_____ lowe SIGNALS 

"AIOWC 

INTA 

Dr/A 1 ADDRESS LATCH. DATA 
DEN TRANSCEIVER, AND 

-- MCE/PDEN f INTERRUPT CONTROL 
SIGNALS 

ALE 

Figure 1. Block Diagram 
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lOB 

ClK 

51 
DT/R 

ALE 

AEN 

MRDC 

AMWC 

MWTC 

GND 

Figure 2. 

{
- So 

PROCESSOR _ 51 
STATUS 

-52 

{

- AEN 

CONTROL - ClK 
INPUT _ lOB 

- CEN 

VCC 

SO 

S2 

MCEIPDfN 
DEN 

CEN 

INTA 

IORC 

AIOWC 

lowe 

Pin Configuration 

GND VCC 

I I 
Alowe 

AMWC 

lowe 
MWTC 

COMMAND 
BUS 

MRDe 

18288 
10RC 

INTA 

DT/R 

:} CONTROL ALE 

MCE/PDEN 
_ OUTPUT 

DEN 

Figure 3. Functional Pin-Out 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............... -40°C to 85°C 
Storage Temperature ............... -65°C to + 150°C 
All Output and Supply Voltages ......... -0.5V to + 7V 
All Input Voltages ...................... -1.0V to 5.5V 
Power Dissipation ........................... 1.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operation sections of this specifica
tion is not implied. Exposure to absolute maximum ratin
ing conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vee = 5V ±10%. TA = -40°C to 85°C) 

Symbol Parameter Min. Max. 

Ve Input Clamp Voltage -1 

Icc Power Supply Current 230 

IF Forward Input Current -0.7 

IR Reverse Input Current 50 

Output low Voltage 
VOL Command Outputs 0.5 

Control Outputs 0.5 

Output High Voltage 
VOH Command Outputs 2.4 

Control Outputs 2.4 

VIL Input low Voltage 0.8 

VIH Input High Voltage 2.0 

10FF Output Off Current 100 

A.C. CHARACTERISTICS (Vee = 5V ±10%. TA = -40°C to 85°C) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TClCl ClK Cycle Period 125 

TClCH ClK low Time 66 

TCHCl ClK High Time 40 

TSVCH Status Active Setup Time 35 

TCHSV Status Active Hold Time 10 

TSHCl Status Inactive Setup Time 35 

TClSH Status Inactive Hold Time 10 

TILIH Input Rise Time 20 

TIHll Input Fall Time 12 

11-71 

Unit Test Conditions 

V Ie = -5 mA 

mA 

mA VF = 0.45V 

/LA VR = Vee 

V 10l = 20 mA 
V 10 = 16MA 

V 10H = -5 mA 
V 10H = -1 mA 

V 

V 

I /LA VOFF = 0.4 to 5.25V 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From 0.8V to 2.0V 

ns From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 

TIMING Ri:SPONSi:S 

Symbol Param'eter 

TCVNV Control Active Delay 

TCVNX Control Inactive Delay 

TCLLH, ALE MCE Active Delay (from CLK) 
TCLMCH 

TSVLH, ALE MCE Active Delay (from Status) 
TSVMCH 

TCHLL ALE Inactive Delay 

TCLML Command Active Delay 

TCLMH Command Inactive Delay 

TCHDTL Direction Control Active Delay 

TCHDTH Direction Control Inactive Delay 

TAELCH Command Enable Time 

TAEHCZ Command Disable Time 

TAELCV Enable Delay Time 

TAEVNV AEN to DEN 

TCEVNV CEN to DEN, PDEN 

TCELRH CEN to Command 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

18288 

Min. Max. Unit 

5 45 ns 

10 50 ns 

25 ns 

25 ns 

4 15 ns 

10 35 ns 

10 35 ns 

50 ns 

30 ns 

40 ns 

40 ns 

115 200 ns 

20 ns 

25 ns 

TCLML ns 

20 ns 

12 ns 

A.C, TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 045V FOR 
A LOGIC "0," TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0" 

TEST LOAD CIRCUITS-3-STATE COMMAND OUTPUT TEST LOAD 

1.SV 1.5V 2.01V 

~~ oo,~~ ~'-
OUT 

OUT 

l'OOPF I,oOPF r'oo pF 

3-STATE TO HIGH 3·STATE TO LOW 
COMMAND OUTPUT 

TEST LOAD 

11-72 

Test Conditions 

MRDC 
IORC 
MWTC IOL =20 rnA 
IOWC IOH = +5mA 
INTA CL = 300 pF 
AMWC 
AIOWC 

, IOL = 16 rnA 
Other IOH = -1 rnA 

CL = BO pF 

From O.BV to 2.0V 

From 2.0V to O.BV 

2.28" 

~"" 
OUT 

r
MPF 

CONTROL OUTPUT 
TEST LOAD 

AFN-Ol4OOA 
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WAVEFORMS 

STATE 

ClK 

ADDRESS/DATA 

ALE 

MRDe, IORC, INTA 
AMWC, AlOwc 

I 
I 

I 
I 

DEN (WAITE I 

PDEN (WRITE) 

DTIA (READ) 

(INTA) 

---T4~ 

n 
/ 

TCHSV- r-
\ 

If\. 

TCLLH_ 

I 
! 

18288 

---- -T,- -~ --- T2 - -. T3 ~ ---- --T4-~ 

---TCLCL----

I--TClCH~/\ 

~~ 1\ v---\ 
f\. I :\ I / 1'--

- TSVCI"' - TCHCl--

~rTClS~ 
TSHCl -

~ 

1\ I 

1 
ADOR WRITE CD I VALID DATA VALID r r' ~1,"" --11' TSVlH I 

! - r-TClMH 

I 

! \ 
1\ 

- ---- TCLML - _TCLMl 

I 

\ v 

I 

v 

I - -TCVNV , 

I 
! 

/ 

I J 1 
TCVNX- I---

! 
, , 
I 
I I 

I LNv-1 

! 1 -
I I I 

, ! 

MCE 
I ill j T~"H 

TClMCH-lt _I ~~sVMc;1 f-=T7cvCCN-:-:X:-___________ TC_H_D_T_H_---------

NOTES: 
1. "COREss/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES 
2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF elK OA STATUS GOING ACTIVE. WHICHEVER OCCURS LAST 
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE 
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inter 18288 

WAVEFORMS (Continued) 

DEN, PDEN QUALIFICATION TIMING 

CEN 
\V 
/~ 

\/ 
AEN 

/\ 
_-TAEVNV_ 

DEN \V \V 
VI\. I\. 

I---TCEVNV~ 

Pli"EI'I 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

OUTPUT 
COMMAND 

CEN 

--- TAHCV . 
1.SV 

I TAElC"'1 1--
VOH 

1 \ 

/1\. 
I 

TCELRH- -

/ 
-TCELRH· 

\ 
I\. 

NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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V /1\. 

V 

1.SV 

I~~I O.SY 

i L VOH 

\:-

AFN-G14OOA 



18289 
BUS ARBITER 

INDUSTRIAL 

• Provides Multi-Master System Bus 
Protocol 

• Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 

• Provides Simple Interface with 8288 
Bus Controller 

• Four Operating Modes for Flexible 
System Configuration 

• Compatible with Intel Bus Standard 
MULTIBUS™ 

• Provides System Bus Arbitration for 
8089 lOP in Remote Mode 

• Full Industrial Temperature Range 
-40°C to +85°.C 

The Intel 18289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 
multimaster/multiprocessing systems. The 18289 provides system bus arbitration for systems with multiple bus masters, 
such as an 18086 CPU with 18089 lOP in its REMOTE mode, while providing bipolar buffering and drive capability. 

lOCK 
ClK 

PROCESSOR CRalCK 

RESS 

BCLK 

INIT 

BREa 

BPRO 

SPRN 

GND 

CONTROL RESB 

ANYRQST 

lOB 

Vee 

51 
so 
ClK 

lOCK 

CRalCK 

ANYRQST 

AEN 

CBRa 

BUSY 

Figure 2. Pin Diagram 

INIT 1 BClK 
BREO MULTIBUS™ 
BPRN COMMAND 
BPRO SIGNALS 

BUSY 

CBRa 

AEN } SYSTEM 

l~=};;;;~=~;;;;;;~l- SIGNALS SYSBIRESB 

+5V 

Figure 1. Block Diagram 

GND 

I 
I-So 

PROCESSOR _ 51 
STATUS) _ 

t -- 52 

__ elK 18289 r
- lOCK 

CONTROll _ CRQlCK 
STRAPPING 

OPTIONS 1- RESB 
- ANYRQST 

- fOB 

Vee 
I 

-INIT 

-- BClK 

-BREa 

-SPAN 
_ .PRO 

- BUSY 
-CBRa 

MUL TIBUS 
INTERFACE 

- SYSBIRESB } SYSTEM r- AEI'I SIGNALS 

Figure 3. Functional Pinout 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............... O·C to 70·C 
Storage Temperature ............. - 65·C to + 150·C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. -1.0V to + 5.5V 
Power Dissipation ......................... 1.5 Watt 

18289 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause oermanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi

'cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40°C to +85°C, Vee = +5V 3'10%) 

Symbol Para'meter Min. Max. Units 

Ve Input Clamp Voltage -1.0 V 

IF Input Forward Current -0.5 mA 

IR Reverse Input leakage Current 60 ",A 

VOL Output low Voltage 
BUSY,CBRQ 0.45 V 
AEN 0.45 V 
BPRO,BREQ 0.45 V 

VOH Output High Voltage 
BUSY,CBRQ . Open Collector 

All Other Outputs 2.4 V 

Icc Power Supply Current 165 mA 

Vil Input low Voltage .8 V 

VIH Input High Voltage 2.0 V 

Cin Status Input Capacitance 25 pF 

Cin (Others) Input Capacitance 12 pF 

A.C. CHARACTERISTICS (Vee = +5V ±10%, TA = -40°C to +85°C) 
TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TClCl ClK Cycle Period 125 

TClCH ClK low Time 65 

TCHCl ClK High Time 35 

TSVCH Status Active Setup 65 TClCl-10 

TSHCl Status Inactive Setup 50 TClCl-10 

THVCH Status Active Hold 10 

THVCl Status Inactive Hold 10 

TBYSBl BUSYj ~Setup to BClK~ 20 

TCBSBl CBROt ~Setup to BClK~ 20 

TBlBl BClK Cycle Time 100 

TBHCl BClK High Time 30 .65[TBlBl] 

TCllL1 lOCK Inactive Hold 10 

TCllL2 lOCK Active :Setup 40 

TPNBl BPRN~ tto BClK Setup Time 15 

TClSR1 SYSB/RESB Setup 0 

TClSR2 SYSB/RESB Hold 20 

TIVIH Initialization Pulse Width 3 TBlBl+ 
3 TClCl 

TiLtH Input Rise Time 20 

TIHll Input Fall Time 12 

11-76 

Test Condition 

Vee=4.50V, le= -5 mA 

Vee = 5.50V,VF = 0.45V 

Vee = 5.50, VR = 5.50 

IOl",,20 mA 
IOl= 16 mA 
IOl= 10 mA 

IOH = 400 ",A 

Unit Test Condition 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns From O.B to 2.0V 

ns From 2.0V to O.BV 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 

TBLBRL BCLK to BREQ DelayH 

TBLPOH BCLK to BPROH (See Note 1) 

TPNPO BPRNHto BPROHDelay 
(See Note 1) 

TBLBYL BCLK to BUSY Low 

TBLBYH BCLK to BUSY Float (See Note 2) 

TCLAEH CLK to AEN High 

TBLAEL BCLK to AEN Low 

TBLCBL BCLK to CBRQ Low 
}----

TRLCRH BCLK to CBRQ Float (See Note 2) 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

t t Denotes that spec applies to both transitions of the signal. 

NOTES: 

18289 

Min. Max. Unit Test Condition 

35 ns 

40 ns 

25 ns 

60 ns 

35 ns 

65 ns 

40 ns 

60 ns 

35 ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

1. BCLK generates the first BPRO wher0in subsequent BPRO changes lower in the chain are generated through BPRON. 
2. Measured at .5V above GND. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4 JS-TESTPOINTS-----'x= 
0.45 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1-- AND 0 45V FOR 
A LOGIC -·0" THE CLOCK IS DRIVEN AT 4 3V AND 025V TIMING MEASURE
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC 1- AND 0 
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A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

IJCL~'OOPF TEST 

-=-
CL =100pF 
CL INCLUDES JIG CAPACITANCE 

AFN~02104A 
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WAVEFORMS 

STATE --T4--

eLK 

lOCR 
(SEE NOTE 1) 

SVSBIRESB 

(SEE NOTE 3) 

PROCESSOR elK RElATED 

TCLAEH ---_I 

BUS elK RELATED 

ADDITIONAL NOTES: 

BPRN #2 
(Bi>RO Itt) 

NOTES: 

TBLPOH - 1 ... ---

1. LOCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 
RELATIONSHIPS SHOWN ABOVE WITH RESPECT TO THE elK ARE MAINTAINED, 
LOCK INACTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. 
-CRQLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 

INPUT SIGNAL 
2. GLiTCHING OF SYSB/AESB PIN IS PERMITIED DURING THIS TIME. AFTER cP 2 OF 

T1, AND BEFORE tb1 OF T4, SYSB/RESB SHOULD BE STABLE. 
3. AEN LEADING EDGE IS RELATED TO ~BCLK, TRAILING EDGE TO eLK. THE 

TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY IS LOST 

I
i 

The signals related to eLK are typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BClK. The signals shown related to the BClK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1,2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume arbiter 1 has the bus and is holding busy low. Arbiter #2 detects its processor wants the bus and 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes 
the bus request rather than having to wait for another arbiter to release the bus through 'Ctl'ImJ." Arbiter #1 wi Il relin
quish the multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO#1 (tied to 
BPRN#2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY Iowan next falling edge of BClK. Note that if 
arbiter #2 didn't want the bus at the time it received priority, it would pass priority to the nexl10wer priority arbiter by 
lowering its BPRO #2 [TPNPOj. 

··Note that even a hlgrler j.JrlQnty arbiter which IS acqUiring the bus through BPRN will momentarily drop CBRQ until It has acquired the bus 
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18355* 

16,384-BIT ROM WITH 1/0 
*Directly Compatible with I8085A CPU. 

• Industrial Temperature Range: 
-40°C to +85°C 

• 2048 Words x 8 Bits 

• Single + 5V Power Supply 

• Internal Address Latch 

INDUSTRIAL 

• 2 General Purpose 8·Bit 1/0 Ports 

• Each 1/0 Port Line Individually 
Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• 40·Pin DIP 

The Intel® 18355 is a ROM and 1/0 chip to be used in the MCS·85® microcomputer system. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400ns to permit use with no wait states in the 
I8085A CPU. 

The 110 portion consists of 2 general purpose I/O ports. Each 1/0 port has 8 port lines, and each 1/0 port line is individually 
programmable as input or output. 

N.C. (NOT CONNECTED) 5 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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18355 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............... -40°C to 8SoC 
Storage Temperature ............... -6SoC to +lS0°C 
Voltage on Any Pin 

With Respect to Ground .............. -O.SV to +7V 
Power Dissipation .............................. 1.SW 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C_ CHARACTERISTICS (T A = -40°C to 8SoC, Vee = sv ± S%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input low Voltage -0.5 0.8 V Vee = 5.0V 

VIH Input High Voltage 2.0 Vee+O·5 V Vee = 5.0V 

VOL Output low Voltage 0.45 V 10L = 1.6 mA 

VOH Output High Voltage 2.4 V 10 H = -400/lA 

111- Input leakage 10 IlA VIN = Vee to OV 

ILO Output leakage Current ±10 IlA 0.45V ';;;VOUT ';;;Vec 

Ice Vec Supply Current 180 rnA 

A.C. CHARACTERISTICS (TA = _40°C to 85°C; Vee = 5V ± 5%) 

Symbol Parameter Min. Max. Units Test Conditions 

tcye Clock Cycle Time 320 ns 

T1 ClK Pulse Width 80 ns 

T2 ClK Pulse Width 120 ns 

tf.t, ClK Rise and Fall Time 30 ns 

tAL Address to latch Set Up Time SO ns 

tlA Address Hold Time after latch 80 ns 

tle latch to READ/WRITE Control 100 ns 

tRO Valid Data Out Delay from READ Control 170 ns 

tAD Address Stable to Data Out Valid 400 ns 

tll latch Enable Width 100 ns 

tROF Data Bus Float after READ 0 100 ns 

tCl READ/WRITE Control to latch Enable 20 ns 

tcc READ/WRITE Control Width 2S0 ns 

tow Data In to Write Set Up Time lS0 ns , 
two Data In Hold Time After WRITE 10 ns 

twp WRITE to Port Output 400 ns 

tPR Port Input Set·Up Time SO ns 

tRP Port Input Hold Time 50 ns 

tRYH READY HOLD Time 0 160 ns 

tARY ADDFlESS(CE) to READY 160 ns 

tRV Recovery Time Between Controls 300 ns 

tRDE READ Control to Data Bus Enable 10 ns 

I 
I 

, 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.' 

0.45 

=>(2.0 2.o)C > TEST POINTS < 
0.8 0.8 

A.C. TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.4SV FOR 
A LOGIC '0" TIMING MEASUREMENTS ARE MADE AT 2.0V FDA A LOGIC '1" 
AND O.BV FOR A LOGIC "0 " 

18355 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

~CL~150PF TEST 

-=-
CL =150pF 
CL INCLUDES JIG CAPACITANCE 
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18755A 
16,384-8IT EPROM WITH 1/0 

*Oirectly Compatible with I8085A CPU. 

II Industrial Temperature Range 
(-40°C to +85°C) 

II 2048 Words x 8 Bits 

II Single +5V Power Supply (Vce> 

.. U.V. Erasable and Electrically 
Reprogrammable 

INDUSTRIAL 

II Internal Address latch 

II 2 General Purpose 8·Bit 1/0 Ports 

II Each 1/0 Port line Individually 
Programmable as Input or Output 

II Multiplexed Address and Data Bus 

II 40·Pin DIP 

The Intel® 18755A is an erasable and electrically reprogram mabie ROM (EPROM) and 1/0 chip to be used in the 
MCS·85® microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 750 ns to permit use with one wait state in a 3 MHz 18085A system. 

The 1/0 portion consists of 2 general purpose 1/0 ports. Each 1/0 port has 8 port lines, and each 1/0 port line is individu· 
ally programmable as input or output. 

CLK----, 

READY-

ADo.7 

Aa·10 

CE,---i 
IO/M---i 
ALE---I 
RD---i 
low---I 

RESET 

2K x8 
EPROM 

n PORT A 

Q ~PA.' 

~ 
PORT B 

~PB •. ' 

lOR ---L-r-r--r-~~ 
PROGICE1 

VDD 

Figure 1. Block Diagram 
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PROG AND CE1 Vee 

CE, PB, 

CLK PBs 

PBs 

PB, 

READY PB, 

101M 7 PB, 

lOR PB, 

RJj 9 PB. 

mw PA, 

ALE PAs 

PAs 

AD, PA, 

AD, PA, 

PA, 

PA, 

ADs PAo 

A,. 

A, 

Vss A8 

Figure 2. Pin Configuration 



I8755A 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............ -40·C to +85·C 
Storage Temperature ............. -65·C to +150·C 
Voltage on Any Pin 

With Respect to Ground ............ -0.5V to + 7V 
Power Dissipation ............................ 1.5W 

"Except lor programming voltage 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -40'C to +85'C, Vee = VDD = ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 0.7 V 

VIH Input High Voltage 2.2 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6 mA 

VOH Output High Voltage 2.4 V IOH = -400/LA 

IlL Input Leakage 10 /LA VSS .;; VIN .;; Vee 

ILO Output Leakage Current ±10 /LA 0.45V.;; VOUT .;; Vee 

lee Vee Supply Current 180 rnA 

IDD VDD Supply Current 30 rnA VDD = Vee 

CIN Input Capacitance 10 pF 1=1 MHz 

el/O I Input/Output Capacitance 15 pF f = 1 MHz 
I I I I 
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A.C. CHARACTERISTICS (TA = -40°C to +e5°c, Vee = VDD = ±10"io) 

Symbol Parameter 

tCYC Clock Cycle Time 

T1 ClK Pulse Width 

T2 ClK Pulse Width 

tf, tr ClK Rise and Fall Time 

tAL Address to latch Set Up Time 

tlA Address Hold Time after latch 

tlC latch to READ/WRITE Control 

tRO Valid Data Out Delay from READ Control' 

tAD Address Stable to Data Out Valid" 

tll latch Enable Width 

tRDF Data Bus Float after READ 

tCl READ/WRITE Control to latch Enable 

tce READ/WRITE Control Width 

tow Data In to WRITE Set Up Time 

two Data In Hold Time After WRITE 

twp WRITE to Port Output 

tpR Port Input Set Up Time 

tRP Port Input Hold Time 

tRYH READY HOLD TIME 

tARY ADDRESS (CE) to READY) 

tRY Recovery Time Between Controls 

tRDE Data Out Delay from READ Control 

, TAD - (TAL + he), whichever is greater. 

"Defines ALE to Data Out Valid in conjunction with TAL. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A C TESTING INPUTS ARE DRIVEN AT"2 4V FOR A LOGIC 1" AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 

I AAO"'R'""_O_GI_C_D ________________________ --J 

Min. Max. Units Test Conditions 

320 ns 

80 ns CLOAO= 150 pF 

120 ns 

30 ns 

60 ns 

90 ns 

110 ns 

180 ns 

470 ns 150 pF load 

120 ns 

0 100 ns 

40 ns 

270 ns 
170 ns 

30 ns 

400 ns 

60 ns 

60 ns 

10 160 ns 

220 ns 

350 ns 

20 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

lc'~15OPF TEST 

-=-
CL = 150 pF 
CL INCLUDES JIG CAPACITANCE 
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FOREWORD 

A rapidly increasing number of military and hi-rei applications are turning toward microprocessor based 
architectures and high density memory components, taking advantage of the benefits of size, economy, 
performance and reliability. This demand for high technology LSI products with proven reliability is a natural 
extension of Intel's historic capabilities. 

Intel offers a broad line of LSI components processed and tested to military standards. All standard products are 
screened to full Class B requirements of MIL-STD-883B, Method 5004. Additionally, complete quality conformance 
testing is available as a customer option in accordance with MIL-STD-883B, Method 5005. 

Intel will continue to demonstrate its commitment to the military/hi-rei market by upgrading the latest 
breakthroughs in high performance LSI/VLSI technology to military standards. Also, as slash sheets are 
issued, Intel plans to support additional JAN qualifications. 

In 1977, Intel qualified the first military microprocessor under MIL-M-3851 o. The JAN version of the industry standard 
8080A is listed in Part I ofthe Qualified Products List (QPL-38510) as M38510/42001BQB. See Table I for other JAN 
qualified products. 

Every effort is made to adopt the processing and performance standards set by official military specifications. 
Table I lists the available versions of each product: 

MIL-M-38510: Products qualified to MIL-M-38510 and listed in QPL-38510. 

Example: Part number 
M3851 0/42001 BQB 

Marking 
JM3851 0/42001 BQB 

883/CLASS B: Intel's standard military product with full Class B processing per MIL-STD-883B, Methods 5004 
and 5005. 

Example: Part number 
MD2716/B 

Marking 
MD2716/B 

DESC SPEC: Class B products screened to DESC Selected Item Drawing (issued by Defense Electronics 
Supply Center). DESC specs become obsolete when QPL source for JAN product becomes available. 

Example: Part number 
7802201JB 

Marking 
7802201JB 
MD2716/B 

MIL TEMP ONLY (MTO): Standard commercial processing, guaranteed to meet Intel military data sheet 
electrical specifications across the rated temperature range. Must be special ordered. 

Example: Part number 
MD2716/S8311 

Marking 
MD2716 
S8311 

For additional technical information on Military Products, refer to the Military Products Data Catalog. 
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Product 

M2114A-4 
M2114A-5 
M2114AL-3 
M2114AL-4 
M2118-4 
M2118-7 
M2147H 
M2147H-3 
M2148H 
M2167-10 
M2716 
M2732 
M2732A' 
M2764 
M2816 
M3632 
M3636' 
M8048 
M8748 
M8035L 
M8080A 
M8212 
M8214 
M8216 
M8224 
M8226 
M8228 
M8231A 
M8243 
M8085A 
M8155 
M8755A 
M8086 
M8282 
M8283 
M8284 
M8286 
M8287 
M8288 
M8251A 
M8253 
M8255A 
M8257 
M8259A 
M8741A 

Mil Temp 
Only 

TABLE I 

MILITARY PRODUCTS 

883/ 
Desc 

Selected 
(S-spec No.) Class B Item Drawing 

88399 X 
88400 X 
88401 X 
88402 X 
88403 X 
88379 X 
88404 X 
88405 X 
88406 X 
S8510' X 
88311 X 78022 
88376 X 80012 
88511' X 
88513' X 
88440 X 
88512' X 
88375 X 

X 
88502 X 
88503 X 
88027 X 
88035 X 
88036 X 
88037 X 
88028 X 
88038 X 
88029 X 
88509 X 
88508 X 
88370 X 79010 
88374 X 

X 
88368 X 
88375 X 

X 
88372 X 
88373 X 

X 
88371 X 
88504 X 
88505 X 
88032 X 

X 
88506 X 
88507 X 

'Pending-Call nearest Intel sales office for information. 
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JAN 
(M I L-M-38S1 O/XXX) 

238 
238 
238' 

210 
490' 

420 

530 



MILITARY PRODUCT REQUIREMENTS 

MIL·M·38510 JAN 883 
General Requirements Requirements (Class B) (Class B) 

CERTIFICA nON 
A. Product Assurance Para. 3.4.1.2 X MIL-STD-883 

Program Plan Requirements 
B. Manufacturer's Para. 3.4.1.2.1 X Apply 

Certification 

DEVICE QUALIFICATION Para. 4.4 X 

TRACEABILITY Para. 3.4.6 X 

COUNTRY OF MANUFACTURE Para. 3.2.1 X 

Screening Test Screening Per Method 
Requirements 5004 of MIL·STD·883 

INTERNAL VISUAL 2010, Condo B 100% 100% 

STABILIZATION BAKE 1008, Condo C 100% 100% 
(24 Hrs. @ 150°C) 

TEMPERATURE CYCLING 1010, Condo C (10 cycles 100% 100% 
- 65°C to + 150°C) 

CONSTANT ACCELERATION 2001, Condo D or E 100% 100% 
As Applicable 

SEAL (HERMETICITY) 
A. Fine 1014,Cond. B 100% 100% 

(5 x 10- 8atm-cc/sec) 
B. Gross Cond.C 

PRE BURN·IN ELECTRICAL Per Applicable Device 100% 100% 
Specification 

BURN·IN 1015, Condo C or D 100% 100% 
(160 Hrs. @ 125°C) 

FINAL ELECTRICAL TESTS 
A. Static (@ 25°C, Min and Per Applicable Device 100% 100% 

Max Rated Temp) Specification 
B. Functional and Per Applicable Device 100% 100% 

Switching (@25°C, Min Specification 
and Max Rated Temp) 

EXTERNAL VISUAL 2009 100% 100% 

Quality Conformance Per MIL·STD·883, JAN 883 
Inspection Tests Method 5005 (level B) (level B) 

GROUP A Per Applicable Device Every Every 
Electrical Tests Specification. Table I, Inspection Inspection 

Subgroups as Required Lot lot 

GROUP B Per Table lib, Every 6 Available 
Package Function and Subgroups 1·3 Weeks Option 
Mechanical Tests 

GROUP C Per Table III, Every 12 Available 
Die Related Tests Subgroups 1 and 2 Weeks Option 

GROUP D Per Table IV, Every 6 Available 
Package Related Tests Subgroups 1·5 Months Option 
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• 
• 
• 
• 
• 
• 

M2114A 
1024 X 4 BIT STATIC RAM 

MILITARY 

M2114AL-3 M2114AL-4 M2114A-4 M2114A-5 

Max. Access Time (ns) 150 200 200 250 

Max. Current (rnA) 50 50 70 70 

HMOS Technology • Directly TTL Compatible: All Inputs 

Low Power, High Speed and Outputs 

Identical Cycle and Access Times • Common Data Input and Output Using 

Single +5V Supply ±10% Three-State Outputs 

High Density 18 Pin Package • M2114 Upgrade 

Completely Static Memory - No Clock • Military Temperature Range -55 0 C 
or Timing Strobe Required to+125°C 

The Intel," M2114A IS a 4096-blt static Random Access Memory organized as 1024 words by 4-blts using HMOS, a high per
formance MOS technology. It uses fully DC stable (static) circuitry throughout. in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access IS particularly simple since address setup times are not required. The 
data is read out nondestructlvely and has the same polarity as the Input data. Common Input/output pinS are provided. 

The M2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are Important design objectives The M2114A IS placed In an 1S-pln package for the highest 
possible density. 

It IS directly TTL compatible In all respects: Inputs. outputs, and a single 5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A3 
4) @ ... Vee -+-=-- Vee 

Ao :S': 
~GND A, ... A7 A, 1/01 2""1 

A, 
A5 

ROW MEMORY ARRAY 
A, As '1'1 

SELECT 64 ROWS 

'" 
A6 ---- 64 COLUMNS 

A3 As 1/°2 :17', 
A ~" 

Ao 
A, 7@ 

1/01 

A5 As 

A, 1/0, 
A6 

110] 

I/O,@ 
"-, 11°3 A7 

11°4 As 1/°4 I/02 @ 

WE A, @ 
WE es 

1/°3 

PIN NAMES 

AO-Ag ADDRESS INPUTS Vee POWER {+5VI i WE __ -~..." C = PIN NUMBERS 

WI!: WRITE ENABLE GND GROUND I 
CS CHIP SELECT I 
1/0,-1/0. DATA INPUTIOUTPUT 

I 

Intel Corporation assumes no responsibility for the use of any CirCUitry other than cirCUitry embodied In an Intel product No oliler CirCUit patent licenses are Implied 

INTEL CORPORATION, 1977,1979.1980 12-'4 February, 1980 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ................ -65°C to 135°C 
Storage Temperature .................... -65°C to 150°C 
Voltage on any Pin 

With Respect to Ground .................. -3.5V to +7V 
Power Dissipation .................................. 1.0W 
D.C. Output Current ............................... 5mA 

D.C. AND OPERATING CHARACTERISTICS 

'COMMENT: Stresses above those listed under "Absolute 
MaXimum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sectIOns of this specificatIOn is not Implied. Ex
posure is not Implied. Exposure to absolute maximum rating 
conditIOns for extended periods may affect,devlce reliability. 

TA = -55°C to +125°C, Vcc = 5V ±10%, unless otherwise noted. 

M2114AL-3/L-4 
SYMBOL PARAMETER Min. Typ.'" 

L Input Load Current 
(All Input Pins) 

ILO I/O Leakage Current 

Icc Power Supply Current 25 

V,L Input Low Voltage -3.0 

V,H Input High Voltage 2.0 

10L Output Low Current 2,1 9.0 

10H Output High Current -1.0 -2.5 

IOS{21 Output Short Circuit 
Current 

NOTE: 1, Typical values are for TA = 25°C and Vee ~ 5.0V 
2. Duration not to exceed 30 seconds 

CAPACITANCE 

TA = 25°C, f = 1,0 MHz 

SYMBOL TEST' MAX 

CliO Input/Output CapaCitance 5 

C'N Input Capacitance 5 

Max. 

10 

10 

50 

0.8 

6,0 

40 

UNIT 

pF 

pF 

NOTE: This parameter IS periodically sampled and not 100% tested, 

A.C. CONDITIONS OF TEST 

M2114A-4/-5 
Min. Typ.'" Max. UNIT 

10 /lA 

10 /lA 

50 70 mA 

-3.0 0,8 V 

2,0 6.0 V 

2.1 9.0 mA 

-1.0 -2.5 mA 

40 mA 

CONDITIONS 

VI/a = OV 

VIN = OV 

Input Pulse Levels ........................................... 0.8 Volt to 2.0 Volt 

Input Rise and Fall Times ....................................... , ...... 10 nsec 

Input and Output Timing Levels .............................. : ........ 1.5 Volts 

Output Load ...................................... 1 TTL Gate and C l = 100 pF 
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CONDITIONS 

V ,N = 0 to 5.5V 

CS = V,H 
V 1/0 = GND to Vee 

Vee = max, 1110 = 0 mA, 
TA = -55°C 

VOL = 0.4V 

VOH = 2.4V 

Vour =: GND 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 

$ 
Cl 
UJ 
N 
::J 

~ 
a: o z 

<" 
S 
1: 

9 

NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 

1.2 

11-----~ 1---1 
1.0 

o. 9 

0.8 

o. 7 

6 

5 
4.50 

i - I 

._ .. - I 

4.75 5.00 5.25 

VCC(V) 

NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 

550 

1.4 ,-----,-----r--.---,----, 

1.3\----+--+--\----:0+"'------1 

1.2 

1.1 1------+-:7'''-+--\----.-t.---1 

1.0 i"'---+--+--

09 \-----+--+--'----+---1 

0.8 f---+--+--~---+-___1 

CL (pF) 

OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 

40 

30 ~ 
20 

~ 
10 

o 
o 

i 

~ I 

l 
VOH (V) 

350 
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u 
u 

:il 
N 
::J 

" ~ 
o 
z 

NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 

1.2,------,------y---.----, 

1.0 

1.11-----+---- ----

t-0.9 

o.s 

0.7 

0.6 

0.5 L.. __ ..L __ ~ ___ '-__ --J 
-55 -10 35 80 

NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 

125 

1.2,------,------y---.----, 

1.1 

'.0 k:----j----

0.9 

o.SI-------+-----1 

0.71-------+ 

0.6 

0,: '-=55---_--".,.0---3c":5,---SLO ---'-'25 

0 

0 

0 

0/ 

0 

OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 

), 
V 

/, 
1/1 

/ 

VOL (V) 
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A.C. CHARACTERISTICS TA = -55°C to +125°C, Vcc = 5V ±10%, unless otherwise noted 

READ CYCLE [lJ 

M2114AL-3 M2114A-4/L-4 M2114A-S 

SYMBOL PARAMETER Min. Max. Min. Max. Min. Max. UNIT 

tAe Read Cycle Time 150 200 250 ns 

tA Access Time 150 200 250 ns 

teo Chip Selection to Output Valid 70 70 85 ns 

tex Chip Selection to Output Active 10 10 10 ns 

tOTD Output 3-state from Deselectlon 40 50 60 ns 

tOHA Output Hold from Address Change 15 15 15 ns 

WRITE CYCLE [2J 

M2114AL-3 M2114A-4/L-4 M2114A-S 

SYMBOL PARAMETER Min. Max. Min. Max. Min. Max. UNIT 

twe Write Cycle Time 150 200 250 ns 

tw Write Time 90 120 135 ns 

tWA Write Release Time 0 0 0 ns 

tOTW Output 3-state from Write 40 50 60 ns 

tow Data to Write Time Overlap 90 120 135 ns 

tOH Data Hold from Write Time 0 0 0 ns 

NOTES: 
1. A Read occurs during the overlap of a low CS and a high WE. 

2. A Write occurs during the overlap of a low CS and a low WE. tw is measured from the latter of CS or WE going low to the earlier of CS or 
WE going high. 

WAVEFORMS 
READ CYCLE@ 

NOTES: 
3. WE is high for a Read Cycle. 
4. If the CS low transition occurs simultaneously with the WE low 

transition, the output buffers remain in a high impedance 
state. 

5. WE must be high during all address transitions. 
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WRITE CYCLE 

'IWc 

ADDRESS 

~IWR-

~ ~ fill I III I III II, 

'w 

W ~II. 
-'OTW~ 

» » ) »» » DOUT 

i,aw--+----l-I t'0" 
0,. -------<L $X)()()OO(XX 
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M2118 FAMILY 

16,384 x 1 BIT DYNAMIC RAM 
MILITARY 

Maximum Access Time (ns) 
Read, Write Cycle (ns) 
Read·Modify Cycle (ns) 

.• Single + 5V Supply, ± 10% Tolerance 

• HMOS Technology 

• Low Power: 150 mW Max. Operating 
11 mW Max. Standby 

• Low Voo Current Transients 

• All Inputs, Including Clocks, 
TIL Compatible 

M2118·4 M2118·7 
120 150 
270 .... 320 
320 410 

• CAS Controlled Output is 
Three·State, TTL Compatible 

• RAS Only Refresh 
• 128 Refresh Cycles Required 

Every 2ms 
• Allows Negative Ov.ershoot 

VIL min = -2V 
• Military Temperature Range 

- 55 ° to + 85°C 

TlJe Intel@ M2118 is a 16,384 word by l-bit Dynamic MOS RAM designed to operate f~om a single + 5V power supply. The 
M2118 is fabricated using HMOS-a production proven process for high performance, high reliability, and high storage 
density. 

The M2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur
rent transients contribute to the high nOise immunity of the M2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the M2118 to be packaged in the industry standard 
16·pin DIP. The two 7·bit address words are latched into the M2118 by the two TIL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non·critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 

The M2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS
only refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through A6 during a 2ms period. 
A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 

PIN 
CONFIGURATION LOGIC SYMBOL 

AO 

A, 

A2 
D'N 

A, 

A, 

A, 
DOUT 

M2118 

AO~A6 ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 

O'N DATA IN 

DOUl DATA OUT 

WE WRITE ENABLE 

RAS ROW ADDRESS STROBE 

Voo < POWER (+5V) 

Vss GROUND 
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BLOCK DIAGRAM 

64 x 128 CELL 
MEMORY ARRAY 

128 SENSE 
AMPllFIERS 

1 OF 64 COLUMN 
DECODERS 

64 x 128 CELL 
MEMORY ARRAY 

_Voo 
_Vss 
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ABSOLUTE MAXIMUM RATINGS* 'COMMENT: 

Ambient Temperature Under Bias .... - 65·C to + 95·C 
Storage Temperature ... . . . . . . . . .. - 65 • C to + 150· C 
Voltage on any Pin Relative to Vss ............... 7.5V 
Data Out Current ............................ 50mA 
Power Dissipation ........................... 1.0W 

Stresses above those listed under "Absolute Maximum Rating" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to abo 
solute maximum rating conditions for extended periods may af· 
feet device reliability. 

D.C. AND OPERATING CHARACTERISTICS [1] 

TA = -55·Cto +85·C,VDD = 5V ±10%,Vss = OV,un]essotherwisenoted. 

Limits 
Symbol Parameter Min Typ [2[ Max Unit Test Conditions Notes 

Ilul Input Load Current (any input) 0.1 10 ;<A V[N=VSS to Voo 

Illol Output Leakage Current for Chip Deselected: CAS at V[H, 
High Impedance State 0.1 10 ;<A Your = 0 to 5.5V 

1001 Voo Supply Current, Standby 1.2 2 mA CAS and RAS at V[H 

1002 Voo Supply Current, Operating 21 25 mA M2118-4, tRC = tRCM[N 3 

19 23 mA M2118-7, tRC = tRCM[N 3 

1003 Voo Supply Current; RAS-Only 14 16 mA M2118-4, tRC = tRCM[N 3 
Cycle 12 14 mA M2118-7, tRC = tRCM[N 3 

1005 Voo Supply Current, Standby, 2 4 mA CAS at V[L. RAS at V[H 3 

Output Enabled 

V[l Input Low Voltage (all inputs) -2.0 0.8 V 

V[H Input High Voltage (all inputs) 2.4 7.0 V 

VOL Output Low Voltage 0.4 V IOl = 4.2mA 

VOH Output High Voltage 2.4 V IOH = -5mA 

NOTES: 
1. All voltages referenced to V S5· 

2. Typical values are for TA = 25· C and nominal supply voltages. 
3. 100 is dependent on output loading when the device output is selected. Specified 100 MAX is measured with the output open. 

CAPACITANce I1 ] 

TA = 25°C, VDD = 5V ±10%, Vss = OV, unless otherwise noted. 

Symbol Parameter Typ 

C[l Address, Data In 3 

CI2 RAS, CAS, WE, Data Out 4 

NOTES 
I. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 

C = ill with ::'V equal to 3vo[ts and power supplies at nominal levels. 
::'V 
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Max Unit 

5 pF 

7 pF 
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A.C. CHARACTERISTICS [1,2,3] 

TA = -55°Cto +85°C,VDD = 5V ±10%,Vss = OV,unlessotherwisenoted. 

READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 

Symbol Para meIer 

tRAG Access Time From RAS 

tGAG Access Time From CAS 

tAEF Time Between Refresh 

tRP RAS Precharge Time 

tCPN CAS Precharge Tlrne1non-pagecycles) 

teRP CAS to RAS Precharge Time 

tRCO RAS to CAS Delay Time 

tRSH RAS Hold Time 

tCSH CAS Hold Time 

tASR Row Address Set-Up Tim€! 

tAAH Row Address Hold Time 

tAse Column Address Set-Up Time 

teAH Column Address Hold Time 

tAR Column Address Hold Time. to RAS 

tT Transition Time ·(Rise and Fall) 

tOFF Output Buffer Turn Off Delay 

READ AND REFRESH CYCLES 
tRC Random Read Cycle Time 

tAAS RAS Pulse Width 

tCAS CAS Pulse Width 

tACS Read' Command Set-Up Time 

tRCH Read Command Hold Time 

WRITE CYCLE 

tRC Random Write Cycle Time 

tRAS RAS Pulse Width 

teAs CAS Pulse Width 

twcs Write Command Set·Up Time 

tWCH Write Command Hold Time 

tWCR Write Command Hold Time. to RAS 

twp Write Command Pulse Width 

tRWL Write Command to RAS lead Time 

tCWL Write Command to CAS lead Time 

tDS Data-In Set·Up Time 

tDH Data·1 n Hold Time 

tDHR Data·ln Hold Time. to RAS 

READ-MODIFY-WRITE CYCLE 

tRWC Read·Modlfy·Write Cycle Time 

tRRw RMW Cycle RAS Pulse Width 

tCRw RMW Cycle CAS Pulse Width 

tRwD RAS to WE Delay 

tcwD CAS to WE Delay 

NOTES: 
1. All voltages referenced to Vss. 
2. Eight cycles are required after power up or prolonged periods 

(greater than 2ms) of RAS inactivity before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

3. A.C. Characteristics assume tT = 5ns. 
4, Assume that tACO:=S; tAco(max). If tRCO is greater than tRco (max.) 

then tRAC will increase by the amount that tRco exceeds tRCO (max.). 
5. Load = 2 TTL loads and 100pF 
6. Assumes tACO:2:: tACO (max.). 

M2118·4 M2118·7 

Min. Max. Min. Max. Unit Noles 

120 150 ns 4.5 

65 80 ns 4.5.6 

2 2 ms 

120 135 ns 

55 70 ns 

0 0 ns 

25 55 25 70 ns 7 

85 105 ns 

120 165 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 20 ns 

70 90 ns 

3 50 3 50 ris 8 
---_._---[----

o 50 0 60 ns 

270 320 ns 

140 10000 175 10000 ns 

65 10000 95 10000 ns 

0 0 ns 

0 0 ns 

270 320 ns 

140 10000 175 10000 ns 

65 10000 95 10000 ns 

0 0 ns 9 

30 45 ns 

85 115 ns 

30 50 ns 

65 110 ns 

50 100 ns 

0 0 os 

30 45 ns 

85 115 ns 

320 410 ns 

190 10000 265 10000 ns 

120 10000 185 10000 ns 

120 150 ns 9 

65 80 ns 9 

7. tRco(max.) is specified as a reference poInt only. If tRCO is less than 
tRCO (max.) access time is tRAC. If tACO is greater than tRCO (max.) 
access time is tACO + tCAC. 

8. tT is measured between V,H (min.) and V,L (max.). 
9. twcs, tcwo and tRWD are specified as reference points only. If twcs 

~ twcs (min.) the cycle is an early write cycle and the data out pin 
will remain high impedance throughout the entire cycle. If tCWD ~ 
tCWD (min.) and tRWD ~ tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain the data read from the selected 
address. If neither of the above conditions is satisfied, the condition 
of the data out is indeterminate. 
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WAVEFORMS 

READ CY CLE tee 
tRAS 

0) 
1.0 

v," 
RAS 

v" 

®tcRP-i tCSH 

t-;- 'RCD 'RSH 

v," } 0[\\ \ \ leD 
tCAS 

CAS 
v" 

tAR 
tASR t--- -tRAH -----! 1- lAse --leAH _______ 

~" COLUMN 
ADDRESSES GM ROW l( 

ADDRESS ){ ADDRESS ~ v" 

t- t RCS 

J¥ v," 
WE 

v" 
~"---tCAC 

tRAe 

Dour 
VO" 

VOL 

HIGH 

IMPEDANCE 

WRITE CYCLE tRC 
tRAS 

v," Ci) 1\ ,:2) RAS v" 

(~)tc RP ---j tCSH 

f..~" tRCD 'RSH 

v," J (1) \\'\ I\,G) 
"--tCAS 

CAS v" 
tAR 

tASRr -tRAH--j 
t ASC+ _leAH--

v," 
ADDRESSES ){8 (2) 

ROW, )( 
ADDRESS )[ COLUMN K ADDRESS v" 

'RWL 

tCWl 

-1/ v," -twcs- ---twCH 

WE 
v" J) tw, "f 

tWCR 

l-®tDS~ ----'OH@----------
v," 

XCi) D'N 
v" (2) 

'OHR 

oOtll 
VO" HIGH 
VOL IMPEDANCE 

NOTES 1,2. V 1H MIN AND V 1L MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS 

3,4 V OH MIN ANO VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF DOUT ' 

5. tOFF IS MEASURED TO lOUT";; IllOi 
6. loS AND IOH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST 
7 tRCH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS. WHICHEVER OCCURS FIRST 
8 tCRP REOUIREMENT IS ONL Y APPLICABLE FDA RAS/CAS CYCLES PRECEEDED BY A CAS-

ONL Y CYCLE Il.e., FOR SYSTEMS WHERE CAS HAS NOr BEEN DECODED WITH AASI 
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K 

1-~tR'~ 
If 

_tc'N~1 

V 

... ---1 t RCH (j) 

\. 
l--tOFF--------.--.. 

CD VALID ® o 1<-D_A_T_A_O_U_T ____ 4 

• 1--- t,,-=--=I 

~ 
1-~tC'N~_1 

t \.. 
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WAVEFORMS 

READ·MODI FY·WRITE CYCLE 

_I 'Rwe 

I~-'e'-·I 'RAW 

(, ,~' 

(7)tCRP_! 
~tRCD~ 

'--.if '.')' ~\\ (~) 
~e. 

,V 
---;--tAR 

�----f'''" ',., -I 
tASR-t-- I'''" tAS~t- ---tc'\'L'---

, 
)( (1: AD6~~ss }( )[ ;g~~~~ }( 

" Vo 

DOli I Vo , 

(2) 

RAS·ONL YREFRESH CYCLE 

tRcsr-1 
r:"i7 ,!) 

HIGH 

IMPEDANCE 

'RWD 

lewD -'·'-v 
0'0' -' 0 "1 -'0, 

XCD DATA IN 
VALID x: 

f------tCAC--+-J (2) -tRAC ' j 

(3)1 VALID 

~ 
DATA OUT 

I--tcPN---1 

1-'0;' 
0 

\--------------,,,----------------., 

""------1~,.,--1 

I -tCRP(j) 

ADDRESSES Viti )U:.3) AO~~~SS J( 
V,,_....,~--'==::.....~ ...... ------------.....,.---------------

CD 

~:~-----~~--~~------~~H~IG~H~--------~---------

NOTES: 1,2. V 1H MIN AND V 1L MAX ARE REFERENCE lEVELS FOR MEASURING TIMING OF INPUT SIGNALS 
3,4. VOH MIN AND VOL MAX ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour 

5, tOFF IS MEASURED TO lOUT" IILO I. 
6. lOS AND tOH ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST 

7. tCRP REQUIREMENT IS ONL V APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS
ONl Y CYCLE (I.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH AAS) 
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M2147H 
HIGH SPEED 4096 x 1 BIT STATIC RAM 

MILITARY 

M2147H·3 M2147H 

Max. Access Time (ns) 55 70 

Max. Active Current(mA) 180 180 

Max. Standby Current (mA) 30 30 

• Pinout, Function, and Power Com- • Direct Performance Upgrade for M2147 
patible to Industry Standard M2147 • Automatic Power-Down 

• HMOS n Technology • High Density 18-Pin Package 

• Completely Static Memory-No Clock • Separate Data Input and Output 
or Timing Strobe Required • Three-State Output 

• Equal Access and Cycle Times • Full Military Temperature Range 

• Single + 5V Supply - 55°C to + 125°C 

The Intel® M2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1·bit using 
HMOS II, Intel's next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high-deselecting the 
M2147H-the part automatically reduces its power requiremerlts and remains in this low power standby 
mode as long as CS remains high. This device feature results in system power savings as great as 85% in 
larger systems, where the majority of devices are deselected. 

The M2147H is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL 
compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestructively 
and has the same. polarity as the input data. A data input and a separate three-state· output are used. 

PIN CONFIGURATION 

M2147H 

LOGIC SYMBOL 

"" A, 
A, 
A, 
A, 
A, 
A6 DOUl 
A, 
A. 
A, 

A" 
A" 
DIN WEiCS 

PIN NAMES 

AO-Al1 ADDRESS INPUTS Vee POWER (+5V) 

WE WRITE ENABLE GN~AOUNO __ 

CS CHIP SELECT 
0,. DATA INPUT 
DOUl DATA OUTPUT 

\. 

TRUTH TABLE 

@ 
0,.-=------1 

BLOCK DIAGRAM 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

@) 
-Vee 

--..ill.. GNO 

o 
Dour 

Intel Corporation assumes no responsibility for the use of any CirCUitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied. 
,<;., Inte) Corporation, 1980 April,l980 
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M2147H 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .......... - 65·C to + 135·C 
Storage Temperature ...........•. - 65·C to + 150·C 
Volt!lge on Any Pin 

With Respect to Ground ............ - 3.5V to + 7V 
Power Dissipation ........................... 1.2W 
D.C. Output Current ......................... 20 mA 

D.C. AND OPERATING CHARACTERISTICS[1) 

·COMMENT: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is n.ot implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

(TA = - 55·C to + 125·C, Vee = + 5V ± 10%, unless otherwise noted.) 

M2147H-3, M2147H 

Symbol Parameter Min Typ(2) Max Unit Test Conditions 

III Input Load Current (All Input Pins) 0.01 10 ".A Vee = Max., VIN = GND to Vee 

IILol Output Leakage Current 0.1 50 ".A ~ = VIH, Vee = Max., 
VOUT= GND to 4.5V 

,Icc Operating Current 120 170 mA TA=25·C I Vee=Max., CS=VIL, 
180 mA T A = - 55·C I Outputs Open 

ISB Standby Current 18 30 mA Vee= Min. to Max., CS= VIH 
IpO[3) Peak power-On Current 35 70 mA Vee=GND,to Vee Min. 

es = Lower of Vee or VIH Min. 

VIL Input Low Voltage -3.0 0.8 V 

VIH Input High Voltage 2.0 6.0 V 

VOL Output Low Voltage 0.4 V IOL=8 mA 

VOH Output High Voltage 2.4 V 10H= -4.0 mA 

los Output Short Circuit Current -200 +200 mA VOUT= GND to Vee,TA= - 55°C 

NOTES: 
1. The operating ambient temperature 'range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vcc = 5V, T A = + 25·C, and Load A. 
3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc 

active. ' 

A.C. TEST CONDITIONS 
Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Reference Levels 
Output Timing Reference Levels 
Output Load 

GNDt03.0V 
5ns 
1.5V 

0.8-2.0V 
See Load A 

CAPACITANCE[4) (TA=25·C, f~ 1.0 MHz) 

Symbol Parameter Max Unit Conditions 

CIN Input Capacitance 5 pF VIN=OV 

COUT Output Capacitance 6 pF VOUT= OV 

NOTE: 
4. This parameter is sampled and not 100% tested. 
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Vee 

510n 

DOpT 
30 pF 

300~: 
(INCLUDING 
SCOPE AND 
JIG) 

-= 
Load A 

Vee 

510n. 

DOUl 

300" 5 pF 

-= 
Load B 



M2147H 

A.C. CHARACTERISTICS (TA= - 55°C to + 125°C, Vcc= + 5V ± 10%, unless otherwise noted.) 

Read Cycle 
M2147H·3 

Symbol Parameter Min 

tRC[I] Read Cycle Time 55 

tAA Address Access Time 

tACSl Chip Select Access Time 

tACS2 Chip Select Access Time 

tOH Output Hold from Address Change 5 

td2,7] Chip Selection to Output in Low Z 10 

tHZ[2,7] Chip D.eselection to Output in High Z 0 

tpu Chip Selection to Power Up Time 0 

tpo Chip Deselection to Power Down Time 

WAVEFORMS 

Read Cycle No. 1[4,5J 

I--~~~~~~~~~~~~- IRC

'AA~--~ 

Max 

55 

55 

65 

30 

20 

M2147H 
Min Max Unit Test Conditions 

70 ns 

70 ns 

70 ns Note8 

80 ns Note 9 

5 ns 

10 ns Note 3 

0 40 ns Note 3 

0 ns 

30 ns 

DATA OUT 

~--'O"---li X --------
PREVIOUSDATAVAUD ~ __ • DATA VALID 

Read Cycle No. 2(4,6J 

" lC-~ -".U .I
U

-'-- ---~-----1,.. j 

HIGH IMPEDANCE I X X \i HIGH DATAOUT ____ ..;.;;;==== ___ {~ l- DATAVAUD 
I~ • <-l.-L...l-J '-_________________ J/! IMPEDANCE 

Vee 
SUPPl Y 
CURRENT 

:: __ '='~j....-5()%-------r----"D-~ 
NOTES: 
1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHZ max. is less than tLZ min. both for a given device and from device to device. 
3. Transition is measured ± 500 mV from steady state voltage with Load B. 
4. WE is high for Read Cycles. 
5. Device is continuously selected, CS = VIL. 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 
8. Chip deselected for greater than 55 ns prior to selection. 
9. Chip deselected for a finite time that is less than 55 ns prior to selection. (If the deselect time is 0 ns, the chip is by definition 

selected and access occurs according to Read Cycle No.1) 
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intJ 
A.C. CHARACTERISTICS (Continued) 
Write Cycle 

M2147H 

M2147H·3 M2147H 
Symbol Parameter Min Max Min Max. Unit Test Conditions 

twc[21 Write Cycle Time 55 

tcw Chip Selection to End of Write 45 

tAW Address Valid to End of Write 45 

tAs Address Setup Time 0 

twp Write Pulse Width 25 

tWR Write Recovery Time 10 

tow Data Valid to End of Write 25 

tOH Data Hold Time 10 

twz Write Enabled to Output in High Z 0 25 

tow Output Active from End of Write 0 

WAVEFORMS 
Write Cycle No. 1 
(WE CONTROLLED~4) 

,-.-------.------- 'we 

ADDRESS 

CSII 

j----- .---- ----ICW--

I~ K 
f---------·-----'.IAW 

70 

55 
55 

0 
40 
15 

30 
10 

0 35 
0 

I------'A'-- ----j t-----'w.~ 

\~ 

.1 
'ow 

DATA IN :l DATA IN VALID 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Note 3 
ns Note 3 

II IIII 
!--'w.~ 

'0"1 
:l 

I--- '., -----! i---'ow 

H'GH 'MPEDANC' =1,-----
DATA OUT _______ D_AT_A_UN_D_EF_'N_'D _____ ~ 

Write Cycle No.2 
(CS CONTROLLED)[4) 

NOTES: 

'we 

-
ADDRESS --R 

'cw 

-
'AW 

t----- .... ~ !-- .... ~ 

WE \\\\\\\\\\ JIIIIIII 

J 
Sow 'oj. 

DATA IN :l DATA IN VALID :l 
-- ... , --------------=1 HIGH IMPEDANCE 

DATA OUT DATA UNDEFINED :)>>--..... ;,;..;.; ............... ------
1. If os goes high simultaneously with WE high, the output remains In a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 500 mV from steady state voltage with Load B. 
4. CS or WE must be high during address transitions. 
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inter M2148H 
HIGH SPEED 1024 x 4 BIT STATIC RAM 

MILITARY 
M2148H 

Max. Access Time (ns) 70 

Max. Active Current (rnA) 180 

Max. Standby Current (rnA) 30 

• HMOS 1I Technology • High Density 18·Pin Package 

• Completely Static Memory-No Clock • Industry Standard M2114A Pinout 
or Timing Strobe Required 

• Common Data Input and Output 

• Equal Access and Cycle Times 
Three·State Output • 

• Single + 5V Supply Full Military Temperature Range • 
• Automatic Power· Down - 55°C to + 125°C 

The Intel® M2148H is a 4096-bit static Random Access Memory organized as 1024 wordsby 4 bits using 
HMOS II, a high-performance MOS technology. It uses a uniquely innovative design approach which pro
vides the ease-of-use features associated with non-clocked static memories and the reduced standby 
power dissipation associated with clocked static memories. To the user this means low standby power 
dissipation without the need for clocks, address setup and hold times, nor reduced data rates due to cycle 
times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time after CS goes high-disabling the M2148H 
-the part automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are disabled. 

The M2148H is placed in an 18-pin package configured with the industry standard 1 K x 4 pinout. It is 
directly TTL compatible in all respects: inputs, outputs, and a single + 5V supply. The data is read out 
nondestructively and has the same polarity as the input data. 

PIN CONFIGURATION LOGIC SYMBOL 

- AO 

- A, 
1101 

A. 
- A, 

- AJ 

1102 - A. 
liD, 

- A5 

1102 
- A6 

1103-

1103 
- A, 

1104 
- A6 

1104-

- Ages WE 

M2148H ? ? 

PIN NAMES 

Ao-Ag ADDRESS INPUTS 
~ WRITE ENABLE 

CS CHIP SELECT 

1/0,-110. DATA INPUTIOUTPUT 

Vee POWER (+5V) 
GND GROUND 

TRUTH TABLE 

CS WE MODE 1/0 POWER 

H X NOT SELECTED HIGH·Z STANDBY 

L L WRITE D,N ACTIVE 

L H READ Dour ACTIVE 

A, 
@ 

A, 
@ 

1101 
@ 

1102 
@ 

1103 
@ 

1/04 

BLOCK DIAGRAM 

ROW 
SELECT 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

COLUMN 110 CIRCUITS 

~vee 
~GND 

o = PIN NUMBERS 

WE~l~~l __ r-------------------------------------~ 

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent licenses are implied 

© Inlel Corporation, 1980 12-17 April, 1980 



inter M2148H 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias .......... - 65·C to + 135·C 
Storage Temperature ............. - 65·C to + 150·C 
Voltage on Any Pin 

With Respect to Ground. . . . . . . . . . .. - 3.5V to + 7V 
Power Dissipation ........................... 1.2W 
D.C. Output Current ......................... 20 mA 

'COMMENT: Stresses above those listed under "Abso· 
lute Maximum Ratings" may cause permanent damage 
to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi· 
mum rating conditions for extended periods may affect 
device reliability. 

D.C. AND OPERATING CHARACTERISTICS[l) 
(T A = - 55·C to + 125 ·C, Vee = + 5V ± 10%, unless otherwise noted.) 

M2148H 

Symbol Parameter Min Typl21 Max Unit Test Conditions 

III Input Load Current (All Input Pins) 0.01 10 p.A Vee = Max., VIN = GND to Vee 

IILol Output Leakage Current 0.1 50 p.A CS= VH, Vee= Max., 
VOUT= GND to 4.5V 

lee Operating Current 120 180 mA TA=-55°C I Vee=Max., CS=VIL, 
Outputs Open 

ISB Standby Current 15 30 mA Vee = Min. to Max., CS = VIH 
IpO[31 Peak Power·On Current 25 50 mA Vee = GND to Vee Min. 

CS = Lower of Vee or VIH Min. 

VIL Input Low Voltage -3.0 0.8 V 

VIH Input High Voltage 2.1 6.0 V 

VOL Output Low Voltage 0.4 V 10L= 8 mA 

VOH Output High Voltage 2.4 V 10H= -4.0 mA 

los[41 Output Short Circuit Current ±200 mA VOUT= GND to Vee 

NOTES: 
1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vcc = 5V, T A = + 25°C, and Load A. 
3. A pull·up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power·on current approaches Icc 

active. 
4. Duration not to exceed one second. 

A.C. TEST CONDITIONS 
Input Pulse Levels 
Input Rise and Fall Times 
Input and Output Timing Reference 

Levels 
Output Load 

GND to 3.0V 
5 ns 

1.5V 
See Load A 

CAPACITANCE[4) (TA = 25°C, f= 1.0 MHz) 

Symbol Parameter Max. Unit Conditions 

CIN Input Capacitance 5 pF VIN= OV 

CliO 
Input/Output 7 pF VI10=OV Capacitance 

NOTE: 
4. This parameter is sampled and not 100% tested. 
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DOUT 

+5V 

-=d 4800 30 pF 
2550 (INCLUDING T SCOPE AND 

~JIG) 

Load A 

+5V 

4800 

DOUT---_-~ 

2550 5pF 

Load B 



inter M2148H 

A.C. CHARACTERISTICS (T A = - 55°C to + 125°C, Vcc = + 5V ± 10% unless otherwise noted.) 

Read Cycle 
M2148H 

Symbol Parameter Min Max Unit Test Conditions 

tRC Read Cycle Time 70 ns 

tAA Address Access Time 70 ns 

tACS1 Chip Select Access Time 70 ns Note 1 

tACS2 Chip Select Access Time 80 ns Note 2 

tOH Output Hold from Address Change 5 ns 

tLZ Chip Selection Output in Low Z 20 ns Note 6 

1HZ Chip Deselection 10 Oulput in High Z 0 20 ns Note 6 

Ipu Chip Seleclion 10 Power Up Time 0 ns 

Ipo Chip Deseleclion 10 Power Down Time 30 ns 

WAVEFORMS 
Read Cycle No. 113,4] 

ADDRESS---tl---r,--_ -_ -_ -_IO_C-_-_-_-_----I~--

----'~~R:E-V-I=O=U-S---D~A-:-:-:=A=LI-:A-A~~~~~I--)(---)(--~~~ ~---------------D-A-TA--V-A-LI-D-----------------------
DATA OUT 

Read Cycle No. 213,5] 

10C 

----"\ 

DATA OUT 

lACS 

I LZ ~l :--IHz --1 

~ X X ~ HIGH IMPEDANCE HIGH 
DATA VALID 

~ IMPEDANCE f\ 

I--- tpu I-IPD ' ''--uuJ----=L 
IS8 --------

NOTES: 
1. Chip deselected for greater than 55 ns prior to CS transition low. 
2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is a ns, the chip is by defini· 

tion selected and access occurs according to Read Cycle No.1.) 
3. WE is high for Read Cycles. 
4. Device is continuously selected, CS = V,L' 
5. Address valid prior to or coincident with CS transition low. 
6. Transition is measured ± 500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 

Symbol Parameter 

twe Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tow Data Valid to End of Write 

tOH Data Hold Time 

twz Write Enabled to Output in High Z 

tow Output Active from End of Write 

WAVEFORMS 
Write Cycle No.1 
(WE CONTROLLED) 

M2148H 

M2148H 
Min Max Unit 

70 ns 

65 ns 

65 ns 

0 ns 

50 ns 

5 ns 

25 ns 

0 ns 

0 25 ns 

0 ns 

~---------,-- Iwe --------+1 

ADDRESS 

CS[1J 

OATAIN 

Write Cycle No.2 
(CS CONTROLLED) 

ADDRESS 
---, 
-

---c+ 

-

twe 

~. lew 
" 

., .. , 
tAW -IWR-

twp------.. 

Test Conditions 

Note 2 

Note 2 

,\ \ \ \ \ \ \ \ \ \ \ \ \ \' ~/ / / / / / / / / / / / / / / //11 
• t=.tDW-+tDH~'I 
31( DATA IN VALID 31( DATA IN 

k------Iwz 
HIGH IMPEDANCE 

DATAOUT _______ D_A_TA __ U_ND_E_F_IN_E_D ____ ~~.~~~~~~~~~--~--------
NOTES: 
1, If CS goes high simultaneously with WE high, the output remains in a high impedance state, 
2. Transition is measured ± 500 mV from high impedance voltage with Load B_ This parameter is sampled and not 100% tested_ 
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M2167-10 
HIGH SPEED 16,384 x 1 BIT STATIC RAM 

MILITARY 

Max Access Time (ns) 100 

Max Active Current (rnA) 150 

Max Standby Current (rnA) 75 

• M2147H Upgrade • O.8-2.0V Output Timing Reference 

• Double Poly HMOS II Technology Levels 

• Equal Access and Cycle Times • High Density 20-Pin Package 

• Single +5V Supply • Completely Static Memory-No Clock 

• Automatic Power Down or Timing Strobe Required 

• Military Temperature Range: • Separate Data Input and Output 
-55°C to +125°C • Three-State Output 

The Intel M2167 is a 16,384-bit static Random Access Memory organized as 16,384 words by 1 bit. This memory 
is fabricated using Intel's high-density, high-performance technology-Double Poly HMOS II. This state of the 
art technology brings high-density to high-performance static RAMs. The design of the M2167 offers a 4x den
sity improvement over the industry standard M2147H with compatible performance. The M2167 offers the 
automatic power-down feature pioneered by the Intel M2147H. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the M2167), the 
part automatically reduces its power requirements and remains in this low power standby mode as long as CS 
remains high. This device feature results in system power savings as great as 50% in larger systems where the 
majority of devices are deselected .. 

The M2167 is placed in a 20~pin package configured with the industry standard 16K x 1 pinout, offering the 
industry's highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output, and a 
single +5V supply. The data is read out nondestructively and has the same polarity as the input data. A data input 
and a separate three-state output are used. 

A3 0 
A11@ 

A"@"'---1OC::::::l 

A13@2---n:--=:I 

ROW 
SELECT 

MEMORY ARRAY 
128 ROWS 

128 COLUMNS 

@0®®@@i@ 
AS AS A4 AS A10 A9 A7 

WE®~'~~L-r-----------------------~ 

Figure 1. M2167-10 Block Diagram 

® 
DOUT 

PIN NAMES 
AO A13 ADDRESS INPUTS Vee POWER (+5V) 

WE WRITE ENABLE GND GROUND 

CS CHIP SELECT 

DIN DATA INPUT 

Dour DATA OUTPUT 

TRUTH TABLE 
CS WE MODE OUTPUT POWER 

H X NOT SELECTED HIGH Z STANDBY 

L L WRITE HIGH Z ACTIVE 

L H READ Dour ACTIVE 

Figure 2. M2167-10 Pin 
Configuration 
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PIN 

17 

18 

19 , , 
3 , 

13 

7 

15 , 
16 

5 

14 

ADDRESS 

A11 

A" 
A13 

Ao 
A, 

A, 

A3 

A7 

A. 
A. 
A, 

"10 

" A, 

AO A, A, 
A3 
A, 
AS A, 

FUNCTION 

Xo 
X, 

X, 

X3 
X, 

X, x. 
Yo 
Y, 

Y, 

Y3 
Y, 

Y, 

Y, 

A7 D,QUT A, 
" A10 
A11 

A" 
A'3 

WE 

Figure 3. M2167-10 Logic 
Symbol 



inter M2167-10 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias .••...•...•.. -6pOC to 135°C 

Storage Temperature .......•..•.... -65°C to +165°C 

Voltage on Any Pin with 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings"may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci
fication is .. not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Respect to Ground .......•...•........ -3.5V to +7V 

Power Dissipation .......................... 1.2 Watt 

D.C. Output Current .......................... 20 mA 

D.C. CHARACTERISTICS(I) (TA = -55°C to +125°C; VCC = +5V ± 10%, unless otherwise noted) 

Symbol Parameter Min 
M2167-10 

Typ(2) Max Unit Test Conditions 

III fnpui Load Current 0.01 10 !J.A VeC = Max, VIN = GND to VCC 
(All Input Pins) 

IILOI Output Leakage 0.1 50 !J.A CS = VIH, VCC = Max, 
Current VOUT = GND to 4.5V 

ICC Operating Current 150 mA TA = -55°C, VCC = Max, 
CS =VIL, Outputs Open 

ISB Standby Current 60 75 mA VCC = Min. to Max, CS = VIH . 

IPOIl) Pea~ Power-On Current 70 90 mA ~C = GND to VCC Min., 
CS = Lower of VCC or . 
VIH Min. 

VIL Input Low Voltage -3.0 0.8 V 

VIH Input High Voltage 2.D 6.0 V 

VOL Output Low Voltage 0.4 V IOL = 8 mA 

VOH Output High Voltage 2.4 V IOH = -4.0 mA 

Noles: 
1. The operating ambient temperature is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typtcal limits are'at itee = 5it, TA = +25o e, and specified loading, . 
'3. A pull-up r!!'sistorto Vee or. the CS input is required to keep the device deselected; otherwise, power-on current approaches lee active. 

A;C. TEST CONDITIONS +5V 

I nput Pulse Levels GND to 3.0V 480(1 

Input Rise and Fall Times 5 ns 
Input Timing Reference Leilel 1.5V DOUT 

30 pF 
Output Timing Reference Levels 0.8-2.0V L-I '(INCLUDING' 
Output Load See Figure 4 255n SCOPE AND 

'JIG) 

or 

Figure 4. Output Load 
.. +5V 

480n 

DOUT 

CAPACITANCE* 25S!l ~ SpF 
TA = 25°C, f = 1.0 MHz 

Symbol Parameter Max Unit Conditions 

CIN Input Capacitance 7 pF VIN = OV 

COUT Output Capacitance 6 pF VOUT = OV Figure 5. Output Load for tHZ, 

'This parameter is sampled and not 100% tested tLZ, twz, tow 
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M2167-10 

A.C. CHARACTERISTICS (TA = -55°C to 125°C, VCC = 5V ± 10%, unless otherwise noted) 

READ CYCLE 

M2167-10 
Symbol Parameter Min Max 
tRd' ) Read Cycle Time 100 

tAA Address Access Time 100 

tACS Chip Select Access Time 100 

tOH Output Hold from Access Change 5 

tLZ I2.3) Chip Selection to Output in Low Z 10 

tHZI2.3) Chip Deselection to Output in High Z 0 40 

tpu Chip Selection to Power-Up Time 55 

tpD Chip Deselection to Power-Down Time 80 

WAvEFORMS 
READ CYCLE NO.1 14,5) 

Unit 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ADDRESS~I~~: ~~~~c~~~~~ 

_~-_'==~_IA_A_~_~-~-~1,1 _______________ _ 10H-----I'L X X. . ~ 
DATA OUT PREVIOUS DATA VALID ~ _ ' DATA VALID 

READ CYCLE NO. 2(4,6) 

l
-----------------------------IRc----------------------------~~~ 

cs 1-\..----------~~~~~~~-IA-C-S~===I==========~. -, ---------------------------l~-
1-.-~-----ILZ -----------1. 

HIGH IMPEDANCE . ~ X X )( HIGH 

DATAOUT--------~~~~~~----~" l~--------------D-AT-A-V-A-Ll-D---------------J~~~~~-IMPEDANCE 

Vee 'cc- - ~p~1--______________ f---_1PD==L 
SUPPLY 50% 50% 

CURRENT 'S8----------
Notes: 
1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, tHZ max is less than tLZ min both for a given device and from device to device. 
3. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 5. This parameter is sampled and not 1 00% 

tested. 
4. WE is high for Read Cycles. 
5. Device is continuously selected, CS = VIL. 
6. Addresses valid prior to or coincident with CS transition low. 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 

Symbol Parameter 
twc(l) Write Cycle Time 

tcw Chip Selection to End of Write 

tAW Address Valid to End of Write 

tAS Address Setup Time 

twp Write Pulse Width 

tWR Write Recovery Time 

tow Oata Valid to End of Write 

tOH Oata Hold Time 
twz(2) Write Enabled to Output in High Z 

TOW Output Active from End of Write 

WAVEFORMS 

WRITE CYCLE #1 
(WE CONTROLLED)(3) 

ADORES S 

~ :i 
WE 

DATAl N 

DATAOU T 

WRITE CYCLE #2 
(CS CONTROLLED)(3) ADORES S E-

CS 

AS-

-{ -

M2167-10 

M2167-10 
Min Max Unit 
100 ns 

95 ns 

95 ns 

0 ns 

60 ns 

5 ns 

50 ns 

5 ns 

0 40 ns 

0 ns 

IWC 

ICW 

II IIII 
lAW -'WR-lAS _IWp_ 

\\ 
tDW jtDH 

i DATA IN VALID J; 

-twz -lOW 

DATA UNDEFINED 
HIGH IMPEDANCE 

" 
IWC 

ICW 

'AW 

r---'WP-
-IWR-

\\\\\\\\\\ IIIL//i/ 

.1 
IDW jtDH 

DATA IN -* DATA IN VALID J; 

r---IWZ _______________ -.1 HIGH IMPEDANCE 

DATA OUT DATA UNDEFINED =:)>>---:;==:.::::=:::..------

Notes: 
1. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured ± 500 mV from steady state voltage with specified loading in Figure 5. This parameter is sampled and 

not 100% tested. 
3. CS or WE must be high during address transitions. 
4. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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M2716/M2716M 
16K (2K x 8) UV ERASABLE PROM 

MILITARY 

• Military Temperature Range 
M2716M: -55°C to 125°C 
M2716: -55°C to 100°C 

• 5V ±10% Vcc 

ill Pin Compatible to Intel's M2732 32K 
EPROM 

• Fast Access Time; 450 ns maximum 

• Static Standby Mode 

• Low Power Dissipation of 165 mW 
maximum standby power 

• Inputs and Outputs TTL Compatible 
during Read and Program 

The Intel® M2716M and M2716 are 16 384-bit ultraviolet erasable and electrically programmable read only 
memories (EPROMs) specified over the military and extended temperature range respectively. They operate 
from a single +5V power supply, have a static power-down mode, and feature fast, single-address location 
programming. It makes designing with EPROMs faster, easier and more economical. Both products are 
manufactured from the same dice. Except for the operating temperature range, both products have the same 
electrical and programming specifications.· 

The M2716/M2716M has a static standby mode which reduces the power dissipation without increasing 
access time. The active power dissipation is reduced by over 60% in the standby power mode. Both are pin 
compatible to Intel's 32K military EPROM, the M2732. 

The M2716/M2716M has the simplest and fastest method devised yet for programming EPROMs-single pulse 
TTL level programming. No need for high voltage pulsing because all programming controls are handled by 
TTL signals. Program any location at any time-either individually, sequentially or at random, with the 
M2716's single-address location programming. Total programming time for all 16,384 bits is only 100 seconds. 

PIN CONFIGURATIONS 

M2716 M2732 

Vee 
A, 

A. 

OE V~p 
A" 
CE 
0, 
0, 
0, 
0, 

13 0, 

PIN NAMES 

ADDRESSES 

CHIP ENABLE/PROGRAM 

OUTPUT ENABLE , 

C-:o"'-o --:;0-, +~OU~T~PU=T~~=------_-,' 

MODE SELECTION 

~ 
CE/PGM OE vpp Vee 

(18) (20) (21) (24) 

MODE 

Read V,L V'L +5 +5 

~~ V,H Don't Care +5 +5 

Program Pulsed Vil to VIH V,H .25 +5 

Program Verify .=--:::v;;:---'-'--f--- -
'25 +5 V,L 

--
V,H +25 +5 Program Inhibit V,L 

BLOCK DIAGRAM 
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Vcc~ 

AO-A10 
ADDRESS 

INPUTS 

DAT A OUTPUTS 
OO~07 

Y-GATING 

16,384 BIT 
CELL MATRIX 

OUTPUTS 

19·11,13-17) 

Dour 
High Z 

D,N 

=~ 'High 2· 

AFN-00846B 
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M2716/M2716M 

PROGRAMMING 
The programming specifications are described In the Data Catalog PROM/ROM Programming Instructions Section 

Absolute Maximum Ratings· 
Temperature Under Bias ....... '.' ....... -65'C to + 135'C 
Storage Temperature .............•... ~ . -65'C to + 150"C 

All Input or Output Voltages with 

'Notice: 

Respect to Ground ....................... + 6V to - O.3V 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sec
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect de
vice reliability. 

Vpp Supply Voltage with Respect 
to Ground During Program .............. + 26.5V to - O.3V 

D.C. AND A.C. READ OPERATING CONDITIONS 

Temperature Range Vee Vpp 

I M2716M -55°C to + 125°C 5V± 10% Vee 

I M2716 - 55°C to + 100"C 5V ± 10% Vee 

D.C. Characteristics 

Limits 
Symbol Parameter Min. Typ[3) Max. Unit Conditions 

ILl Input Load Current 10 ,..A VIN = 5.5V 

ILO Output Leakage Current 10 ,..A VOUT= 5.5V 

IpP112! Vpp Current 5 mA Vpp= 5.5V 

ICCI12! Vcc Current (Standby) 10 30 mA CE=VIH,OE=VIL , 
ICC212! Vcc Current (Active) 57 115 mA OE=CE=VIL 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 Vcc+ 1 V 

VOL Output Low Voltage 0.45 V IOL=2.1 mA 

VOH Output High Voltage 2.4 V IOH = - 400 ,..A 

NOTES: 1. VCC must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vce except during programming. The supply current would tNen be the sum of ICC and IpP1 ' 

3. Typical values are for TA =2S'C and nominal supply voltages. 

4. This paramete( is only sampled and is not 100% tested. 

Typical Characteristics 
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inter M2716/M2716M 

A.C. Characteristics 

Symbol Parameter 
Min. 

tAcc Address to Output Delay 

tCE CE to Output Delay 

tOE Output Enable to Output Delay 

tDF Output Enable High to Output Float 0 

tOH Output Hold From Addresses, CE or 0 
OE Whichever Occurred First 

Capacitance[4JTA = 25°C, f= 1 MHz 

Symbol Parameter Typ. Max. 

CIN Input Capacitance 4 6 
COUT Output Capacitance B 12 

A.C. Waveformsl51 

ADDRESSES 

CE------..;...-+_~ 

Unit Conditions 

pF VIN=OV 

pF VOUT=OV 

ADDRESSES 
VALID 

tCE 
(450 MAX.) 

OE---------------+--------~ 

Limits 

Typ. 
Test Unit Conditions Max. 

450 ns CE=OE=VIL 
450 ns OE=VIL 
150 ns CE=VIL 
130 ns CE=VIL 

ns CE=OE=VIL 

A.C. Test Conditions: 

Output Load: 1 TTL gate and CL = 100 pF 

Input Rise and Fall Times: .;;20 ns 

Input Pulse Levels: O.BV to 2.2V 

Timing Measurement Reference Level: 

Inputs 1V and 2V 
Outputs O.BV and 2V 

l"-----4--· . . . . . . . . . 
toF 

1----.11130 MAK) 
[7] 

rrrrrrr-··· •••. 
HIGHZ 

OUTPUT---------------~~~~~f_( 

~.a..a..a..a..a...JI._. • • • • • • 

NOTES: 1. Vee must be applied simultaneously or befora,Vpp and removed simultane
ously or aft.r Vpp. 

2. Vpp may be connected directly to Vee except during programming. The 
supply current would then be the sum of Icc and IpP1_ 

3. Typical valulS are forTA=25°C and'nominal supply voltages. 
4. This parameter Is only ,sampled and II not 100% tested. 
5. All times shown In parentheses are minimum and are nsec unless other· 

wise specified. 
6. i5E may be delayed up to tACC - tOE after the failing edge of CE without 

impact on tACC. 
7. tOF Is specified from i5E or CE, whichever occurs first. 

12-27 
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M2732A 
32K (4K x 8) UV ERASABLE PROM 

MILITARY 

• 450 ns Maximum Access 
Time .. , HMOS* -E Technology 

• Compatible to High Speed 5MHz 
MiAPX 86/10 MPU ... Zero WAIT State 

• Two Line Control 

• Military Temperature Range: 
-55°C to +125°C 

• Pin Compatible to M2764 EPROM 

• Industry Standard Pinout...JEDEC 
Approved 

• Low Standby Current...45 rnA Max. 

The Intel M2732A is a5Vonly, 32,768 bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). It is pin compatible to Intel's 450 ns M2732. The standard M2732~'s access time is 450 ns. The access 
time is compatible to high performance microprocessors, such as the 5MHz MiAPX 86/10. In these systems, the 
M2732A allows the microprocessorto operate without the addition of WAIT states. 

An important M2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control 
(CE). The OEcontrol eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note 
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's EPROMs. 
AP-72 is available from Intel's Literature Department. 

The M2732A has a standby mode which reduces the power dissipationwithout increasing access time. The max
imum active current is 150mA, while the maximum standby current is only 45mA, a 70%saving. The standby mode 
is achieved by applying a TTL-high signal to the CE input. 

The M2732A is fabricated with HMOS-Etechnology, Intel's high speed N-channel MOS Silicon Gate Technology. 

VccO---

AO-All 
ADDRESS 

INPUTS 

DATA OUTPUTS 

00-07 

Figure 1. Block Diagram 

Mode Selection 

~ CE OE/VPP OUTPUTS VCC 

MODE 
(l8) (20) (24) (9-11,13-17) 

Read VIL V,L +5 DOUT 

Standby V,H Don't Care +5 High Z 

Program VIL vpp +5 DIN 

Program Verify V,L V,L '5 DOUT 

Program Inhibit V,H Vpp +5 High Z 

12-28 

VPP Vee 

A12 PGM 

Vee A7 N.c.ll) 

A8 A. A8 

A. AS A. 

A11 A. A11 
OE/Vpp A3 Of 
A'0 A2 Al0 

ee Al ee 
07 AO 07 

06 00 

05 01 

0, 02 

03 GND 

(1)For total compatibility from 
M2732A provide a trace to pin 26 

Figure 2. Pin Configurations 

Pin Names 

AD-All A[)DR!'SSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE . 

00-07 OUTPUTS 



M2764 
64K (8K x 8) UV ERASABLE PROM 

MILITARY 

• Military Temperature Range ... 
-55 0 C to +125 0 C 

• 250 ns (M2764/S8462) Maximum 
Access Time ... HMOS*-E Technolog.y 

• Compatible with 5MHz MiAPX 86/10 
MPU ... Zero WAIT State 

• Two Line Control 

• Pin Compatible with M2732 EPROM 

• Industry Standard Pinout. .. JEDEC 
Approved 

• Low Active Current...100mA Max. 

• ± 10% V CC Tolerance 

The Intel® M2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only 
memory (EPROM). The M2764/S8463 access time is 450ns with speed selection available at 250ns for the 
M2764/S8462. The access time is compatible to high performance microprocessors, such as Intel's 5MHz 
MiAPX 86/10. In these systems, the M2764/S8462 allows the microprocessor to operate without the addition 
of WAIT states. 

An important M2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control 
(CE). The OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application 
Note AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel's 
EPROMs. AP-72 is available from Intel's Literature Department. M2764/S8462 and M2764/S8463 require that 
activation of OE be delayed at least 1 OOns from the activation of CE or stable addresses, whichever occurs last, 
to permit operation over the entire Military temperature range. 

The M2764 has a standby mode which reduces the power dissipation without increasing access time. The 
active current is 100mA, while the standby current is only 50mA. The standby mode is achieved by applying a 
TTL-high signal to the CE input. 

The M2764 is fabricated with HMOS'-E technology, Intel's high-speed N-channel MOS Silicon Gate 
Technology. 

Veca---. 
GNDo-----.. 
Vpp 0-----. 

DATA OUTPUTS 
00-0 7 
~ 

V-GATING 

65,536-BIT 
CELL MATRIX 

Figure 1. Block Diagram 

MODE SELECTION 

PGM I vpp I VC~ ~ CE OE 
Mode . (20) (22) (27) (1) (28 

Read VIL VIL VIH VCC VCC 

~. ~VII:I X X VCC VCC ._--

Program VIL X VIL Vpp VCC 

Program Verify VIL VIL VIH Vpp VCC 

Program Inhibit VIH X X Vpp VCC 
x can be either V1L or V1H 

*HMOS is a patented process of Intel Corporation. 

Outputs 
(11-13, 
15-19) 

DOUT 

High Z 

DIN 

DOUT 

High Z 

A7 vcc 
A6 A8 

A5 A9 

A' A11 

A3 OElVpp 

A2 A10 

A1 CE 
AD 07 

00 06 

01 05 

02 04 

GND 03 

vpp vcc 
A12 PGM 

A7 N.C.(1) 

A6 A8 

A5 A9 

A4 A11 

A3 OE 

A2 A10 

A1 CE" 
AD 07 

00 06 

01 05 

02 0' 

GND 03 

[1J For upgradabilily to JEDEC 
approved 128K EPROMs. provide 
an address line to pin 26. For com
patability with the M2732 and 32K 
ROMs, provide a trace from Vee to 
pin 26 

Figure 2. M2732 and M2764 Pin Configuration 

PIN NAMES 

AO-A12 Addresses 

CE Chip Enable 

OE Output Enable 

00-07 Outputs 

PGM Program 
N.C. No Connect 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: i, Intel, INTEL, INTELLEC, MeS, 1m, ieS, ICE, UPI, exp, iSBC, iSeX, 
Insite, iRMX, System 2000, CREDIT, iAMXJ80, MULTI BUS, PROMPT, Promware, Megachassis, UbraryManager, MAIN MULTI MODULE, and the combination of MeS, ICE, iSBC, iRMX or 
ieS and a numerical suffix. © INTEL CORPORATION, 1981. AUGUST 1981 
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M2764 

The programming specifications are described in the Intel Component Data Catalog in the PROM/ROM 
programming instruction section. 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. -65°C to +135°C 
Storage Temperature ................ -65° C to +150° C 
All Input or Output Voltages with 

Respect to Ground ..................... +6V to -0.6V 
Vpp Supply Voltage With Respect to Ground 

During Programming ................. +22V to -0.6V 

"NOTICE: Stresses above those listed under "Absolute 
MaXimum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

D.C. AND A.C. OPERATING CONDITIONS DURING READ 

M2764/S8462 M2764/S8463 

Operating Temperature -55°C to -55°C to 
Range +125° C +125° C 

VCC Power Supply1,2 5V ± 10% 5V ± 10% 

Vpp Voltage2 Vpp ~ VCC Vpp ~ VCC 

Read Operation 

D.C. CHARACTERISTICS 

Limits 

Symbol Parameter Min Typ3 Max Unit Conditions 

III Input Load Current 10 jJ.A VIN ~ 5,5V 

ILO Output Leakage Current 10 jJ.A VOUT ~ 5.5V 

IPP1' Vpp Current Read 5 rnA Vpp ~ 5.5V 

ICC1' VCC Current Standby 50 rnA CE ~ VIH 

ICC2' VCC Current Active 70 100 J1)A CE~OE=VIL 

VIL Input Low Voltage -.1 +.6 V 

VIH Input High Voltage 2.0 VCC + 1 V 

VOL Output Low Voltage .45 V IOL ~ 2.1 mA 

VOH Output High Voltage 2.4 V IOH = -400 jJ.A 

A.C. CHARACTERISTICS 

M2764/S8462 M2764/S8463 
Limits Limits Test 

Symbol Parameter Min Max Min Max Unit Conditions 

tACC Address to Output Delay 250 450 ns CE = OE = VIL 

tCE CE to Output Delay 250 450 ns OE ~ VIL 

tOE OE to Output Delay 100 150 ns CE = VIL 

tDF' OE High to Output Float 0 85 0 130 ns CE = VIL 

tOH Output Hold ,from Addresses, 0 0 ns CE ~ OE = VIL 
CE or OE Whichever Occurred 
First 

See Notes on Page 4. 
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M2764 

SYSTEM TIMING REQUIREMENTS 

M2764/S8462 

Symbol Parameter Min Max 

tAO Address to OE 100 

tco CEto OE 100 

CAPACITANCE TA = 25°C, f ~ 1MHz 

Symbol Parameter Typ' Max. 

CIN' Input Capacitance 4 6 

COUT Output Capacitance 8 12 

INPUT/OUTPUT 

~=x )C 2.0 2.0 

0 .• > TEST POINTS < 0.6 

0.45 

A.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND O.45V FOR 
A LOGIC "0"· TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
AND a.BV FOR A LOGIC "0", 

Figure 3. A.C. Testing Input, Output Waveform 

See Notes on Page 4. 

M2764/S8463 

Min 

100 

100 

Unit 

pF 

pF 

12-31 

Max Unit 

ns 

ns 

Conditions 

VIN = OV 

VOUT=OV 

DEVICE 
UNDER 
TEST 

CL = 100 pF 

Test Conditions 

CE = VIL 

1.3V -,-

4'N9'4 
3.3Kn 

~-~I---O OUT 

I CL=100pF 

CL INCLUDES JiG CAPACITANCE 

Figure 4. A.C. Testing Load Circuit 

AFN-01996A 



M2764 

A.C. WAVEFORMS 

ADDRESSES 

OE 

lAO _____ 

ADDRESSES 
VALID 

I-----IACC -----1 

HIGHZ 
OUTPUT----------------<H++-K 

NOTES: 

HIGH Z 

1. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vee except during programming. The supply current would then be the sum of lee and IpP1' 
3. Typical values are for tA = 25 0 e and nominal supply voltages. 
4. This parameter is only sampled and not 100% tested. 
5. tDF is specified from OE. 

ERASURE CHARACTERISTICS 

The erasure characteristics of the M2764 are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000 A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical M2764 in approximately 3 years, 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
M2764 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque 
labels are available from Intel which should be 
placed over the M2764 window to prevent unin
tentional erasure. 

The recommended erasure procedure for the M2764 
is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15 W-sec/cm 2. The erasure 

time with this dosage is approximately 15 to 20 
minutes using an ultraviolet lamp with 12000 
I1W/cm2 power rating. The M2764 should be placed 
within 1 inch of the lamp tubes during erasure. 
Some lamps have a filter on their tubes which 
should be removed before erasure. 

DEVICE OPERATION 

The five modes of operation of the M2764 are listed 
in Table 1. A single 5V power supply is required in 
the read mode. All inputs are TTL levels except for 
Vpp. 

Table 1. Mode Selection 

- c5E PGM 
Outputs 

~ CE vpp ~f8~ 
(11·13, 

Mode (20) (22) (27) (1) 15-19) 

Read VIL VIL VIH VCC Vec Dour 

Standby VIH X X VCC VCC HighZ 

Program VIL X VIL Vpp VCC DIN 

Program Verify VIL VIL VIH Vpp Vee Dour 

Program Inhibit VIH X X vpp Vee High Z 

x can be eIther VI L or VI H 
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M2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 

• Full Military Temperature Range: 
- 55°C to + 125°C 

• HMOS*-E FLOTOX Cell Design 

• Reliable Floating Gate Technology 

• Very .Fast Access Time 
-M2816, 350 ns Max. 
-M2816-4, 450 ns Max. 

• Single Byte Erase/Write Capability 

• Fast Byte Erase/Write Time 
-M2816, 50 ms Minimum 

MILITARY 

• Conforms to JEDEC Byte-Wide Family 
Standard 

• Microprocessor Compatible 
Architecture 

• Low Current 
-Active Current, 140 rnA Max. 
-Standby Current, 60 rnA Max. 

• Erase/Write Specifications 
Guaranteed-55°C to +125°C 

The Intel® M2816 is a 16,384 bit electrically eraseable programmable read-only memory (E2PROM). The M2816 
can be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse. 

The M2816, with its very fast read access speed, is compatible with high performance microprocessors such 
as the MiAPX 86/10. Using the fast access speed allows zero wait operation in large system configurations. 

The electrical erase/write capability of the M2816 makes it ideal for a wide variety of applications requiring 
in-system, non-volatile erase and write. Never before has in-system alterability been possible with this 
combination of density, performance and flexibility. Any byte can be erased or written in 50 ms without 
affecting the data in any other byte. Alternatively, the entire memory can be erased in 50 ms allowing the total 
time to rewrite all 2K bytes to be cut by 50%. The M2816 provides a significant increase in flexibility allowing 
new applications (dynamic reconfiguration, continuous calibration) never before possible. 

The M2816 E2PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
over 55% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 

Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21 V Vpp pulse and. automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 

*HM08--E is a patented process of Intel Corporation. 

DATA INPUTS/OUTPUTS 

PIN NAMES 

AO·A10 ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

AO·A" 1 ADDRESS 
INPUTS 

Oo·Or DATA OUTPUTS 

10.11 DATA ·INPUTS 

Vpp PROGRAM VOLTAGE 

Figure 1. M2816 Functional Block Diagram Figure 2. Pin Configurations 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 
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M2816 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............. -65°C to +135°C 
Storage Temperature ................ -65°C to +150°C 
All Input or Output Voltages with 

Respect to Ground ................... +6V to -0.3V 
Vpp Supply Voltage with Respect to 

Ground During Write/Erase ......... +22.5V to -O.lV 
Maximum Duration of Vpp Supply at 22V 

During E/W Inhibit .......................... 24 Hrs. 
Maximum Duration of Vpp Supply at 22V 

During Write/Erase ........................ 100 ms[Bl 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods mEW affect device 
reliability. 

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 

M2816/S8442 M2816-4/S8442 

Temperature Range -55°C to +125°C - 55°C to + 125°C 

Vcc Power Suppli91 5V ±10% 5V ± 10% 

D.C. CHARACTERISTICS 

READ 

Limits 

Symbol Parameter Min Typ[11 Max Units Test Conditions 

III Input Leakage Current 10 p.A VIN = 5.5V 

ILO Output Leakage Current 10 p.A VOUT = 5.5V 

Icc2 Vcc Current (Active) 90 140 rnA OE = CE =V1L 

Icc1 Vcc Current (Standby) 35 60 rnA CE = V1H 

IpP(R) Vpp Current (Read) 5 rnA CE = V IL' V PP = 4 to 6 

V1L Input Low Voltage -0.1 .8 V 

V1H Input High Voltage 2.2 Vcc +l V 

VOL Output LowVoltage .45 V 10L = 2.1 rnA 

VOH Output High Voltage 2.4 V 10H = -400p.A 

Vpp Read Voltage 4 6 V 

WRITE 

Limits 

Symbol Parameter 
Typ[11 

Units Test Conditions 
Min Max 

Vpp Write/Erase Voltage 21 22 V 

Ipp(W) Vpp Current (Byte Erase/Write) 15 rnA CE = VIL 

VOE OE Voltage (Chip Erase) 9 15 V 10E = 10p.A 

Ipp(l) Vpp Current Inhibit 5 rnA Vpp = 22, CE = VIH 

Ipp(C) Vpp Current (Chip Erase) 3 5 rnA CE = VIL 

For footnotes see page 13. 
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inter M2816 

CAPACITANCE[1] (TA = 25'C, f = 1 MHz) 

---
Symbol Parameter Typ Max Unit Conditions 

CIN Input Capacitance 5 10 pF VIN=OV 

COUT Output Capacitance 10 pF VOUT=OV 

Cvcc Vcc Capacitance 500 pF CE=OE=VIH 

CvPp Vpp Capacitance 50 pF CE=OE=VIH 

A.C. CHARACTERISTICS 

READ 

M2816 

Symbol Parameter 
Min Typ [1J Max Min 

tAce Address to Output Delay 250 350 

tCE CE to Output Delay 250 350 

tOE Output Enable to Output 10 120 10 
Delay 

tOF Output Enable High to 0 100 0 
Output Float 

tOH Output HOld.Jrom _ 0 0 
Addresses, CE or OE 
Whichever Occurred First 

WRITE 

Limits 

Symbol Parameter 
Typ[1J Min 

tAS Add to Vpp Set-Up Time 150 

tcs CE to Vpp Set-Up Time 150 

t [10J 
OS Data to Vpp Set-Up Time 0 

tOH 
[10J Data Hold Time 50 

twp[9J Write Pulse Width/M2816 50 

tWR Write Recovery Time 50 

tos Chip Erase Set-Up Time 0 

tOH Chip Erase Hold Time 0 

tBOS Byte Erase/Write Set-Up Time 0 

tBOH Byte Erase/Write Set-Up Time 0 

tpRC Vpp RC Time Constant 450 600 

tpFT 
[7J Vpp Fall Time 

For footnotes see page 13_ 

12-35 

A.C. TEST CONDITIONS 

Output Load: 1 TTL gate and CL =100 pF 
Input Pulse Levels: OA5 to 2AV 
Timing Measurement Reference Level: 

Input 1V and 2V 
Output _8V and 2V 

M2816·4 

Unit Test 
Typ [1J Max Conditions 

350 450 ns CE=OE=VIL 

350 450 ns OE=VIL 

140 ns CE=VIL 

100 ns CE=VIL 

ns 

Units Test Conditions 
Max 

ns 

ns 

ns 

ns Vpp=6V 

70 ms 

ns Vpp=6V 

ns Vpp=6V VOE=9V 

ns Vpp=6V VOE=9V 

ns Vpp=6V 

ns Vpp=6V 

750 fLS 

100 fLS Vpp=6V 
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inter M2816 

WAVEFORMS 

READ 

,...-------- -- ----" 
ADDRESSES ADDRESSES VALID 

1'-------- - - - ---""I 

1'-----+ - - - - - ----"I 

OE 

- - - - - ----"I 

--------m""" 
OUTPUT----------~----------~~ 

VALID 
OUTPUT 

- - - - - ----IUI'.IJ 

BYTE ERASE[S] OR WRITE 

ADDRESSES > K 
....-... Ics------'-" twR .... "4-

CE 

f-- tpRC '4' 
\ I 

~IAS-'" -- twp---...I .... tWR .... 

-----.. tPFT -
(4-6V) f\ 

lOS---+- - - ...-tOH 

DATA IN VALID 

'BOS ___ I- -- -.- 'BOH 

For footnotes see page 13. 
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M2816 

WAVEFORMS (Continued) 

CHIP ERASE!6] 

cr--------.. 

vpp------~----__i 
(4-6VI 

'!'IH 

'DATA IN ----------JJ 

OE. _____ ~VI~H ___ _'1 

NOTES , 
1. This parameter is only sampled' and' not 100% tested. 

2. OE may be delayed up to 230 ns after falling edge of CE 
without impact on TACC for M2816. 

'3. tOFis specified from OE or CE whichever occurs fi'rst. 

4. The rising edge of Vpp must follow an exponential waveform. 
That waveform's time constant is specified as tpRC' See 
Intel's AP-102 for details. 

5. Prior to a data write, an erase operation must be performed. 
For erase, data in = VI H' 

6. In the chip erase mode DIN = VIH. 

7. Toallow immediate read verify capability,Vpp can be driven 
low in less than 50 ns. See AP-101 for more information. 

8. Adherence to twp specification is importan't to device 
reliability. 

9. To prevent spurious device erasure or write, VCC must be 
applied simultaneously or before 21 volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 

VCC' 
10. The data in set up and hold times for chip erase are identical 

to those specified for byte erase. 

1-1. This switch includes automatic voltage shutdown on power 
fail. 
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M3632 
32K (4K x 8) BIPOLAR PROM 

MILITARY 

• 35 "S Typical Access • Three-State Outputs 

• low Power Dissipation: 0.02 mW/Bit • Hermetic 24-Pin DIP 
Typically • Polycrystalline Silicon Fuses for 

• Two Chip Select Inputs for Easy Higher Fuse Reliability/Higher 
Memory Expansion Programmability 

• ±10% Power Supply Tolerance • Military Temperature Range: 
-550 C to +125 0 C 

The Intel M3632 is a high performance 32,768-bit PROM organized as 4096 words by 8 bits. The worst case 
access time of 50 ns is specified over the -55°e to +125°e temperature range and 10% Vee power supply 
tolerances. There are two chip selects provided to facilitate expansion into larger PROM arrays. The PROMs 
use the Schottky clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high and 
logic low levels can be electrically programmed in selected bit locations. 

The M3632 allows present 4K, 8K and 16K PROM users to significantly increase density without sacrificing perform
ance. The M3632 is packaged in a hermetic 24 pin dual in-line package. The 32,768-bit PROM uses the most 
advanced technology available. As a result, the M3632 combines high performance, high density and lower power 
per bit than previous Bipolar PROM designs. 

A7 Vee 
DATA OUT 1 DATA OUT 8 AS A. 

AS A9 

A10 CS1 01 

CS1 eS2 02 

A2 All (MSB) AO 03 

A1 eS2 A, o. 
(lSB) Ao O. (MSB) A, OS 
(lSB) 01 d7 

0 2 
A3 06 

Os 

OS 
A. 07 

GND O. AS O. 

AS 

A7 

Pin Names A. 

ADDRESS INPUTS A9 

CHIP SELECT INPUTS(1) A10 

AO A1 A11 DATA OUTPUTS All 

(1) To select the PROM CS1 " V1l and CS2 = VIH 

Figure 1. M3632 Block Diagram Figure 2. M3632 Pin Configuration Figure 3. M3632 Logic Symbol 
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M3636 

16K (2K x 8) BIPOLAR PROM 

• -55°C to +125°C Operation • Pin Compatible to 8K PROMs 
• Fast Access Time: 80ns Maximum • Three·State Outputs 

• Hermetic 24·Pin DIP • Low Power Dissipation: 0.05mW/Bit 
Typically 

• Three Chip Select Inputs for Easy 
Memory Expansion 

• Polycrystalline Silicon Fuses for 
Higher Fuse Reliability/Higher 
Programmability 

The Intel@ M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
80 ns is specified over the - 55°C to + 125°C temperature range and 5% Vce power supply tolerances. There are three 
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TIL tech
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro
grammed in selected bit locations. 

Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8196 bits. The high density of the M3636 
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-bit PROMs. 
There is also little, if any, penalty in power since the power/bit is approximately one·half that of 8K PROMs. The M3636 
is packaged in a hermetic 24-pin dual in-line package. 

PIN CONFIGURATION BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

PIN NAMES 

ADDRESS INPUTS 

CHIP SElECT INPUTSl 11 

DATA OUTPUTS 

{ll To select the PROM CS, =V1L 

and CS2 '" C53;- VIH 
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M3636 

PROGRAMMING 
The programming specifications are described in the PROM/ROM Programming section of the Data Catalog. 

Absolute Maximum Ratings* 
Temperature Under Bias ......... -65°Cto +125°C 
Storage Temperature ............ -65°Cto +160°C 
Output or Supply Voltages .......... - 0.5V to 7 Volts 
All Input Voltages ................... -1.5Vto 5.5V 
Output Currents .......................... 100mA 

D.C. CHARACTERISTICS 

'COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage. to the device. This is a stress 
rating only and functional' operation of the device at these or any other 
conditions . .above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions f.Or extended periods m'ay affect device reliability. 

All Limits Apply for Vcc = + 5.0V ± 5%, TA = - 55°C to 125°C unless otherwise specified 

Limits 

Symbol Parameter Min Typ (1J Max Unit Test Condition.s 

(FA Address Input Load Current -0.05 -0.25 mA Vee=5.25V, VA=0.45V 

IFS Chip Select Input Load Current -0.05 -0.25 mA Vee = 5.25V, Vs = 0.45V 

IRA Address Input Leakage Current 40 I-'A Vee = 5.25V, V A = 5.25V 

IRS Chip Select Input Leakage 40 I-'A Vee = 5.25V, Vs = 5.25V 
Current 

1101 Output Leakage for High 60 I-'A Va = 5.25V or 0.45V, 
Impedance State Vee = 5.25V, CS1 = 2.4V 

Ise[2] Output Short Circuit Current -20 -35 -100 mA Vo=OV 

VeA Address Input Clamp Voltage -0.9 - 1.5 V Vee = 4.75V, IA = - 10 mA 

Ves Chip Select Input Clamp -0.9 - 1.5 V Vee = 4.75V, Is = - 10 mA 
Voltage 

VOH Output High Voltage 2.4 3.2V V 10H = - 2.4 mA, Vce = 4.75V 

Val Output Low Voltage 0.3 0.45 V Vee = 4.75V, 10l = 10 mA 

Icc Power Supply Current 150 185 mA Vee = 5.25V 

Vil Input "Low" Voltage 0.85 V Vec=5.0V±5%, TA=25°C 

VIH Input "High" Voltage 2.0 V Vee=5.0V±5%, TA=25°C 

Notes: 
1. Typical values are for T A:::: 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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A.C. CHARACTERISTICS Vee = +5V±5%, TA= -55·Cto 125·C 

SYMBOL PARAMETER MAX. LIMITS UNIT CONDITIONS 

TA Address to Output Delay 80 ns CSt = V,L 

tEN Output Enable Time 50 ns and CS2 = CS3 = V,H 

tOIS Output Disable Time 50 ns to select the PROM. 

CAPACITANCE III T A = 25°C, f = 1 MHz 

SYMBOL PARAMETER 
TYP, LIMITS 

UNIT TEST CONDITIONS 
TYP, MAX. 

C'NA Address Input Capacitance 4 10 pF Vee = 5V V'N=2.5V 

C'NS Chip·Select Input Capacitance 6 10 pF Vee = 5V V'N = 2.5V 

COUT Output Capacitance 7 12 pF Vee = 5V VOUT = 2.5V 

NOTE 1 This parameter IS only periodically sampled and ;s nOt 100% tested. 

SWITCHING CHARACTERISTICS 

Conditions of Test: 
Input pulse amplitudes 2.5V 
Input pulse rise and fall times of 

5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz 

WAVEFORMS 

ADDRESS TO OUTPUT DELAY 

ADDRESS 
INPUT 

OUTPUT 

OUTPUT 

1.5V 

'.-1 

10 rnA TEST LOA~D VCC 

470n 

30pF lK n 

CHIP SELECT TO OUTPUT DELAY 

B,--------, r--------------_. 
CS, . CS, ________ J '----------------' I 

OUTPUT 1.5V 

1-

12-41 



M80481M8748/M8035L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 

MILITARY 

• 8048 Mask Programmable ROM 
• 8748 User Programmable/Erasable EPROM 
• 8035L Requires External ROM or EPROM 

• -55°C to + 125°C 6 MHz Operation • Over 90 Instructions: 70% Single Byte 
(M8048/M8035L) • 1 K x 8 ROM/EPROM 

• -55°C to + 125°C 3.6 MHz Operation 64x8RAM 
(M8748) . 271/0 Lines 

• 8-BitCPU, ROM, RAM, 110 in Single • Interval Timer/Event Counter 
Package • Easily Expandable Memory and I/O • Interchangeable ROM and EPROM 
Versions • Compatible with 8080/8085 Series 

• Single 5V Supply Peripherals 

• 2.5 ILsec and 5.0 ILsec Cycle. Versions • Single Level Interrupt 
All Instructions 1 or 2 Cycles. • Screened to MIL-STD-883B 

The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips 
using Intel's N-Channel silicon gate MOS process. 

The M8048 contains an 8-bit CPU, a 1 K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability, the 
M8048 can be expanded using standard memories and MCS-80®/MCSc8S® peripherals. The M8035L is. the 
equivalent of an M8048 without program memory, and has the RAM power down mode of the M8048. To reduce 
development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible' 
versions of this single component micro-computer exist: the M8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systemy, the M8048 with factory~programmed mask ROM 
program memory for low cost, high volume production, and the M8035L without program memory for use with 
external program memories. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. THe M8048 has ex
tensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 
'V DD is used to program the MB74B and used for low power standby on the MB04B/B035L. 

Figure 1. Block Diagram 

SINGLE 

PORT -, 

PORT 
~2 . 

STEP AEAD 

EXTERNAl_ 
MEM M8048 

INTERRUPT_ 

BUS 

WRITE 

PROGRAM 
STORE 
ENABLE 

ADDRESS, 
LATCH 
ENABLE 

PORT 
EXPA.NPER 
STROBE 

Figure 2. Logic Symbol 

ALE 

Pl. 
P15 

.14 

.13 

Figure 3. Pin 
Configuration 

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are Implied. 

"INTel CORPORATION, 1980 AFN·OQ780A.()1 
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M8048/M8748/M8035L 

WAVEFORMS 

COMBINATION PROGRAMIVERIFY MODE (EPROM'S ONLY) 

23. _---J/ Ell 

1--------- PROGRAM ---------1--- VEAIFV--+.t~. ---- PROGRAM ----
trw______________. 

TO 

080-0B, J--
LAST 

ADDRESS 

DATA TO BE 
PROGRAMMED VALID 

~---'-"" 

__ ~.TADDR 

~--"--

NEXT 
ADDRESS 

VDD+: J1J~.-~-::-T------------~--------------------------------
+23------------

PROG +5 ------- _ - - - _ - - - r------------- ____ '"\ +0 ___ J \,., _____ _ 

VERIFY MODE (ROM/EPROM) 

TO,RESET ~ / 
\\..-, __ --J \'--_---'---J/ \\..------,--

J-- ADDRESS 
{O-71 VALID - - -<'_ ____ A_~_~_~_~S_S __ __'X'__N_O~_~_T_VOA_~_i_~..J>_ - - - - - - -

__________ -J)<:'-__________ A_0_0_R_ES_S_(8_-_9)_V_A_L_'D __________ J~'__ ___________ N_EX_T_A_D_D_R_E_S_S_V_AL_'_D ______________ __ 

NOTES, 
1. PROG· MUST FLOAT IF EA IS LOW (i.e., ~23V), OR IF TO '" 5V FOR THE 8748. FOR THE 

8048 PROG MUST ALWAYS FLOAT. 
2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5~sec tcv. THIS IS ACCEPTABLE FOR ALL PARTS. 

The 8748 EPROM can be programmed by either of two Intel 
products: 

1. PROMPT-48 Microcomputer Design Aid, or 
2, Universal PROM Programmer (UPP Series) peripheral of the 

Intellec® Development System with a UPP-848 Personality Card 
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M8048/M8748/M8035L 

Table 1. Instruction Set Summary 

Mnemonic Description Bytes Cycle Mnemonic . Description Byt;es Cycles 

~ 

ADD A, R Add register to A 1 1 

ADD A, @R Add data memory to A 1 1 

c 
CALLaddr Jump to subroutine 2 2 :; 

2 RET Return 1 2 
ADO A, #dala Add immediate to A 2 2 

ADDC A, R Add register with carry 1 1 

,Q 
RETR Return and restore status 1 2 . 

II> 

ADDC A,@R Add data memory with carry 1 1 CLR C Clear carry 1 1 
ADDC A. #data Add immediate with carry 2 2 ePl C Complement carry 1 1 
ANL A, R And register to A 1 1 ~ CLR FO Clear flag 0 1 1 
ANL A, @R And data memory to A 1 1 u: CPL FO Complement flag 0 1 1 
ANL A. #data And Immediate to A 2 2 eLR F1 Clear flag 1 1 1 
ORL A, R Or register to A 1 1 

~ ORL A, @R Or data memory to A 1 1 

CPL F1 Com plement flag 1 1 1 

:; ORL A. #data Or immediate to A 2 2 
E 

XRL A, R Exclusive or register to A 1 1 . 
~ XRL A, @R Exclusive or data memory to A 1 1 

MOV A, R Move register to A 1 1 

MOV A,@R Move data memory to a 1 1 

MOV. A,,#data Move Immed,late to A 2 2 
XRL A. IIdata Exclusive or immediate to A 2 2 MOV R, A Move A to register 1 1 
INC A In~rement A 1 1 MOV@R,A Move A'Jo dat~ memory 1 1 

DEC A Decrement A 1 1 
0 

MOV R, #data Move immediate to register 2 2 
CLR A Clear A 1 1 ~ MOV @R, #data Move immediate to data memory 2 2 > 
CPL A Complement A 1 1 

0 
:I! MOV A, PSW 'Move P'SW to A 1 1 

DAA Decimal adjust A 1 1 
SWAP A Swap nibbles of A 1 1 

~ MOV PSW, A Move A to PSW 1 1 
c XCH A, R , Exchange A and register 1 1 

RL A Rotate A left 1 1 XCHA,@R Exchange A and data memory 1 1 

RLC A Rotate A left through carry 1 1 XCHD A,@R Exchange nibble of A and register 1 1 
RR A Rotate A right 1 1 MOVX A,@R Move external data memory to A 1 2 
RRC A Rotate A right through carry 1 1 MOVX@R,A Move A to external data memory 1 2 

MOVPA,@A Move to A from current page 1 2 
IN A, P Input port to A 1 2 MOVP3 A, @A Move to A from page 3 1 2 
OUTL P, A Output A to port 1 2 
ANl P, IIdata And Immediate to port 2 2 MOV A, T Read timer/counter 1 1 
ORL P, #data Or imm~diate to port 2 2 ~ MOV T, A Load timer/counter 1 1 

;; INS A, BUS Input BUS to A 1 2 
~ OUTL BUS, A Output A to BUS 1 2 
0 

ANL BUS, #data And Immediate to BUS 2 2 :; 
~ ORL BUS, #data Or immediate to BUS 2 2 

MOVD A, P Input expander port to A 1 2 

c 
STRT T Start timer 1 1 . 

0 
u STRT CNT Start counter 1 1 
~ STOP TCNT Stop timer/counter 1 1 
E 

EN TCNTI Enable timer/counter interrupt 1 1 ;:: 
DIS TCNTI Disable timer/counter mterrupt 1 1 

MOVD P, A Output A to expander port 1 2 
ANLD P, A And A to expander port 1 2 EN I Enable external mterrupt 1 1 

ORLD P, A Or A to expander port 1 2 DIS I DIsable external mterrupt 1 1 

~ INC A Increment register 1 1 

'ij, INC@R Increment data memory 1 1 

e SEL RBO Select register bank 0 1 1 
C SEL RB1 Select register bank 1 1 1 
0 
U SEL MBO Select memory bank 0 1 1 

~ DEC R Qecrement register 1 1 a: SEL MB1 Select memory bank 1 1 1 

EN TO CLK Enable clock output on TO 1 1 

JMP addr Jump unconditional 2 2 
JMPP@A Jump indIrect 1 2 NOP No operation 1 1 

DJNZ R, addr Decrement register and skip 2 2 
JC addr Jump on carry = 1 2 2 
JNC addr Jump on carry = 0 2 2 
JZ addr Jump on A zero 2 2 

~ 
JNZ addr Jump on A not zero 2 2 

g JTO addr Jump on TO = 1 2 2 
~ JNTa addr Jump on TO = 0 2 2 ., 

JTl addr Jump on T1 = 1 2 2 
JNT1 addr Jump on Tl = a 2 2 
JFO addr Jump on Fa = 1 2 2 
Jfl addr Jump on Fl = 1 2 2 

JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 

Mnemonics copyright Intel Corporation 1978 
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Table 2. Pin Description 
r-----r----.------------------~ ~----~--~r_------------------, 

Symbol Pin No. 

Vee 

PROG 

P10-P17 
Port 1 

P20-P27 
Port 2 

TO 

T1 

20 

26 

40 

25 

27-34 

21-24 
35-38 

12-19 

39 

Function 

Circuit GND potential 

Programming power supply; +25V 
during program, +5V during oper
ation for both ROM and PROM. low 
power standby pin in 8048 and 
8035L. 

Main power supply; +5V during oper
ation and programming. 

Program pulse (+23V) input pin 
during 8748 programming. 

Output strobe for 8243 I/O expander. 

8-bit quasi-bidirectional port. 

8-bit qml.Si'bidirectional port. 
P20-P23 contain the four high order 
program counter bits during an exter
nal program memory fetch and serve 
as a 4-bit I/O expander bus for 8243. 

True bidirectional port whiCh can be 
written or read synchronously using 
the RD, WR strobes. The port can 
also be statically latched. 

Contains the 8 low order program 
counter bits during an external pro
gram memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, anc WR. 

Input pin testable using the condi
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO ClK instruc
tion. TO is also used during program
ming. 

Input pin testable using the JT1, and 
JNT1instructions. Can be designated 
the timer/counter input using the 
. STRT CNT instruction. 

12-45 

Symbol Pin No. 

INT 6 

8 

4 

10 

ALE 11 

9 

5 

EA 7 

XTAl1 2 

XTAl2 3 

Function 

Interrupt input. Initiates an interrupt 
if interrupt is enabled. Interrupt is dis
abled after a reset. Also testable with 
conditional jump instruction. (Active 
low) 

Output strobe activated during a BUS 
read. Can be used to enable data 
onto the bus from an external dElvice. 

Used as a read strobe to external 
data memory. (Active low) 

Input which is used to initialize the 
processor Also used during PROM 
programming verification, and power 
down. (Active law) (Non TIL V,H) 

Output strobe during a bus write. 
(Active low) 

Used as write strobe to external data 
memory. 

Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes 
address into external data and pro
gram mem'ory. 

Program store enable. This output 
occurs only during a fetch to external 
program memory. (Active low) 

Single step input can.be used in junc
tion with ALE to "single step" the 
processor through each instruction. 
(Active low) 

External access input which forces 
all program memory fetches to refer
ence external memory. Useful for 
emulation and debug, and essential 
for testing afld program verification. 
(Active high) 

One side of crystal input for internal 
oscillator. Also input for external 
source. (Non TTL V,H) 

Other sideof crystal input. 

AFN-007BOA-06 



M8048/M8748/M8035L 

WAVEFORMS 

Instruction Fetch From External Program Memory Read From External Data Memory 

I~~' t l -l ---1- ~y , I 
ALE J L-I ___ ----Ir-I --'L ALE J L 

BUS 

Write to External Data Memory I nput and Output Waveforms for A.C. Tests 

ALE J L 

BUS 
"=X >C 2.0 2.0 > Hoe"." < 

O.B 0.8 
0.45 

A.C. CHARACTERISTICS TA ; -55°C to 125°C. Vcc; Voo; +5V ± 10%, Vss = OV 

M8048 M8748 
Symbol Parameter M8035L Unit Conditions 

(Note 1) 
Mil'!. Max. Min. Max. 

tLL ALE Pulse Width 200 300 ns 

tAL Address Setup to ALE 120 120 ns 

tLA Address Hold from ALE 80 80 ns 

tcc Control Pulse Width (PSEN, RD, WR) 400 600 ns 

tow Data Setup before WR 420 600 ns 

two Data Hold After WR 80 120 ns CL = 20pF 

tCY Cycle Time 2.5 15.0 4.17 15.0 /LS (3.6 MHz 
XTAL8748) 

tOA Data Hold 0 200 0 200 ns 

tAD PSEN, RD to Data In 400 600 ns 

tAW Address Setup to WR 230 260 ns 

tAD Address Setup to Data In 600 900 ns 

tAFC Address Float to RD, PSEN -40 -60 ns 

tCA Control Pulse to ALE 10 10 ns 

Note 1: Control outputs: CL = 80 pF Icy = 2.51'-s for 8048/8035L 
BUS Outputs: CL = 150pF 4.171'-sfor8748 
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ABSOLUTE MAXIMUM RATINGS· 
AmbientTemperature Under Bias 

8748 .. ............ ....:55°Cto+125°C 
8048/8035L . . ................. -55°C to + 125°C 

Storage Temperature. . ...... -65°C to +125°C 
Voltage On AnyPln With Respect 

to Ground. . ..... -0.5 to + 7V 
Power Dissipation . . .... 1.5 Watt 

"NOTICE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec
tions of this specification is not Implied. 

D.C .. CHARACTERISTICS TA = ~55°C to 125°C, Vee = Voo = +5V ± 10%, Vss = OV 

Limits 
Symbol Parameter Unit Test Conditions 

Min. Typ. Max. 

VIL I nput Low Voltage -.5 .7 V 
(All Except RESET, X1, X2) 

VIL1 Input Low Voltage -.5 .5 V 
(RESET, X1, X2) 

VIH Input High Voltage 
(All Except XTAL 1, XTAL2, RESET) 

2.3 Vee V 

VIH1 Input High Voltage (RESET, X1, X2) 3.S Vee V 

VOL Output Low Vol~ 
(BUS, RD, WR, PSEN, ALE) 

.45 V 10L = 1.2mA 

VOL1 Output Low Voltage .45 V IOL = 0.8mA 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V 10H = -240J,LA 

VOH1 Output High Voltage 2.4 V IOH = -50J,LA 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -30J,LA 
(All Other Outputs) 

III Input Leakage Current (T1, INT) ±10 J,LA Vss -;: VIN -;: Vee 

ILl1 Input Leakage Current _ -700 
(P1 0-P17, P20-P27, EA, SS) 

J,LA Vss + .45 -;: VIN -;: Vee 

ILO Output Leakage Current (BUS, TO) ±10 J,LA Vss + .45 -;: VIN -;: Vee 
(High Impedance State) 

100 V DO Supply Current 10 25 mA 

100 + lee Total Supply Current SO 155 mA 

BUS P1,P2 BUS, P1, P2 

-500iiA 70mA 

50mA G " 
-300"A 

" ° 9 !? 

-100,A 
lOmA ~ 

.V ov ov 2V .V 

VOH VOH 
Voc 
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inter M8080A 
8-BIT N-CHANNEL MICROPROCESSOR 

The M8080A is functionally compatible with the Intel® 8080. 

• Military Temperature Range: • 16-Bit Stack Pointer and Stack 
-55°C to + 125°C Manipulation Instructions for Rapid 

• ± 10% Power Supply Tolerance Switching of the Program Environment 

• 2 #LS Instruction Cycle • Decimal, Binary, and Double Precision 

• Powerful Problem-Solving Instruction Arithmetic 
Set • Ability to Provide Priority Vectored 

• 6 General-Purpose Registers and an Interrupts 
Accumulator 

16-Blt Program Counter for Directly • 512 Directly Addressed 1/0 Ports • 
Addressing Up to 64K Bytes of Memory 

The Inteli!> M8080A is a complete B-bit parallel central processing unit (CPU). It is fabricated on a'single LSI chip using 
Intel's n-channel silicon gate MOS process-a high performance solution to control and processing applications. 
The M8080A contains 6 8-bit general-purpose working registers and an accumulator. The 6 general-purpose registers may 
be addressed individually or in pairs providing single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 
The M8080A features an external stack. Any portion of memory may be used as a last in/first out stack to store/retrieve the 
contents of the accumulator, flags, program counter and all 6 general-purpose registers. The 16-bit stack pointer controls 
addressing of this external stack. This stack enables the M8080A to handle multiple-level priority interrupts by rapidly 
storing and restoring processor status. It also provides almost unlimited subroutine nesting. 
This microprocessor simplifies systems design. Separate 16-line address and 8-line bidirectional data busses facilitate 
interface to memory and I/O. Signals to control the interface to memory and I/O are provided directly by the M8080A. 
Ultimate control of the address and data busses resides with the hold signal, which can suspend processor operation and 
force the address and data busses into a high impedance state. This permits OR-typing these busses with other controlling 
devices for (OMA) direct memory access or multiprocessor operation. 

0, Uo 
BIDIRECTIONAL 

DATA BUS 

Figure 1. Block Diagram 

12-48 

8080A 

RESET A, 

HOLD "'12V 

INT I. A, 

" I. A, I. 
"" 17 WAIT 

Wi! ,. READY 

SYNC " •• v 21 HlDA 

Figure 2. Pin Configuration 



M8080A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. _55°C to +125°C 
Storage Temperature ............... _65°C to +150°C 

All Input or Output Voltages 
With Respect to Vss .............. -0.3V to +20V 

Vcc. Voo and VSS With Respect to VSS -0.3V to +20V 
Power Dissipation ........................ , 1.7W 

*NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°Cto +125°C. Voo = +12V ±10%. 
Vcc = +5V ±10%, Vss = -5V ±10%, Vss = OV; unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit Test Condition 

VllC Clock I nput Low Voltage Vss-l Vss+0.8 V 

VIHC Clock Input High Voltage 8.5 Voo +l V 

Vil Input Low Voltage Vss-l Vss+0.8 V 

VIH Input High Voltage 3.0 VCC+l V 

VOL Output Low Voltage 0.45 V } 10 l = 1.9mA on all outputs, 

VOH Output High Voltage 3.7 V 10H = lS0J.1A. 

100 (AV) Avg. Power Supply Current (Voo ) 50 80 mA 

Avg. Power Supply Current (Vcc ) 60 100 mA } 0",,,,; '" 
ICC (AV) T Cy = .48 J.1sec 
Iss (AV) Avg. Power Supply Current (VBS ) .01 1 mA 

III Input Leakage ±10 J.1A Vss < VIN < Vcc 

ICl Clock Leakage ±10 J.1A Vss < VClOCK < Voo 

10l [21 Data Bus Leakage in Input Mode -100 J.1A Vss <VIN <VSS + 0.8V 

I 
-2.0 mA 

Vss +0.8V<VIN <VCC 

IFl 
Address and Data Bus Leakage 

J 
+10 

J.1A 
V AOOR/DATA = VCC 

During HOLD -100 V AOOR/DATA = VSS + 0.45V 

CAPACITANCE (TA = 25°C, Vee = Voo = Vss = OV, Vss = -5V) 

Symbol Parameter Typ. Max. Unit Test Condition 

C¢ Clock Capacitance 17 25 pi Ie =1 MHz 

CIN I nput Capacitance 6 10 pi Unmeasured Pins 

CO UT Output Capacitance 10 20 pi Returned to VSS 
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inter M8080A 

A.C. CHARACTERISTICS (TA = -SSOCto +125°C, Voo = +12V ±10%, 
vee = +5V ±10%, Vee = -5V ±10%, vss = OV; unless otherwise noted) 

Symbol Parameter Min. Max. Unit Test Condition 

tCy[3J Clock Period 0.48 2.0 J..Isec 

t r , tf Clock Rise and Fall Time 0 50 nsec 

t<l>l <1>1 Pulse Width 60 nsec 

t<l>2 ¢2 Pulse Width 220 nsec 

tDl Delay <1>1 to <1>2 0 nsec 

tD2 Delay <1>2 to <1>1 80 nsec 

tD3 Delay <1>1 to <1>2 Lead ing Edges 80 nsec 

tDA [2J Address Output Delay From <1>2 200 nsec 

1"- "5Opf 

tDD [2J Data Output Delay From <1>2 220 nsec 

tDC [2J Signal Output Delay From <1>1, or <1>2 (SYNC. WR.WAIT.HLDAi 140 nsec 

tDF [2J DBIN Delay From <1>2 
. 

25 150 nsec 

tDI[lJ Delay for Input Bus to Enter Input Mode tDF nsec 

tDSl Data Setup Time During <1>1 and DBIN 30 nsec 

tDS2 Data Setup Time to <1>2 During DB IN 130 nsec 

tDH [lJ Data Hold Time From <1>2 During DBIN [1 J nsec 

tiE [2J INTE Output Delay From <1>2 200 nsec CL = 50pf 

tRS READY Setup Time During <1>2 120 nsec 

tHS HOLD Setup Time to <1>2 140 nsec 

tiS INT Setup Time During <1>2 120 nsec 

tH Hold Time From <1>2 (READY. INT, HOLDi 0 nsec 

tFD Delay to Float During Hold (Address and Data Busi 130 nsec 

tAW[2J Address Stable Prior to WR [5J nsec l C, -50,f 

tDW[2J Output Data Stable Prior to WR [6J nsec 

tWD[2J Output Data Stable From WR [7J nsec 

tWA[2J Address Stable From WR [7] nsec 

tHF[2J HLDA to Float Delay [8J nsec 

J tWF[2J WR to Float Delay [9J nsec 

tAH [2J Address Hold Time After DBIN During HLDA -20 nsec 

NOTES: 
1, The RESET signal must be active for a minimum of 3 clock cycles. A.C. TESTING LOAD CIRCUIT 
2. When DBIN is high and VIN > VIH an internal active pull up will 

be switched onto the Data Bus. 
3. ~I supply / ~ TAo -0.45%f C. 

12-50 

DEVICE 
UNDER lCC0100 PF 

TEST 

-=-
CL "" 100pF 
CL INCLUDES JIG CAPACITANCE 
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inter M8080A 

WAVEFORMS NOTE: 
Timing measurements are made at the following reference voltages: CLOCK "1" = 7.0V, "0" = 1.0V; INPUTS 
"1" = 3.0V, "0" = O.BV; OUTPUTS "1" = 2.0V, "0" = O.BV. 

0, 

----~ 

" ------------~~ 

A1S"AO ---------+-~ 

DrDo ---------+--
SYNC _________ +-J 

I
' . I 

.1 :: . I i . 

. 'D,}F*--I: -i----l+-ii --1-+: t-l--I ---';"""j: 

~~ I =iik..J.-~-}~i===~',:, 
- 'eo 1 __ 1 - : 'eo l-=i '00 I--~ I 

WAIT ___________ ~ ______ ~ ______ ~'H~--~:~--_~I ~t ~. I 

'DC --I -- ~'H • -
HOLD ______________________________________ - ~~ 

:: ~H;I- I 

DBIN _________________ -+_-1 

READY 

HLDA _____________________________________________ ~I~f 

INT ________ -'--__________________ -~ 
~~~n= 

INTE 

THIS TIMING DIAGRAM SHOWS TIMING RELATIONSHIPS ONLY; IT DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 

12-51 AFN-00767B 



inter 

WAVEFORMS (Continu~d) 

°7-°0 

SYNC 

DBIN 

WR 

READY 

WAIT 

HOLD 

HLOA 

INT 

INTE 

------f\---

t:t-
I :; 
I:' 

-~ 

~ 

_toc __ 
~--+---

~ 

1,5 r------,----------, 

',Ol--------'" ..... d--

0,51------+------'-1 

-55 +50 +125 

AMBI ENT TEMPERATURE (~C) 

Typical Supply Current versus 
Temperature, Normalized 

M8080A 

NOTES: 
1. Data input should be enabled with DBIN status, No bus con

flict can then occur and data hold time is assured. tOH = 50 ns 
or tOF, whichever is Jess, 

2. tCY = t03 + tr.p2 + t.p2 + tf.p2 + t02 + tr.p1 '" 480ns, 

TY~ICAL '" OUTPUT DELAY VS, '" CAPACITANCE 

-' CAPACITANCE (pf) 

(CACTUAL - C SPEC ) 

+100 

3, The following are relevant when interfacing the M8080A to 
devices ,having VIH'= 3,3V: 
a) Maximum output rise time from ,BV to 3,3V = 100ns@ CL 

= SPEC, 
b) Output delay when measured to 3,OV = SPEC +60ns @ CL 

= SPEC. 
c) If CL = SPEC, add ,6nsipF if CL > CSPEC' subtract ,3nsipF 

(from modified delay) if CL < CSPEC' 

4, tAW = 2 tCY - t03 - tr.p2 - 140nsec, 

5, tow = tCY - t03 - tr.p2 -170nsec, 

6, If not HLDA, two = tWA = t03 + tr.p2 + 10ns, If HLDA, two = 
tWA = tWF' 

7, tHF = t03 + tr.p2 - Sans. 

8. tWF = t03 + t r.p2 - 10ns, 

9. Data in must be stable for this period during DBIN' T3' Both 
tOS1 and tOS2 must be satisfied. 

10, Ready signal must be stable for this period during T2 or TW' 
(Must be externally synchronized,) 

11, Hold signal must be stable for this period during T 2 or T W 
when entering hold mode, and during T 3, T 4, T 5 and T WH 
when in hold mode, (External synchronization is not 
required,) 

12, Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recogized on the 
following instructi.on, (External ,synchronization is not 
required.) 

Data Bus Characteristics During DBIN 
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M8085AH 
8-BIT HMOS MICROPROCESSOR 

MILITARY 

• Single +5V Power Supply with 10% • On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 

Full Military Temperature Range: 
Large System Control 

• 
-55°C to +125°C • Four Vectored Interrupt Inputs (One is 

Non-Maskable) Plus an 

• 1.3 pslnstruction Cycle (8085AH) M8080A-Compatible Interrupt 

• 100% Compatible with M8085A • Serial In/Serial Out Port 

• Decimal, Binary and Double Precision • 100% Software Compatible with M8080A Arithmetic 

• On-Chip Clock Generator (with • Direct Addressing Capability to 64K 
External Crystal, LC or RC Network) Bytes of Memory 

The InteJM80B5AH is a complete B bit parallel Central Processing Unit (CPU) implemented in N-channel, depletion 
load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the MBOBOA micropro
cessor, and it is deSigned to improve the present MBOBOA's performance by higher system speed. Its high level of 
system integration allows a minimum system of three IC's [MBOB5AH (CPU), MB1B5H (RAM/I 0) and MB755A 
(PROM/lOll while maintaining total system expandability. 

The MBOB5AH incorporates all of the features that the MB224 (clock generator) and MB22B (system controller) 
provided for the MBOBOA, thereby offering a high level of system integration. 

The MBOB5AH uses a multiplexed data bus. The address is split between theB bit address bus and theB bit data bus. 
The on-chip address latches of MB155H/MB755A memory products allow a direct interface with the MBOB5AH. 

I---""~-=--d" l , c 
,eo "" c c 

".::::.:,::';,m," I""" 
,eo ,eo 

'co ,eo 

Als-Ae 
ADDRESS BUS 

Figure 1. M8085AH CPU Functional Block Diagram 

AD7-ADo 
ADDR~SS/DATA BUS 

Vee 
HOLD 

HLDA 
elK (OUT) 

RESET IN 

READY 

101M 
S, 
RD 
WR 

ALE 
So 
A,S 

A14 
An 
A12 
A11 

A'0 
A9 

~ __ -J . . A8 

Figure 2. M8085AH Pin 
Configuration 

The following are trademarks of Intel Corporation and its affiliates and may be used only to identify Intel products: Lintel, INTEL, INTELLEC, MeS, 1m , ieS, ICE, UPI, 8XP, iSBC, iS8X. 
Insite, iRMX, System 2000, CREDIT, iRMXlBO, MULTI BUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MULTIMODULE, aM the combination of MCS, ICE, iSBC, iRMX or 

iCS and a numerical suffix, © INTEL CORPORATION, 1981. 12-53 oC~~~~o~rii~l 



M8085AH 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ....... -55°C to +125°C 
Storage Temperature .................. -65° C to +150° C 
Voltage on Any Pin with 

Respect to Ground ...................... -0.5V to + 7V 
Power Dissi pation . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.5 Watt 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings"may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = -55°C to +125°C, vcc = 5V ±10%, vss = OV; unless otherwise specified) 

Symbol Parameter Min Max Units Test Conditions 

VIL Input low Voltage -0.5 +0.8 V 

VIH Input High Voltage 2.2 Vcc +0.5 V 

VOL Output low Voltage 0.45 V IOL = 2mA 

VOH Output High Voltage 2.4 V IOH = -400pA 

Icc Power Supply Current 200 mA 

IlL Input leakage ±10 pA O:S VIN:S VCC 

ILO Output leakage ±10 pA 0.45 :S VOUT:S Vcc 

VILR Input low level, RESET -0.5 +0.8 V 

VIHR Input High level, RESET 2.4 VCC +0.5 V 

VHY Hysteresis, RESET 0.25 V 

A.C. CHARACTERISTICS (TA = -55°C to +125°C, Vcc = 5V ±10%, Vss = OV) 

Symbol Parameter 
M8085AH[2] 

Units 
Min Max 

tCYC ClK Cycle Period 320 2000 ns 

t1 ClK low Time (Standard ClK loading) 80 ns 

t2 ClK High Time (Standard ClK loading) 120 ns 

tr,tf ClK Rise and Fall Time 30 ns 

tXKR X1 Rising to ClK Rising 20 120 ns 

tXKF X1 Rising to ClK Falling 20 150 ns 

tAC AS-15 Valid to leading Edge of Control[1] 270 ns 

tACL AO-7 Valid to leading E:dge of Control 240 ns 

tAD AO-15 Valid to Valid Data In 575 ns 

tAFR Address Float After leading Edge of READ (INTA) 0 ns 

tAL AS-15 Valid Before Trailing Edge of AlE[1] 90 ns 

tALL AO-7 Valid Before Trailing Edge of ALE 70 ns 
. 
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inter M8085AH 

A.C. CHARACTERISTICS (Continued) 

Symbol Parameter 
M8085AH[2] 

Units 
Min Max 

tAAY READY Valid from Address Valid 220 n5 

tCA Address (A8-15) Valid After Control 120 ns 

tcc Width of Control low (RD, WR, INTA) Edge of ALE 400 ns 

tCl Trailing Edge of Control to leading Edge of ALE 50 ns 

tDW Data Valid to Trailing Edge of WRITE 420 ns 

tHABE HlDA to Bus Enable 210 ns 

tHABF Bus Float After HlDA 210 ns 

tHACK HlDA Valid to Trailing Edge of ClK 110 ns 

tHDH HOLD Hold Time 0 ns 

tHDS HOLD Setup Time'to Trailing Edge of ClK 170 ns 

tlNH INTR Hold Time 0 ns 

tiNS INTR, RST, and TRAP Setup Time to Falling Edge of ClK 160 ns 

tlA Address Hold Time After ALE 100 ns 

tlC Trailing Edge of ALE to leading Edge of Controi 130 ns 

tlCK ALE low During ClK High 100 ns 

tLDA ALE to Valid Data During Read 460 .AS 

tLDW ALE to Valid Data During Write 200 ns 

tll ALE Width 140 ns 

tlAY ALE to READY Stable 110 ns 

tAAE Trailing Edge of READ to Re-Enabling'of Address 150 ns 

tAD READ (or INTA) to Valid Data 300 ns 

tAV Control Trailing Edge to leading Edge of Next Control 400 ns 

tADH Data Hold Time After READ INTA 0 ns 

tAYH READY Hold Time 0 ns 

lAYS READY Setup Time to leading Edge of ClK 110 ns 

tWD Data Valid After Trailing Edge of WRITE 100 ns 

tWDl lEADING Edge of WRITE to Data Valid 40 ns 

NOTES: 
1, As-A15 address Specs apply 101M, SO, and Sl except As-A15 are 

undefined during T4-Ts of OF cycle whereas 101M, SO, an'd Sl 
are stable. 

3. For all output timing where CL '" 150 pF use the following 
correction factors: 

2. Test Conditions: teye = 320 ns (M8085AH); CL = 150 pF. 

25 pF::; CL < 150 pF: -0.10 nslpF 
150 pF < CL::; 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of teye use 

Table 5. 
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M8085AH 

WAVEFORMS 

CLOCK 

X,INPI,IT ... 
tr_ .. I, . _If 

elK 

-=~- ~ rt OUTPUT -t 
II- t1--

tcvc - tXKF -
READ 1 TI 1 T, 1 T, I TI 

eLK\, / } r----\ / \ I r---- t lCK _ 

-~ ".-
As-A,s ) ADDRESS 

I------~----- tAD-'~-- ______ tRDH_ ]..-tRAE ---
ADo-AD7 ADDRESS ').. ~ //1//) DATA IN 

,.. v---
I~ 

r: r-tLL- r-----tLA ................. 

tAFR ___ - I--ICl-J ALE tLOR----~ 

_tAL ...... 

~~:::--
RD/INTA ___ ltC 

~-. 'J. 
I---tAC_ 

WRITE I Tt I T, I T, I Tt 

elK 

/ r-- tLCK'-~ J \ J 

AS-A'5 )! ADDRESS X r-- tl~W ----- IlcA-1 
AOo-AD7 ) ADDRESS j DATA OUT X 

1- - tLl-----1 ..-tlA-~ tow . -Iwo-I 

ALEJ - I-- tWDL 

!-t
AL

_ 

WR -tee . 
~Il=f _tCL ""'-'-t+------ t AC _ 

HOLD 
T, T, THOlD i HOLD Tt 

eLK\ / \ I \ / 

HOLD t 1: ~~ 
IHOS • f..J.--t HDH ttHACK .... 

HLDA X \ t HABF -

1--- tHABE-H 

BUS (ADDR ESS, CONTRO LS) ~ l.I" 

!I 
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WAVEFORMS (Continued) 

READ OPERATION WITH WAIT CYCLE (TYPICAL) - SAME READY TlMING APPLIES 
TO WRITE 

T, T, T, T, 

ALE 

+---~'''----+---~ 

RDfiNTA 
,,,--~j-----

REAOY 

NOTE 1 

INTERRUPT AND HOLD 

T, T, T, T5 T, 

1------ B,US FLOATJNG~ ---

ALE 

RD--------------~----~------------------~ 

HOLD 

HLDA 

*IO/M IS ALSO FLOATING DURING THIS TIME. 

INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 

Printed in U.S.A.!M-25!1081!5K HG MJ 
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MILITARY iAPX 86/10 
16-BIT HMOS.MICROPROCESSOR 

(MSOS6) 
MILITARY 

Direct Addressing Capability to 1 • 8-and 16-Bit Signed and Unsigned 
MByte of Memory Arithmetic in Binary or Decimal 

Assembly Language Compatible with 
Including Multiply and Divide 

8080/8085 • 5 MHz Clock Rate 

14 Word, By 16-Bit Register Set with 
MULTIBUS™ System Compatible Symmetrical Operations • 
Interface 

24 Operand Addressing Modes 
• Military Temperature Range: 

Bit, Byte, Word, and Block Operations - 55°C to + 125°C 

The Intel® Military iAPX 86/10 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a40-pin CerDIP package. The processor has attributes of 
both 8- and 16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to 
memory for high performance. 

• 

~~IONUNITl 

REGISTER FILE 

DATA. 
POINTER. AND 

INDEX REGS 
(8 WORDS) 

FLAGS 

BUS INTERFAc.e UNIT 

I RElOCAT\ONl 
REGISTER FILE 

SEGMENT 
REGISTERS 

l ~'··YTE 'NSTRUCTION 
aUEUE 

TEsT-_r-----.::.""'------, 
'NT-_ 
NM'-_ 

RQIGTo.1 2 CONTROL & TIMING 

HOlO-_ 

HLDA---....--r_...,.--_..,.-_..,.---"."... 

eLK RESET READY GNO 
V" 

DTIR.DEN.ALE 

050.aS 1 

Figure 1. Fu.nctional Block Diagram 
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GND VCC 

AD14 AD15 

AD13 A161$3 

AD12 A17I$4 

AD11 . Ala/55 

A010 A19/S6 

AD9 BHE/S7 

ADa MNIMX 

AD7 AD 
AD6 Re/GTO (HOLD) 

ADS Ra/GT1 (HLDA) 

AD' LOCK (WR) 

AD3 52 (MilO) 

AD2 51 (DT/A) 

AD' So (DEN) 

ADO aso (ALE) 

NMI as, (INTA) 

lNTR TEST 

CLK READY 

GND . RESET 

Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ... -55'C to +125'C 
Storage Temperature.... . -65'C to + 150"C 
Voltage on Any Pin with 

Respect to Ground. ... -1.0to +7V 
Power Dissipation ..... . ....... 2.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those incficated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -wc to +125'C, Vee = 5V ±10%) 

Symbol Parameter Min. Max. Unit Test Conditions 
. ---~. ---. 

Vil Input Low Voltage - 0.5 +0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOl=2.0 mA 

VOH Output High Voltage 2.4 V IOH=- 4OO iJ.A 

Icc Power Supply Current 
340 mA T A = 25"C 

III Input Leakage Current ± 10 iJ.A OV<VIN<Vee 

ILO Output Leakage Current ±10 iJ.A 0.45V'; VOUT .; Vee 

VCl Clock Input Low Voltage - 0.5 + 0.6 V 

VeH Clock Input High Voltage 3.9 Vce+ 1.O V 

Capacitance of Input Buffer 
CIN (All input except 15 pF fe= 1 MHz 

ADo- AD15, RQ/GT) 

C lcapaeitance of 1/0 Buffer 
10 (ADo- AD 15, RQ/GT) 

"---------. 

15 pF fc = 1 MHz 
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A.C. CHARACTERISTICS (TA = ~55'C to +125'C, vee = 5V ±10%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

iAPX86 
Symbol Parameter 

Min 

TClCl ClK Cycle Period - BOB6 200 

TClCH ClK low Time (213 TClCl)-15 

TCHCL ClK High Time ('13 TCLCl) + 2 

TCH1CH2 CLK Rise Time 

TCL2CL 1 ClK Fall Time 

TDVCL Data in Setup Time 30 

TCLDX Data In Hold Time 10 

TR1VCL RDY Setup Time into B2B4 (See Notes 1,2) 35 

TCLR1X RDY Hold Time into B2B4 (See Notes, 1,2) 0 

TRYHCH READY Setup Time Into BOB6 (213 TCLCL)-15 

TCHRYX READY Hold Time Into BOB6 30 

TRYLCL READY Inactive to CLK'(See Note 3) -B 

THVCH HOLD Setup Time 35 

TINVCH INTR, NMI, TEST Setup Time (See Note 2) 30 

TILIH Input Rise Time (Except ClK) 

TIHIL Input Fall Time (Except ClK) 

TIMING RESPONSES 

iAPX 86 
Symbol Parameter 

Min 

TCLAV Address Valid Delay 10 

TCLAX Address Hold Time 10 

TCLAZ Address Float Delay TCLAX 

TLHLL ALE Width TCLCH-20 

TCLLH ALE Active Delay 

TCHLL ALE Inactive Delay 

TLLAX Address Hold Time to ALE Inactive TCHCL-10 

TCLDV Data Valid Delay 10 

TCHDX Data Hold Time 10 

TWHDX Data Hold Time After WR TCLCH-30 

TCVCTV Control Active Delay 1 10 

TCHCTV Control Active Delay 2 10 

TCVCTX Control Inactive Delay 10 

TAZRL Address Float to READ Active 0 

TCLRL RD Active Delay 10 

TCLRH RD Inactive Delay 10 

TRHA'I RI5 Inactive to Next Address Active TCLCL-45 

TCLHAV HLDA Valid Delay 10 

TRLRH Rei Width 2TCLCL-75 

TWLWH WR Width 2TCLCL-60 

TAVAL Address Valid to ALE Low TCLCH-60 

TOLOH Output Rise Time 

TOHOL Output Fall Time 

NOTES: 
1. Signal at 8284 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next elK. 
3. Applies only to T2 state (8 ns into T3). 

12-60 

Max 
Units Test Conditions 

500 ns 

ns 

ns 

10 ns From 1.0V to 35.V 

10 ns From 3.5V to 1.,OV 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

Max 
Units Test Conditions 

110 ns 

ns 

BO ns 

ns 

BO ns 

B5 ns 

ns 

110 ns CL =20-100 pF for 

ns all BOB6 Outputs 
(In addition to 

ns BOB6 self-load) 
110 ns 

110 ns 

110 ns 

ns 

165 ns 

150 ns 

ns 

160 ns 

ns 

ns 

ns 

20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

AFN-01237B 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A C TESTING. INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC '1" AND O.4SV FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V TIMING MEASURE
MENTS ARE MADE AT 1 5V FOR BOTH A LOGIC "1" AND "0" 

WAVEFORMS 

BUS TIMING-MINIMUM MODE SYSTEM 

elK (8284A Output) 

MIlO 

ALE 

ROY (8284A Input) 

SEE NOTE 4 

READY (8086 Input) 

TClAV 

TAVAl 
TCHLL------I 

TAZRL--

RD i 

DEVICE 

'lCL~100PF 
UNDER 

TEST 

-=-
CL = 100 pF 
CL INCLUDES JIG CAPACITANCE 

TCLDX-

FLOAT 

TCLRH----I 

READ CYCLE 

(NOTE 11 

(WR,INTA=VoHI 

TCHCTV TClRl 1---.1--1---+---TRlRH -_._-+---.j 

DT/R 

TCVCTX -I 
DEN 
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MILITARY iAPX 86 

WAVEFORMS (Continued) 

BUS TIMING-MINIMUM MODE SYSTEM (Continued) 

elK (8284A Output) 

MIlO 

ALE 

WRITE CYCLE 

IRD~~:;: 1) 1 
DTtA" = VOH) 

WR 

INTA CYCLE DT/A 

(NOTES 1 & 3) 

RD, WR=VOH 
B'HE= VOL) 

SOFTWARE HALT-

RD, WR, INTA "" VOH 

DTtR = INDETERMINATE 

NOTES: 

INTA 

DEN 

~ '¥ ~NVALID ADDRESS SOFTWARE HALT 

TCLAV=:j II~'----

1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2. T3. Tw to determine if Tw machines states are to be inserted. 
3. Two INTA cycles run back-to-back. The 8086 LOCAL AD DR/DATA BUS is floating during both INTA cycles. Control signals shown 

for second INTA cycle. 
4. Signals at 8284/\ are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 

Symbol Parameter 

TClCl ClK Cycle Period - 8086 

TClCH ClK low Time 

TCHCl ClK High Time 

TCH1CH2 ClK Rise Time 

TCl2Cll ClK Fall Time 

TDVCl Data in Setup Time 

TClDX Data in Hold Time 

TR1VCl ROY Setup Time into 8284 (See Notes 1, 2) 

TClR1X ROY Hold Time into 8284 (See Notes 1, 2) 

TRYHCH Ready Setup Time into 8086 

TCHRYX Ready Hold Time into 8086 

TRYlCl READY Inactive to ClK (See Note 4) 
- _m _________ 

TINVCH Setup Time for Recognition 
(INTR, NMI, TEST) (See Note 2) 

TGVCH RQ/GT Setup Time 

TCHGX RQ Hold Time into 8086 

TILIH Input Rise Time (Except ClK) 

TIHll Input Fall Time (Except ClK) 

TIMING RESPONSES 

Symbol Parameter 

TClMl Command Active Delay (See Note 1) 

TClMH Command Inactive Delay (See Note 1) 

TRYHSH READY Active to Status Passive (See Note 3) 

TCHSV Status Active Delay 

TClSH Status Inactive Delay 

TClAV Address Valid Delay 

TCLAX Address Hold Time 

TClAZ Address Float Delay 

TSVlH Status Valid to ALE High (See Note 1) 

TSVMCH Status Valid to MCE High (See Note 1) 

TCllH ClK low to ALE Valid (See Note 1) 

TClMCH ClK low to MCE High (See Note 1) 

TCHll ALE Inactive Delay (See Note 1) 

TClMCl MCE Inactive Delay (See Note 1) 

TClDV Data Valid Delay 

TCHDX Data Hold Time 

TCVNV Control Active Delay (See Note 1) 

TCVNX Control Inactive Delay (See Note 1) 

TAZRl Address Float to Read Active 

TClRl RD Active Delay 
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8086 

Min 

200 

(% TClCl) - 15 

(1/3 TClCl) + 2 

30 

10 

35 

0 

(% TClCl) - 15 

30 

-8 

30 

30 

40 

8086 

Min 

10 

10 

10 

10 

10 

10 

TClAX 

10 

10 

5 

10 

0 

10 

Max 
Units Test Conditions 

500 ns 

ns 

ns 

10 ns From 1.0V to 3.5V 

10 ns From 3.5V to 1.0V 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns From 0.8V to 2.0V 

12 ns From 2.0V to 0.8V 

Units Test Conditions 
Max 

35 ns 

35 ns 

110 ns 

110 ns 

130 ns 

110 ns 

ns 

80 ns 
CL = 20-100 pF for 

15 ns all 8086 Outputs 
15 ns (In addition to 

15 ns 8086 self-load) 

15 ns 

15 ns 

15 ns 

110 ns 

ns 

45 ns 

45 ns 

ns 

165 ns 
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MIUTARY iAPX 86 

A.C. CHARACTERISTICS (Contlnuetl) 

Symbol P.ra-ter 
8086/8086-4 

Units .Test Conditions 
Min. Max. 

.TCLRH RD Inactive Delay 10 150 ns 

.TRHAV RD Inactive to Next Ad"ress Active .TCLCL-45 ns 

TCHOTL Direction ControLActi¥e Delay (See Note 1) 50 ns 
TCHDTH Direction ControllnacWe Delay (See Note 1) 30 ns 

TCLGL GT Active De+ay 0 85 ns 

TCLGH GT Inactive Delay 0 85 ns 

TRLRH ROWidth 2TCLCL-75 ns 

TOLOH Output Rise Time 20 ns From Q.8V to 2.0V 

TOHOL Output Fall Time 12 ns From 2.0V to O.SV 

NOTES: 
1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynclTronQus signal only to guarantee recognition at next elK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (e ns iMo T3j. 
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intJ MILITARYiAPX 86 

WAVEFORMS 

BUS TIMING-MAXIMUM MODE SYSTEM (USING 8288) 
T, T, T, T. 

I . 

TCH1CH21!- --1 [TCl2Cl1 Tw 

elK VCH r---\ r----TClCj==\ I r--i r", r------'n-VCl....l ~ 
TClAV- t I--------- TCHCl 

I-TClCH-

aSO.OS1 

I--- TCH5V - TClSH 

------
S;.~.So (EXCEPT HALT) WI/;, f:/:!.1(SEE NOTE 8) \ 

\.------ ,!::=.TClAV ~ClOV TCHOX- f TClAX -

BHElS7, A,elSe·AUS/S3 X SHE, At,-Ate 51"53 

TSVLH 

~- .r TCHLL 
TCLLH I AlE .. (8288 OUTPUn 

r--
J \ J~ ___ 

see NOTE 5 l ROY (8284A INPUn 

K -TR1VCl 

ill _I~'~~ t&W ~ 
TRYLCL_ -

I J 
READY (8088 INPUn LTCHRYX 

I TRYHSH- -
--- TCLAx-l -I 

TRYHCH- -READ CYCLE TClAV-1 

£ -TClAZ - i ~--TDVCl~ !-TClDX_1 

AD1S-ADo ",~_ ~ m ... Fl~~ 
TAZRLy 

TClRH TRHAV 

l -
RD 

TCHDTl-1 -~TClRl TRlRH J\\I TCHDTH 

DTiR 

TCLML- - TClMH-- F; 8288 OUTPUTS MRilC OR 10RC 
SEE NOTES 5,6 

TCVNV- t-DEN 

TCVNX- -
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MILITARY IA·PX 86 

WAVEFORMS (Continued) 

BUS TIMING-M~XIMUM MODE SYSTEM (U$ING 8288) 
(Continued) . T, 

ClK 

~,r,.So·(EXCEPT HALT) 

wRrteCYCLE 

DEN 

8288 OUTPUTS 

SEE NOTES 5,6 AMWC OR AIOWC 

INTACYCLE 

SOFTWARE H.,L T -' 

MWTC OR iowc . 

ADfS·ADo 
(SEE NOTES 3 " 4) 

AD15- ADO 

8288 OUTPUTS 

MG~ 

POEN 

DTIR 

SEe NOTES 5,6, INTA 

DEN 

T, 

'-.'~~.'~-':~'"":,:j .. t ___ '_N_VA_l_'D_A_D_D_R_ES_S __ _ 

T, T, 

.Tw 

TCVNX --I 

~ r----------____ , -- -----
. \'-------'/ \.- - - ---

NOTES: 
1. An signals switch between VOH and VOL unless otherwise specified. 
2. ROY is sampled near the end of T2, T3, Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle . 
... Two INTA cycles run back-to-back. The BOB6 LOCAL ADDRJDATA BUS is floating during both INTA cycles. Control for pointer 

altdress is shown for second INTA cycle. 
'5. Signals at B284A or B2BB are shown for reference only . 
.fl. Tile issuance of the B2BB command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, Ai6Wc, INTA and DEN) lags the 

active high B2BB CEN . 
. '!. All timing measurements are made at 1.5V unless otherwise noted. 
e. Status inactive in state just prior to T4. 
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M8155H 
2048-BIT STATIC HMOS RAM 
WITH 1/0 PORTS AND TIMER 

MILITARY 

II Full Military Temperature Range: -55° C 
to +125°C 

II 30% Lower Power Consumption than 
the M8155 

II 100% Compatible with M8155 
II 256 Word x 8 Bits 
II Completely Static Operation 
II Internal Address Latch 

II 2 Programmable 8-Bit 1/0 Ports 
• 1 Programmable 6-Bit 1/0 Port 
II Programmable 14-Bil Binary Counterl 

Timer 
II Compatible with M8085AH 
II Multiplexed Address and Data Bus 
II Single +5V Power Supply with 10% 

Voltage Margins 

The Intel M8155H is a RAM and I/O chip implemented in N-Channel, depletion load, silicon gate technology 
(HMOS) to be used in the M8085AH microprocessor system. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in an 
M8085AH CPU. 

The I/O portion consists of three general-purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on-chip to provide either a square wave or termi nal count 
pulse for the CPU system, depending on timer mode. 

VCC 

PC2 

IOliii 

G PAO-7 

ADO-7 
256 x 8 

PC1 

pco 

PB7 

PBS 

STATIC 

G 
RAM 

CE • 
P8D-7 

ALE 

RD .. 

PBS 

PB4 

PB3 

WR PB2 

ALE PB1 

Viii 

G 
PORTe 

6 pco-s 
RESET • TIMER 

PBO 

AD1 PM 

PAS 

AD3 PAS 

TIMER elK .-J vee (<+-5V) 

PM 

ADS PA3 

TIMER OUT VSS (OV) AD6 PA2 

PA1 

PAO 

Figure 1. M8155H Block Diagram Figure 2. M8155H Pin Configuration 
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M8155H 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ -55°C to +12SoC 
Storage Temperature ..........••.. -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground .............. -0.5V to +7V 
Power Dissipation ........................... 1.5W 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in tne operatlona/sections of this specification 
is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

. . 

D.C. CHARACTERISTICS (TA = -55°C to +125°C; VCC = 5V ±10%) 

Symbol Parameter Min Max Units Test Conditions 

V,L Input Low Voltage -0.5 0.8 V 

V,H Input High Voltage 2.0 VCC+0.5 V 

VOL. Output Low Voltage 0.45 V IOL = 2mA 

VOH Output High Voltage 2.4 V IOH = -400/lA 

'lL Input Leakage ±10 /lA OV~ V,N ~ VCC 

'LO Output Leakage Current ±10 /lA 0.45V ~ VOUT ~ VCC 

ICC VCC Supply Current 125 mA 

I'L(CE) Chip Enable Leakage 
M8155H + 100 /lA OV ~ V,N ~ VCC 

A.C. CHARACTERISTICS (TA = -55°C to +125°C; VCC = 5V ±10%) 

M8155H 

Symbol Parameter Min Max Units 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tLC Latch to READ/WRITE Control 100 ns 

tRD Valid Data Out Delay from READ Control 170 ns 

tAD Address Stable to Data Out Valid 400 ns 

tLL Latch Enable Width 100 ns 

tRDF Data Bus Float After READ 0 100 ns 

tCL READ/WRITE Control to Latch Enable 20 ns 

tcc READ/WRITE Control Width 250 ns 

tDW Data I.n to WRITE Set Up Time 150 ns 

tWD Data In Hold Time After WRITE 0 ns 

tRV Recovery Time Between Controls 300 '. ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Setup Time 70 ns 

tRP Port Input Hold Time 50 ns 

tSBF Strobe to BuffefFull .. 400 ns 

tss Strobe Width 200 ns 

tRBE READ to Buffer Empty 400 ns 

tSI Strobe to INTR On 400 ns 
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inter M8155H 

A.C. CHARACTERISTICS (Continued) (TA = -55°C to +125°C; VCC = 5V±10%) 

Symbol Parameter 

tRDI READ to INTR Off 

tpss Port Setup Time to Strobe Strobe 

tPHS Port Hold Time After Strobe 

tSBE Strobe to Buffer Empty 

tWBF WRITE to Buffer Full 

tWI WRIT~ to INTR Off 

tTL TIMER-IN to TIMER-OUT Low 

tTH TIMER-IN to TIMER-OUT High 

tRDE Data Bus Enable from READ Control 

t1 TIMER-IN Low Time. 

t2 TlMER""\~High Time 

INPUT/OUTPUT u=x . x= 2.0 2.0 ? TEST POINTS< 

0.8 0.8 
0.45 ' 

"A C TESTING INPUTS ~ME"DRIVEN AT 2.4Y FOR A LOGIC "1" AND O.45Y 
FOR A LOGIC "0", TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A 
LOGIC "1" AND ,Q.8Y FOR A LOGIC "0", 

Figure 4. A.C. Testing Input, Output Waveform 

WAVEFORMS 

READ 

CE(M8155H) 

101M 

M8155H 

Min Max Units 

400 ns 

50 ns 

120 ns 

400 ns 
400 . ns 

400 ns 

400 ns 

400 ns 

10 ns 

80 ns 

120 ns 

DEVICE 
UNDER 

i}CL0 150 PF 
TEST 

CL = 1S0pF 

CL INCLUDES JIG CAPACITANCE 

Figure 5. A.C. Testing Load Circuit 

i---------'AO+---------i 
ADO_7 

ALE 

'LC 
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M8185* 
1024 x 8-BIT STATIC RAM FOR MCS-85® 

*Compatible with aOa5A. 
MILITARY 

• Multiplexed Address and Data Bus • Low Standby Power Dissipation 

• Directly Compatible with 8085A • Single +5V Supply 
and 8088 Microprocessors 

High Density 18-Pin Package • 
• Low Operating Power Dissipation 

Military Temperature Range: • 
-550 C to +1250 C 

The Intel® M8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 808SA and 
8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

-
cs -

eE, 
c_~ R/W 

flI:l LOGIC 

ADO Vee 

AD, RD 

WR AD, WR 
ALE 

AD, ALE 

I AD, es 

AD5 eE, 
AD6 eE, 

;1' 1\ DATA lKx 8 

~ BUS RAM 

---y' BUFFER MEMORY 
ARRAY 

AD, Ag 

Vss As 

x-v DECODE ADO-AD7 ADDRESS/DATA LINES 

U 
:.,. 

~ 

v: AOORE'SS 
LATCH 

Ag. Ag 

As. Ag ADDRESS LINES 
cs CHIP SELECT 
eEl CHIP ENABLE (IDiM) 
GEz CHIP ENABLE 
ALE ADDRESS LATCH ENABLE 
RD READ ENABLE 
WR WRITE ENABLE 

ALE 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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M8185 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... -55°Cto +125°C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin 

with Respect to Ground .............. -O.5V to +7V 
Power Dissipation ............................. 1.5W 

NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS (TA = -ssoe to +125'e, Vcc=5V ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 O.B V 

VIH Input High Voltage 2.2 Vcc+0.5 V 

VOL Output Low Voltage 0.45 V 10L= 1.6 mA 

VOH Output High Voltage 2.4 10H = -400ILA 

IlL Input Leakage ±10 p.A VIN = Vcc 

ILO Output Leakage Current ±10 p.A OA5V $ VOUT $ Vcc 

Icc Vcc Supply Current 
Powered Up 150 mA 
Powered Down 50 mA 

A.C. CHARACTERISTICS (TA = -ssoc to +125'C, Vcc=5V ±10%) 

8185 
Preliminary 

Symbol Parameter[1] Min. Max. Units 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch BO ns 

tLC Latch to READIWRITE Control 100 ns 

tRD Valid Data Out Delay from READ Control 170 ns 

tLD ALE to Data Out Valid 300 ns 

tll Latch Enable Width 100 ns 

tRDF Data Bus Float after READ 0 100 ns 

tCl READIWRITE Control to Latch Enable 20 ns 

tcc READIWRITE Control Width 250 ns 

tow Data In to Write Set Up Time 150 ns 

two Data In Hold Time after WRITE 20 ns 

tsc Chip Select Set Up to Control Line 10 ns 

tcs Chip Select Hold Time after Control 10 ns 

tAlCE Chip Enable Set Up to ALE Falling 30 ns 

tLACE Chip Enable Hold Time after ALE 50 ns 

NOTES: 
1. All A.C. parameters are referenced at 

a) 2.4V and .45V for inputs 
b) 2.0V and .BV for outputs. 
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inter M8212 
8-BIT INPUT/OUTPUT PORT 

MILITARY 

• Fully Parallel8-Bit Data Register and 
Buffer 

• Service Request Flip-Flop for Interrupt 
Generation 

• Low Input Load Current O.25mA Max 

• 3-State Outputs 

• Military Temperature Range 
-55°C to +125°C 

• 3.4V Output High Voltage for Direct 
Interface to M8080A CPU 

• Asynchronous Register Clear 

• Replaces Buffers, Latches, and Multi-
plexers in Microcomputer Systems 

• Reduces System Package Count 

• ±10% Power Supply Tolerance 

• 24-Pin Dual In-Line Package 
The Intel@ M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flo~ for the generation and control of interrupts to the 
microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 
*Note: The specifications for the M3212 are identical with those for the M8212. 

SERVICE REQUEST FF 

@>DS2 

IT> MD ----+<H_~ 

ID> STS ~--+--t_J 

'\ 

Ci> D', -------++i 

[I> D'2 ______ --'::01-+1 

II> D'3 --------t-+i 

[I> D'4 --------'--+1 

[§> D.s ------.-++i 

[!]> D'6 --------:-H 

IN> D'7 -------+-ti 

B> Dl8 -------...L...H 

[i9 ill -----<4 

Figure 1. Logic Diagram 

OUTPUT 
BUFFER 

12-72 

DS, Vee 

MD INT 

D', D', 

DO, DO, 

D', D', 

DO, DO, 

DI, D', 

D03 D06 

D' 4 DI5 

D04 D05 

STB CLii 
GND DS, 

OI,Dla DATA IN 

OO"OOa DATA OUT 

05,·082 DEVICE SELECT 

MO MODE 

ST. STROBE 

INT INTERRUPT (ACTIVE LOW) 

CLR CLEAR (ACTIVE LOW) 

Figure 2. Pin Configuration 
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M8212 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ....•... -55°C to +125°C 

Storage Temperature ........•. -65°C to +160°C 

All Output or Supply Voltages .... -0.5 to +7 Volts 

All Input Voltages .......... :. -1.0 to 5.5 Volts 

Output Currents ...................... 100 mA 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stess rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum.rating con
ditions for extended periods may affect device reliability. 

D_C. CHARACTERISTICS (TA = -wc to +12S0C, Vee = +sv ±10%) 

Symbol Parameter 
Limits 

Min. Typ. Max. 

IF Input Load Current -.25 
STB, OS2, CR, 01,-018 Inputs 

IF Input Load Current -.75 
MO Input 

IF Input Load Current -1.0 
OS, Input 

IR Input Leakage Current 10 
STB, OS, CR, Ol,-Ola Inputs 

IR Input Leakage Current 30 
MO Input 

IR Input Leakage Current 40 
OS, Input 

Vc Input Forward Voltage Clamp -1.2 

V1l Input "Low" Voltage .80 

VIH Input "High" Voltage 2.0 

VOL Output "Low" Voltage .45 

VOH Output "High" Voltage 3.5 4.0 

los Short Circuit Output Current -15 -75 

1101 Output Leakage Current 20 
High Impedance State 

Icc Power Supply Current 90 145 

CAPACITANCE (F = 1 MHz, VSIAS = 2.S\I, Vee = + S\I, TA = 2S°C) 

Symbol Test 

CIN OS, MO Input Capacitance 

GIN OSl,GLR,STB,OI,-OI, 
Input Capacitance 

GOUT DO -DO, Output Capacitance 

Conditions of Test 
Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times: 5 ns between IV and 2V 
Measurements made at 1.5V 

LIMITS 

Typ. Max. 

9 pF 15 pF 

5 pF 10 pF 

8 pF 15 pF 

12-73 

Unit Test Conditions 

mA V, = .45V 

mA V, = .45V 

mA V, = .45V 

tJ.A VR = Vcc 

tJ.A VR = Vcc 

tJ.A VR = Vcc 

V Ie = -5 mA 

V 

V 

V 1m = lOrnA 

V IOH = -.5mA 

mA Vcc = 5.0V 

tJ.A Vo = .45V to Vcc 

mA 
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intJ M8212 

A.C. CHARACTERISTICS (TA = -ssoe to +125°e. vee = +5V ±10%) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Max. 

tp"v Pulse Width 40 ns 

tPD Data To Output Delay 30 ns NOTE 1 

tWE Write Enable To Output Delay 50 ns NOTE 1 

tSET Data Setup Time 20 ns 

tH Data Hold Time 30 ns 

tR Reset To Output Delay 55 ns NOTE 1 

ts Set To Output Delay 35 ns NOTE 1 

tE Output Enable/Disable Time 50 ns NOTE 1 e L = 30 pF 

te Clear To Output Delay 55 ns NOTE 1 

NOTE 1: 

TEST CL R, R2 

'PD. 'WE. lA. Is. tc 30pF 300n 600n 

'E. ENABLE! 30pF 10Kn lKn 

'E. ENABLEI 30pF 300n 600n 

'E. DISABLE! 5pF 300n eoon 

IE. DISABLEI 5pF iOKfl lKn 

A.C. TESTING LOAD CIRCUIT 

- Vee 

R, 

DEVICE 
UNDER 

eLi TEST 
R, 

-"-
":' ":' 
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M8212 

WAVEFORMS 

15V'I("- - - - - - - - ¥15V 
----------./. I::=='PW_I __ 'H~'-----

STBo,OS,'OS, 15v1 \\....5V __ -----
_________ L_'WE---,--+Ir _______ _ 
________________ JX'---'·5V __ _ 

0. .. 

OUTPUT 

Dsl.D~+_MO __________ ,-J5i . \'5_V ___ _ 

~-'E1;_------ ~'~--.- 5. VOH 

-----------\5V -- iT 
1.... __________ --'ft' VOL 

I--'PWI 1v 

15V \ l'5V 
~.--'c--I 

----------------_--./~-----

OUTPUT 

DO 

'5V x---------'i';v 
--------~r-""-~~~I-"--~I'-----

ST80, OS,, OS:! \ 

OUTPUT ________ . __ =30,---·-------·---.---··. 

DATA 

STB "5Vr\'.5V -------' .~'PW--I------------
OS1·DSZ 1.5V 15V 

1.SV 1.SV """R-J '--_________ J 
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inter 
M8214 

PRIORITY INTERRUPT CONTROL UNIT 
MILITARY 

iii 8 Priority levels 

• Fully Expandable 

• Current Status Register 

• Priority Comparator 

• 24-Pin Dual In-line Package 

• Military Temperature Range: 
- 55°C to + 125°C 

• + 10% Power Supply Tolerance 

The Intel'" M8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcom
puter systems: 

Tile PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 

The M8214 is fully expandable by the. use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 

The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt
driven microcomputer systems. 

CD> ELR 
[II> ETLG 

REQUEST ACTIVITY 

I'D Ao 
[iD R, 
@> A, 

REQUEST 
LATCH 

[iD R3 
AND 

lIT> 
PRIOR1TY 

R, ENCODER 

IR> R; 
[21> R, 

0> R, 

IT> 80 
I CD B, I B 

II> B, 
CD SGS PRIORITY 

® ECs 
COMPARATOR 

CC> INTE------------------------~ 
DC> ~--------------------------~ 

(OPEN COLLECTOR) 

AD IT> 
Ii; II> 
A2 I2D 

Figure 1. Logic Diagram 

Bo 2. Vee 

B, 23 ECS ., R, 

SGS R, 

INT R, 

eLK R, 

M8214 
INTE R3 .. R, 

A, R, 

A, '0 Ro 

ElR " ENlG 

GND 12 ETLG 

INPUTS 

,R;R; RECUEST lEVElS IR7 HIGHEST PRIORITY) 

180-81 CURRENT STATUS 

SGS STATUS GROUP SELECT 

fCS ENABLE CURRENT STAlU$ 

INTE INTERAUPT ENABLE 

m CLOCK UNT F FI 

fiR ENABLE lEVEL READ 

EN"8lE THIS LEVEL GROUP 

OUTI"UTS 

ReQUEST LEVELS } OPEN 
INTERRUPT 'ACT LOW) COLLECTOR 

ENLG ENABLE NEXT LEVEL. GROUP 

Figure 2. Pin Configuration 

Intel Corporation AS9umes No Responslbilty for the Use of Any CirCUitry Other Than Circuitry Embodied in an intel Product. No Other Circuit Patent Licenses BYe Implied 

s INTEL CORPORATION. '980 12-76 AFN-00736A 



M8214 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .......... -55°C to +125°C 
Storage Temperature ............ -:-65°C to +160°C 
All Output and Supply Voltages ........ -0.5V to +7V 
All Input Voltages ................ -1.0V to +5.5V 
Output Currents ........ : . . . . . . . . . . . .. 100 rnA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is Ifstress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACtERISTICS (TA = 55'C to 12S'C, Vee = SV ±10%) 

Symbol Parameter 
Limits 

Unit Conditions 
Min. Typ,£l] Max. 

Ve Input Clamp Voltage (all inputs) -1.2 V le=-!imA 

IF Input Forward Current: ETLG input -.15 -0.5 mA VF=0.45V 
all other inputs ".08 -0.25 mA 

IR Input Reverse Current: ETLG input 80 /lA VR=5.5V 
all·other inputs 

I 
40 /lA 

VIL Input LOW Voltage: all inputs 0.8 V Vec=S.OV 

VIH Input HIGH Voltage: all inputs 2.0 V Vee=S.OV 

Icc. Power Supply Current 90 130 mA See Note 2. 

VOL Output LOW Voltage: all outputs .3 .45 V IOL=10mA 

VOH' Output HIGH Voltage: ENLG output 2.4 3.0 V .. IOH=-1mA 

los Short. Circuit Output Current: EN LG output -15 -3.5 ~S5 mA Vee=5.0V 

leEx Output Leakage Current: INT, AO, Alo A2 100 J.LA VCEX=5.SV 

CAPACITANCE (VB lAS = 2.SV, Vee = SV, TA = 2§'C, f = 1 MHz) 

Limits 

Symbol Parameter Min. Typ,£l] Max Unit 

CIN Input Capacitance 5 10 pF 

COUT Output Capacitance Except ENLG (Pin 14) 7 12 pF 

.. 
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inter M8214 

A.C. CHARACTERISTICS (TA = -Ssoc to +12SOC, Vcc = +sv ±10%) 

limits , '" 

SymbQl Parameter Min. TypJ1J Max. Unit 

tev elK Cyple Time 85 ns 

tpw , elK, ECS, INT P~I$II Width , 25 15 ns 

tlSS iNTE Setup Time to ClK 16 12 ns 

tlSH INTE Hold Time after ClK 20 10 ns 

tETCS[2J ETlG Setup Time to ClK 25 12 ns 

tETCH[2J ETlG Hold Time After ClK 20 10 ns 

tECCS[2J ECS Setup Time to ClK 85 25 ns 

tECCH ECS Hold Time After ClK 0 ns 

tECRS ECS Setup Time to ClK 110 70 ns 

tECRH ECS Hold Time After ClK 0 

tECSS[2J ECS Setup Time to elK, . 85, 70 ns 

tECSH[2J ECS Hold Time After ClK 0 ns 

toCS[2J SGS and Bo-B2 Setup Time to ClK 90 50 ns 

tOCH[2J SGS and Bo·B2 Hold Time After ClK 0 ns 

tRCS RO·Fh Setup Time to ClK 100 55 ns 

tRCH RO·R 7 Hold Time After ClK 0 ns 

tiCS iNT Setup Time to ClK 55 35 ns 

tCI ClK to INT Propagation Delay 15 30 ns 

tRIS Ro·R 7 Setup Time to'tNT 10 0 ns' 

tRIH ' Ro-R7 Hold Time After INT 35 20 ns 

tRA Ro·R7 to Ao·A2 Propagation Delay 80 100 ns 

tELA ElR to Ao·A2 Propag~tion Delay 40 55 ns 

tECA ECS to Ao-A2Propagation Delay 100 130 ns 

tETA ETlG to Ao·A2 Propagation Delay 35 70 ns 

teEcs SGS and Bo-B2 Setup Time to ECS 20 10 ns 

teEcH SGS and Bo-B2 Hold Time After ECS 20 10 ns 

tREN Ro·R7 to EN LG Propagation Delay 45 70 ns 

tETEN ETlG to ENlG Propagation Delay 20 30 ns 

tECRN ECS to ENlG Propagation Delay 85 110 ns 

tECSN ECS to ENlG Propagation Delay 35 55 ns 

NOTES: 
1. Typical value. are for T A = 25° C, V CC = 5.0V. 
2. 80.82, SGS, ClK, RQ.R,j grounded, all other inputs and all outputs open. 
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M8216/M8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 

MILITARY 

• Data Bus Buffer Driver for 8080 CPU 

• Low Input Load Current: 0.25mA 
Maximum 

• High Output Drive Capability for 
Driving System Data Bus 

• 16-Pin Dual In-Line Package 

• 3.40V Output High Voltage for Direct 
Interface to 8080 CPU 

• 3-State O!Jtputs 

• Military Temperature Range: 
-55°C to +125°C 

• ±10% Power Supply Tolerance 

The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, 
the DO outputs provide a high3.40V VOH, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA IOL capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of 
applications for buffering in microcomputer systems. 

M8216 M8226 

010 010 

0"0 0"0 

000 000 

01, 01, • 

DB, DB, 

00, 00, 

01, 01, 

DB, DB, 

DO, DO, 

01, 01, 

DB, +---008, 

00, 00, 

'------t~---_ocs '------t~---_ocs 

OlEN 0---4------' OlEN 0---4------' 

Figure 1. Logic Diagrams 
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cs Vee 

DOQ OlEN 

DB, 00, 

01, DB, 

00, 01, 

DB, DO, 

01, DB, 

3ND 01, 

DBO·OB3 
DATA BUS 
SI·DIRECTIONAl 

010-013 DATA INPUT 

000.0°3 DATA OUTPUT 

DATA IN ENABLE OlEN 
DIRECTION CONTROL 

a CHIP SELECT 

Figure 2. Pin 
Configuration 



M8216/M8226 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............ -55°C to +125°C 

Storage T emperatu re . . . . . . . . . . . .. - 65·C to + 160·C 

All Output and Supply Voltages ......... -0.5V to +7V 

All Input Voltages ................. -1.0V to+5.5V, 

Output Currents ., ...... " " ............. " ,125 mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage 'to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxl
",11m rating conditions for extended periods may affect 
device reI/ability. 

D.C. CHARACTERISTICS (TA = -55°C to +125°C, Vee = +5V ±100/0) 

Limits 

Symbol Parameter Min. Typ. 

IF1 Input Load Current OlEN, CS -0.15 

IF2 Input Load Current All Ottier Inputs -0.08 

IR1 Input Leakage Current OlEN, CS 

IR2 Input Leakage Current 01 Inputs 

Vc Input Forward Voltage Clamp 

VIL Input "Low" VoitageM8216 

VIL Input "Low" Voltage M8226 

VIH Input "High" Voltage 2.0 

1101 Output Leakage Current DO 
(3-State) DB 

Icc' Power Supply Current M8216 95 

Icc Power Supply Current M8226 85 

VOLl Output "Low" Voltage 0.3 

VOL2 Output "Low" Voltage 0.5 

VOH Output "High" Voltage 3.4 3.8 

VOH2, Output "High" Voltage 2.4 3.0 

los Output Short Circuit Current -15 -35 
-30 -75 

NOTE: Typical values are for TA = 2Soc. Vee = S,QV, 

CAPACITANCE (VeIAS = 2.5\1, Vee = 5.0\1, TA == 25°C, f = 1 MHz) 

SY,mbol Parameter 

CIN Input Capacitance 

COUTl Output Capacitance DO Outputs 

COUT2 Output Capacitance DB Outputs 

Conditions of Test 
Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times: 5 ns between 1Vand 2V 
Measuremel}ts made at 1.5V 

Max. Unit Conditions 

~.5 mA VF = 0.45 

-.25 mA VF = 0.45 

20 p.A VA = 5.5V 

10 p.A VR = 5.511 

-1.2 V Ic = -5mA 

.95 " V Vcc =5V 

.90 'V Vcc = 5V 

V Vcc = 5V 

20 p.A Vo = .45V to Vcc 
100 

130 mA 

120 mA 

,.45 V DO Outputs 10L = 15mA 
DB Outputs 10L = 25mA 

.6 V DB Outputs 10L = 45mA 

V DO Outputs 10H = -.5mA 

V DO Outputs 10H = -2mA 
DB Outputs 10H = -5.0mA 

-65 mA DO Outputs Vcc = 5.0V 
-120 mA DB Outputs Vcc = 5.0V 

Limits 
Min. Typ.[11 Max. Unit 

4 6 pF 

6 10 pF 

13 18 pF 
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M8216/M8226 

A.C. CHARACTERISTICS (TA = -55°C to +125°C. Vee = +5V ±10%) 

Symbol Parameter 

TpOl Input to Output Delay DO Outputs 

Tp02 Input to Output Delay DB Outputs 
M8216 

Tp02 Input to Output Delay DB Outputs 
M8226 

TE Output Enable Time M8216 

TE Output Enable Time M8226 

To Output Disable Time M8216 

To Output Disable Time M8226 

NOTES: 

1. Typical values are for TA " 25°e, Vee" 5.0V. 

2. !TI~----; cL . R, R2 
----~.. I 

TpD1 ' 30pF 300~l 600n 

TpD2 

TE. (00. ENABLE!} 

TE, (DO, ENABLE!I 

TE, (DB, ENABLE!} 

TE, (DB, ENABLE!, 

To. (DO, DISABLE!} 

To, (DO. OISABLEI) 

To, (DB, DISABLE!) 

To, (DB, DISABLE!) 

WAVEFORMS 

INPUTS 

OUTPUT 
ENABLE" 

OUTPUTS 

300pF 

30pF 

30pF 

300pF 

300pF 

5pF 

5pF 

5pF 

5pF 

9012 18011 

10KrJ : 1 KrJ 

300n ! 60012 

lOKI 1 lKIl 

901l 18011 

30012 ' 600n 

lOKn , lKn 

9012 1 180n 

10KSl I 1 KrJ 

Min. 

I 

12-81 

Limits 

TYP·lll Max. Unit Conditions 

15 25 ns (NOTE 2) 

19 33 ns 
I (NOTE 2) 

16 25 ns (NOTE 2) 

42 75 ns (NOTE 2) 

36 62 ns (NOTE 2) 

16 40 ns (NOTE 2) 

16 38 ns (NOTE 2) 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

....,.... Vee 

R, 

CL INCLUDES JIG CAPACITANCE 

AFN-014408 



M8224 
CLOCK GENERATOR AND DRIVER 

For 8080A CPU 

MILITARY 

• Single Chip Clock Generator/Driver for • Oscillator Output for External System 
Timing M8080A CPU 

• Power-Up Reset for CPU 

• Ready Synchronizing Flip-Flop 

• Advanced Status Strobe 

• Military Temperature Range: 
-55°C to +100°C 

• Crystal Controlled for Stable System 
Operation 

• Reduces System Package Count 

• ± 10% Power Supply Tolerance 

The Intel® M8224 is a Single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selected by 
the designer to meet a variety of system speed requirements. 

Also included are circuits to provide power·up reset, advance status trobe, and synchronization of ready. 

The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 
M8080A. 

~ XTALl 

B?> XTAL2 

[il> TANK 

h-----1>---OSC @> 

>---0, ITY 

~ SYNC ----+---1...-' 

lI> R ESI N ---' . ..,----,-, 

H"-J1}---<'"--- RESET IT> 
~ RDYIN-----1-1 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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M8224 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias . . . . . . . . .. _55° C to 125° C 
Storage Temperature . . . . . . . . . . .. _65° C to 150° C 
Supply Voltage, VCC ............. -0.5V to +7V 
SupplV Voltage, Voo . . . . . . . . . . .. -0.5V to +13.5V 
Input Voltage. . . . . . . . . . . . . . . . . . -1.0V to +7V 
Output Current . . . . . . . . . . . . . . . . . . . . .. 100mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°C to 125°C, Vee = +5.0V ±10%, Voo = +12V ±10%) 

Limits 
Symbol Parameter Min. Typ. 

IF Input Current Loading 

IR I nput Leakage Current 

Ve Input Forward Clamp Voltage 

V1l Input "Low" Voltage 

V1H Input "High" Voltage RESIN 2.6 
All Other Inputs 2.0 

V1WV1l RESIN Input Hysteresis .25 

VOL Output "Low" Voltage OSC, 
<p2 (TTL) 

All Other Outputs 

VO H Output "High" Voltage 

<P1 , <P2 9.0 
READY, RESET 3.3 
OSC, <p2 (TTL), STSTB 2.4 

Ios[1J Output Short Ci rcu it Cu rrent -10 
(All Low Voltage Outputs Only) 

Icc Power Supply Current 

100 Power Supply Current 

Note: 1. Caution, ct>1 and ct>2 output drivers do not have short circuit protection 

Crystal Requirements 

Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental)' 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 

*With tank circuit use 3rd overton"e mode. 

12-.83 

Max. Units Test Conditions 

-.25 rnA VF = .45V 

10 /1A VR = 5.5V 

-1.2 V Ic = -5mA 

.8 V Vce = 5.0V 

V 

V Vee = 5.0V 

.45 V IOl = lOrnA 

.45 V I IOl = 2.5mA 

V 10H = -100/1A 
V 10H = -100/1A 
V 10H = -1mA 

-60 mA Vo = OV 
Vee =5.0V 

115 mA 

12 mA 

AFN-Q0770B 



intJ M8224 

A.C. CHARACTERISTIC$ (Vee = +5.0 ±10%, Voo = +12.0V ±10%, TA~\-55bC to +125°C) 
'_., 

limit~ Test 
Symbol Parameter Min. Typ., Max. Units Conditions 

tq,1 <Pl Pulse Width 2tcy_ 20n8 
" . 9 ' 

. 

t</l2 <P2 Pulse Width 5tcy _ 45ns 
9 

tOl <Pl to <P2 Delay 0 ns 

t02 <P2 to <plDel~y 2tcy _ 25ns 
9 

CL = 20pF to 50pF 

t03 <Pl to <P2 Delay 
2tcy 2tcy + 40ns 

9 9 

tR <Pl and <P2 Rise Time 25 

ti: <Pl and <P2 Fall Time 25 

, to</l2 <P2 to <P2 (TTL) Delay -5 +15 ns <P2TTl,Cl=30pF 
Rl=300n 
R2=600n 

toss <P2 to STSTB Delay 6t<;y _ 30ns 6tcy 
9 9 

tpw STSTB Pulse Width tcy _ 23ns STSTB,Cl=15pF 
, 9 Rl = 2K 

RDYIN Setup Time to 50ns _ 4tcy R2 = 4K 
tORS 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 

After STSTB 9 

tOR READY or RESET to 4tcy _ 25ns 
<P2 Del~y 9 Cl=10pF 

Rl=2K 
R2=4K 

tCLK elK Period tcy 

'9 

f max 
Maximum Oscillating 

27 MHz 
Frequency 

Cin Input Capacitance B pF VCC=+5.0V 
Voo'C+1.2V 
VBIAS=2.5V 
f=lMHz 
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M8224 

Example: 
A.C. CHARACTERISTICS (For tCY = 488.28 ns) 

(TA = -55°C to 125°C. VCC = +5.0V ±10%. Voo = +12V ±10%) 

Symbol Parameter 

tq,1 "'1 Pulse Width 

t</>2 "'2 Pu Ise Width 

t01 Delay "'1 to "'2 

t02 Delay "'2 to "'1 

t03 Delay "'1 to "'2 Leading Edges 

tr Output Rise Time 

t, Output Fall Time 

toss "'2 to STSTB Delay 

to</>2 "'2 to "'2 (TTL) Delay 

tpw Status Strobe Pu Ise Width 

tORS RDYIN Setup Time to STSTB 

Limits 
Min. typo 

89 

226 

o 
84 

109 

296 

-5 

31 

-167 

Max. 

149 

Units Test Conditions 

ns l tCy=488.28ns 

ns 

ns 

ns r-- "'1 & "'2 Loaded to 

ns 
CL = 20 to 50pF 

25 ns 

25 ns 

326 ns 

+15 ns 

ns 

ns 

Ready & Reset Loaded 
to 2mA/l0pF 

tORH RDYIN Hold Time after $TSTB 217 ns 
All measurements 
referenced to 1.5V 
unless specified 
otherwise. 

t08 READYor RESET 

to "'2 Delay 

A.C. TESTING ,"OAD CIRCUIT 

DEVICE 
UNDER 

TEST 

192 

-rVcc 

R, 

CL INCLUDES JIG CAPACITANCE 

12-85 
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M8224 

WAVEFORMS 

SYNC 
(FROM SOBDA) 

RDYIN 
OR RESIN 

~------~~--------------------~Y------------------------------I 

1---------'" -------I 

---------tD58---------

"'\Ir-------:-----..I, - - - - - - - - - - - - - - - - - - - - - - - - - - - -

~-tDR--
I - - - - - - - - - - - - - - - - - - - "\.J------+------------

READY our 

l--=-~~o~ -=-=i -------------------. 
--------------------~~I~------------------------------RESET OUT -ic.. 

VOLTAGE MEASUREMENT POINTS: <Pl, <P2 Logic "0" ~ 1.0V. Logic "1" ~ 7.0V. READY, RESET Logic "0" ~ O.BV, Logic "1" ~ 3.0V. 
All other signals measured at 1.5V. 
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inter 
M8228 

SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 

MILITARY 

• Single Chip System Control for 
MCS-80® Systems 

• Built-In Bidirectional Bus Driver for 
Data Bus Isolation 

• Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 

• User Selected Single Level Interrupt 
Vector (RST 7) 

• 28-Pin Dual In-Line Package 

• Reduces System Package Count 

• Military Temperature Range: 
-55°C to +125°C 

• ±10% Power Supply Tolerance 

The Intel® M8228 is a single chip system controller and bus driver for MCS-80@ It generates all signals required to directly 
interface MCS-80 family RAM, ROM, and I/O components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and 1'0. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and 1'0. The isolation of the bus driver also provides for enhanced system nOise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 

The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable, design of the MCS-80 systems. 

r-D, -
CPU °2-

DATA 0.3 -

BUS °4 -D,_ 

0;-D,_ 

SfSTB 

DBIN 

WR -
HLDA 

-DB, 

~D" ~~1 := ~:! SYSTEM DATA BUS 

-085 
---- DB6 
______ DB] 

l§"". LATCH 

Figure 1. Block Diagram 

MEM R 

MEMW 

1/0 R 

!7Ow 

___ BUSEN 

INTA 

D7-00 

DB7-0BO 

IIOR 

JlQ~_ 
MEMR 

MEMW 

DBIN 
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STSTB Vee 

HlDA IlOW 

WR MEMw 

DBIN !!OR 

DB4 MEMR 

D4 INTA 

DB7 BUSEN 

D7 D6 

DB3 DB6 

D3 D5 

DB2 DB5 

D2 D' 

DB~ DB' 

GND D~ 

D~T A B~? (~080 SID~ __ _ 
DATA BUS {SYSTEM SIDE} 

--,/~ RE-A-D- --------- --_-~ __ ~= 
I/O~R_1TE 

MEMORY READ 
-----

MEMORY WR ITE 
-----

DBIN (FROM BOBO) 

Figure 2. Pin Configuration 



M8080A 
CPU 

M8228 

WR~'~8 ____________ , 
DBINI-'!.!7 ______ ~ 

HDLAt2~'--~~--~~~ 

MEMR 

MEM W CONTROL BUS 

INTA} 
110 A 
I/ow 

Figure 3. M8080A CPU Interface 

TYPE OF MACHINE CYCLE 

DO INTA 0 0 0 0 0 0 0 1 0 1 

~D~,_+~W~O~--+_~'_+~'_+-O~~~'_+~O_+-'~~O~~'~~'---~~'~ 
D2 STACK 0 0 0 1 1 0 0 0 0 0 

D3 H L TAO 0 0 0 0 0 0 0 1 1 

D4 OUT 0 0 0 0 0 0 1 0 0 0 

D5 M, -1 0 0 0 0 0 0 1 0 1 

D6 INP 0 0 0 0 0 1 0 0 0 0 

D7 MEMR 1 1 0 1 0 0 0 0 1 0 

! I I[ --INT--A--

L·1-l---,------------- --:-:_~=_~=_~_" ~ "'''TRO< MEM W SIGNALS 
-----
MEM R 
----
MEMW 
----

----------------- MEM R 
L-________________________ MEM~ 

Figure 4. Status Word Chart 
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M8228 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ........... -55°C to 125°C 

Storage Temperature ... . . . . . . . . . . _65° C to 150° C 

Supply Voltage, Vee .............. -0.5V to +7V 

Input Voltage ................... -1.0Vto +7V 

Output Current . . . . . . . . . . . . . . . . . . . . .. 100mA 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55'C to 125'C, Vcc = 5V ±10%)[1J 

Limits 
Symbol Parameter Min. Max. Unit Test Conditions 

Ve Input Clamp Voltage, All Inputs -1.2 V Ie = ~5mA 

IF Input Load Current, 500 pA 
STSTB 

02,06 750 pA VF=O.4V 

00,0 1,04, Os, 07 250 pA 

All Other Inputs 250 pA 

IR I nput Leakage Current 

DBa - 0 7 20 pA VR = 5.5V 

All Other Inputs 100 pA 

VTH Input Threshold Voltage, All Inputs 0.8 2.0 V Vee = 5V 

lee Power Supply Current 210 mA 

VOL Output Low Voltage, 

Do - 07 .5 V 10L= 2mA 

All Other Outputs .5 V 10L = lOmA 

VOH Output High Voltage, 

Do - 07 3.3 V 10H =-10pA 

All Other Outputs 2.4 V 10H = -lmA 

lOS Short Circuit Current, All Outputs 15 90 mA Vee = 5V 

10 (Off) Off State Output Current, 
All Controls Outputs 100 pA Vo = 5.5V 

-100 pA Vo = .45V 

liNT INTA Current 5 mA (See Figure) 
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inter M8228 

CAPACITANCE (VBIAS = 2.5V, Vcc = 5.0V, TA = 25°C, f = 1 MHz) 

Limits 

Symbol Parameter Min. Typ.l11 Max. Unit 

CIN I nput Capacitance 8 12 pF 

COUT 
Output Capacitance 

7 15 pF 
Control Signals 

I/O 
I/O Capacitance 

8 15 pF 
(D or DB) 

This parameter is periodically sampled and not 100% tested. 

A.C. CHARACTERISTICS (TA = -SSOCto 125°C, VCC = 5V ±10%) 

Limits 

Symbol Parameter Min. Max. Units Condition 

tpw Width of Status Strobe 25 ns 
.. 

tss Setup Time, Status Inputs Do·D 7 8 ns 

tSH Hold Time, Status Inputs Do·D 7 5 ns 

tDe Delay from STSTB to any Control Signal 20 75 ns CL; 100pF 
1--------- - .. -----

tRR Delay from DB I N to Control Outputs 30 ns CL; 100pF 

tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns CL; 25pF 

tRD Delay from System Bus to 8080 Bus during Read 45 ns CL; 25pF 

tWR Delay from WR to Control Outputs 5 60 ns CL; 100pF 

tWE Delay to Enable System Bus DBa·DB7 after STSTB 30 ns CL ~ 100pF 

tWD Delay from 8080 Bus Da·D7 to System Bus 
I 

ns CL; 100pF 

D8a·DB7 during Write 5 40 

tE Delay from System Bus Enable to System Bus DBa·DB7 30 ns CL; 100pF 

tHD HLDA to Read Status Outputs 25 ns CL = 100pF 

tDS Setup Time, System Bus Inputs to H LDA 10 ns 

tDH Hold Time, System Bus Inputs to HLDA 20 ns 

NOTES: 

1. Typical values are for T A = 25°C and nominal supply voltages. 

2. For Do-D7: R, ; 4Kn, R2 = 000., CL = 25 pF. For all other outputs: R, ; soon, R2 = 1Kn, CL ; 100 pF. 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

'""'T"" Vee 

CL INCLUDES JIG CAPACITANCE 

12-90 

+12V 

1KQ +10% 

M822S 

23 
INTA b---------' 

INTA Test Circuit (for RST 7) 

AFN-oon,B 



inter M8228 

WAVEFORMS 

., 
·2----J 

STATUS STROBE 

.O~DATABUS __ ~ ___ ~_~+-~-1'------------------~--~--

DBIW ________ f--f-__ -'l 

HLDA ________ ~+----+_--_'l 

INTA. iOR, MEMR --------:--r.. 
DURING HLDA '+ ___ + ___ +" 

--IkL,----'--r~.r- - - - - - - - - - - - - -
SYSTEM BUS DURING READ --+-"'1'----+"'''-- - - - - - - -- - - - --

8080 BUS DURING READ· - - - - - - -

IOwORMEMw--------f-~---------~1 
'WR 

---------j-8080 BUS DURING WRITE 

SYSTEM BUS DUR;NG WRITE ~ ~ ~ ~ ~ ~ ~ ~ ~ : I 
- twE·-

SYSTEM BUS ENABLE . ..} j 
SYSTEM BUSOUTPUTS- - - - - - - -...:. - - - - ~ -'~FF-=-------.:.. ~ ----

VOLTAGE MEASUREMENT POINTS: 00-07 (when outputs) Logic "0" = 0.8V. Logic "1" = 3.0V. All other signals measured 
at 1.5V. 
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M8231A 
ARITHMETIC PROCESSING UNIT 

Military 

.. Fixed Point Single and Double .. Compatible with MCS-80®, 
Precision (16/32 Bit) MCS..;85® and iAPX 86 .. Floating Point Single Precision Microprocessor Families 

(32 Bit) .. Direct Memory Access or .. Binary Data Formats Programmed I/O Data Transfers 

.. Add, Subtract, Multiply and Divide .. End of Execution Signal 

.. Trigonometric and Inverse .. 4 MHz Clock Rate 

Trigonometric Functions .. Standard 24 Pin Package .. Square Roots, Logarithms, .. +12 Volt and +5 Volt Power Supplies 
Exponentiation .. Advanced N-Channel Silicon .. Float to Fixed and Fixed to G.ate HMOS Technology 
Float Conversions .. Full Military Temperature .. Stack Oriented Operand Storage Range--55°C to +125°C 

The Intel M8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high performance 
fixed and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the math
ematical capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation 
of the APU algorithms. 

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack. 
Results are then available to be retrieved from the stack. 

Transfers to and fr'om the APU may be handled by the associated processor using conventional programmed 110, or may 
be handled by a direct memory access controller for improved performance. Upon completion of each command, the APU 
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution. 

es 

RD 

WR 

A, 
READY 

DBO-DB7 

Figure 1. M8231A Block Diagram 
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Vss 

Vee elK 

EACK RESET 

A, 
SVREQ "'" DO NOT USE { WR 

(TIE LOW) cs 
DB' READY 

DB' 

DB2 DB7 

DB3 DB6 

DB. DB5 

Figure 2. M8231A Pin Configuration 



M8231A 

ABSOLUTE MAXIMUM RATINGS* 

Storage Temperature ..••...•.•••• -65" C to +150° C 
Ambient Temperature Under Bias •••• -55" C to +125° C 
VDD with Respect to VSS .•••.•••••• -0.5V to +15.0V 
VCC with Respect to VSS •••••.••••.. -0.5V to +7.0V 
All Signal Voltages with Respect 

to VSS •••.••.•..••...••••..•• -0.5V to + 7.0V 
Power Dissipation .•••..••••.••••.. '.0 •••• 2.0W 

"NO TleE: Stresses above those listed under 
"Absolute Maximum Ratings" may cause perma
nent damage to the device. This is a stress rating 
only and functional operation of the device at these 
or any other conditions above those indicated in 
the operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
conditions for extended periods may effect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55"C to +125"C, Vss = OV, VCC = +5V ± 10%, VDD = +12V ±10%) 

Symbol Parameter Min Typ Max Units 

VOH Output HIGt-IVoltage 3.7 Volts 

VOL Output LOW Voltage 0.4 Volts 

VIH Input HIGH Voltage 2.0 VCC Volts 

VIL Input LOW Voltage -0.5 0.8 Volts 

IlL Input Load Current ±10 I'A 

10Z Data Bus Leakage ±10 I'A 

ICC VCC Supply Current 50 95 mA 

IDD VDD Supply Current 50 95 mA 

Co Output Capacitance 8 pF 

CI Input Capacitance 5 pF 

CIO I/O Capacitance 10 pF 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

3.7 
2.0 2.0 > TEST POINTS < 
0.8 0.8 

0.4 

AC TESTING. INPUTS ARE DRIVEN AT 3.7V FOR A LOGIC "1" AND 
O.4V FOR A lOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.QV 
FOR A LOGIC ''1'' AND O.8V FOR A LOGiC "0" 

12:-93 

Test Conditions 

10H = -200 I'A 

10L = 3.2 mA 

VSS':;; VIN':;; VCC 

VSS +0.4':;; VOUT':;; VCC 

fc = 1.0 MHz, Inputs = OV 

AFN-02017A 



M8231A 

A.C. CHARACTERISTICS (TA =-55°e to +125°e, vss = OV, Vee = +5V ± 10%, VDD = +12V ± 10%) 
READ OPERATION 

, 
2 MHz Operation' 4 MHz Operation 

Symbol Parameter M8231A-8 M8231A Units 

Min Max Min Max 

tAR AO, es Setup to RD 0 0 ns 

tRA AO, CS Hold from RD 0 0 ns 

tRY READY! from RD ! Delay (Note 2) 150 100 ns 

tYR READY! to RD ! 0 0 ns 

Data 
3,5 tCY 3,5 tCY 

ns +50 +50 
tRRR READY Pulse Width (Note 3) 

Status 1,5 tCY 1,5 tCY 
+50 +50 

ns 

tRDE Data Bus Enable from RD j 50 50 ns 

tDRY Data Valid to READY! 0 0 ns 

tDF Data Float alter RD ! 50 200 50 100 ns 

WRITE OPERATION 

2 MHz Operation 4 MHz Operation 

Symbol Parameter M8231A-8 M8231A Units 

Min Max Min Max 

tAW AO, CS Setup to WR 0 0 ns 

tWA AO, CS Hold after WR 60 25 ns 

tWY READY j from WR j Delay (Note 2) 150 100 ns 

tyW READY! to WR ! 0 0 ns 

tRRW READY Pulse Width (Note 4) 50 50 ns 

I Command 4tCY 4tCY ns 
tWI Write Inactive Time (Note 4) I D 

5 tey ata 5tCY ns 

tDW Data Setup to WR 150 100 ns 

tWD Data Hold after WR 20 20 ns , 
OTHER TIMINGS 

2 MHz Operation 4 MHz Operation 

Symbol Parameter M8231A-8 M8231A Units 

Min Max 

tCY Clock Period 480 5000 

tCPH Clock Pulse High Width 200 

tCPL Clock Pulse Low Width 240 

tEE END Pulse Width (Note 5) 400 

tEAE EACK j to END! Delay 200 

tAA EACK Pulse Width 100 

tSA SVACK j to SVREQ j Delay. 300 

tss SVACK Pulse Width 100 

NOTES: 
1, Typical values are for TA = 25'C. nominal supply voltages and nominal processing parameters. 
2, READY is pulled low for both command and data operations, 

Min Max 

250 2500 

100 

120 

200 

150 

50 

150 

50 

3, Minimum values shown assume no prevIOusly entered command is being executed for the data access. If a previously entered 
command is being executed, READY low pulse width is the timeto complete execution plus the time shown, Status may be read at 
any time without exceeding the time shown, 

4, READY low pulse width is less than 50 ns when writing into the data port orthe contrOl port as long as the duty cycle requirement 
(tWI) is observed and no previous command is being executed, tWI may be safely violated as long as the extended tRRWthat results 
is observed, If a previously entered command is being executed, READY low pulse width is the timeto complete execution plus the 
time shown, These timings refer specifically to the M8231 A, 

5, EN D low pulse width is specified for EACK tied to VSS, Otherwise tEAE applies, 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M8243 
MCS-48® INPUT/OUTPUT EXPANDER 

MILITARY 

• -55°C to +125°C Military Temp. 
• Simple Interface to M8748/80481 

8035L Microcomputers 
• Four 4-Bit 1/0 Ports 
• AND and OR Directly to Ports 

• 24-Pin DIP 
• Single 5V Supply 
• High Output Drive 
• Direct Extension of Resident 8048 

1/0 Ports 

The Intel M8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for 
the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the M8243 combines low cost, 
single supply voltage and high drive current capability. 

The M8243 consists of four 4-bit bidirectional static I/O ports and one 4-bit port which serves as an interface to the 
MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the M8048 be used for I/O expansion, 
and also allows multiple M8243's to be added to the same bus. 

The I/O ports of the M8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 

PORT 2 

Figure 1. M8243 
Block Diagram 

PORT4 

PORT 5 

PORT6 

PORT 7 

PSO Vee 
P40 PSI 

1'41 PS2 

1'42 PS3 

1'43 P60 

CS PSI 

PROG P62 

P2J P6J 

P22 P73 

P21 P72 

P20 P71 

GNO P70 

Figure 2. M8243 
Pin Configuration 

The following are trademarks of Intel Corporation and its affitiates and may be used only to identify Intel products: i, Intel, INTEL. INTEL..LEC, MeS, 1m, iCS, ICE, UP!. exp, iSBC, iSBX, 
Insite, iRMX, System 2000, CREDIT, iAMX/80. MULTI BUS, PROMPT, Promware, Megachassis, Library Manager, MAIN MUL TIMODULE, ahd the combination of MeS, ICE, iSBC. iRMXor 

ieS and a numerical suffix. © INTEL CORPORATION, 1981. 12-95 A~~~~~~~~~ 



M8243 

Table 1. Pin Description 

Symbol Pin No. Function 

PROG 7 Clock Input. A high to low transi~ . 
tion on PROG signifies that ad-
dress and control are available on 
P20-P23, and a low to high transi-
tion signifies.thal data is available 
onF'20-P23. 

CS 6 Chip Select Input. A high"on CS 
inhibits any change of output or 
internal status. 

P20-P23 11-8 Four (4) bit bi-directional port con-
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran-
Sition contains the data for a sel-
ected output port if a write opera-
tion, or the data from a selected 
port before the low to high transi-
tion if a read operation. 

GND 12 o volt supply. 
P40-P43 2c5 Four (4) bit bi-directional I/O ports. 
P50-P53 1,23-21 May be programmed to be input 
P60-P63 20-17 (during read), low impedance 
P70-P73 13-16 latched' output (after write), or a tri-

state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 

VCC 24 +5 volt supply. 

FUNCTIONAL DESCRIPTION 

General Operation 
The M8243 contains four 4-bit I/O ports which serve as 
an extension of the on'-chip I/O and are addressed as 
ports 4-7. The following operations may be performed 
on these ports: . . 

• Transfer Accumulatpr t9 Port 
• Transfer Port to Accumulator 
• AND Accumulator to. Port 
• OR Accumulator to Port 

All communication between the M8048 and the M8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional M8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the M8048/8748/ 
8035L. 

Power On Initialization 
Initial' appl.icationof power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power o.n mode. The power on sequence is 
initiated if vee drops below 1 V. . 

Address Instruction 
P21 P20 Code P23 P22 Code 

0 0 Port 4 0 0 Read 
0 1 Port 5 0 1 Write 

0 Port 6 1 0 aRLO 
1 Port 7 ANlD 

Write Modes 
The device has three write modes. MOVD Pi, A dir-

. ectly writes 'new data into the selected port and old 
data is lost. ORlD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. AN lDPi, A 
takes new data, AND's it with the old data and then 
writes it to the port. Operation code and port ad
dress are latched from the input port 2 on the high 
to low. transition ofthe PROG pin. On the lowto high 
transition of PROG data on port 2 is transferred to 
the log ic block of the specified output port. 

After the logic manipulation is performed,1 the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 

Read Mode 
The. device has one read:mode. The operation code 
and port addr~ss are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina
ted by a low to high transition of. the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first readiristruction removes the low imped
ance drive from the M8243 output. A read of any port 
will leave that port in a high impedance state. 
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M8243 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ........ -55°C to 125°C 
Storage Temperature .................. -65°eto +150o e 
Voltage on Any Pin 

With Respect to Ground ................. -O.5V to +7V 
Power Dissipation .............................. 1 Watt 

'NO TleE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of device at these or any 
other conditions above those indicated in the operational sections 
of this specification is not implied. 

D.C. CHARACTERISTICS (T A = -ssoe to 125°C, Vee = 5V± 10%) 

Symbol Parameter Min Typ 
Test 

Max Units Conditions 
Vil Input low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCe+0.5 V 

VOll Output low Voltage Ports 4-7 0.45 V IOl = 4.5 mA' 

VOl2 Output low Voltage Port 7 1 V IOl = 20 rnA 

VOHl Output High Voltage Ports 4-7 2.4 V IOH = 240!,A 

Illl I nput leakage Ports 4-7 -10 20 !,A Vin = Vee to OV 

IIL2 Input leakage Port 2, CS, PROG -10 10 !,A Vin = VCC to OV 

VOl3 Output low Voltage Port 2 45 V IOl = 0.6 mA 

ICC Vce Supply Current 10 20 mA 

VOH2 Output Voltage Port 2 2.4 IOH = 100!,A 

IOl Sum of all IOl from 16 Outputs 72 mA 4.5 mA Each Pin 

'See following graph for additional sink current capability 

A.C. CHARACTERISTICS (T A = -ssoe to 125°C. Vee = 5V± 10%) 

Symbol Parameter Min Max Units Test Conditions 

tA Code Valid Before PROG 100 ns 80 pF load 

t8 Code Valid After PROG 60 ns 20 pF load 

tc Data Valid Before PROG 200 ns 80 pF load 

tD Data Valid After PROG 20 ns 20 pF load 

tH Floating After PROG 0 150 ns 20 pF load 

tK PROG Negative Pulse Width 920 ns 

tCS CS Valid Beforel After PROG 50 ns 

tPO Ports 4-7 Valid After PROG 700 ns 100 pF load 

tlPl Ports 4-7 Valid Beforel After PROG 120 ns 

tAee Port 2 Valid After PROG 700 ns 80 pF load 

•. 4 -----'X, 0·.',0 > TEST POINTS 

0.45----
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inter M8251A 
PRO~RAMMABLE COMMUNICATION INTERFACE 

MILITARY 
• Synchronous and Asynchronous 

Operation 

• Synchronous 5·8 Bit Characters; 
Internal or External Character Synchro· 
nization; Automatic Sync InsertiQn 

• Asynchronous 5·8 Bit Characters; 
Clock Rate-1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1112, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 

• Synchronous Baud Rate - DC to 64K 
Baud 

• Military Temperature Range: 
- 55°C to + 125°C 

• Asynchronous Baud Rate - DC to 
19.2K Baud 

• Full Duplex, Double Buffered, Trans· 
mitter and Receiver 

• Error Detection.;... Parity, Overrun and 
Framing 

• Fully Compatible with M8080/Ma085 CPU 

• 28·Pin DIP Package 

• All Inputs and OutPl,Jts are TTL 
Compatible 

• Single + 5V Supply 

• Single TTL Clock 

The Intel® M8251A is the enhanced version of the industry standard, Intel® 8251. Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel's new high performance family of micropro
cessors such as the M8085. The M8251A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts data char
acters from the CPU in parallel format and then converts them into a continuous serial data stream for transmission. SimUl
taneously, it can receive serial data streams and convert them into parallel data characters for the CPU. The USART will 
signal the CPU whenever it can accept a new character for transmission or whenever it has received a character for the 
CPU. The CPU can read the complete status of the USART at any time. These include data transmission errors and control 
signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon gate technology. 

0, 0, 

0 3 Do 

R,D Ycc 
GND R,C 

0, DTR 

0, RTS 

Dr, DSR 

0, RESET 

Txe eLK 

ViR T,D 

cs T~EMPTY 

c/o CTS 

rc; SVNDET/BD 

A)(Hvi Tl(RDY 

Figure 1. Block Diagram Figure 2. Pin Configuration 



inter M8251A 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...... -55°C to +125°C 
Storage TemperaturJ .............. -65°C to +150°C, 
Voltage On Any Pin 

With Respect to Ground ............ -0.5V to + 7V 
Power Dissipation ....................... 1 Watt 

'NOTICE: Stresses above those listed under '.'Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -we to 125°e, Vee = 5.0V ±5%, GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

Vil Input Low Voltage -0.5 O.B V 

VIH Input High Voltage 2.2 Vee V 

VOL Output Low Voltage 0.45 V IOl = 2.2 mA 

VOH Output High Voltage 2:4 V IOH = -400 jJA 

IOFl Output Float Leakage ±10 jJA VOUT = Vee TO 0.45V 

III Input Leakage ±10 jJA VIN = Vee TO 0:45V 

Icc Power Supply Current 150 mA All Outputs = High 

CAPACITANCE (TA = .25°e, Vee = GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

CIN I nput Capacitance 10 pF fc = lMHz 

CliO I/O Capacitance 20 pF Unmeasured pins returned to GND 

A.C. CHARACTERISTICS (TA = -55°e to 125°e, Vee = 5.0V ±5%, GND = OV) 

Bus Parameters[1] 

READ CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAR Address Stable Before READ (eS, C/D) -75 ns Note 2 

tRA Address Hold Time for READ (eS, C/D) 75 ns Note 2 

tRR READ Pulse Width 300 ns 

tRD Data Delay from READ 280 ns 3, CL = 150 pF 

tOF READ .to Data Floating 5 120 'ns 
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inter M8251A 

A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAW Address Stable Before WRITE 75 ns 

tWA Address Hold Time for WR ITE 75 ns 

tww WRITE Pulse Width 300 ns 

tDW Data Set Up Time for WR ITE 200 ns 

two Data Hold Time for WRITE 80 ns 

tRv Recovery Time Between WRITES 6 tCY Note 4 

OTHER TIMINGS 

Symbol Parameter Min. Max. Unit Test Conditions 

tCY Clock Period 320 1350 ns Notes 5. 6 

t¢ Clock High Pulse Width 150 tCy-l00 ns 

ltib Clock Low Pulse Width 100 ns 

tR. tF Clock Rise and Fall Time 20 ns 

tOTx TxD Delay from Falling Edge of TxC 1 J.ls 

fTx Transmitter Input Clock Frequency 

1 x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tTPW Transmitter Input Clock Pulse Width 

lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tTPo Transmitter Input Clock Pulse Delay 

1 x Baud Rate 15 tCY 
16)( and 64x Baud Rate 3 tCY 

fRx Receiver Input Clock Frequency 

1 x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tRPW Receiver Input Clock Pulse Width 

lx Baud Rate 12 tCY 
16x and 64x Baud Rate 1 tCY 

tRPO Receiver Input Clock Pulse Delay 

lx Baud Rate 15 tCY 
16x and 64x Baud Rate 3 tCY 

tTxRDY TxRDY Pin Delay from Center of last Bit B tCY Note 7 

tTxROY CLEAR TxRDY t from Leading Edge of WR 6 tCY Note 7 

tRxROY RxRDY Pin Delay from Center of last Bit 24 tCY Note 7 

tRxROY CLEAR RxRDY t from Leading Edge of RD 6 tCY Note 7 

tiS Internal SYNDET Delay from Rising 
24 Note 7 Edge of RxC tCY 

tES External SYNDET Set-Up Time Before 
16 Note 7 Falling Edge of RxC tCY 
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M8251A 

A.C. CHARACTERISTICS (Continued) 

Symbol Parameter Min. Max. Unit 

tTxEMPTY TxEMPTY Delay from Center of Last Bit 20 tCY 

twc Control Delay from Rising Edge of 8 tCY 
WRITE (TxEn, DTR, RTS) 

tCR Control to READ Set-Up Time (DSR, CTS) 20 tCY 

NOTES: 
1. AC timings measured VOH =0 2.0, VOL"" 0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/Data (C/O) are considered as Addresses. 
3. Assumes that Address is valid before ROL 
4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY == 1. 

Recovery Time between Writes for Asynchronous Mode is 8 tCY and for Synchronous Mode is 16 tCY. 

5. The TxC and Rxe frequencies have the following limitations with respect to elK. 
For 1 x Baud Rate, fTx or fRx ,;; 1/(30 tCyl 
For 16x and 64x Baud Rate. fTx or fRx'" 1/(4.5 tCyl 

6. Reset Pulse Width == 6 tCY minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

TYPICAL Il OUTPUT DELAY VERSUS Il CAPACITANCE (pF) 

'20~--~-

"0 

~ 

>-
:3 
w 
0 
>-

'" >-
:> 
0 
<l 

-'0 

-20 L..-_L-.----' ___ -"-___ --'-__ --' 

-100 +50 +100 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

24 -V'O '.0V-
045~08 > TEST POINTS < 08~ 
A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC ,. AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 8V FOR A LOGIC 0 

tl CAPAC1TANCE (pF~ 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

TEST 

RL = 420n 
VL = 2V 

Cl = 150 pF 

Test Conditions 

Note 7 

Note 7 

Note 7 

CL INCLUDES JIG CAPACITANCE 
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M8253 
PROGRAMMABLE INTERVAL TIMER 

• 3 Independent 16·Bit Counters 

• Military Temperature Range: 
- 55°C to + 125°C 

• Programmable Counter Modes 

MILITARY 

• Count Binary or BCD 

• Single + 5V Supply 

• 24·Pin Dual In· Line Package 

The Intel'" M8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It 
uses nMOS technology with a single + 5V supply and is packaged in a 24-pin DIP. 

It is organized as 3 independent 16-bit counters, each w.ith a count rate of up to 2 MHz. All modes of operation are soft
ware programmable. 

0, Vee 
CLKO 

0, WR 

GATE 0 0, RD 

OUT 0 
0, CS 

0 3 A, 

0, Ao 

0, eLK 2 

00 OUT 2 

RD 
elK 1 eLK 0 GATE 2 

READ 

GATE 0 GATE 1 

OUT 1 

WRITE GATE 1 

Ao 
LOGIC 

OUT 1 
A, 

cs 

CLK2 
CONTROL 

COUNTER WORD GATE 2 
REGISTER #2 

D7 Do OATA BUS 18 BITI 

eLK N COUNTER CLOCK INPUTS 

OUT 2 GATE N COUNHA GATE INPUTS 

OUT N COUNTER OUTPUTS 

RO REAO COUNTER 

WR WAIH COMMAND OR DATA 

CS CHIP SELECT 

Ao A COUNHR SlLECT 

Vee +5 VOL TS 

GNO GROUND INTERNAL BUS / 

Figure 1_ Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power· Dissipation 

.. -55°C to +85°C 
--65° C to +150° C 

--0.5 Vto +7 V 
1 Watt 

'NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions' above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°C to 125°C, Vee = 5.0V ±10%) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.4 V 

VOL Output Low Voltage 0.45 V IOL = 1.6 mA 

VOH Output High Voltage 2.4 V IOH = -150 /lA 

IlL Input Load Current ±20 iJ.A VIN = Vee to OV 

IOFL Output Float Leakage ±20 iJ.A VOUT = Vee to OV 

lee Vee Supply Current 160 mA 

CAPACITANCE(TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN I nput Capacitance 10 pF Ic = 1 MHz 

CliO 1/0 Capacitance 20 pF Unmeasured pms returned to Vss 

A.C. CHARACTERISTICS (TA = -wc to 125°C, Vee = +5V ±10%, GND = OV) 

Bus Parameters [1] 

READ CYCLE 

M8253 

Symbol Parameter Min. Max. Unit 

tAR Address Stable Before READ 50 ns 

tRA Address Hold Time for READ 10 ns 

tRR READ Pulse Width 400 ns 

tRO DATA Delay from READ(2) 300 ns 

tOF READ to Data Floating 25 175 ns 

tRV Recovery Time Between READ 
1 

and Any Other Control Signal /ls 
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M8253 

A.C.· CHARACTERISTICS (Continued) 

WRITE CYCLE 

M8253 

Symbol Parameter Min. Max. 

tAW Address Stable Before WRITE 50 

tWA Address Hold Time for WRITE 30 

tww WRITE Pulse Width 400 

tow Data Set Up Time for WR ITE 300 

two Data Hold Time for WRITE 40 

tRV Recovery Time Between WRITE 
1 

and Any Other Control Signal 

NOTES: 
1. AC timings measured at VOH = 2.2, VOL = 0.8. 

CLOCK AND GATE TIMING 

M8253 

Symbol Parameter Min. Max. 

teLK Clock Period 400 dc 

tPWH High Pulse Width 250 

tpWL Low Pulse Width 150 

tGW Gate Width High 150 

tGL Gate Width Low 100 

tGS Gate Set Up Time to CLKt 100 

tGH Gate Hold Time After CLKt 100 

too Output Delay From CLKt[l] 400 

tOOG Output Delay From Gatet [1] 300 

NOTE 1: 
Test Conditions: CL = 100pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

'.'=X x= 2.2 2.2 

. > TEST POINTS < 
0.8 0.8 

0.45 

A C TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC -1 AND 0.45V FOR 
A lOGIC o· TIMING MEASUREMENTS ARE MADE AT 2 2V FOR A LOGIC 1 
AND 0 BV FOR A LOGIC 0 

12-104 

DEVICE 
UNDER 

'1C'~100PF TEST 

":' 

CL = 100pF 
CL INCLUDES JIG CAPACITANCE 

Unit 

ns 

ns 

ns 

ns 

ns 

I1S 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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WAVEFORMS 

WRITE READ 

Ao-1' CS 

DATA BUS 

----------~1~~--~--~ 

we 

CLOCK AND GATE 
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M8255A 
PROGRAMMABLE PERIPHERAL INTERFACE 

MILITARY 

• 24 Programmable 1/0 Pins 

• Completely TTL Compatible 

• Fully Compatible with MCS-aO® 
Microprocessor Family 

• Military Temperature Range: 
- 55°C to + 125°C 

• Direct Bit Set/Reset Capability Easing 
Control Application Interface 

.40-Pin Dual In-Line Package 

• Reduces System Package Count 

• % 10% Power Supply Tolerance 

The Intel@ M8255A is a general purpose programmable 1/0 device designed for use with microprocessors. It has 241/0 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 110 pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are uS'ed for himd· 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectiona.1 bus mode which uses 8 
lines for a bidirectional bus,and 5 lines, borrowing one from the other group, for handshakirg. 
Other features of the M8255A il'lclude bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 

1-·" POWER 
SUPPLIES __ GND 

RO--_ 

.. --- :~~fE 
A,--_ C~61~~L 

,,----

Figure 1. Block Diagram 

12-106 

", 
PCJP'.:o 

, n 
PB,PBo 

°7-°0 DATA BUS (BI·DIRECTIONAL) 

RESET RESET INPUT 

CS CHIP SELECT ._-
RD READ INPUT --
WR WRITE INPUT --
AD,A' PORT ADDRESS 

PA7-PAO PORT A (BIT) 

PB7-PBO PORTB (BIT) 

PC7·PCO PORTC (BIT) 

Vee +5 VOLTS 
GND rlVOLTS 

Figure 2. Pin Configuration 



intJ M8255A 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ..... _55°C to +125°C 

Storage Temperature ' ........ ' ...... -65°C to +150°C 

Voltage On Any Pin 
With Respect to GND .............. -0.5V to +7V 

Power Dissipation ........................ 1 Watt 

-NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°C to 125°C, Vee = +5V ±10%, GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.2 Vee V 

VOL (DB) Output Low Voltage (Data Bus) 0.45 V IOL = 2.5mA 

VOL(PER) Output Low Voltage (Peripheral Port) 0.45 V IOL = l.7mA 

VOH(DB) Output High Voltage (Data Bus) 2.4 V IOH = -400tlA 

VOH(PER) Output High Voltage (Peripheral Port) 2.4 V IOH = -200tlA 

IOAR I1] Darlington Drive Current -1.0 -4.0 mA 

lee Power Supply Current 120 mA 

IlL Input Load Current ±10 tlA VIN = Vee to OV 

IOFL Output Float Leakage ±10 ~ VOUT = Vee to OV 

NOTE 1: Available on any 8 pins from Port Band e. 

A.C. CHARACTERISTICS (TA = -55°C to +125°C, Vee = 5.0V ±10%, GND = OV) 

8255A 

Symbol Parameter Min. Max. Unit 

tAR Address Stable Before READ 0 ns 

tRA Address Stable After READ 0 ns 

tRR READ Pulse Width 300 ns 

tRO Data Valid From F.!EADll] 250 ns 

tOF Data Float After R EA D 10 150 ns 

tRv Time Between READs and/or WR ITEs 850 ns 

tAW Address Stable Before WR IT E 0 ns 

tWA Address Stable After WR ITE 20 ns 

tww WRITE Pulse Width 400 ns 

tow Data Valid to WR ITE (T. E.) 100 ns 

two Data Valid After WR ITE 30 ns 

tWB WR = 1 to Output l11 350 ns 

tlR Peripheral Data Before RD 0 ns 

tHR Peripheral Data After RD 0 ns 

tAK ACK Pulse Width 300 ns 

tST STB Pulse Width 500 ns 

tps Per. Data Before T.E. of STB 0 ns 
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inter M8255A 

A.C. CHARACTERISTICS (Continued) 

8255A 

Symbol Parameter Min. Max. Unit 

tPH Per. Data After T.E. of STB 180 ns 

tAD ACK = 0 to Output l11 300 ns 

tKD ACK = 1 to Output Float 20 250 ns 

twos WR = 1 to OBF = 0111 650 ns 

tAOS ACK=OtoOBF=1 111 350 ns 

tSIS STB=OtoIBF=11 11 300 ns 

t RIS RD = 1 to IBF = 0111 300 ns --
tRIT RD = Oto INTR = 0111 400 ns 

tSIT STB = 1 to INTR = 1111 300 lis 

tAIT ACK=ltoINTR=1 111 350 ns 

tWIT WR = 0 to INTR = 0111 850 ns 

NOTES: 
1. Test condition: 8255A: CL = 100pF 
2. Period of Reset pulse must be at least 50!,F during or after power on. Subsequent Reset pulse can be 500ns min. 

CAPACITANCE (TA = 25°C, VCC = GND = OV) 

Symbol F'arameter Min. 

CIN I nput Capacitance 

CliO I/O Capacitance 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

24 

045 =x:: > TEST POINTS < ::)C 
A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 BV FOR A lOGIC 0 

lYp. Max. Unit Test Conditions 

10 pF fc = lMHz 

20 pF Unmeasured pinsreturned to GND 

A.C. TESTING LOAD CIRCUIT 

12,..108 

DEVice 
UNDER 

TEST 

7500 
I--t-----"IN>.---o VEXT· i CL= 100pF 

·VEXT IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE 
THE SPECIFICATION. 
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inter M8255A 

WAVEFORMS 

MODE 0 (INPUT) 

.--tRR 
-'\-- /f-

CIR-- ---1HR~i 

INPUT 

I==:,.tAR-- --tRA~1 

CS.A1.AO 

I 'I D7 DO---------+(){ .}--
!I-. -===-tR-D--~! _. --- tDF --~-~ 

MODE 0 (OUTPUT) 

OS,At,AD ~'--________ --I--i _____ x= 
OUTPUT _________________ -+!_-----t-wB----.. _~'------
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WAVEFORMS (Continued) 

MODE 1 (STROBED INPUn 

STB 

IBF 

tSIT ,-------..! 
1 .. -----t R1B ---

~---~ 
INTR 

INPUT FROM __ _ 
PERIPHERAL 

MODE 1 (STROBED OUTPUT) 

ViR \ 

'\ 't) [-'AOB--) 

: }1 /) -'W.\~ 

OBF 

INTR 

t WIT- 1·- // 
~ ' .. - { -'.,- ~ 

OUTPUT 

Rf'WB 
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WAVEFORMS (Continued) 

MODE 2 (BIDIRECTIONAL) 

DATA FROM 
/ 8080 TO 8255 

M8255A 

we ~'--<I';>--,,/--,f- I 

\ tAOB ----' 

I \! jrt-i. ---+--
~_two"_'<T~.--""'-----/~~-. ~~~~_-_-_....J_+4-1 _9 ..... / ___ _ 

\~\----~------....J, 1 ' 
.. ~ 

INTR 

ACK 

IBF 

PERIPHERAL __ _ __ __ __ __ __ __ _ _ ~ 
BUS i 

----tps 

'"""/-r-----, __ ....;.I~t'H r---

, 
DATA FROM 

PERIPHERAL TO 8255 

NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR ~ ISF • MASK· STB • RD + OBF • MASK' ACK • WR) 

WRITE READ 

DATA FROM 
8255 TO 8080 

"0-,. CS==>t'---____ ~):'---
1- -- tAW ., __ I tWAI- -

'0_'· Cs==>C,-, _________ X _____ _ 

DATA8US ________ -J)(~;~+_--~--~ RD 

WR DATA BUS 
, . 

HIGH IMPEDANCE /) VALID :HIGH IMPEDANCE 

1- -----r tww 
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M8257 

PROGRAMMABLE DMA CONTROLLER 
MILITARY 

• Military Temperature Range: • Terminal Count and Modulo 128 
-55°C to 125°C Outputs 

• 4·Channel DMA Controller • Single TTL Clock 

• Priority DMA Request logic • Single + 5V Supply 

• Channel Inhibit Logic • Auto Load Mode 

The Intel® M8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems_ Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory_ Acquisition of the system bus in accomplished via the CPU's hold function_ The M8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high 
speed between peripherals and memories. 

es----J 

A.
A, 

A, 

A, 

READY---

HRO 

HLOA 

MEMR 

MEMW 

A'N 

AOSTS -

Te--

CONTROL 
LOGIC 
AND 

MODE 
SET 
REG 

MARK ____ -' 

r-----~ICH..j) ORO 0 

INTERNAL 
BUS 

ORO 2 

Figure 1. Block Diagram 
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A, 

A. 

MEMA ... 
A. 

MARK TC 

READY A, 

HLDA A, 

A, ... 
HRa Vee 

CS 00 
ClK 0, 

RESET 0, 

DACK 2 0, 

DACK 3 D. 

OR03 DACKO 

DRQ2 DACK' 

ORO 1 

'" DRaO 

GNO 

~~~~~~~~-~=-
i7QW- I/O WRITE 

MlMJr- MEMORY READ 

MEMW MEMORY WRITE 

r~:::~:;;~;::ET:+.~O:~~~·~~ II=:~; 
--- ----
READY READY 
HRa I HOLD REQUEST 

_"i"!"~ 8080~L ___ _ 

- --- I OACK3-DACKo! D~~~CKNOWLEDGE 

CS I CHIP SELECT 

Ite +5 VOLTS 

I GND GROUND 

Figure 2. Pin Configuration 



M8257 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ..... - 55°C to 125°C 
Storage Temperature ..... , ....... - 65°C to + 150°C 

Voltage on Any Pin 
With Respect to Ground ............ -0.5V to + 7V 

Power Dissipation ....................... 1 Watt 

*NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -wc to 125°C, Vee = +5V ±10%, GND = OV) 

Symbol Parameter Min. Max. Unit Test Conditions 

Vil Input Low Voltage -0.5 O.B Volts 

VIH Input High Voltage 2.2 Vcc+· 5 Volts 

VOL Output Low Voltage 0.45 Volts IOl = 1.6 mA 

VOH Output High Voltage 2.4 VCC Volts loW-150IlA for AB, 
DB and AEN 
IOH=-BOILA for others 

VHH HRQ Output High Voltage 3.3 Vcc Volts IOH = -BOllA 

Icc Vcc Current Drain 150 mA 

III Input Leakage ±10 IlA VSS ,,; VIN ,,; Vee 

IOFl Output Leakage During Float ±10 J.LA VSS + 0.45 

,,; VOUT <; Vee 

CAPACITANCE (TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

CIN Input Capacitance 10 pF fe= lMHz 

CliO I/O Capacitance 20 pF Unmeasured pins 
returned to G NO 

A.C. CHARACTERISTICS-DMA (MASTER) MODE (TA = -wc to 125°C, 
Vee = +5V ±10%, GND = OV) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. Unit 

TCY Cycle Time (Period) 0.320 4 /-,5 

Te Clock Active (High) 120 .BTCY n5 

Tos DRQt Setup to e. (SI, S4) 120 ns 

TOH DRQ. Hold from HLDAt[4] 0 ns 

THS HLDAt or .Setup to 8J, (SI, S4) 100 ns 

TRS READY Setup Time to et (S3, Sw) 30 ns 

TRH READY Hold Time from et (S3, Sw) 20 ns 
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M8257 

A.C. CHARACTERISTICS-DMA (MASTER) MODE (TA = -55°C to 125°C, 

Vee = +5V ±10%, GND = OV) 

TIMING RESPONSES 

Symbol Parameter Min. 

Too HRQt or +Delay from IIt(SI,S4) 
(measured at 2.0V)[lJ 

TOOl HRQt or +Delay from IIt(SI,S4) 
(measured at 3.3V)[3J 

TAEl AENt Delay from 9'['(S1~lJ 

TAET AEN,[, Delay from lIt(SI)!lJ 

TAEA Adr(AB)(Active) Delay from AENt(S1)[4J 20 

TFAAB Adr(AB)(Active) Delay from et(S1)[2J 

TAFAB Adr(AB)(Float) Delay from 9t(SI)[2J 

TASM Adr(AB)(Stable) Delay from 9t(S1)[2J 

TAH Adr(AB)(Stable) Hold from 9t(S1)[2J TASM - 50 

TAHR Adr(AB)(Valid) Hold from Rdt(S1, SI)[4J 60 

TAHW Adr(AB)(Valid) Hold from Wrt(S1, SI)[4J 300 

TFAOB Adr(DB)(Active) Delay from lIt(S1~2J 

TAFOB Adr(DB)(Float) Delay from et(S2)[2J TSTT+ 20 

TASS Adr(DB) Setup to AdrStb'['(S1·S2)[4J 100 

TAHS Adr(DB)(Valid) Hold from AdrStb'['(S2)[4J 50 

TSTl AdrStbt Delay from 9t(S1)[lJ 

TSTT AdrStb'[' Delay from IIt(S2)[lJ 

Tsw AdrStb Width (S1·S2)[4J TCy-100 

TAsc Rd'[' or Wr(Ext),[, Delay from AdrStb'['(S2)[4J 70 

TOBC Rd'[' or Wr(Ext),[, Delay from Adr(DB) 20 
(Float)(S2)[4J 

TAK DACKt or +Delay from 1I,[,(S2, S1) and 
TC/Markt Delay from 9t(S3) and 
TC/Mark-l Delay from 9t(S4)[1,5J 

TOCl Rd,[, or Wr(Ext)+ Delay from et(S2) and 
Wr+ Delay from 9t(S3~2,6J 

TOCT Rdt Delay from 9+(S1, SI) and 
Wrt Delay from et(S4)[2,7J 

TFAC Rd or Wr(Active) from et(S1)[2J 

TAFC Rd or Wr(Float) from IIt(Slj2J 

TRWM Rd Width (S2·S1 or SI)[4J 2TCY+ To - 50 

TWWM Wr Width (S3·S4)[4J Tcy- 50 

TWWME Wr(Ext) Width (S2·S4)[41. 2TCy -50 

NOTES: 

1. load = 1 TTL. 2. load = 1 TTL +50 pF. 3. load = 1 TTl+(Rl=3.3K), VOH=3.3V. 4. Tracking Parameter. 
5. AT AK < 50 ns. 6. AT DCl < 50 ns. 7. AT OCT < 50 ns. 

Max. 

180 

270 

300 

200 

270 

200 

250 

300 

250 

200 

160 

270 

250 

200 

300 

170 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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inter M8257 

A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE [TA = -55°C to 125°C, 
Vee = 5.0V ±10%, GNO = OV (Note 1)] 

8080 Bus Parameters 

READ CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

TAR Adr or CS~ Setup to RO~ 0 ns 

TRA Adr or cst Hold from ROt 0 ns 

TRO Data Access from RO~ 0 300 ns (Note 2) 

TOF OB-+Float Delay from ROt 20 150 ns 

TRR ROWidth 250 ns 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit Test Conditions 

TAW Adr Setup to WRt 20 ns 

TWA Adr Hold from WRt 35 ns 

Tow Data Setup to WRt 200 ns 

Two Data Hold from' WRt 0 ns 

Tww WRWidth 175 ns 

OTHER TIMING 

Symbol Parameter Min. Max. Unit Test Conditions 

TRSTW Reset Pulse Width 300 ! ns 

TRSTD Power Supplyt (Vccl Setup to ReseH 500 I's 

Tr Signal Rise Time 20 ns 

Tf Signal Fall Time 20 ns 

TRSTS Reset to First I/OWR 2 tCY 

NOTES: 
1. All timing measurements are made at the following reference voltages unless specified otherwise: Input "I" at 2.0V, "0" at 0.8V 
2. M8257: CL = 100 pF, 8257·5: CL = 150 pF. Output "I" at 2.0V, "0" at 0.8V . 

Tracking Parameters 

Signals labeled as Tracking Parameters (footnotes 4·7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 

Suppose the following timing equation is being evaluated, 

T A(MIN) + T B(MAX) :S 150 ns 

and only minimum specifications exist for T A and T B. If T A(MIN) is used, and if T A and T B are tracking parameters, 
T B(MAX) can be taken as T B(MIN) + 50 ns. 

T A(MIN) + (T B(MIN)· + 50 ns) :S 150 ns 

·if T A and T B are tracking parameters 
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M8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 

• iAPX 86, 88 Compatible 

• MCS-80®, MCS-85® Compatible 

• Eight·Level Priority Controller 

• Expandable to 64 Levels. 

MILITARY 

• Programmable Interrupt Modes 

• Individual Request Mask Capability 

• Single + 5V Supply (No Clocks) 

• Military Temperature Range: 
- 55°C to + 125°C 

The Intel@ M8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 ve<;torfOld priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

The M8259A is designed to minimize the software and real time overhead in handling mUlti-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. . 

CASO - . 

CAS 1 --

CAS2 .. -

DATA 
BUS 

BUFFER 

CASCADE 
BUFFER/ 

COMPARATOR 

SP/EN----' 

CONTROL LOGIC 

lAO 
IA1 
IA2 

"'-
~INTERNAL BUS 

Figure 1. Block Diagram 
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Cs vee 
\VA An 
RD iiIiTA 
n, IR7 

0 6 IR6 

Os IR5 

0, IR4 

D~ IA3 

0, 1A2 

D, IA1 

Do IRO 

CASO INT 

CAS 1 SP/Eiii 
GND CAS2 

Figure 2. Pin Configuration 



M8259A 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ..... -55°C to 125°C 
Storage Temperature ............ - 65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground ........... - 0.5V to + 7V 
Power Dissipation ...................... 1 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. 

D.C. CHARACTERISTICS (TA = -55'C to 125°C, Vee = 5V ±10%) 

Symbol Parameter Min. Max. 

VIL Input Low Voltage - .5 .8 

VIH Input High Voltage 2.3 Vee + .5V 

VOL Output Low Voltage .45 

VOH Output High Voltage 2.4 

VOH(INT) 
Interrupt Output High 3.5 
Voltage 2.4 

III Input Load Current -10 +10 

ILOL Output Leakage Current -10 +10 

ILOH Output Leakage Current 10 

lee Vee Supply Current 85 

CAPACITANCE (TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit 

CIN Input Capacitance 10 pF 

CliO 1/0 Capacitance 20 pF 

A.C. CHARACTERISTICS (TA = -55'C to +125°C, Vee = 5V ±10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min. Max. 

TAHRL AO/~ Setup to RD/INTM 0 

TRHAX AOIc::5 Hold after RDIiNTAt 0 

TRLRH AD Pulse Width 235 

TAHWL AO/CS Setup to WRI 0 

TWHAX AO/CS Hold after WRt 0 

TWLWH WR Pulse Width 290 

TDVWH Data Setup to WRt 240 

TWHDX Data Hold after WRt 0 

TJLJH Interrupt Request Width (Low) 100 

TCVIAL Cascade Setup to Second or 
55 

Third INTM (Slave Only) 

TRHRL End of RD to Next Command 300 

TWHRL End of WR to Next Command 370 

12-117 

Units Test Conditions 

V 

V 

V IOL= 2.2 mA 

V IOH= - 400 f'A 

V IOH= -100 f'A 
V IOH= - 400 f'A 

f'A VIN = Vee to OV 

f'A VOUT = 0.45V to Vee 

I1A VOUT= Vee 

mA 

Test Conditions 

Ic= 1 MHz 

Unmeasured pins returned to Vss 

Units Test Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns See Note 1 

ns 

ns 

ns 
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A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter Min. Max. Units Test Conditions 

TRlDV Data Valid from RDIINTM 200 ns C of Data Bus 

TRHDZ Data Float after RDIINTAt 10 100 ns Max. test C = 100 pF 

TJHIH Interrupt Output Delay 350 ns Min.testC=15pF 

Cascade Valid from First INTM TIAlCV 
(Master Only) 

C,NT= 100pF 
565 ns 

CENABLE= 15pF 

TRlEl Enable Active from RDt or INTAI 125 ns 

TRHEH Enable Inactive from RDt or INTAt 150 ns 

TAHDV Data Valid from Stable Address 200 ns 

TCVDV Cascade Valid to Valid Data 300 ns 

NOTE: 
1. This is the low time required to clear the input latch in the edge triggered mode. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

"=X x= 2.0 2.0 > TEST POINTS < .. 
0.8 0.8 

0.45 

AC TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1 ,. AND 0 45V FOR 
A LOGIC 0" TIMING MEASUREMENTS .ARE MADE AT 2.QV FOR A LOGIC 1 
AND a 8V FOR A LOGIC "0 

WAVEFORMS 

WRITE 

DEVICE 
UNDER 

qCL~100PF TEST 

-=-
CL =-100pF 
CL INCLUDES JIG CAPACITANCE 

WA----------------------~ 
1----- TWLWH ---.j 

TAHWL --------cs _______ ........ 

ADDRESS IUS 
.... ______ -J 

i-- TWHDX 

DATA IUS 
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M8282/8283 

OCTAL LATCH 
MILITARY 

• Fully Parallel 8·Bit Data Register and 
Buffer 

• Transparent during Active Strobe 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• Supports M8080, M8085A, M8048, and 
Military iAPX 86 Systems 

• No Output Low Noise when Entering 
. or Leaving High Impedance State 

• High Output Drive Capability for 
Driving System Data Bus 

• Military Temperature Range: 
-55°C to +125°C 

The M8282 and M8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf
fers, or multiplexers. The M8283 inverts the input data at its outputs while the M8282 does not. Thus, all of the prin
cipal peripheral and input/output functions of a microcomputer system can be implemented with these devices . 

.. '" r--------, 

8-- I I &---+-9 I 
I I 
I I 
I I 

I I I I 010 vcc 010 vce. 
~~----- -8 

~L _______ 
01, 000 01, 000 ". 

~-------~ -8 8--±=f-------~ 
012 DO, 012 DO, 

", 
002 &8------- 013 002 013 

~------- -8 '" '" 014 003 014 003 

~L------- 8 ~~L------- ~ 015 004 015 004 

8--±=f-------; -8 8--±=f-------;-iSJ 016 005 016 DOs 

&g-------Je &-H-------1j-iSJ 017 006 017 DOs 
01. - _-.::J 00. CE 007 OE 007 

8-~l------- H-8 &F~------- t-L-€J 01, DO, GNO STe GNO STe ! l _______ ~ L-------.ii 
I 
I 

~ ~-0 e-= G s-= 

Figure 1_ Logic Diagrams Figure 2_ Pin Configurations 
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Symbol 

STB 

OE 

010-017 

000-007 
M8282 
000-007 
(M8283) 

M8282/8283 

Table 1. Pin Description 

Type Name and Function 

I Strobe: STB is an input control pulse used 
to strobe data at the data input pins (Ao-A7) 
into the data latches. This signal is active 
HIGH to admit input data. The data is 
latched at the HIGH to LOW transition of 
STB. 

I Output Enable: OE is an input control 
signal which when active LOW enables the 
contents of the data latches onto the data 
output pin (Bo-B7)' OE being inactive HIGH 
forces the output buffers to their high im-
pedance state. 

I Data Input Pins: Data presented at these 
pins satisfying setup time requirements 
when STB is strobed is latched into the data 
input latches. 

0 Data Output Pins: When OE is true, the 
data in the data latches is presented as in-
verted (M8283) or non-inverted (M8282) 
data onto the data output pins. 

FUNCTIONAL DESCRIPTION 

The M8282 and M8283 octal latches are 8·bit latches 
with 3-state output buffers. Data having satisfied the 
setup time requirements is latched into the data latches 
by strobing the STB line HIGH to LOW. Holding the STB 
line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive. HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative·going transients to appear on the data output 
bus. 
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M8282/8283 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Sias .......... - 55°C to + 125°C 
Storage Temperature ............. - 65°C to + 150°C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. -1.0V to + 5.5V 
Power Dissipation .......................... 1 Watt 

*NOTlCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vee = 5V ±10%, TA = -55°C to +125°C) 

Symbol Parameter Min Max Units Test Conditions 

Ve Input Clamp Voltage -1 V Ie = -5 mA 

Icc Power Supply Current 160 mA 

IF Forward Input Current -0.2 mA VF = 0.45V 

IA Reverse Input Current 50 vA VA = 5.25V 

VOL Output low Voltage .45 V IOl = 20 mA 

VOH Output High Voltage 2.4 V IOH = -5 mA 

IOFF Output Off Current ± 50 vA VOFF = 0.45 to 5.25V 

Vil Input low Voltage O.B V Vee =5.0V See Note 1 

VIH Input High Voltage 2.0 V Vee= 5.0V See Note 1 

F=1 MHz 
CIN Input Capacitance 12 pF VBIAS = 2.5V, Vee= 5V 

TA=25°C 
Not •• : 1. Output Loading IOl = 20 rnA, IOH = - 5 rnA, eL = 300 pF' 

A.C. CHARACTERISTICS (Vee = 5V ±10%, TA = -55°C to +125°C) 
(loading: Outputs-IOL = 20 rnA, IOH = -5 mA, Cl = 300 pF) 

Symbol Parameter Min. Max. Units Test Conditions 

TIVOV Input to Output Delay (See Note 1) 
-Inverting 25 ns 
-Non-Inverting 35 ns 

TSHOV STS to Output Delay 
-Inverting 45 ns 
-Non-Inverting 55 ns 

TEHOZ Output Disable Time 25 ns 

TElOV Output Enable Time 10 50 ns 

TIVSl Input to STS Setup Time 0 ns 

TSUX Input to STS Hold Time 25 ns 

TSHSl STB High Time 15 ns 

TIUH, Input, Output Rise Time 20 ns From O.BV to 2.0V 
TOlOH 

TIHll, Input, Output Fall Time 12 ns From 2.0V to 0.8' 
TOHOl 

NOTE: 
1. See waveforms and test load circuit on following page. 
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M8284A 
CLOCK GENERATOR AND DRIVER FOR 
MILITARY iAPX 86 MICROPROCESSOR 

MILITARY 

• Full Military Temperature Range: 
-550 C to +1250 C 

• Generates the System clock for the 
Military iAPX 86 Microprocessor 

• Uses a Crystal or a TTL Signal for 
Frequency Source 

• Provides Local READY and MULTIBUS® 
READY Synchronization 

RES _______________ -; 

0 

X1----1 
XTAL 

OSCILLATOR 
X2----1 

F/C-----t'""""""i 
+3 

SYNC 

• 18-Pin Package 
• Single +5V ±10% Power Supply 

• Generates System Reset Output from 
Schmitt Trigger Input 

• Capable of Clock Synchronization with 
Other M8284As 

0 

RESET 

ose 

PCLK 

EFI----------L~ 

eSYNe---------------~-_t_t_---' 

RDY1 

X. 

ASYNC 

EFI 

F/C 

ose 
RES 

RESET 

ROY1 

eKI 

o Q 

FF1 

~------------~ 

Figure 1. M8284A Block Diagram 

1.2-122 

elK 

READY 

Figure 2. M8284A Pin 
Configuration 



inter M8284A 

ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias ............... -55° C to +125° C 
Storage Temperature ................... -65° C to +150° C 
All Output and Supply Voltages ............ -0.5V to +7V 
All Input Voltages .......................... -1.0V to +5.5V 
Power Dissipation ................................. 1 Watt 

"NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

D.C. CHARACTERISTICS (TA = -55°C to +125°C; VCC = 5V ± 10%) 

Symbol Parameter Min 

IF Forward Input Current (ASYNC) 
Other Inputs 

IR Reverse Input Current (ASYNC) 
Other Inputs 

Vc Input Forward Clamp Voltage 

ICC Power Supply Current 

Vil Input lOW Voltage 

VIH Input HIGH Voltage 2.0 

VIHR Reset Input HIGH Voltage 2.6 

VOL Output lOW Voltage 

VOH Output HIGH Voltage ClK 4 
Other Outputs 2.4 

VIHWVllR RES Input Hysteresis 0.25 

A.C. CHARACTERISTICS (TA ~ -55°C to +125°C; VCC = 5V ± 10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min 
tEHEl External Frequency HIGH Time 13 

tElEH External Frequency lOW Time 13 

tElEl EFI Period tEHEl + tElEH + 0 

XTAl Frequency 12 

tR1VCl RDY1, RDY2 Active Setup to ClK 35 

tR1VCH RDY1, RDY2 Active Setup to ClK 35 

tR1VCl RDY1, RDY2 Inactive Setup to ClK 35 

tClR1X RDY1, RDY2 Hold to ClK 0 

tAYVCl ASYNC Setup to ClK 50 

tClAYX ASYNC Hold to ClK 0 

tA1VR1V AEN1, AEN2Setup to RDY1, RDY2 15 

tClA1X AEN1, AEN2 Hold to ClK 0 

tYHEH CSYNC Setup to EFI 20 

tEHYl CSYNC Hold to EFI 20 

tYHYl CSYNC Width 2· tElEl 

tl1HCl RES Setup to ClK 65 /' 

tCll1H RES Hold to ClK 20 

12-123 

Max Units Test Conditions 
-1.3 mA VF ~ O.45V 
-0.5 mA VF ~ 0.45V 

50 }lA VR = VCC 
50 }lA VR = 5.25V 

-1.0 V IC = -5mA 

162 mA 

0.8 V 

V 

V 

0.45 V 5mA 

V -1mA 
V -1mA 

V 

Max Units Test Conditions 
ns 90% - 90% VIN 

ns 10% - 10% VIN 

ns (Note 1) 

25 MHz 

ns ASYNC = HIGH 

ns ASYNC = lOW 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns (Note 2) 
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inter M8284A 

A.C. CHARACTERISTICS (cont.) (TA = -55°C to +125°C; VCC = 5V ± 10%) 

TIMING RESPONSESt 

Symbol Parameter Min Max 
tClCl ClK Cycle Period 125 

tCHCl ClK HIGH Time (1/3 tClCl) + 2.0 

tClCH ClK lOW Time (2/3 tClcLl - 15.0 

tCH1CH2 
ClK Rise or Fall Time 10 tCl2Cl1 

tPHPl PClK HIGH Time tClCl - 20 

tPlPH PClK lOW Time tClCl - 20 

tRYlCl Ready Inactive to ClK (See Note 4) -8 

tRYHCH Ready Active to ClK (See Note 3) (2/3 tClcLl- 15.0 
tCLIl ClK to Reset Delay 40 

tClPH ClK to PClK HIGH Delay 22 

tClPl ClK to PClK lOW Delay 22 
tOlCH OSC to ClK HIGH Delay -5 22 

tOlCl OSC to ClK lOW Delay 2 35 

Notes: 
1. 5 = EFI rise (5 ns max) + EFI fall (5 ns max). 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 
4. Applies only to T2 states. 
tFigure 10 illustrates test load measurement condition. 

NAME 

EFI 

osc 

elK 0 

PCLK 0 

CSVNC I 

Units Test Conditions 
ns 

ns Fig. 6 and Fig. 7 

ns Fig. 6 and Fig. 7 

ns 1.0V to 3.5V 

ns 

ns 

ns Fig. 8 and Fig. 9 

ns Fig. 8 and Fig. 9 

ns 

ns 

ns 

ns 

ns 

RESET 0 ------~/·----------------~~t= 
NOTE" ALL TIMIN \1EASUAEMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 

Figure 3. Waveforms for Clocks a~d Reset Signals 
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M8286/8287 
OCTAL BUS TRANSCEIVER 

MILITARY 

• Data Bus Buffer Driver for Military 
iAPX 86, M8080A, M8085A, and M8048 
Processors 

• 3·State Outputs 

• 20·Pin Package with 0.3" Center 

• High Output Drive Capability for 
Driving System Data Bus 

• No Output Low Noise when Entering 
or Leaving High Impedance State 

• Fully Parallel 8·Bit Transceivers 
• Military Temperature Range: 

- 55°C to + 125°C 

The M8286 and M8287 are 8-bit bipolar transceivers with 3-state outputs. The M8287 inverts the input data at is outputs 
while the M8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 

M82ST r--------, 
I I 

AO vee AO vee 

A1 BO A1 Be 
A2 B1 A2 ii1 
A3 B2 A3 B2 

B3 A4 If3 

5}--l-4 ------- B4 A5 54 
~ AS B5 AS Bs f@-f-------A, 
.J A7 BS A7 iSs 

:r=====" 
OE B7 OE B7 

GND T GND T 

Figure 1. logic Diagrams Figure 2. Pin Configurations· 
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Symbol 

T 

OE 

Ao-A7 

Bo-B7 
(M8286) 

Bo-'§7 
(M8287) 

M8286/8287 

Table 1. Pin Description FUNCTIONAL DESCRIPTION 

Type 

I 

I 

I/O 

I/O 

Name and ,Function 

Transmit: T is an input control signal used to 
control the direction of the transceivers. 
When HIGH, it configures the transceiver's 
Bo-B7 as outputs with Ao-A7 as inputs. T 
LOW configures Ao-A7 as the outputs with 
Bo-B7 serving as the inputs. 

Output Enable; OE is an input control signal 
used to enable the appropriate output driver 
(as selected by T) onto its respective bus. 
This signal is active LOW. 

Local Bus Data Pins: These p'ins serve to 
either present data to or accept data from the 
processor's local bus depending upon the 
state of the T pin. 

System Bus Data Pins: These pins serve to 
either present data to or accept data from the 
system bus depending upon the state of the 
T pin. 

The M8286 and M8287 transceivers are 8·bit trans· 
ceivers with high impedance outputs. With T active 
HIGH and O'E active LOW, data at the Ao-A7 pins is 
driven onto the Bo-B7 pins. With T inactive LOW and O'E 
active LOW data at the Bo-B7 pins is driven onto the 
Ao-A7 pins. No output low glitching will occur whenever 
the transceivers are entering or leaving the high im· 
pedance state. 
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inter M8286/8287 

ABSOLUTE MAXIMUM RATINGS· 'NOTICE: Stresses above those listed under "Absolute 

Temperature Under 8ias .......... - 55°C to + 125°C 
Storage Temperature ............. - 65°C to + 150°C 
All Output and Supply Voltages ........ - 0.5V to + 7V 
All Input Voltages .................. - 1.0V to + 5.5V 
Power Dissipation .......................... 1 Watt 

Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (Vcc = 5V ±10%, TA = -55°C to +125°C) 

Symbol Parameter 

Ve Input Clamp Voltage 

Icc Power Supply Current-8287 
-8286 

IF Forward Input Current 

IR R~verse Input Current 

VOL Output Low Voltage -8 Outputs 
-A Outputs 

VoH' Output High Voltage -8 Outputs 
-A Outputs 

IOFF Output Off Current 
IOFF Output Off Current 

VIL Input Low Voltage -A Side 
-8 Side 

VIH Input High Voltage 

CIN Input Capacitance 

NOTE: 
1. B outputs-IOL = 20 mA,IoH = -5 rnA, CL = 300 pF 

A Outputs-IOL = 10 rnA, 10H = -1 rnA, CL = 100 pF 

Min Max 

-1 

130 
160 

-0.2 

50 

.45 

.45 

2.4 
2.4 

IF 
IR 

0.8 
0.9 

2.0 

12 

A.C. CHARACTERISTICS (Vcc = 5V ±10%, TA = -55°C to +125°C) 

Units Test Conditions 

V le=-5 mA 

mA 
mA 

mA VF=0.45V 

,..A VR= 5.25V 

V IOL = 20 rnA 
V IOL = 10 mA 

V IOH=-,5 mA 
V IOH=-1 mA 

VOFF =0.45V 
VOFF =5.25V 

V Vee= 5.0V, See Note 1 
V Vee = 5.0V, See Note 1 

V Vee= 5.0V, See Note 1 

F=1 MHz 
pF VSIAS =2.5V, Vee=5V 

TA=25°C 

(Loading: 8 Outputs-IOL = 20 mA, IOH = -5 mA, CL = 300 pF 
A Outputs-IOL = 10 mA,lOH =-1 mA, CL = 100 pF) 

Symbol Parameter Min. Max. Units Test Conditions 

TIVOV Input to Output Delay 
Inverting 22 ns (See Note 1) 
Non-Inverting 30 ns 

TEHTV Transmit/Receive Hold Time TEHOZ ns 

TTVEL Transmit/Receive Setup 30 ns 

TEHOZ, Output Disable Time 18 ns 

TELOV Output Enable Time 10 30 ns 

TlUH, Input, Output Rise Time 20 ns From 0.8V to 2.0V TOLOH 

TIHIL, Input, Output Fall Time 12 ns From 2.0V to 0.8V TOHOL 

NOTE: 
1. See waveforms and test load circuit on following pages. 
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M8288 
BUS CONTROLLER 

FOR MILITARY iAPX 86 
MILITARY 

• Bipolar Drive Capability 

• Provides Advanced Commands 

• Provides Wide Flexibility in System 
Configurations 

• Military Temperature Range: 
- 55°C to + 125°C 

• 3·State Command Output Drivers 

• Configurable for Use with an 1/0 ~us 

• Facilitates Interface to One or Two 
Multi·Master Busses 

· The Intellll> M8288 Controller is a 20-pin bipolar component for use with medium·to-Iarge iAPX 86,88 processing systems. 
The bus controller provides command and control timing generation ·as well as bipolar bus drive capability while 

· optimizing system performance. . 

A strapping opfion on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 

'ro~ 8086 -

STATUS ~-
S2-

{ CLK __ 

CONTROL AEN -

INPUT CEN-

10B-

52 

MIIDC 
lOB 

STATUS 
MWTC SYSB/RESB 

COM· 
DECODER 

AMWC MAND MULTIBUS'" RESS 

SIGNAL IORC COMMAND BClK 

GENER· iOWc SIGNALS INft 
ATDR Alowe 

INTA 
BREQ 

BPRO 

BPRN 

CONTROL DT/R } ADDRESS LATCH, DATA GND 
CONTROL SIGNAL DEN TRANSCEIVER. AND 

LOGIC GENER· MCE/PDEN INTERRUPT CONTROL 

ATOR ALE SIGNALS. ' 

+ 5V GND 

Figure 1. Block Diagram 

(-so 
PROCESSOR _ 51. 

STATUS l _ . 
t - 52 

1
- lOCK 
"_ elK 82~9 

CONT-ROll _ CRQLCK 

STRAPPING 1 
OPTIONS - RESS 

- ANYROST 

- lOB 

VCC 

I 

VCC 

Sf 

sa 
ClK 

COCK 

CRQLCK 

ANYRQST 

AEN 

CBRO 

BUSY 

--INIT 

-BClK 

I-- BREO 

-Bl'lffi 
I-- BPRO 
_ BUSY 

- CBRll 

MUlTiBUS 
INTERFACE 

- SYS81RESB } SYSTEM 
I-- AEN SIGNALS 

Figure 2. Pin Configuration 
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intJ M8288 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............... -SsoC to 12SoC 
Storage Temperature ................ -6SoC to +1S0~C 
All Output and Supply Voltages ......... -O.SV to + 7V 
All Input Voltages ..................... -1.0V to +S.SV 
Power Dissipation ............................ 1.S Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect 
device reliability. 

D,C. CHARACTERISTICS (Vee =sv ±10%, TA = -Ssoc to 12S°C) 

Symbol Parameter Min Max 

Ve Input Clamp Voltage -1 

Icc Power Supply Current 230 

IF Forward Input Current -0.7 

IR Reverse Input Current SO 

VOL Output low Voltage-
Command Outputs O.S 
Control Outputs O.S 

VOH Output High Voltage-
Command Outputs 2.4 
Control Outputs 2.4 

Vil Input low Voltage O.B 

VIH Input High Voltage 2.0 

IOFF Output Off Current 100 

A.C. CHARACTERISTICS (Vee =sv ±10%, TA = -SSOC to 12S°C) 

TIMING REQUIREMENTS 

Symbol Parameter Min Max 
TClCl ClK Cycle Period 125 
TClCH ClK low Time 66 

TCHCl ClK High Time 40 

TSVCH Status Active Setup Time 3S 
TCHSV Status Active Hold Time 10 
TSHCl Status Inactive Setup Time 3S 
TClSH Status Inactive Hold Time 10 
TILIH Input Rise Time 20 

TIHll Input Fall Time 12 

12-129 

Unit Test Conditions 

V Ie = -S mA 

mA 
mA VF = O.4SV 

/LA VR = Vee 

V IOl = 20 mA 
V IOl = 16 mA 

V IOH = -S mA 
V IOH = -1 mA 

V 
V 

/LA VOFF - 0.4 to S.2SV 

Unit Test Conditions 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns From O.BV to 2.0V 

ns From 2.0V to O.BV 
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M8288 

A.C. CHARACTERISTICS .(Continued) 

TIMING RESPONSES 

Symbol ·Parameter Min· Max Unit 

TCVNV Control Active Delay 5 45 ns 
TCVNX Control Inactive Delay 10 50 ns 
TCLLH,TCLMCH ALE MCE Active Delay (from CLK) 25 ns 
TSVLH, TSVMCH ALE MCE Active Delay (from Status) 25 ns 
TCHLL ALE Inactive Delay 4 15 ns 
TCLML Command Active Delay 10 35 ns 
TCLMH Command Inactive Delay 10 35 ns 
TCHDTL Direction Control Active Delay 50 ns 
TCHDTH Direction Control Inactive Delay 30 ns 
TAELCH Command Enable Time 40 ns 
TAEHCZ Command Disable Time 40 ns 
TAELCV Enable Delay Time 115 200 ns 
TAEVNV AEN to DEN 20 ns 
TCEVNV CEN to DEN, PDEN 30 ns 
TCELRH CEN to Command TCLML ns 
TOLOH Output Rise Time 20 ns 

TOHOL Output F.all Time 12 ns 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FDA A LOGIC ''1'' AND O.45V FDA 
~o~9g',~ .. ··~~DTI~~~.':'JG ME~SUREMENTS ARE MADE AT 1 5V FOR 80TH A 

TEST LOAD CIRCUITS-3-STATE COMMAND OUTPUT TEST LOAD 

1 • .5V 

. 1.800 

OUT~ 

I 300PF 

3-STATE TO HIGH 

1.SV 

J 33Q 

OUT~ 
1300 pF 

3·STATE TO lOW 
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2.01V 

o"'~"o 
1300 pF 

COMMAND OUTPUT 
TEST LOAD 

Test Conditions 

MRDC' 
fORe 
MWTC IOL = 20 mA 
IOWC ~H = -5 mA 
INTA L = 300 pF 

AMWC 
AIOWC I 

{ IOL =16 mA 
Other ~H = -1 mA 

L = BO pF 

From O.BV to 2.0V 

From 2.0V to O.BV 

2.28V 

o"'~"" 
I 80pF 

CONTROL OUTPUT 
TEST LOAD 

AFN'()1407A 
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WAVEFORMS 

DEN, PDEN QUALIFICATION TIMING 

~ \/ 
--------------------------~/\~--------------------------

r--TAEVN~=-
DEN ______________________________________ -+ __ --J I ~. ____ ~~~------------------------

I 
Te EVNV-------I 

PDEN _______________________________________________ >K~ ____ __ 
'---------------------_._--_ ...... _-------

". __ .. _--- " ... --_ .. _---------------, 
ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

~~5V ___ T_AE_L_CV __________________ ~~5V 
i~~~~1 i TAEH:i o.sv 

co~"'::~6---· } 'I" h"J \-.~ VOH 

CEN ---------------------------Jn~-----------------------------
NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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WAVEFORMS (Continued) 

STATE T2----- I- T3--__ T4~--T1-

_---TClCln -TClCH~ Lr / / \ 
ClK 

TCHSV- -I ----jrSVCtl - TCHCl~ 

~r ~ 
TSHCl 

i , - TClS~ 

\i \ 

I 
ADDR WAITE CD VALID DATA VALID 

AOORE$SfDATA 

TCLlH_ r H I.-TCHll 
TSVll:i 

)I ALE 

I -I 
\ 

I 

I 

\ 
- -TClMl - I-TClMl 

\ 
1\ 

I 
- '-- TCVNV 

I 
I / 

TCVNX-

I 
I 

DEN (WRITE I 

POEN (WRITE I 

I OllR (READ 

(INTA ) 

MC E 

I 

I 

I ! 

,,,,,,-~_+I I 

I 
I ! I 

---l ! 

I 

1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PUAPOSES 

\ 
\ 

~CVNV- r 
i I 

I 
! 

I 

I I 

I 

I 

- , -+TCHDTL 

1"® 
irCVNX 

2 LEADING EOOE OF ALE AND MCE IS OETERMINED BY THE FALLING EDGE OF elK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 
3 ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS SPECIFIED OTHERWiSE 
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T4~ 

V\ 
"---.I "----

rTClMH 

/ 

I 

\ 
\ 

-
/ 

/ 

\ 
1\ 

- !--TCVNX 

/ 
.I 

/ 
/ 

TCHDTH------ c 
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M8289 
BUS ARBITER 

MILITARY 

• Provides Multi-Master System Bus 
Protocol 

• Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 

• Provides Simple Interface with 8288 
Bus Controller 

• Four Operating Modes for Flexible 
System Configuration 

• Military Temperature Range: 
-55°C to +125°C 

• Provides System Bus Arbitration for 
M8089 lOP in Remote Mode 

The Intel® 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86,88 
multi master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus 
masters, such as an Ma086 CPU with M8089 lOP in its REMOTE mode, while providng bipolar buffering and 
drive capability. 

M8086!8088/S089 I i, 
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Figure 1. Block Diagram 
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intJ M8289 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ............. -55°C to +125°C 
Storage Temperature ................ -65°C to +150°C 
All Output and Supply Voltages ......... -0.5V to + 7V 
All Input Voltages .............•....... -1.0V to +5.5V 
Power Dissi'pation ...... ': ..... ',' ;,:.," .......... 1.5 watt 

*NOTICE: Stresses above those listed under "Absolute 
Maxlmum-Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi
mum ratifJg conditions for extended periods may affect 
device reliability. , 

D.C. CHARACTERISTICS(TA = -WC to ,+125°C, vee = 5V ±100/0) 

Symbol Pa,ramefer Min Max 

Ve Input Clamp Voltage -1.0 

IF Input Forward Current -0.5 

IR Reverse Input Leakage Current 60 

VOL Output Low Voltage , BUSY, CBRQ " 0.50 
AEN 0.50 
BPRO,BREQ '0.50 

VOH Output High Voltage 
BUSY, CBRQ Open Collector 

All Other Outputs 2.4 

IcC Power Supply Current 165 

V,L Input Low Voltage .8 

V,H Input High Voltage 2.0 
Cin Status Input Capacitance 25 
Cin (Others) Input Capacitance 12 

A.C. CHARACTERISTICS (Vee = 5V ± Wlo, TA = -55°C to +125°C) 

TIMING REQUIREMENTS 

Symbol Parameter Min Max 

TCLCL CLK Cycle Period 125 
TCLCH CLK Low Time 65 
TCHCL CLK High Time 35 
TSVCH Status Active Setup 65 TCLCL-10 

TSHCL Status inactive Setu p 50 TCLCL-10 

THVCH Status Active Hold 10 

THVCL Status I nactive Hold 10 
TBYSBL BUSYt ~Setup to BCLK~ 20 
TCBSBL CBF.lQHSetup, to BCLK~ 20 
TBLBL BCLK Cycle Time 100 

TBHCL BCLK High Time 30 65[TBLBL] 
TCLLL1 • , LOCK Inactive Hold 20 
TCLLL2 L()CK Active Setup 40 

TPNBL BPRNH to BCLK~ Setup Time 15 
TCLSR1 SYSB/RESB S!'tup 0 
TCLSR2 SYSB/RESB Hold 20 

TIVIH Initialization Pulse Width 3 TBLBL + 

.' 3 TCLCL 

TILIH Input Rise Time 20 
TIHIL Input Fall Time 12 
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Unit Test Conditions 
V Vee = 4.50V, Ie = -5 rnA 

rnA Vee = 5.50V, VF = 0.45V 
p..A Vee = 5.50, VR = 5.50 

V IOL = 18 rnA 
V IOL = 14mA 
V IOL = 9mA 

V IOH = 350 p..A 
rnA 
V 
V 
pF 
pF 

Unit Test Conditions 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns From O.BV to 2.0V 
ns From 2.0V to 0.8V 



A.C. CHARACTERISTICS (Continued) 

TIMING RESPONSES 

Symbol Parameter 
TBLBRL BCLK to BREa Delayj t 
TBLPOH BCLK to BPROjt (See Note 1) 

TPNPO BPRNj t to BPROj tDelay 
(See Note 1) 

TBLBYL BCLK to BUSY Low 
TBLBYH BCLK to Bl)SY Float (See Note 2) 

TCLAEH CLK to AEN High 
TBLAEL BCLKto AEN Low 
TBLCBL BCLK to CBRa Low 
TBLCBH BCLK to CBRa Float (See Note 2) 

TOLOH Output Rise Time 
TOHOL Output Fall Time 

NOTES: 

M8289 

Min Max Unit Test Conditions 
35 ns 
40 ns 
25 ns 

60 ns 

35 ns 
65 ns 
40 ns 
60 ns 
35 ns 
20 ns From O.BV to 2.0V 

12 ns From 2.0V to O.BV 

1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRN. 
2. Measured at .SV above GND. 
3. Denote.s that spec applies to both transitions ofthe signal. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUTfOUTPUT 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ."" AND O.45V FOR 
A LOGIC "0." THE CLOCK IS DRIVEN AT 4,3V AND O.2SV TIMING MEASURE
MENTS ARE MADE AT 1.SV FDA BOTH A LOGIC "1" AND "0" 

A.C. TEST CIRCUITS 

1) BUSY. cBRa 2) iiEN' 

12
•
3V 

92.SQ 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

i}C'~100PF TEST 

':' 

Cl ,--- l00pF 
CL INCLUDES JIG CAPACITANCE 

2.3V 2.3V 

110~'! 170SJ 
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M8741 A 
UNIVERSAL PERIPHERAL INTERFACE 

8-BIT MICROCOMPUTER 
MILITARY 

• 8-Bit CPU plus EPROM, RAM, I/O, Timer 
and Clock in a Single Package 

• Fully Compatible with MCS-48? MCS-8(f, 
MCS-8~ and iAPX 86, 88 Families . 

• Expandable 1/0 • One 8-Bit Status and Two DataRegis
ters for Asynchronous Slave-to-Master 
Interface • Over 90 Instructions: !P%· Single' Byte 

• DMA, Interrupt, or Polled Operation 
Supported 

• 1024 x 8 EPROM, 64 x 8 RAM, 8-Blt 
Timer/Counter, 18 Programmable 
I/O Pins 

• Military Temperature Range: 
-55°C to +100°C: 

The Intel@ M8741A is a general purpose, programmable interfaced.E!vice designed for use witha viirietyof8-bit micropro
cessor systems. It contains a low cost microcomputer with program memory, data memory, a-bit CPU, 110 ports, 
timerlcounter, and clock in a single 40-pin package. Interface registers are included toenablethe UPI device to function as 
a peripheral controller in MCS-4~ MCS-80~ MCS-8~iAPX 86, 88 systems. 

The M8741A has 1K wOrds of program memory and 64 words of data memory on-chip. The device has·tw08-bit, TTL 
compatible 1/0 ports'and two test inputs. Individual port lines can function as either inputs or outputs under software controL 
110 can be expanded with the, M8243 device which is directly compatible and has 16 1/0 lines. An 8-bit programmable 
timerlcounter is included in the UPI device for generating timing sequences or counting external inputs. Additional UPI 
features include: single 5V supply, Single-step mode for debug and dual working register banks. 

Because it's a complete microcomputer, the UPI provides more flexibility for the des)g(lElr than conventional LSI inter; 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 

· MASTEO l'~· SYSTEM 
INT!RFACE WII"-_ 

"'-ClI-_ 
Ao--

£11-____ 

SYNC--
11--

PAOO ..... --
CA!~T:~{XTAL1_, _~ 

CLOCK XTAU--L::J 

INTERNAL 
.US 

lI'::======~ ''0 ~ POAT1 

OATA 
MEMORY 

Figure 1. Block Diagram 
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M8741 A 

ABSOLUTE MAXIMUM RATINGS· 

AmbientTemperature Under Bias ...... -o5°e to 100° e 
Storage Temperature ............. - 65 °e to + 150 °e 
Voltage on Any Pin With Respect 

to Ground ........................ -0.5V to +7V 
Power Dissipation ......................... 1.5 Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°eto 100°C. Vee = Voo = +5V ±10%) 

Symbol Parameter Min. Max. 

VIL Input Low Voltage (Except XTAL 1, XTAL2. RESET) -0.5 0.7 

~L1 Input Low Voltage (XTAl1. XTAL2. RESET) - 0.5 0.5 

VIH Input High Voltage (Except XTAL 1. XTAL2, RESET) 2.3 Vcc 
VIH1 Input High Voltage (XTAL 1. XTAL2, RESET) 3.B Vcc 

VOL Output Low Voltage (00-07) 0.45 

Vou Output Low Voltage (P10P17' P20 P27 • Sync) 0.45 

VOL2 Output Low Voltage (Prog) 0.45 

VOH Output High Voltage (00-0 7) 2.4 

VOH1 Output High Voltage (All Other Outputs) 2.4 

IlL Input Leakage Current (To, T1• RD. WR. CS, Ao. EA) ±10 

loz Output Leakage Current (00-0 7 , High Z State) ±10 

III Low Input Load Current (P1Q P17' P20 P27) 0.7 

I LI1 Low Input Load Current (RESET. SS) 0.3 
f---

100 Voo Supply Current 25 

Icc + 100 Total Supply Current 155 

A.C. CHARACTERISTICS (TA = -55°C to 1000 e, Vee = Voo = +5V ±10%) 

DBB READ 

Symbol Parameter Min. Max. 

tAR CS, Ao Setup to ROt 0 

tRA CS. Ao Hold After ROt 0 

tRR RO Pulse Width 350 

tAO CS. Ao to Data Out Delay 300 

t RO RO I to Data Out Delay 300 

tOF ROt to Data Float Delay 100 

tCY Cycle Time 4.17 15 

DBB WRITE 

Symbol Parameter Min. Max. 

tAW CS, Ao Setup to WRt 0 

tWA CS. Ao Hold After WRt 0 

tww WR Pulse Width 350 

tDW Data Setup to WRt 200 

two Data Hold After WRt 0 
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Unit Test Conditions 

V 

V 

V 

V IOL = 1.2 mA 

V IOL= O.B mA 
--

I V IOL= O.B mA 

V IOH = -240 p.A 

V IOH= -30 p.A 

JJ.A Vss :S VIN :S Vcc 

JJ.A Vss + 0.45,,; VOUT ,,; Vcc 

mA ViLi= O.BV 

mA VIL=O.BV 

mA Typical = 10 mA 

mA Typical = 80 mA 

Unit Test Conditions 

ns 

ns 

ns 

ns CL=150pF 

ns CL=150pF 

ns 

,"s 3.6 MHz XTAL 

Unit Test Conditions 

ns 

ns 

ns 

ns 

ns 



A.C. CHARACTERISTICS (Continued) 
PORT 2 

Symbol P·arameter 

tcp Port Control Setup Before Falling 
Edge of PROG 

tpc Port Control Hold After Falling 
Edge of PROG 

M8741 A 

Min. 

115 

65 

tpR PROG to Time P2 Input Must Be Valid 

tpF Input Data Hold Time 0 

tDP Output Data Setup Time 230 

tPD Output Data Hold Time 25 

tpp PROG Pulse Width 920 

DMA 

Symbol Parameter 

tACC DACK tD WR or RD 

tCAC RD Dr WR to DACR 

tACD DACK tD Data Valid 

tCRO RD or WR to DRO Cleared 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.' 
2.0 > TEST POINTS < 
0.8 

0.45 
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Max. Unit Test Conditions 

ns 

ns 

860 ns 

160 ns 

ns 

ns 

ns 

Min. Max. Unit Test Conditions 

0 ns 

0 ns 
--

300 ns CL = 150 pF 

250 ns 

2.0 

0.8 



WAVEFORMS 

PORT 2 

DMA 

SYNC 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PFiOG 

AD ----+., 

DATA BUS 

ORO 

M8741A 

PORT 20_3 DATA 

PORT 20-3 DATA 

---tACC--
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intel® 
M8755A 

16,384-BIT EPROM WITH I/O 
*Directly Compatible with M8085A CPU. 

• Military Temperature Range: 
-55°C to +100°C 

• 2048 Words x 8 Bits 

• Single +5V Power Supply (Vee) 

• U.V. Erasable and Electrically 
Reprogrammable 

MILITARY 

• Internal Address Latch 

• 2 General Purpose 8·Bit 1/0 Ports 

• Each 1/0 Port Line Individually 
Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• 40·Pin DIP 

The Intel® M8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/Ochip to be used in the MeS-85™ 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 

ClK----, 

READV--4 

ADo.7 

110·10 

CE2--~ 

IO/M---I 
AlE---I 
RD----' 
IOW---t 

RESET---i 

2Kx 8 
EPROM 

[] PORTA 

o ¢4P~'7 
B 

PORT B 

¢4PBo.7 
lOR ---L-r-r--r---,r-1 

PROG/CE, 

VDD 

Figure 1. Block Diagram 

PROG AND CE, 1 

Figure 2. Pin Configuration 
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M8755A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .......... - 55·C to + 100·C 
Storage Temperature ............. -65·C to + 150·C 
Voltage on Any Pin 

With Respect to Ground ............ -0.5V to + 7V 
Power Dissipation .......... : ................. 1.5W 

'Except for programming voltage 

'NonCE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = -55°C to +100°C, Vee = Voo = ±10%) 

Symbol Parameter Min. Max. Units Test Conditions 

VIL Input Low Voltage -0.5 0.7 V 

VIH Input High Voltage 2.2 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = 1.6 rnA 

VOH Output High Voltage 2.4 V IOH'= -400 p.A 

IlL Input Leakage 10 p.A VSS ", VIN ", Vee 

ILO Output Leakage Current ±10 /LA Vss + 0.45V ", VOUT ", Vee 

lee Vee Supply Current 220 mA 

100 Voo Supply Current 30 mA Voo = Vee 

CIN Input Capacitance 10 pF f= 1 MHz 

ello Input/Output Capacitance 15 pF ,f = 1 MHz 

12-'-141 



M8755A 

A.C. CHARACTERISTICS (TA = -55°C to 100°C Vee = VDD = +10%) -

Symbol Parameter Min. Max. Units Test Conditions 

tCYC Clock Cycle Time 320 ns 

T1 ClK Pulse Width 80 ns CLOAO= 150 pF 

T2 ClK Pulse Width 120 ns 

tf, t, ClK Rise and Fall Time 30 ns 

tAL Address to latch Set Up Time 70 ns 

tLA Address Hold Time after latch 100 ns 

tlC latch to READ/WRITE Control 130 ns 

tRO Valid Data Out Delay from READ Control 200' ns 

tAD Address Stable to Data Out Valid 500 ns 

tLl latch Enable Width 140 ns 

tROF Data Bus Float after READ 0 100 ns 

tCl READ/WRITE Control to latch Enable 50 ns 

tcc READIWRITE Control Width 300 ns 

tow Data In to WRITE Set Up Time 200 ns 

two Data In Hold Time After WRITE 100 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 70 ns 

tRP Port Input Hold Time 70 ns 

tRYH READY HOLD TIME 10 160 ns 

tARY ADDRESS (CE) to READY 220 ns 

tRY Recovery Time Between Controls 400 ns 

tROE Data Out Delay from READ Control 20 ns 

tLO ALE to Data Out Valid 400 ns Preliminary 

• TAD-(TAL + TLcl, whichever IS greater. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

A C. TESTING' INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1" AND Q.4SV FOA 
A LOGIC '0 TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 
AND a.BV FOR A lOGIC' 0 
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DEVICE 
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-= 
CL ",,150pF 
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QUALITY ASSURAN'CE OPERATIONS 

QUALITY ASSURANCE OPERATIONS, 
CORPORATE POLICY 
"It is the policy of Intel Corporation to design, 
manufacture, and deliver products that not only meet 
our specified standards, but also satisfy our customer 
standards, and perform reliably in their applications. To 
this end, Quality Assurance at Intel has the authority to 
exercise control of quality over every phase of the 
design and manufacturing process." 

Intel Quality Program Policy, 
Intel (Corporate) Policies and Procedures. 

QUALITY ASSURANCE, 
THE SCOPE OF THE OPERATION 
By definition, quality is conformance to specification 
... process or procedure, mechanical or electrical, 
customer or Intel. The operation chartered to maintain 
that conformance is "Quality Assurance." .Within this 
operation, departmental activities include the day-to
day surveillance o( manufacturing and testing of prod
uct, and the longer-range considerations of process, 
package, and product reliability. Just as quality is 
"conformance to specification," reliability is 
"continual conformance to specification." The 
reliability departments, process, package and product, 
play key roles in maintaining Intel's high quality stan
dards, by being involved from concept to on-going pro
duction monitors throughout the product life. 

ORGANIZATION, A UNIQUE MATRIX 
All product-related Q.A. organizations come under a 
uniform policy, while still maintaining the flexibility to 
service the specific needs of a product area. To perform 
in this manner, a unique matrix organization was 
developed. All quality and reliability functions report 
directly through Q.A. operations or site managers to 
the Director of Quality Assurance. The flexibility is 
obtained by the Q.A. managers associated with product 
areas (such as E-PROMs, memories, microcontrollers, 
microprocessors and peripheral circuits) also reporting 
indirectly to (i.e., matrixing to) the operation or division 
general manager. 

Additionally, each product area has both a quality and 
reliability group under a single Q.A. manager. This in
volvement on a product-specific level provides both the 
customer and Intel with the timely response necessary 
to maintain a problem-free product flow. And when 
there are problems, they are handled quickly on a local 
level. This results in a "team" approach, quality, 
reliability, development, manufacturing-making 
state-of-the-art technology available in a usable form 
for our customers. 
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RELIABILITY, DESIGNED-NAND 
BUILT ON EXPERIENCE 
Intel's extensive reliability program forms the basis of 
the quality program. Whether process, package or 
product, the appropriate reliability department is part 
of the development cycle from concept. In this way, the 
finished product is based on the reliability history of 
millions of deviCes-built on experience. To illustrate 
this philos()phy, since 1970, the first application of a 
new technology has always been on a memory chip. 
This type of chip provides a large-volume basis to es
tablish a reliability data base for the technology. As part 
of the data base, the memory device is extensively 
analyzed for failure mechanisms and.the process tech
nology altered to eliminate them. From this data base, 
under the guidance of process reliability, design rules, 
test patterns, and process limits evolve. Only after 
completing qualification will the technology be utilized 
in another type of device; such as a microprocessor. 
And so the data base grows, with more complex devices 
advancing the technology, each succeeding device 
being potentially more reliable than the last, because 
the devices are built on experience, and the reliability is 
designed-in. 

The key to establishing a new product, process or pack
age, or to changing an existing one, is the rigid qualifica
tion requirements which must be met. Qualification 
must be run and approved by the appropriate reliability 
department before any revenue shipment may be milde. 
The reliability goals have been set during the concept 
stage in keeping with corporate objectives and must be 
demonstrated by the qualification. Consider one exam
ple, the qualification of a new wafer fab technology for 
E-PROMs. Below is a list of tests the first 5 wafer lots 
see during qualification: 

12SOC burn-in 
125°C lifetest 
150°C HTRB 
Low-temperature lifetest 
250°C storage 
Temperature cycle 
Thermal shock 
Test pattern study 
Program/erase cycling 
System verification 

168 hours 
2000 hours 
1000 hours 
1000 hours 
1000 hOl,lrs 
-65°C to + 150°C 
-65°C to + 150°C 

It is from this type of sequence that infant. mortality, 
random . failure rates, and associated failure mecha
nisms are determined. Also from this data, reliability 
reports are written and made available to ollr 
customers; 



QUALITY ASSURANCE OPERATIONS 

While successful completion of qualification is the key 
to product introduction, it would be meaningless if the 
device was not sampled throughout its product life. As 
has been shown, the use of generic technology families 
evaluate.s the process each time a new product is quali
fied. More than that, on a rotating product basis, 125°C 
dynamic burn-in and lifctcsts are performed to contin
uously monitor all technologies. Fifty thousand devices 
each month are allocated for the Reliability Monitor 
Program by the Components Division. In this manner, 
all generic technology families are continuously 
scrutinized to assure that reliability goals are met. 

In the same manner, Intel Package Reliability performs 
an extensive package monitor program to assure the 
mechanical integrity of every package type produced 
by every assembly facility. 

QUALITY, THE DEVICE MEETS 
SPECIFICATION 
The reliability program has been shown to support com
ponents quality through design-in, qualification, and 
on-going monitors. This forms the basis of the quality 
philosophy of looking at product from its concept, and 
requiring succeeding and more complex technolo
gies/products to perform at levels better than those 
previous. The quality operations.supporting this philos
ophY' start, as reliability does, by working with the 
design team in the product concept stage. 

Quality must approve the Target Specification for any 
new device. Later, before qualification, test programs 
are validated as meeting the required limits and condi
tions to guarantee operation of the product to 
specification. 

The checks and balances implemented during the pro
cess flow start with incoming inspection of piece parts, 
wafers, chemicals and masks. All must meet the stan
dards determined to be commensurate with Intel's 
product quality and reliability goals. The Materials 
Technology Laboratory plays a large support role in 
determining these standards, in some instancesdevel
oping test methods where none exist to meet the com
plex control needs. 

Throughout the entire process, an independent 
manufacturing group, Manufacturing Process Control, 
continuously monitors processes in wafer fabrication, 
assembly, die sort, burn-in and test areas. The group 
provides trend data and process auditing control on a 
day-to-day basis, involving quality and reliability 
groups when control problems are evident. In the case 
of wafer fabrication, the test methods and patterns used 
for process control by MPC have been designed by 
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Process Reliability. In all areas, controls must be app
roved by Quality and Reliability. 

Assembly Quality Assurance operates at all assembly 
sites instituting controls that guarantee product in
tegrity irrespective of plant location. Consolidated 
trend data is published weekly, heading off potential 
problems by allowing effective concentration of en
gineering resources in a timely manner. 

Final Quality Assurance (FQA) operates in each Test 
and Finish area to verify that Intel and customer re
quirements are met. Independent electrical sampling, 
external visual examination, and checking data require
ments are some of the functions of this group. 

Overlaying all areas is a network of calibration labora
tories. Operating to Mil-Std-45662, the laboratory 
supports all operations by maintaining test and process 
equipment within their required tolerances. The group 
provides the baseline for all Intel measurements by 
both systems and bench-top equipment, assuring the 
validity of product shipments at the customer's 
location. 

MAJOR PROGRAMS, 
CUSTOMER-ORIENTED TO PROVE AND 
IMPROVE QUALITY 
Every area of quality and reliability at Intel has major 
programs which are customer-oriented. Several are 
detailed here to illustrate the manner in which Intel 
services the customer in the quality and reliability areas 
after the sale. 

The Reliability Monitor Program, referred to in the 
"Reliability" section, is a burn-in and Iifetest program 
which verifies that all of Intel's technologies are being 
controlled within specified reliability target goals. By 
utilizing a dynamic 125OC, 48-hour burn-in, "infant 
mortality" failure rates may be determined. A portion 
of these devices are continued to 1000 hours to deter
mine random failure rates. This process technology
oriented data is now available to customers biannually 
to use instead of requiring product burn-in on a lot-by
lot basis. 

There has been a need, that has grown with device 
complexity, for an Intel-customer correlation effort. 
This effort has resulted in the FACR (Failure Analysis 
Correlation Request) system within each division or 
operation. Operating through the Field Sales En
gineers, the object of the program is to eliminate electri
cal test discrepancies between Intel and its customers 
in a timely manner. The system provides direct contact 
with a product-oriented Quality Engineer to eliminate 
test program or equipment discrepancies betwe,en the 



QUALITY ASSURANCE OPERATIONS 

customer and Intel without returning all product ship
ped. The success of the program may be measured by 
the numbers of lots that have been shipped to custom
ers and been questioned and accepted after utilizing the 
FACR system. The obvious by-product of this system is 
to build customer confidence to the point where Intel's 
final test and FQA data becomes the customer's incom
ing inspection data. 

The Military Quality Assurance program, operated out 
of the Phoenix site, attends to customers within the 
aerospace or military industry, or in some cases, to 
customers that have special documentation require
ments. To perform in this product area, the Military 
Q.A. acts as an overlay on all sites and operations, 
defining the Q.A. program requirements in that particu
lar area. The success of this program may be gauged by 
the acceptance of selected high-technology products by 
the Federal Government under Mil-M-3851O, and the 
product processing areas certified by an agency of the 
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Federal Government (see "Military Grade Products" 
for details). This department also performs process 
audits on a regular basis of applicable Intel manufactur
ing facilities to assure compliance to rigid military 
traceability and process requirements. 

QUALITY ASSURANCE OPERATIONS 
FLOWCHART 
The Quality Assurance Operations are involved in 
every phase of the Components Divisions. Activities 
vary from generating and validating design rules for a 
process technology to assuring the device count agrees 
with the Intel invoice in Plant Clearance. The following 
flowchart documents some of the major interactions of 
Quality and Reliability through the product lifecycle. 
Step-by-step inspection is not shown, but rather an 
overview of the entire cycle to illustrate the extent of 
Intel's commitment to provide the quality and 
reliability our customers have utilized since 1969. 



QUALITY ASSURANCE OPERATIONS 

PROCESS TECHNOL.OGY 

Reliability: Generate Design Rules 
Generate Test Pattern 
Process Qualification 
Stress Testing 
Failure Mode Analysis 

PACKAGE TECHNOLOGY 

Reliability: Process Qualification 
Materials Test Methods 
Materials Characterization 

WAFE.R fABRICA1 

Quality: Incoming Inspectior 
High Magnification' 

PRODUCT DESIGN 
Reliability: Process Qualificatio 

Process Control, Me 
Analytical Test Labol 

Quality: Parameter Limits, Testability 
Test Program Control 
Target Specification 

PRODUCT VALIDATION/QUALIFICATION 

Design Engineering: 
Design Engineering: 
Applications Engineering: 
Quality/Reliability: 
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Design Verification 
Performance Verification 
System Verification 
Qual ification 



Ite 

idation 

ASSEMBLY 

Quality: Incoming Inspection Gates 
High/Low Magnification Visual Gates 

Assembly Q.A. Acceptance 

External Visual 
Fine/Gross Leak® 
Centrifuge 
Acoustic (PIND) 
MarK Permanency 

Open/Short Test 
Bond Pull 
Die Shear 
X-Ray 
Internal Visual 

Reliability: Process Qualification 
Assembl Monitor Program 

ASSEMBLY MONITOR PROGRAM TEST AND FINISH 

External Visual 
Fine/Gross Leak® 
Lid Torque 
Temp/Humidity® 
Moisture Resistance® 

Quality: Final Q.A. Acceptance 

Electrical Test Sample 
Solderability 
Mark Permanency 

Physical Dimensions 
External Visual 
Conformance to Sales Order 

Internal Visual 
Temperature Cycle 
Thermal Shock 
Steam 

Reliability: Reliability Monitor Program 

48 Hr, 125°C Dynamic Burn-In 
1000 Hr, 125°C Dynamic Lifetest 

NOTES: 

@ Hermetic packages, only. 

® Plastic packages, only. 
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PLANT CLEARANCE 

Quality: External Visual 
Sales Order Requirements 



I 
I 
I 
I 

I 
I 
I 
I 
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ORDERING INFORMATION 

Status Notices: 

IPOO~Il.D~DOOb).OOW - Indicates some electrical parameters are subject to change. 

b).IQ)Wb).OO@~ DOOIF@OO~b).'jj'D@OO - Indicates some functional characteristics are subject to change. 

Semiconductor components are identified as follows: 

Example: 

M D 2 4 

I 
Four or five characters 
per device type 

Package Type 
B - Hermetic Package, Type B 
C - Hermetic Package, Type C 
D - Hermetic Package, Type D 
P - Plastic Package 
X - Unpackaged Device 

M - Indicates Military Grade 

I - Indicates Industrial Grade 

Examples: 

A L 3 

Up to three character 
modifier for power, 
speed, processing, etc. 

D2147H-1 High-speed 2147, 4096 x 1 RAM with 35 ns access time, hermetic package Type D, com
mercial temperature range. 

P8085A-2 8085A 8-bit microprocessor with 5 MHz clock, plastic package, commercial temperature 
range. 

MD3636/B 2K x 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level B 
processing. * 

MD8080A/B 8080A microprocessor, hermetic package Type D, military temperature range, MIL-STD-883 
Level B processing. * 

Kits, boards and systems may be ordered using the part number designations in this catalog. 

The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 

"For Military products, MIL·STD·883 Level B processing is indicated by a IB suffix; all others should be specified by the "s" number 
suffix. 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

NOTES: 
1. All packages drawings not to scale. 
2. All packages seating plane defined by .0415 to .0430 PCB holes. 
3. Type P packages only. Package length does not include end flash burr. Burr is .005 nominal, can be .010 max. at one end. 
4. All package drawings end view dimensions are to outside of leads. 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 
16-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

18-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

20-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

.835 (21.209) 
r----. -.825 (20.955)-~ 
I~ _ _ PIN11 

.2451~.223) 

----~~55 (1.477) 

'9-~~~ - -- - . - __ .1 .325 

I .075 ~ 1- - MAX. -"I 
f_~:;:::;::;:::;:·:;:700:;:~'~~~)~REF -- ; ~: :::::: 18255) 

"'iiF~~-+--OI'1I'1J 1- -.~IICCCtO::OMI~~302)~;~~4~P~A. ".~ 1~ 
J 1 

- i- jl 10381\ I ' REF. 
r --. -: I ~ .020 (O.50~) I .400 I 

. 119 ~.794} 060 TYP .032 TYP :016 (0'.406) I-- MAX. --..1 

.090 (2.286) (1.524) (0.813) (10.160) 

. 905 (22.9B7) r----------- .895 (22.733) ~ 
1_ _ _ _ _ __ ~N~I 

NOTE 4 . 

~~~ ·--3;~;¥~~: 
--- _---.1 .325 __ 1_- .06D ~ I-MAX.----j 

'20015'D80)~8DD (20.32D) REF. I .04D (1.016) I 18.255). i 

~MAX' =-====m$--r 140 (3.556) -A' -...:r=----Il 
SEATING ____ __ .130 (3.302) ~ 

PLANE ~ '1 J L _._-[ .010 TYP • 0" 
.12513.175) . ' .015 MIN. 10.254) ." "W 

I L 'L (0.381) I I REF 
MIN. ,.....j ~ 1..1 .02010.5081 L .4DD . . 

.:..!.!Q (2.794) .060 TYP .032 TYP ms (0 406) MAX. -J 
.090 (2.286) (l.524) (0.813) . . (10.160) 

NOTE 4. 

1.035 (26.289) -------------1 
r---1.025(26.0351 I 

C-_-3PIN~I'2551'467) 
.245 (6.223) 

--- _J .325 

200(5080)~'-~'"-~ ~~ II~- (~~:5) 1 
MAX I 

.-- ===--- -r 13D13302) ~ ___ _ __ ...,-w (3048) I 

~~--+---' ~ 1 1 ~l D10TYP , rf PLANE J 015 MIN (0254) -: -
.12513.175) I L 'L 10 381) I R~~ 

MIN ,-..j i 1 ~ .020 (O.508) L 4DD 
.:!..lQ (2.794) .060 TYP 032 TYP 016 (a 406) - MAX . 
. 090 (2.286) ,(1.524) . (0.813) . . pO.160) 

NOTE 4. 
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PACKAGING INFORMATION All dimensions In inches and (millimeters) 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 

22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

40-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

1.105 (28.067) r-- 1.095 (2'1.813) ~ 
__ ~N-.!I --- 01 

.355.19.017) 

.345 (8.763) 

~~~P'I---.l_._ := ~ .. C.· 1~~5)J. 
~ .155 13.937) F=!' ." 
----1 .145 13.683) 

';';';'J::~ .~15 MIN. .~~.~~~p. . ... ....! 1~ 
II 10.381) '.: . .'.). REF. 

-I~ ~ 10.508) L ri: .~ . 
. 032 TYP .016 (O.4(6) I (12700)' 
10.813) NOTE 4. 

1.245 (31.623) ~ 

[ - 1.235 (31.369) _ !!N-.l1 

.545 (13.843) 

.535 (13.589) . 
I '. 

C----=-=--=-9PIN 1 -I 

--- .~ .625 

~~_Mi~~:;:R::;EF:;:::;_:;:_:;:~:;tI..:-::g~ .. ' -A .. [t1~~~5)~ •. ,., 
~.160 14.064) .,. , 
--.i .150 (3.Sl0) I . . . 

~fT.'iF'--1-- J' 1 --r.015 MIN. .~~.~;,~p." ....i 1~ 
c j [ ... - II 10.38" I . . :, REF. 
I I-- I -..if.- 020 la 508) L :~~.' j :: :~:~::: '~;~;4~P ~~~8~~t .016 (0.406) (17.780) 

1.455 (36.957)~ 

[ 
- 1.445 (36.703) 

C---3PINol .. 545.t.B43) 

.535 (13.665) . 

I ___ . ---..i 

1 300 (33 020) REF _ L--.085 <llW 
20~~x080).'---1 . '~. . . . .065 (1.651) 

. ~=-= 1.,60 14.0641 
SEATING _ _ .150' (3.810) 

PLANE --r.01SMIN. ,.~~~.,~ L~ l J .11-_,':" 
.110 (2.794) .060 TYP .032 TYP 0i6 (0406) 
:090 (2.286) 11.524) (0.813) . . 

2.045 (51.943) [ ~~(~)-~ 
PIN 1 

F='-~--- -I 
.545113.8431 
:s35(13.5a9i 

~~"".-d 

NOTE 4. 

" .625. 

[-'''MAX: 1'" ": I 115.i!75i. I:: 

~;~;4~P -A 1~ 
.! ! REF . 

. 700 1 
'-- MAX: _ 

(17.780) 
NOTE 4. 

, '. .625 

. 200(5.080) 
MAX. 

SEATING ~ -

.070(1.778) "" C' MAX" J - .03()(~.7.~) ... . . 115.a7~1 . 

:;::;::;::;:;::;:;:I:l-----r .175 (4.44!;) . J=9L'.,'. . 
----1.180 (4.06,4) ..' ' 

----r.015 ~;N" .~~~.l.~p. . .. ~ 1~ 
_ II (0.381) , I' l REF. 

, .j~.02010.5081 L ·.700 J 
'~~~8~~P .016 (0.406) (~~~O) 

---iiiANE ---

12~\~048) ~ L J 1'"1 
,110 (2.794) .060 TYP 
.090 (2.286) (1.524) 

NOTE 4. 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE D 
l6-LEAD HERMETIC DUAL IN-LINE .790 (20.066) ~ r-- .750 (19.050) PACKAGE TYPE D 

l8-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

.200 (5.080) 
MAx. 

! ___ ~ PINl 
1='-'==-----~~91 

.310 (7.874) 

.265 (6.731) 

~~~..j,I-.-l (8.128) 

iW~~j i--. 05~1:x270) t (7t~~) J 
t!il:i~ =rnWJ=-··L=rI·'65(~ M "S~EA~T","'N~G,-_+ __ V n ! .140(3556) I JL 

PLANE (~1205!;P ___ _ '-...o..! R~~ 
.125 (3.175) 1 400 ' 

MIN. j. i 

(1.524) 
.032 TYP. 
(0.813) 

r-- .920 (23.000) 

1_ _ _ _ .8BO (22.352) ~ 
I 

.310 (7.874) 

.265 i6.731i 

[.0- MAX. --I 
(10.160) 
NOTE 4. 

~~~ ....... ~ (8.128) 

.200 (5.080) .800 REF. 1-- 070 (1 778) t ;~~ ] 
MAX. (20.320) MAX (7 620) 

tlfli~ =rnJfjl=WI~(~9.'.( n ,,-SE~A,-:;T.;;'N;oG'-_+ __ 1i :=r J= .140(3556) I L 

PLANE I ----r:'5 MIN. 010 TVP -- ........... : R~~ 
.125(3.175) W.381) (0.254): ': 

MIN. r --IL .020 (E.50~ 1_- M4Z~ --I 

SEATING 

PLANE 

.125 (3.175) 
MIN. 

.032 TYP. .016 (0.406) (10.160) 
(0.813) NOTE 4. 

.265 (6.731) 

~~~ ...... ~ (8128) 

I 320 
_.070(1.778) t 300 J 

MAX. (7620) 

l~~W~==t:==I 165 (4191) 
.:j 14013556} 1?9~ rJ' 

~ ----,- OlOTYP ........... i ........ ""1QO 
L·015 MIN. (0254) , REF 

(0.381) I 400 : -IL .020 (0.50S} I..- MAX _I 
.032 TYP. .016 (0.406) (10.160) 

(0.813) NOTE 4. 

1.095 (~7.B13) ~ r-- 1.060 (26.924} 

1__ _ _ PINl 

.40.0 (10..16) 

.370 (9.39B) 
[

------=-==-=1-1 

---- ~ (10.668) 

.20.0 (5.o.BO) --- 1.000 REF. --- 1:--- .060M~l24) t ::~~ -1 
MAX. ~;~=_~:;_ ---,.180 (4.572} (10.160) ..,1 

~S;"'t';C:Ni';I~",G,-_+- I ~ I j15O:::::,_t=:: -J '1~ 
L:5MIN. (0.254)~, ,r REF . 

. 125 (3.175) ~ I- (0.381) 

MIN. ~ 0(~05~~i L ;;2~ --i 
032 TYP 

.110. (2.794) (o..B13) ~1c3;~~ . 

. 090. (2.286) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·L1NE PACKAGE TYPE D 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

1.285 (32.639) 

1
------- 1.235 (31.369) ~ 

.PIN ,1 

,J 
.110 (2.794) 
.090 (2.286) 

~-~ -1 
,600 (15.240) 
.515 (13.081) 

-----.l 
==~"'L (15.748) 

1.100 REF. .090 (2.286) ~ 
(27.940) MAX. [ .600 -J 

.032 TYP 
(0.813) 

(15.240) i 

=:t=J- .175(4.445) 1 :: II 
.140 (3.556) : (J' 

t.020 MIN .010 TYP. ~ lQO 

II (.508) 10.254), .700 'REF. 

.......... "--.020 (0.508) t-- MAX. ---.J 
.016 (OAD6) (17.780) 

NOTE 4 

1.285 (32.639J r-- 1.235 (31.369) -----j 
1____ _~I~I 

~--:JI O .600 115.240) 

.515 (1J.081) .090 (2.286) 

(27.940) (~.~;4) (15~~O) 
'9>~=~~;-R~ ~~_·IJ _____ M~Ix. 010 [- (156~48) J 

T-·r;I;;::;;;;;::;;;;~-r=.-=-=~-~~rnf:5~~] .185 (4.699) ~~ 
~~-+----'11 l lc'4O(35:;TYP.J~.!L 

O~~\N 10254) T .. '-i '-i~. R~~. 
__ 11 .... 02010.5081 L .700 J 

.016 (OAD6) MAX 
.O(~~8~~r (17.78{J) 

NOTE 4. 

1.485 (37.719) 

I-~~ 1.435 (36.449) ~ 

_ ~IN_!I 

.515 03.0Bl) 

~j 
'~~~""'I (15.748) 

1.300 REF. ,~.085 (2.159) ~..., 
.200 (5.08) (33.020) . MAX. [ (15~4O) I 

MAX . 

SEATING I __ L .140 (3.556) 
• -- .:::.t:=J- .175(4.445) 1 :: II 

PLANE - - t -- II L t .020 MIN. .010 TYP. ~ 1'; 

.125M(~N~75) t--: t' 1_.060 TYP. II (0.508) (0.254) I .700 i REF. 

~ (1.524) --1--- .020 (0.508) 1-(1~~~O)-.J 

SEATING 
PLANE 

:~~~ :~:~::: '~~~8~;r .016 (0.406) NOTE 4 

200 (5.08) 
MAX. 

1.485 (37.719) r- :3~3~4491 

o 
1.300 REF. 

(33.020) 

.085 (2.159) 
MAX. (15.748) 

:------;:===~I - I~~~I[ (15~~0) J 
185 (3 556) ~_ 

010TVP ~ 0" 140(4689) f~ l l.020 MIN 102541 --: 1'0" 
(.S08) , REF 

-11-.02010.5081 L .700 J .125(3.175)~---=,---~, 
MIN. 

.032 TYP. .016 (0.4D6) MAX. 
(0.813) (17.780) 

NOTE 4. 
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PACKAG:ING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE D 
40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

.225 (5.715) 
MAX. 

C 20DeD (52'832)~ 
2.030 (51.562) 

PIN 1 --- 1 
.600 (15.240) 

.515 (13.081) 

--*-=~~-+iL (15.748) 

'(~~O~r ·08t~'59) C .~ J 
(15.240) 

~"""<"i=;=; ::::cJ .~~ ~:.~:: -!Rn (J' 

~~;=--r-'V t 020 MIN .010 TYP. ~L-W 'L . (.508) . 10.254) ,. r REF. 

110 (2.794) 
. 090 (2.286) 

.032 TYP 
(D.Bl3) 

--i .020 10.508) ~ :~~ .J 
.016 (0.406/ (17.7BO) 

NOTE 4 . 

2.080 (52.832) r------ 2:030 (51.562) ------, 

1 ___ - _-..!I~I 

C---~l . 0 ~{15.240} 
.515 (13.081) 

j 08t~X'59) (15.748) 

--- 1-' I 010' [ .620 j .225 (5.715) -, --- 1.900 REF. ---"1 . • '. MAx""7'](jQ 

MAX. ~ (49.546) . 10.254) 1.'5'24.0) 

='=~~- jl' l~:~:::: -f~ :~ 
,,;S~;C~';C;Nc,;I~C'G __ -T- ~ II l ~020M)NOI~02~~r-~v~~~ 
.125 {3.17S1 ~ (.508) I 

MIN. .~ :~;::: --I°1~05~~r .032 TYP. ..j I- .~~ :::::: L :~~ J 
(0.813) (17.780) 

NOTE 4. 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
16-LEAD CERAMIC DUAL IN-LINE 
PACKAGE TYPE C 

18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

. 165 (4.191) 

.110 (2.794) 

.700 REF . 
(17.780) 

PIN 1 MARK 

r---- .100 (2.540) 
[;;~:J 

~--'-----'. 085 (2 159) , rr 
=;:;"",,~cit;==t::---t: 115 (2:~;~t905-f9) , 

.050 TYP JI 020 (0 508) (O254) I :, REF 

(127m __ 022 (O558) l- J~~ --l 
.110 (2.794) 

. 090 (2.286) 

L J l ~ 050 (1.270) 010 TYP '...: ./10' 

032 TVP 015 (0 381) (8255) 
(0.813) NOTE 4 . 

.910 (23.114) 
r--.890 (22.606) ----j 
1_ _ __ PIN11 

PIN 1 MARK 

I [ ]- .280 !7112) (8.128) 

,+=-=-,==,-~ -~~,~. [(~~~) -' 
___ .BOO REF. 1_- .070 t!..2ZID . 

. 165(4.191) (20'320)W?F .030 (0.762) .095(2.413) 

.110 (2.794) _I .075 (1.905) 

L:-~ J L =E22~~~~~!:!OTYP,R ,0; 

.110 (2.794) 

. 090 (2.286) 

JI .025 (0.635) (O.254) I " REF . 
. 050 TYP. " 

(1.270) __ :~ ;~:::~: L J~~.--J 
.032 TYP, (8.255) 

(0.813) NOTE 4 . 

1.010 (25.654) --:1 C .990(25.146) 
PIN 1 MARK 

PIN 1 
,................,==---""'"""'~;;,i"t 

[ 

- - - .305 (7.747) (8.128) 

'-I-=~==__ ~.1121 [(l.~)l 
____ -900 R;F. . L .070 {LillJ . 

. 165(4.191) (22'860~)'030 (0.762) .100(2.540) II 

:i16(2.794) =E]-- .075 (1.905) 
=='0 :1.115(2.921) M 
--- ~-.-~ :085(2.159) , rr 

L J L 
~.050(1.270) .01OTYP. ",-:/1D" 

J 025 (0 635) (0.254) I ' REF . 
. 050 TYP. .. . : 

(1.270) :~~~:~:~:~: l- J~.~ 
.110 (2.794) .032 TYP. (8.255) 
.090 (2.266) (0.813) NOTE 4. 
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PACKAGING INFORMATION All dimensions in Inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
24-LEAD HERMETIC DUAL IN-LINE C 1.215 (30,861) ---...j 
PACKAGE TYPE C 

28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

1.185 (30.099) ft ... , 41 PIN 1 MARK 
PIN 1 

-~- ! 

:r':(~::: [(1~48) J 
&r!! U1ZID (14~6) 

L.I-~-.I=- = - .030 (0.762) 
.210 (5.334) 1.100 REF. I I 
.110(2.794) (27.940) - ...--___ .100(2.540) 

t-rrl~iiiI'ifiiEI --C::;/iiiiiiiiiiiiiilrF""'[ .075(1.805) 

.110(2.794) 

. 09012.286) 

.110 (2.794) 
,090 f2.286J 

.110 (2.794) 

. 090 12.286) 

14·8 

C"_=_ .1SO(3.810) A 
- - - .085 (2.159) '.!!.. 

t·06O (1.524) .OI1°2~:r '-i.lR:. 
II .025 (.835) , " 

(~'l1IlWsi -11-.022 (0.5581 I MS:.-i 
.015 (0.3811 I-- (16.89) 

NOTE 4 . 

f 

=I.---4-! ::[~::~ ~ [::;::J 
I I 

.100 (2.540) 

-liiiiiii~-l=,.... .060 (2.032R) -... .1SO(3.810) 

.0SO/.040 TYP. 
(1.270)/(1.016) 

~ '.!!.. 
._060_(1_.52_4) .0(~~2~r , ~:". 

I~ .040(1.016) , " 
.022 (0.5581 I .665-1' 

- .016 fO.3811 I-- (~6~9) 
NOTE 4. 

! 

=--~.fI .030 (0.762) 
:: F~70 U1ZID [::a:: J 

I . I . 
I ' .100 (2.540) 

.060 (2.032) .. ' 
-=ii;F.iiiiiiiiiii'ii5=FT.1SO(3.810) R 

.080 (2.~~ TVP. ,. 1~ 
t .060 (1,524) (0.2541 '-.i REF. 

~~ .040(1.016) I ': 
.050/.040 TYP. 
(1.270)/(1.016) .022 (0,558) 1 .665 -I 

O15f03811 1--. MA~. 
. . (16.89) 

NOTE 4 . 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE B 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 

1 285 (32639) C 1235 (31 369) ~ 

--:f]-=--PIN'! 
+---t- :~~ ::~~:,: 
'P-~~=~----- ----1 ·~~ilB6) (l~Ei~) 

~.-'-'w:~ ',.,,,,,, ~('~)~ ~ () =t m~_ 

S~!~G ~ l~=~=~ -=t:J ::~ ::::::TypM ,~ 
.'00 (2.540) -- L JL (0.38') (025.) L 700 J. REF. 

MIN. ~ f2 794) j 020 (0 508) MAX 

090 (2286) .060 TYP. .032 TVP .016 (0.406) (17.780) 
('.52') (0.B'3) NOTE 4. 

CERAMIC LEADLESS QUAD IN·LINE HERMETIC TYPE C 
64 PINS-REQUIRES A SOCKET 

TOP VIEW 

.050 
(1.27) 

BOrrOMVIEW 

PIN 1 

1.570 REF. 1.670 

SIDE VIEW 

.440 REF. 
(11.18) 

.520 

.480 

(89.88) 

jilillilillilihillh""iIIiiillililillililillilillillhlliliii' I 
t 

.024 (.609) . 

.016 (.406) 
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.400 REF. 
(10.1B) 

.450 REF 
(1'.43) 

.100 REF. 
(2.540) 

--.l 
-I 

ENDVIEW ".020130.4801_1 
.980 (24.892) 

---1-
~II!I? 

1 I~ .095(2.413) 634 MAX .120(3.048) 

.075 (1.905) -' (tG.TO) . - .08512.159) 

AFN-O,30,A.Q8 



DUAL IN·LINE LEADLESS PACKAGE AND SOCKET 
20 PINS 

Pl. 
NO.1 

1r=....,..-'.700_ ... 15 ------n 

• 

POLARIZATION TAB 

HI IF 
2 .• • •••• • I I 

I+--- 1.480:t.o10 -

WEIGHT: 74 GRAMS NOMINAL, 80 GRAMS MAXIMUM 

1

_-:-;:1-
1

' .... 

----- .... MAX. 
REF. I .100 

(43.811 
1.720 REF 

~~ • (1.53) 1
•• __ ~_~t51.82)' ____ ·1 

~~r~ ~F 

SOCKET OUTLINE 

PACKAGE OUTLINE 

OVERALL HEIGHT ABOYE:i-P C BOARD 0.5 MAX 

POLARIZATION RIB 
LOCATED ON PACKAGE 

MACHINE SCREW 
TOBECAPTIYE~ 

2 PLACES 

~-;- -~ 

COVER 30% OF POLYESTER / 
MV·OI2REQD) 

HINGE TO ALLOW '10" ~ 
ROTATION OF COVER 

HOUSING 30"4 GF 
POLYESTER_I4Y·Q 
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_Z·5BHELICOIL 
- BUSHING.2REOD 

TERMINALS SELECT 
PLATED GOLD WITH 
TIN PLATED P.C.TAILS 

~~;~I 1---- (~~ -----I ' 4PlACES I 2 PLACES I 
T-t----<jr-

(10411 I I 
~-+-----+ 

, .. jt---t 
lVP. 0 0 

o 0 
o 0 (1.14=0.011) 

~ ~~::.~.o:~CES 
L+_-.:~~ 
,t I. 'I "N' 
tt- +,-"'" 
~I I R~C~MMENDED I ::~~~S 

P.C. BOARD HOLE 
PAnEIIN 
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Microcomputer 
Workshops 

1982 

The best microcomputer training 

you can get your hands on. 
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Which Workshop Should 
You Attend? 
If you have sufficient working 
experience with microcom
puter hardware and software 
you might attend any of the 
Intel Workshops without tirst at
tending a prerequisite work
shop; however, since micro
computers are new to many 
people, we recommend the 
sequence indicated in the 
chart for those who want to ad
vance their microcomputer 
education, Also note that the 
iAPX 432 related workshops 
are in a sequence of their own 
because the iAPX 432 is a com
pletely new product. We do, 
however, recommend attend
ing the Operating System Fun
damentals Workshop prior to 
any of the iAPX 432 workshops, 

As a DESIGN ENGINEER or SYS
TEM ENGINEER with a good 
understanding of digital elec
tronics, you might start with the 
MCS-48/49, MCS-51, MCS-80/85 
or iAPX 86,88 System Design 
Workshops, It you lack the digi
tal electronics background, 
S' :ut with the Introduction to 
Microcomputers Workshop, 

As a PROGRAMMER, you may 
be ready to start with the 
PASCAL, or PL/M Workshops; 
however, it you intend to use 
assembly language the MCS-
48/49, MCS-51, MCS-80/85, or 
iAPX 86,88 Workshops should 
be attended tirst. We suggest 
that you also consider the In
troduction to Microcomputers 
Workshop to gain basic knowl
edge of digital electronics and 
machine language, since these 
topics are usually much more 
important to the microcom
puter programmer, 

Which Workshop 
Should You Attend? 

Recommended Sequence 
of Workshops 

PASCAL PUM 
PROGRAMMING PROGRAMMING 
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I 
OPERATING 

SYSTEM 
FUNDAMENTALS 

I 
iRMX 86 

OPERATING 
SYSTEM 

I 
,RMX 86 liD 

OPERATING SYSTEM 

iAPX 86,88 
ADVANCED 
ASSEMBLY 
LANGUAGE 

,APX 286 
ARCHITECTURE 

PUM 
PROGRAMMING 

I 
OPERATING 

SYSTEM 
FUNDAMENTALS 

I 
,RMX 88,80 
OPERATING 

SYSTEM 

PASCAL 
PROGRAMMING 



Intel Customer Training is a 
worldwide organization with 
workshops scheduled nearly 
every week of the year in our 
training centers: 

BOSTON AREA 
(617)256-1374 

CHICAGO AREA 
(312) 981-7250 

DALLAS AREA 
(312) 981-7250 

SAN FRANCISCO BAY AREA 
(408) 734-8395 

TOKYO AREA 
03-437-6611 

LONDON AREA 
(0793) 26101 

PARIS AREA 
6872221 

MUNICH AREA 
(089) 53 891 

STOCKHOLM AREA 
08985390 

CUSTOMER-SITE WORKSHOPS 
All workshops detailed in the 
following pages can, by spe
cial arrangements, be pre
sented by Intel instructors at 
your facility. We have outfitted 
vans with Intellec Development 
Systems and ICE In-Circuit 
Emulators so we can easily 
bring our extensive workshop 
lab equipment to your facility. 
Considering the transportation 
and lodging savings, the 
breakeven point is typically 
5-7 attendees. For further intor
mation about on-site training 
contact your nearest training 
center. 

Where Is Intel Training? 

Training in 
Microcomputers 
Whether your present involve
ment with microcomputers is a 
result of long-term planning or 
simply an exploratory project 
undertaken by your company 
in response to external 
circumstances, there exists an 
obvious and urgent need tor 
you to familiarize yoursell with 
this exciting new technology. If 
the microcomputer 
is, or is destined to become, a 
part ot your working scene 
then the importance of 
carefully planned training 
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cannot be over-emphasized. A 
modest outlay in time and 
money now can save many 
weeks of sell-study and could 
well prevent some very 
expensive mistakes during the 
initial development of your 
systems. 

For further information and 
reservations call one of the 
numbers above or write to: 

I ntel Corporation 
Customer Training Group 

MS: SV 3-1 
3065 Bowers Ave 
Santa Clara, CA 95051 



INTEL PRODUCT SERVICE 

Today, it's essential to have dependable data processing and 
information storage equipment. 

To insure trouble-free performance, every Intel product is 
engineered and manufactured to exacting standards. But 
sometimes, even the finest components may malfunction. 

It's then that Intel Product Service delivers fast, economical, 
quality maintenance and service support to keep vital 
projects on schedule. 

Intel is committed to providing a tOtal service". support 
package through a wide variety of service offerings available 
from Intel Product Service. 

Intel Product Service takes pride in its capabilities and in the 
entire Intel systems produc:t line, and is dedicated to total 
customer satisfaction. 

Customer Is Assured Maximum Equipment 
Performance 

The· Intel Product Service team is a skilled group capable of 
solving any problem, either by phone or on-site. All service 
needs (including emergency service and preventive main~ 
tenance) are handled quickly and efficiently by .Intel's 
Customer Engineers, supported by district, regional and 
factory specialists. 

This assures the customer of minimum downtime and 
maximum equipment performance. 

Immediate Availability of Service and Parts 

Working from field service offices throughout the United 
States, Canada and abroad, Intel's Customer Engineers 
provide maintenance agreement customers with equipment 
installation and regularly scheduled preventive maintenance, 
including automatic installation of engineering changes as 
they occur. 

If there should be an equipllleI).t problem, customers contact 
the nearest Intel service location. If the customer location is 
within Intel's service area, an Intel Customer Engineer is 
dispatched to the site as quickly as possible. Once there, 
using advanced diagnostic tools and sophisticated test 
equipment, the Customer Engineer will determine the 
trouble and the replacement parts needed. With Intel's vast 
inventory of replacement parts, the right part is always 
available on the shortest notice, and the Customer Engineer 
is able to make repairs quickly and verify performance. 

Product Service Alternatives 

Imel offers customers a number of service alternatives ... all 
at reasonable, prices and featuring the quality expected of tlie 

. industry leader. 

First, there's the Maintenan,ce Agreement, which guarantees 
maintenance at the customer's site plus parts 'replacement 
and labor at no extra charge beyond an easy-to-budget, fixed 
monthly rate -- all billed against one purchase order. The 
Maintenance Agreement features preventivemainte'nance 
which helps keep emergencies at a minimum. ButsAbuld an 
emergency arise, a Customer Engineer is sent to the site 
immediately. 
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Of course Intel provides service for every system it sells. 
Thus, site service, parts replacement and repair are also 
available without a Maintenance Agreement. However, the 
site must be within a reasonable distance of an Intel field 
service location, and all charges are paid as they are incurred. 

For customers not located in an Intel service area, or for those 
who prefer direct factory service, an Intel Direct Return 
Authorization "DRA" enables the customer to return parts 
direct to Intel for repair, refurbishing and upgrade services by 
its factory experts. 

When distance from an Intel field location is too great, the 
Return Replacement Authorization "RRA" or the Before 
Return Replacement "BRR" services are the logical 
solutions for customers. (These services are not available on 
field-supported products in serviceable areas.) 

The "RRA" service is the most cost-effective service. The 
customer calls the Hotline and obtains an RRA number and 
sends the boards in identified with this number. Replacement 
boards are shipped within 24 hours of receipt of the 
customer's boards. Replacement boards are in standard 
factory configuration and at the latest engineering level. 
Exchanged boards are not necessarily new but are func
tionally equivalent to new boards. 

Where response is the primary concern and cost the se
condary concern, the customer will find the "BRR" service 
to be the best answer. A call to the Intel Hotline puts the 
customer in direct contact with support specialists who can 
determine which part is needed to repair the system. The part 
is then sent immediately - before the return of the old part to 
Intel. Boards sent to the customer are not necessarily new but 
are functionally equivalent to new boards. 

Toll-Free Service Hotline 

In the United States, Intel's toll-free service Hotline is a 
direct connection to service support specialists who can help 
immediately. 

If on-site service is available, they direct the customer to the 
nearest Intel field service location. If not, Hotline specialists 
can usually help locate the trouble ... and indicate how to 
make the necessary repairs. 

Whichever service alternative is chosen, the customer is 
assured fast, affordable service. Intel offers customers the 
total service they need -- that is one of the most important 
benefits of buying Intel products. 
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inter 
3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 98l-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

PRODUCT SERVICE OFFICES 

FACTORY SERVICES FOR DRA, RRA, OR BRR SERVICES 
ONLY, CALL INTEL'S TOLL-FREE 
HOT-LINE NUMBER 800-528-0595 

UNITED STATES 

ALABAMA 
Huntsville 

ARIZONA 
Phoenix 

CALIFORNIA 
Sacramento 
San Diego 
Santa Ana 

Santa Clara 
Sherman Oaks 

COLORADO 
Denver 

CONNECTICUT 
Danbury 
Hartford 

FLORIDA 
FI. Lauderdale 
Jacksonville 

Orlando 
Miami 

SI. Petersburg 

EUROPE 

FRANCE 
Paris 

JAPAN 

CHOFU 

GEORGIA 
Atlanta 

ILLINOIS 
Rockford 

Rolling Meadows 
(Chicago) 

INDIANA 
Indianapolis 

MARYLAND 
Hanover 

(Baltimore) 

MASSACHUSETTS 
Chelmsford 

(Boston) 

MICHIGAN 
Southfield 
(Detroit) 

CENTRAL CONTACT: PHOENIX, AZ 602-869-4525 

MINNESOTA 
Minneapolis 

MISSOURI 
Kansas City 

SI. Louis 

NEW JERSEY 
Fort Lee 

NEW YORK 
New York City 

Rochester 
Syracuse 

NORTH CAROLINA 
Greensboro 

OHIO 
Cincinnati 
Cleveland 
Columbus 

Dayton 

OKLAHOMA 
Oklahoma City 

Tulsa 

OREGON 
Portland 

PENNSYLVANIA 
Ft. Washington 
(Philadelphia) 

Harrisburg 
Pittsburgh 

TEXAS 
Austin 
Dallas 

Houston 
San Antonio 

VIRGINIA 
Roanoke 

WASHINGTON 
Seattle 

WASHINGTON, D.C. 

WISCONSIN 
Madison 

Milwaukee 

CENTRAL CONTACT: SWINDON 011-44-793-26101 

GERMANY 
Munich 

Hanover 
Dusseldorf 

MISHIMA 

HOLLAND 
Rotterdam 

SCANDANAVIA 
Copenhagen 

Oslo 
Stockholm 

U.K. 
London 

Swindon 
Ipswich 

CENTRAL CONTACT: TOKYO 011-81-3-427-756 

NAGOYA OSAKA SETAGOYA (Tokyo) 
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