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COPS

National’s Controller Oriented Processor Systems

introduction

National’s Controller Oriented Processor Systems provide
a low cost solution to low end computing and control
problems. Manufactured by NSC's volume proven
P-channel MOS/LSI controller process, the COPS offers
an attractive, low risk alternative to custom LS! when
available development time is short and cost is critical.
Single mask programming of the on-chip contral ROM
allows delivery of prototype devices directly from the
calculator production lines,

Architectural features of the COPS permit rapid efficient
design and implementation of systems using key or
switch inputs and display or printer outputs. Interface
circuits in the COPS are designed to allow expansion of
system memory and |/O capability without sacrificing
the “lowest component count” features of the set.

Elements in the COPS family provide four levels of
processing capability from the dedicated MM57140
single chip system with direct display and keyboard
interface to the highly flexible MM5782 based multi-
chip systems.

features

® National’s COPS feature P-channel metal gate process
for lowest cost

® Single power supply operation

CMOS compatibility

Serial 1/0 ports for easy communication between
processor and peripheral circuits

Expandable RAM and ROM

BCD in/out option for applications flexibility
Direct interfacing to keyboard and display
10 us instruction cycle

4-bit data/8-bit instruction word

Single mask programmable

Learn mode programmability

COPS elements

® Automobile displays

® Oven controllers

® Vending machines

® Specialty calculators

® Simple electronic cash registers
® Computing instruments

& Electronic scales

® Printer/display controller
® Appliance controller

® Data terminal controller

® Automated gasoline pumps

®  Alpha/numeric programmable calculators

applications

MM5781 — 16k control and ROM element

MM57129 — 32k control and ROM element

MM5782 — Memory and processor element

MM5785 — Memory interface to 1024 x 1 RAM
devices

MM5788 — Printer interface to Seiko printers

MM5799 — Single chip microcomputer

MM57140 — Single chip microcomputer

DSB664/5/6 — Decoder, digit driver and oscillator

DS8692 — Hex power driver (single)

DS8693 — 8-bit latch and driver (source)

MM57126 — Programmer shift register




COPS

MM5781, MM5782 Controller Oriented Processor Systems

general description

The National MM5781, MM5782 is a set of MOS/LSI
circuits designed for application in low cost, versatile,
dedicated or custom programmed calculator and control
systems.

A full capability scientific or business calculator system
can be built using only four circuits, plus the keyboard,
case, battery and LED display. Application as a printing
calculator or in electronic cash registers is possible using
National’'s MM5788 printer interface circuit. Both the
basic ROM instruction store and read/write store are
expandable.

features

® 2048 x 8-bit ROM, expandable to 8192 x 8
640 bits (160 digits) RAM, expandable using MM5785
® 8 parallel outputs, coded as 7-segment + d.p. or
BCD
Serial data I/O for easy interface to peripheral circuits
3 general purpose 1/0 latches
Blanking output
4 strobed key inputs
10us micro-instruction cycle time
Single power supply operation
4-bit data/8-bit instruction words

connection diagrams

Dual-In-Line Package

1 24
Vpp e — 1
2
IRB — .3 I2
SYNC—:L z—2-I3
4 21
08¢ —— b— 15
5 20
K] e e | 5
6 1
K2 — p— 1§
MM5781
7
K3 — ,1_8_17
8 17
K4 == p— I8
9
F1 — -ESKIP
10
F2 —t '—S—TEST
1
F3—1 -li-lNB
12 1
Vss — ]—F4/BLK
TOP VIEW

Order Number MMS781TN
See Package 22

Dual-In-Line Package

Vi — e 001
2 27
17— —— 002
3 26
19— p— 003
25
13— - Do
a
l4-—5-< ..Z—Nc
B 23
1 med —S!
1§ — 122 50
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8 21
|7 et —S,
1y 3 20 o
10 19
SYNC — — s,
11 18
0S¢ —f b Sy
1 17
sp =4 —t
13 1
Sp = ._ﬁ..sf
14 15
VSS s '—Sg
TOP VIEW

Order Numbar MMS782N
See Package 23
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MM5781, MM5782

absolute maximum ratings

Voltage at Any Pin Relative to Vgg
(Al Other Pins Connected to Vsg!}

Vgg +0.3V to Vgg —12V

Ambient Operating Temperature 0°Cto+70°C
Ambient Storage Temperature —55°C to +125°C
L.ead Temperature {Soldering, 10 seconds) 300°C
dc electrical characteristics
(0°C to +70°C unless otherwise noted)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Voitage (Vss — VpD! 7.9 9.5 \%
Operating Supply Current {Ipp} Vgs - Vpp = 9.5V, Ta=256"C
MM5781 -7 -12 mA
MM5782 -15 -25 mA
OSC Input Voltage Levels
Logical High Level (Vi) Vss — Vpp = 7.9V Vgg—1.0 \
Logical Low Level (V) Vgs — Vpp = 9.5V Vpp+1.5 v
OSC Input Resistance to Vgg (Note 3), (Figure 2)
MM5781 Only (RN) 3 6 k2
INB, K1—-K4, F1-F3 Input
Voltage Levels
Logical High Levet (VH) V§s — Vpp = 7.9V Vgg—3.2 \
Vgs — Vpp = 9.5V Vgg—4.5 \
Logica! Low Level (V) 7.9V <Vgg— Vpp <95V Vpp+t.5 \
INB, K1-K4 Input Current Levels
Logical High Level Current (I|H) VIH = Vgs — 3.2V —350 uA
{LED Display Interface)
Logical Low Level Current {I1) ViL = Vsg — 32V —20 1 HA
(Fluorescent Display Interface)
IRB Input Voltage Levels
Logical High Level (V) 7.9V <Vgs—Vpp<9.5V Vgg—3.5 A
Logical Low Level (V) Vgs — Vpp = 7.9V Vppt+2.56 \
Vgs — Vpp = 9.5V Vpp+3.0 v
i1—1g, S, SKIP, SYNC and TEST Vss - Vpp = 7.9V
Input Voltage Levels
Logical High Level {(VH) Vgs—1.2 v
Logical Low Level (V) Vgg—4.0 A
DO 1, DO 2 and DO 4 Output
Voltage Levels
Logical High Level (Vop) RL = 150k, to Vpp Vgg—1.0 Vss \
Logical Low Level (Vo) IoL = 3uA VbD Vpp+0.56 \
Logicai High Level Current (IgH) VoH=VpD+ 1.5V, —260 uA
Vss—Vpp =78V
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dc electrical characteristics (con't)

(0°C to +70°C unless otherwise noted)

PARAMETER CONDITIONS MiIN TYP MAX UNITS
DO 3 Output Voltage Levels
Logical High Level (VoR) Ry = 150k, to Vpp Vgs--1.0 Vss \%
Logical Low Level (Vo) loL = 3uA VDD Vppt0.5 \%
Logical High Level Current {IgH) Battery Low "OFF”"
VOH = Vpp +3V,Vgs — Vpp = -1.3 -0.3 mA
9.5V
VOH = VDD + 2.5V, Vgs ~ Vpp = -1.0 0.4 mA
7.9V
Battery Low "ON"’
VOH = Vss — 3V, Vgs ~ Vpp = 0.3 mA
7.9V
VOH = Vss — 3V, Vss — Vpp = 04 mA
9.5V
Sa through Sg and Sp Output Current LED Display Interface to DS8867
Levels
Logical High Level Current {Ign) VoH = VpD *+ 5.4V -500 HA
Logical Low Level Current {Ig) VoL =Vpp + 0.5V -1 1 HA
Fluorescent Display Interface
Logical High Level Current (IoH) Vgs — Vpp = 7.9V, VoH = ~-300 MA
Vgs — 6V
Logical Low Level Current {lg} VoL = Vss - 32V, RgxT = 150k -20 HA
to VGG = Vss - 35V
11 — 18, S0, SYNC and SKIP Output Vgs - Vpp = 7.9V
Voltage Levels
Logical High Level (VoH) loH = —100uA Vg5—-0.5 Vss v
Logical Low Level (Vo[ ) loL = 15uA VDD Vpp+3.7 Y
F1 — F3 Output Voltage Levels 79V <Vgs - Vpp <9.5V
Logical High Level {(Von) loH = —30uA Vgg--1.5 v
Logical Low Level (VL) loL = 3uA Vppt1.0 \
F4 (BLK) Output Voltage Levels 7.9V <Vgs — Vpp < 9.5V
Logical High Level (VoH) IoH = —0.5 mA Vgg—1.5 Vv
Logical Low Level (Vo) loL = BuA Vpp+1.0 \
Voltage Levels for All Qutputs into
CMOS Level
Logical High Level (VoR) loH = —10uA Vgg—0.5 Vss vV
Logical Low Level (Vo) Rl =200k (to Vpp) VDD Vpp+0.5 \
Maximum Allowabie Keyboard
Closed Key Resistance Using INB,
F1—-F3 or K1-K4 as Inputs
RKEY LED Display Interface 200 Q
RKEY Fluorescent Display Interface 50 (3
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MM5781, MM5782

ac electrical characteristics MM5781 — 0°C to +70°C, unless otherwise noted(Figure 1)

PARAMETER CONDITIONS MIN TYP MAX UNITS

OSC input Frequency (1/tp) 320 400 kHz
OSC Input Duty Cycle 46 56 66 %
OSC Input Transition Times {Note 3), (Figure 2)

Fall Time {t¢) CL =25 pF, R =6k, to Vss 50 ns

Rise Time (ty} RC = 0.15us 350 ns
SYNC Input Timing {Bit Time)

Intervat Time {tp) 10 125 s

Hold Time {tgsch) 100 ns

High-to-Low Set-Up Time (tsq) 680 ns

Low-to-High Set-Up Time (tgth} 100 ns
K1 - K4, INB, F1 — F3 input
Timing

Set-Up Time {tgk) 6.5 us

Hold Time {thk) 1.0 s
SKIP Input Timing

Set-Up Time (tgx) 280 ns

Hold Time (thx! 1.0 HS
1RB, 11 — tg Input Timing

Set-Up Time {tgj) 1.75 us

Hold Time (tpj) 1.0 us
SKIP Output Propagation Delay (tpdx! CLOAD = 250 pf 4.4 s
19 — 18 Output Propagation Delays CLOAD = 250 pF

Low-to-High (tpdhi) 36 us

High-to-Low (tpdli) 3.0 s
F1 — F3 Output Propagation Delay CLoAD = 100 pF 44 us
{tpaf)
Fa4 Output Propagation Delay {tpdf) CLoAD =50pF 44 us
F4 Qutput Transition Time

Rise Time {1/} CLQAD > 20pF 0.3 us

timing diagram (See notes

in Figure 2.}

K1--K4,IN8 VIH

|
|
4
5
E] F1-F3 vy

ViH

V/u

SKIP SO\
! Vit i ' ! N\
T‘ N ‘mg—]
vy = AN
Iy-1g, VIH V ‘JX\ }\\ .
IRB V|| === NN X NN \ SOV
|
v H
l e N AN Wil NN N AN
0 1
{ 4—“pdh14‘_"']‘ b tpg 1 = }
! ‘ i L |
i siip OH X N
2 Vo N o
E tpd x
S
£1 FJ:’IO" oK \ N \\X:
0 T
| e — t
Vou ¥ SR T X
Fa/BLK ! ] N
B i - : %
| —
INTERNAL PP e —— . » ! i —
CHIP CYCLE 0 ot ot0 2 -20 : o1 41D o2 20

FIGURE 1. MM5781 Input/Output Waveform Timing
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ac electrical characteristics MM5782 — 0°C to +70°C, unless otherwise noted (Figure 2/

PARAMETER CONDITIONS MIN TYP MAX UNITS

OSC Input Frequency (1/tp} 320 400 kHz
OSC Duty Cycle 46 56 66 %
OSC Input Transition Times

Rise Time (t;) RC = 0.15us 350 ns

Fall Time (tf) CiL =25 pF, RL =6 k§2to Vgs 50 ns
SYNC Output Cycle (tp, Bit Time) 320 kHz < fosc < 400 kHz 10 1258 s
SYNC Output Timing CL =250pF

High-to-Low Propagation Delay 0.1 1.65 us

(tpdsl)

Low-to-High Propagation Delay 0.1 1.25 us

(tpdsh!

Initial Transition Delay (tps) 0.1 0.8 us
14 — 1g, Sl and SKIP Input Timing

Set-Up Time (tgx) 1.5 us

Hold Time (th|dx) 0.5 us
DO 1 — DO 4 and SO Propagation CL=100pF {DO 1 - DO 4)
Delay (tpddig) CL = 250 pF {SO Only) 0.5 4 us
Sa — Sg, Sdp Propagation Delay CL =100 pF 6.0 us
(tpdseg)
SKIP Qutput Timing CL =250pF

Tpdxh 24 us

tpdx| 24 s

thx 0.1 us
Interdigit Blanking Time (Figure 5}

T1 th = 10us, 6.5 75 us
Display Blanking (Figure 5)

T1+T2+ T4 th = 10us, 38 40 us

SE—

timing diagram ,

[Py S [

- Vin 7 i

2 ose 1

E vy -

5 v

£ SYNC VD" o

2 oL

o

= 1-tg VIH TR N

E SLSKIP Vil ——d = -

: = tox =Tt gx tpd dig ’ﬂ I
s D T
R :

. , e
5 .
= Vo T N - RN
S osSS,o [ SO N NN
|
: = lpd xh = = i
sKiP . i N \y' [ TRISTATE' —~
T | j
INTERNAL _— 20 1 20 : 22 220 o1 == 10 ——
CHIP CYELE * i ° !
Ty ty
Note 1: OSC input duty cycle = =—
13 [l &) ‘p

Note 2: SYNC provides a 1 of 4 timing relationship with OSC input, to establish OSC edges as references for the /0 timing.
Note 3: OSC output rise time is determined by capacitive loading and programmabte pull-up resistor at the MM5781
input, programmed to provide R < 0.15us.

FIGURE 2. MM5782 tnput/Output Waveform Timing
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MM5781, MM5782

functional description

MM5781 CONTROL ROM ELEMENT (CRE)

Sixteen kilobits of ROM are organized as 32 pages of
64 8-bit instruction words each. Eight instruction lines
and a SKIP signal interconnect the ROM with the
MM5782 MPE circuit. Addressing is by an 11-bit P.C.
register with two 11-bit push-down address save registers.
Four dynamic switch inputs K1—K4 and a static switch
input (tNB) allow scanning of up to 56 keys and 14
static switches directly. A sixth input (IRB) drives an
internal latch that can be used as a program controlled
interrupt function.

There are also three program definable 1/0 ports (F1 —
F3) and an additional blanking output F4. The F1--F4
outputs are latched. Four MM5781's may be used with
a single MM5782 without additional interface circuits.
Figure 3 shows the MM5781 logic diagram.

ROM
2008 X 8
6Ky T

*1
11
?

ADDRESS REGISTER 11

j :
nis
SA

SAVE REG "

K1 =] @

K2 = sB
K3 —p] SAVE REG n
ks —]

INB =]
05C =] '_
SYNT —, LoGIC

Vi =—ip] | + < SKIP

Von ~=]
POWER
oN

P F1IN,

| 2,

[=]:]

1RE —]

=P F3/IN;

|

=
A

» Fa/BLK

L

TEST

FIGURE 3. MM5781 Control and ROM Element

MM5782 MEMORY AND PROCESSOR ELEMENT
(MPE}

The MPE contains 640 bits of RAM organized as 10
16-digit registers. Other register lengths are possible
under contro! of the program. The RAM is addressed
by the 8-bit B register. The upper 4 bits (By) select a
particular register and the lower 4 bits (Bg) address
the 4-bit words with the register.

Arithmetic and logic functions are performed by the
4-bit binary adder with results stored in the accumulator.
The C flip-flop is used for carry bit storage, display
decimal point location, and may be utilized to control
the skip instruction.

Digit timing information for external keyboard scanning
and for driving displays is encoded into a 4-bit code
and presented on the DO1-DO4 lines. Eight outputs
are decoded by the segment PLA and brought out as
7 segments, BCD, or individually set outputs under
program control. Display output timing is shown in
Figure 5.

Serial data may be transferred from and into the accu-
mulator A on the Serial Input (S)) and Serial Output
(SO) lines. Decimal point position for serial data is given
on Sp.

The MMB782 logic diagram is shown in Figure 4. Tables
| and |1 fist the instruction set and corresponding ROM
Codes for the MM5781, MM5782 System.

TYPICAL CALCULATION TIMES

System calculation times will vary with the programmed
algorithms, The formulas listed reflect one method.

m Time to add or subtract two numbers:
T=({2N+20) M+ 5N + 10) tp
where
N = number of digits per register
t = bit time = 10us nominal
M = number of shifts required to align decimal point
® Time to multiply two N-Digit numbers:
T={((bN+15) P+ (4N +20) N + 10} tp
where
P = sum of multiplier digits, i.e., if multiplier = 3211,
P=3+2+1+1+=7
m Time to divide two N-digit numbers:
T={BN+15) S+ {14N +40) N + 10} tp
where
S = sum of digits in answer, i.e., if answer = 1234,
S=1+2+3+4=10
= Time to enter a BCD number:
T=13N1tp

9-8




functional description {con’t)

8TD
> 001
8)
0s¢ LK RAM — o2
SYNL # GEN 10 REG X 16 DIGITS X 4 BITS (640}
Vgs ] ———p 003
Voo ——p} @
——— D04
it
ram ®
ADBRESS @)
4 81T PARALLEL
BINARY ADDER
1
v
TEMP A
ACCUMBLATOR
REG 4 ACCUMIL Tau 4 o5
E_ L s
1]
SEGMENT ;
N Pa [T ® s0ise
Ff — SE
——sF
[
MICRO-INSTRUCT
s :>:> et - .
SKIP
DECODE
J SERIAL DATA
SKIP ¢ » S0
— P L > P
Dse
28PN

FROM
MM5782

EROM
058664

FROM
MK5782

Note 1:

FIGURE 4. MM5782 Memory and Processor Eiement

X ‘ X

Fap

i 1

LU

OUTPUT:

DEAD TIME ;
Th e Tl e T3 e e T e ~ —LAPPROX 48—
1 BT TIMES! !

BIT TIMES EITTATIV‘AES Dispiay Timing

T RIT TiMes : {at 10us/bit time)
7 .5us = Digit Blanking

17 Bus

200 1 T3 =200.0us

Duty cycle = —————— = —— = 52% 15.0us

240 x 16 19.2

Digit time = 240.0us with 7.5us digit bianking

and 40us segment blanking

FIGURE 5. Display Output Timing
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MM5781, MMb5782

typical applications

s b7 |9 fnn jua s |17 ge ]10 1 |12 fra|aa fas s 7
Sc Spp Sa Se S¢S Sb St ” .
NSA5140 vee O Vi DS8867 GND —O Vpp
D1 D2 B3 D4 D5 DG D7 DB DY DIDDI1DIZDIADIN vee
1f2f3fa]6]s {rofsz]rafie s fz0]21}22 vz s fa]s s |7 |8
?24 2t |20 {19 |18 f17 |16 bus |13
ol Vg Sa Su S, S¢ S Sf Sy Spp
19
02 o 20, 1
ILE Vss =0 Vss
17
2 26
16 o t D¢ )
05 Voo O Voo
15
06 3 27
14 8 op
o7 23
13 DSB664 MMs5782 St |— nc
- 08 NL 28 o
9 A
10 22
010 ] SO = NC
]
o ENABLE [y
D12 . B
2 on 0st 1
Sln ® AC SYNE g
05¢ osc GND 0SC { SKIP § 17 15 15 lg 83 12 b
23 2 12 nfwfizfs s f7{s |s]a |3 |2
b—O vpp b
33 ;
. 100 pF 11 J17)s |1 fzo |21 22 {23 2a
5% 0sC AskiPd 47 19 15 14 13 12 1y |g
5 SYNC  Ig 1 p==O READY
K1 10
6 F2 = nC
KEYBOARD MATRIX K2 "
ax1 3 MM5781 [y LI
] LU
K4 INB e N
2 =
bt 1R5 15
13 }-—wc
F4
Vop Vss
11 1)12
Voo Vss

FIGURE 6. Typical 10-Digit Scientific Calculator

Typical application of the MM5781, MM5782 set as a
scientific calculator is shown in Figure 6. The MM5781
may be programmed to interface with most low cost
keyboards which are often the least desirable from a
false or multiple entry viewpoint.

When a key closure is sensed by the MM5781, an internal
timeout may be programmed to occur. Noise voltages
of significant magnitude which occur on the K1-K4
inputs cause the timeout period to be restarted. In this
way a key closure is accepted as valid only after a
predetermined noise-free period of time. Key release
may be validated in the same manner.
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typical applications (con’t)

SEGMENT LINES
FROM MM5782
Voo
5 fr le jn |z [1s jur L ]m 11 [12 [13 e J1s s 17
S; SoP S, Se Sa S S S
NSASI40 DN D13
D102 03 D4 0506070809010 § 012 § D14 vee
712 T3 Ja T6 [8 roJ12hafre]18Tz0[21]22 ?
u T1 Tu
20 Vee S S Sc S¢ Se St Sq Spe vss Vap 5
o
18102 i Fi] 2 K1
18] 03 a Dy st oy L —
17 7
1 ne o2 I P 2 K3 H——
0§ s0 8
1 K4 p——
SELECT 1] 02 s Zlo B
b 2
LINES FOR 3 g; DSBEEA MM5782 = ne MMg”‘ s
PERIPHERALS W oo Al 21, 2
g 1
10 1 £
1010 1 vgs {0 Vss i 13
Hou ENABLE |—y Fa
012 1 2
Hon ose P Voo [~ Voo R8
B R RC SYNC Ig SYNC Ig ing P
D'%sc  osc  oap OSC{SKIP) 1 86 J5 1g 13 12 1y 0SC , SKIP} 17 15 15 1g I3 12 1y
23 22 12 nfsohzfe Js Jrfe [sfala iz 1a]13fis|17T18lse]2021]22]z3] 28
v Voo AVAILABLE
23‘.‘ 100 pF 1/0 PORTS
i 5%
14[1316{17|18]19 20| 21}22]23{24 hafis)is|17]18)19]20]21 2223 )28
ost tsket 13 1505 1a 1312 1y 0Se 1SKIPY 17 15 4 1a 13 12 14
51 kiSYNC 1y 4 SYNC g 2
£ Vs 770 Vs
6 Voo 5O Voo
K2 Kt
KEYBOARD MATRIX 10
ax10 i F2 K2
MM5781 MM5781 K3
8
Ka A 11 B Ka
F2 i
2
\R8 10 i
13 INB Fig
LS P F4
Voo Vss In8 1RB
J; lu 19 lz
Voo Vss

FIGURE 7. Multi-ROM System {Controller, Etc.)

Versatility of the COP set is illustrated in Figure 7,
showing a multiple ROM system configured for an
industrial controller application.

In this application, Control ROM A is programmed to
debounce the keyboard inputs as described above.

Control ROMs B and C utilize the K1—K4 lines as
general purpose wired inputs. |f additional RAM is
required, the MM5785 RAM Interface chip allows up
to four 1024 x 1 RAMs to be accessed through the
S| and SO parts of the MM5782.
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MM5781, MM5782

register and 1/0 port definitions

TABLE L
DESCRIPTIONS DESIGNATIONS

MPE — MEMORY AND PROCESSOR ELEMENT
640-Bit RAM M
10 Registers x 16 Digits x 4 Bits {r x d x 2}
8-Bit RAM Address Register B

By {Register} By {Digit)
4-Bit Accumulator A
4-Bit Holding Register H
1-Bit Carry Reqister [
1 Latched Output (Decimal Point) Sp
4 Latched Digit Qutputs DO4-DO1
4 Latched Segment Outputs Sa—Sg
Direct or Decoded to 7-Segment Outputs
Serial tnput and Output SI-S0
CRE - CONTROL AND ROM ELEMENT
16,384-Bit ROM lg—1
11-Bit Program Address Register P

Page Py (P11 - P7)

Word Py (P6 - P1}
2 x 11-Bit Program Address Save Registers Sa1-SA11

SB1-5811

4 General Purpose Flags (Latched) F1-F4
4 Keyhoard Inputs K1-K4
Static Switch Input INB
[nterrupt Input IRB

standard instructions

MNEMONIC DATA FLOW STATUS — SKIP IF DESCRIPTION
EXC (r) A M (B} Exchange data word at M{B) with A
B ®r—B, EXCLUSIVE-OR B; withr. r=0,1,2,3
£ EXC ~(r) A~ M (B) Exchange and decrement B¢
s B, ®r 8 Bd -1-By By~ 15 EXCLUSIVE-OR B, with r
g
<
<] EXC +(r} A<M (B} By > Car Exchange and increment By
) Br®r—8;, Bg+1—By Bg—~ 13 EXCLUSIVE-OR By with r
=]
> MTA (r) M (B) ~ A Load accumulator with data word at M (B)
g
5 B8 ®r—> B, EXCLUSIVE-OR By with r
= LM (Y} Y - M (B} l.oad memory with Y, Y =0,1,2,...15
Bg+1—>8yg [ncrement By
& é SM (Z) 1->M(8,2) SetbitZofM (B),Z2-1,2,4,8
>
g 4 RSM (Z} 0—M (B, Z) Reset bit Z of M (B)
o
S0 ™ (2) M (B, Z2}=0 Test bit Z of M (B}, skip if zero
" LB (r, d} r—8¢,d— By r=0,1,2,3.d=0,11,12,13,14, 15
_<:_> Load B register. Successive LB’s are ignored
E LBL (1) 185~ B, t4—1 —~ By 2 microcyele instruction. Load next ROM
3
) word into B register
5 ATB A =By Transfer contents of accumulator
3 to By register
z
E BTA Bg -» A Transter contents of B¢ register to
§ accumulator
HXBR H~ B¢ Exchange contents of H and B, registers




standard instructions (con‘t)

MNEMONIC DATA FLOW STATUS — SKIP IF DESCRIPTION
GO TO ig —ty~ Py Load next ROM instruction address. If on
(GO) 1fPp=1111X:11110—~ Pp page 36g or 37g reset page address to 36g
CALL lg — 17 = Py, LI > Pp Call subroutine. If not page 36g or 37g, set
If Pp# LHIX: SA > Sg, page address to 37g. Push down address
P+1-Sp save registers
RET Sa P Pop up ROM address save registers
58—~ Sa, S~ S
RETS SaA—P RET, then skip next instruction upon return
SB—~SA, 58~ Sg SKiP
LG/GO Load P 2 microcycle operation, long GO TO, load
Pp and Py,
"
_5 LG/CALL SA—Sg, P+1-Sa 2 microcycle operation. Long call. Load Pp
E Load P and Pyw. Push down address save registers
=
:Q' CALX (N) In active CRE — 2 microcycle operation, N =1, 2, 3. Call
= P+1-Sa additional CRE (N). Push down address save
8 Sa S registers of active CRE. Load P of selected
0P CRE (N) from next instruction word
In selected CRE —
Ig = 11—~ Pw
0—Pp
RTX {0) in active CRE — 2 microcycle operation. Return to CRE {O}
P+1->SA,SaA—~>SB Pop up ROM address save registers in CRE (Q).
o-p Push down ROM address save registers of active
In CRE {O) — CRE
SaA~P
Sg - Sa
NOP No operation
AD M+A—>A Add M (B) to A, store sum in A
ADD C+M+A—-A Add carry bit to M (B), add sum to A,
0> CiHA<IO store sum in A
1~-CiftA>10 A<10 Set Cif A> 10, reset Cif A<C10
SUB M+A+C—A Subtract A from M
e Overflow > C Overflow Overflow to C
° -
E COMP A A One's complement of A to A
g‘ OTA 0—-A Clear accumutator
Q
5 ADX {Y) A+Y > A No overflow, Y # & Add constant (Y} to A, store sum in A
.g Y =1,2, 15
z
< HXA H~ A Exchange contents of H register with A
TAM A =M (B} Compare contents gf A to M (B}, skip if
A=M(B)
sC 1-C Set C register
RSC 0-C Reset C register
TC C=0 SkipifC=0
BTD 84—~ D04 - DO1 Transfer contents of 8¢ to digit output latches
DSPA A—> S, —Sg Ad—A1 to output latches, directly to outputs S3--59
0 8e — 5q C to outputs SeASg
‘é, C—5Sp C to Sp latch
g DSPS A >S5 —5 A to output latches, 7-segment decoded to S3—5q
\; C-Sp C 10 Sg latch
a
£ AXO Si—A Exchange accumulator with serial input/output
A SO
{DF I > F (N) N=1,2,3 4. Load F (N} from next instruction word
2 microcycle instruction
TIN INB =1 Test INB. Active state of input is programmable
3 TK(N) ifF4=0 KAN) =1 N=1,2, 3, 4. Active state of input is programmable
ud
- it F4 =1 F(N)=1 N=1,2,3
Q
£ TKB K (N) =1 N =1,2,3,4 Skip if any K input active
TIR AIRB Test IRB. Skip if IRB has changed since last test of IRB

Z8LSWIN ‘LBLSWIN



MM5781, MM5782

operation codes

TABLE II.
OP CODE MNEMONIC

Ig 17 I I Ig 13 5 14 00 01 10 11

00 XX 00 00 NOP DSPA COMP OTA

00 XX 00 01 HX By DSPS AXO HXA

00 XX 00 10 ADD AD sue TAM

00 XX 00 7 sC LBL RSC LDF

a0 XX 01 00 K1 TK2 TK3 TK4

00 XX 01 01 TIR TKB BTD TIN

00 XX 01 10 MTA (r)

00 XX 01 1 EXC {r)

00 XX 10 00 EXC- (r)

00 XX 10 01 EXCH (r}

a0 XX 10 10 L8 ir, 0

00 XX 10 1 LB (r, 11)

00 XX " 00 LB (r, 12)

ol¢] XX 1" 01 LB (r, 13)

00 XX 1 10 LB (r, 14}

00 XX 1 11 L8 {r, 15)

01 00 00 XX RET RETS RSM {8) BTA

01 00 01 XX ™ (1) TM (2) ™ (4) T™ (8)
01 00 10 XX RSM (1) SM (1) SM (8) RSM (4)
01 00 1 XX RSM (2) TC SM (2) SM {4)

01 a1 00 KX ATB ADX (1) ADX {2} ADX (3)
01 01 01 XX ADX (4} ADX {5} ADX (6) ADX (7}
01 01 10 XX ADX (8] AUX (9) ADX (10} ADX {11}
01 01 1 XX ADX (12) ADX (13) ADX (14) ADX (15)
01 10 00 XX CALX LG (35, 34) LG (33,32} LG (31, 30
[o}] 10 01 XX LG (27, 26) LG (25, 24} LG {23, 22} LG {21, 20)

1 10 10 XX LG (17, 16) LG (15, 14) LG (13,12) LG (11,10)
o1 10 1 XX LG (7, 6) LG (5, 4) LG (3,2} LG (1,0)
01 3l 00 XX LM (0) LM (1) LM (2) LM (3}
01 0 01 XX LM (4) LM (5} LM (6) LM (7}
01 11 10 XX LM {8) LM (9) LM (10} LM (11
01 11 1" XX LM (12) LM (13) LM (14) LM (15)
10 XX XX XX CALL

11 XX XX XX GO




MM5785 RAM interface chip

general description

The MM5785 provides the required tevel conversion
between the MM5782 or MM5799 Controller Oriented
Processors and external RAM memory. It is intended for
use with the MM74C930 and MM2102 1k RAMs as a
means of expanding system data storage capability.

The MM5785 RAM interface Element allows direct
connection of four 1024 x 1 organized read/write
memories to the processor. Figure 7 is a block diagram
of the element. Additional interface elements may be
added using decoded digit lines from the decoder/driver
as chip selects.

The chip contains a 9-stage address and control bit
holding register, a 6-bit incrementing register, control
logic and data buffers. A power-on sequence resets all
registers when power is applied. (Figure 5.)

In operation, the chip select is energized and a syn-
chronizing bit followed by the R/W mode select bit,
four chip select bits {CSA—CSD), and the register select
address bits (A9—AB) are shifted into the holding register
{R) through the Djpn input port. The 6-bit address
register then sequentially addresses each of the 64 bits

COPS

within the selected register. In the Write mode, data to
be stored is transferred from the processor on the Dy
line and outputted to the memory on the DOR line.
When reading, data flow is from the memory chip to the
DIR pin. The data is buffered and shifted out to the
processor on the DO line. All registers are cleared when
the address sequence is complete.

Four to sixteen line decoding of the CSA—CSD lines
allows addressing of as many as sixteen 1024-bit RAMs
using a single MM5785. When interfacing memory circuits
such as the MM74C830 or MM2102 to the MM5785, one
transistor is required for the CSR (BAM control)} line as
shown in Figure 2.

features

¥ Directly interfaces the MM5782 and MMb5799 Con-
trotler Oriented Processors to externat RAM

® Compatible with low power CMOS MM74C130 or
low cost MM2102 RAM

® internal power-on clear

block and connection diagrams

OgR Ag-AB  CSA—CSD WE
> » r 3

{
l AB -6 | CSA-D | RiW I

CONTROL

Ve =

| |
[ H
tt 1

Vgs  Vpp  A5-AD DIR

INPUT DATA FORMAT

l A9-AG l CSA-CSD I WE Isvmc]

BIT NO 10 78 3 2 1 N

FIGURE 1. MM5785 RAM Interface Element

Dual-In-Line Package

o1 — 128 csp (BAM
CONTROL)
27
SELECT —H [ SYNG (FROM MM5782)
2
Vop ~+ =~ osc
4 25
vee ~— l— boR (10 RAM)
5 2
NOT USED = = a3
23
a0 = as
) 2
Al =— = A7
5 21
a2 = a6
20
a1 = = nir
10 19
as =Y = oo
11 18
s — — cse
12 17
we — L ose
13 15
cs1 —f = css
1 15
Vs = = csa

TOP VIEW

Order Number MM5785N
See Package 23
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MM5785

absolute maximum ratings

Voltage at Any Pin Relative to Vss

(All Other Pins Connected to Vgg!
Ambient Operating Temperature
Ambient Storage Temperature
Lead Temperature (Soldering, 10 seconds)

Vgs + 0.3V 1o Vgg — 12V

operating voltage range

{Vgg is always the most positive supply voltage)

0°C to +70°C
—55°C to +150°C

300°C

dc electrical characteristics (Ta =25°C)

7.8V <Vgs —Vpp < 9.5V,45V < Vcec —Vpp £ 5.5V

PARAMETER CONDITIONS MIN TYP MAX UNITS
Ipp  Operating Supply Current VDD = Vss — 9.5V 8 15 mA
lcc  Operating Supply Current Capacitive Loading Only 100 LA
lcc  Peak Current CL = Max, Ry_= Open Circuit, 33 mA
Duration = 400 ns
OSC Input Levels
ViH Logical High Level Vpp = Vss — 7.9V Vgg—1.0 \%
ViL Logical Low Level Vpp = Vss — 9.6V Vpp+1.5 \
Din, SYNC Input Levels
VIH Logical High Level Vpp = Vss— 78V Vgg—1.2 \4
ViL Logical Low Level Vpp = Vss — 9.5V Vgs—4.0 \Y
DIR input Levels
VIH Logical High Level Vpp+2.0 \
ViL Logical Low Level Vpp+0.4 \
Select Input Levels
VIH Logical High Level Vpp = Vss— 7.9V Vgg-3.2 \Y
Ve Logical Low Level Vpp = Vss— 956V Vgs4.5 Vppt+1.5 \Y
Vppt1.5 \%
i lnput Current Level ViH = Vg — 3.2V
Vpp = Vss — 7.8V —350 HA
CSR Qutput Levels
VOH Logical High Level IoH <-—-100 uA Vpp+0.8 \Y
VoL Logical Low Level IoL <10 pA Vpp+0.256 \Y
DOR,WE,CS 1, AO—-A9
and CSA—CSD Output Levels
VOH Logical High Level IoH <250 uA Vee—1.0 \
VoL Logical Low Level loL > 10 uA Vpp+0.5 \%
DO Output Levels
VOH Logical High Level Vpp = Vss — 7.9V
loH <—-100 pA Vgs0.5 \Y
VoL Logical Low Level Vpp = Vs~ 7.9V
oL > 25 pA VpD+3.7 \Y




ac electrical characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
OSC Input Frequency (1/tp) 320 400 kHz
OSC Duty Cycle (Figure 3) 46 56 66 %
OSC Input Transition Times
tr Rise Time RC=0.15 us 350 ns
tf Fall Time C_=25pF, R =6 k&2 50 ns
SYNC Input Timing (Figure 3)
R Interval/Bit Time 10.0 12.5 s
tosch Hold Time 100 ns
tsth High-to-Low Set-Up Time 680 ns
tstH Low-to-High Set-Up Time 100 ns
DIN Input Timing
tstn Set-Up Time 2.5 s
thn Hold Time 1.0 us
DIR Input Timing Cy <50pF
tstr Set-Up Time 25 us
thr Hold Time 1.0 s
SELECT Input Timing CLOAD < 100 pF,
The SELECT Inputis normally | (Figure 4)
75 bits wide and envelopes
the DIN input. The DOR out-
put is the logical -OR of
SELECT and DIN
DOR, A0—A9 Output Propaga- CLOAD = 250 pF
tion Delays
TpdL, 5.0 us
tpdH
CSA—CSD Output Propaga- CLOAD = 100 pF
tion Delays
tpdL 5.0 us
tde 10.0 us
WE and CS 1 Output Propaga- CLOAD = 250 pF
tion Delays
tde, 25 us
tpdH
DO Output Propagation Delays CLoAD = 100 pF
tde‘ 2.5 us
tpdH
Vgg Power “ON*" Time
tpo {Figure 5) 1.0 ms

9-17

G8/SININ



MM5785

functional description

Va Voo Va Voo
A-AN0 At A1D
MM74C93D MM74C930
31 b} le— st
WE_ DI CS3 DO CS2 WE DI DO Cs2 CS3
[ ] 4 A
[ S S S 4
v
YOR A —_—— e e ———— — — — —
AM r POWER PACK ot
4
WE DOR CSA DIR €SB 6.8% —L l
At-A Vss ——° o—%¢ p \
cst MM5785 SR vee oc-oe I
Va —O———— '
SELECT 05t
P15 oo SYNC Voo | ‘ - l
t11 S S
¥ss Voo Veo
v
so sl Vop
SYNC »[syne +— V55
o0st P 0sc
MmMs782 b SKIP . Mms781
1-lg g
<+ [¢— Vv,
Sais!’sﬂ D1-04 BLK K1 K4 0o
18} [y
(1) * f‘
Vss Voo
A
s BLK
— T le— v,
vss ™ DSB667 058664 BAT
vear ~T» ~ 01-p1 & Voo
(8} (18}

¥ ,

I LED DISPLAY I

l KEYBOARD I_————‘

FIGURE 2. Hand-Held Calculator with Battery Augmented Memory {BAM)

A power-on sequence is necessary to clear all registers
and condition the MMB785 for data entry. Timing is
described in Figure 5. Select must be toggled once
before starting.

An interface circuit is required in a non-volatile battery
back-up system using the MM74C930. An example is
shown in Figure 6. Before the MM5785 is selected,
PON is at a logical high level, Q1 is “OFF,” and the

RAMs are disabled. !f system power is removed, Vg§
collapses to Gnd, Q1 remains “OFF" so that false data
cannot be entered during power up.

During normal operation, PQN is in a fogical low state
and when the MM5785 is selected, Q1 turns "ON" to
enable the RAMs. R is chosen from the CSR IoH
spec to insure saturation of Q1. CSR timing is shown in
Figure 5.




functional description (Continued)

'p
N f2
Viy |
os¢
viL
v 2 '
M T
svne M ! } |
; ; i
Vin T
o

Le——1pgh, | -~ = :
Vou : I ;
DOR :
OR oL L |

|

Vou & &
AD-AS5 AS ONLY
VoL . * *

i
N Vg —/F————}
i

i
Vo = 5 =g :
CSA-CSD voL IUEE 13 SELEETED§ | .
i j=e-tpdh

" Vo= AN\ WY\

- tpdl ==y i j= tpdh

Vau : e o
o vou ‘ o ' w
b=l

oo HIGH Z § i § HIGH-Z

INTERNAL
CHIP CYCLE

; ~ ; I
[ €20 —mfea— ] —oiee— D e 2 ";‘*"’ZD*F&M b 1) b 2 | $20) - e 2] 10 *f‘*"’z"ﬂ

(a} Write Mode (64 Consecutive Bit Times}

e et T—

—— —= X

- tpdh, 1
LM HIGH2 N MY O

(b} Read Mode (WE at Logical High Level. AD—A9, CSA—CSD and CS1 have Same Timing as Write Mode)

1 tq
Note 1. Osc input duty cycle = =—
it ty
Note 2. SYNC provides a 1 of 4 timing relationship with osc input,
to establish osc edges as references for 1/0O timing.

FIGURE 3. Input/Output Waveform Timing

- i DATAWRITTEN IN LOCATION:

. 4101100000 OF RAM A
SELECT l I
7 A8 A8

START WE [SA CSB CSC €SO A6 A .- . DOR (4 BITS) ——- - -
BIT

e -
. 1
" 1

AZ
A '—j
AD I

| A6-AY AND CSA-CSD FIXED |
M0 ITTIMES B == - § BIT COUNTER GENERATES ——=

64 ADDRESS STATES

DIN

Start bit is always positive logic *“1,” logicat high level
The above pattern indicates a write condition with CSA selected.

FIGURE 4. Typical Bit Pattern
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MM5785

functional description (Continued)

ju)

4-‘ 1 t——»DATAEANBEENIERED

+7.9-9.5V o
P
vss :
1% £
o nn‘ i
! tod
SELECT
INPUT L__]

Pon
INTERNAL

CSR

==3.2v
LI LI vw

— I L— I

1 [—LZVDD*“V

SELECT

Vop
FIGURE 5. Power-tUp Timing

R = 6.8k :18%

TO MM74C830
€S2 DR CS3 INPUT

MM5785

FIGURE 6
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MMb5788 printer interface chip

general description features
The MM5788 is an MOS/LS! device designed to ® Capable of driving Seiko Models 102, 104, 210, 220,
interface the National Controller Oriented Processor 101T, 310 and 320 (20 columns)

sets with various rotating drum and start-stop printers,

1 8 Paper feed inhibit for overprinting
as_shown in F/gU(e 7. 1t will drivg up to 20 parallel = Multiple paper feeds (up to 15)
print columns, with controls for ribbon color, paper ® Tone output for audio bleep under program control
feed, and paper take-up. An additional 4-bit output
port provides a 1 kHz tone signal and there are three ® Internal power “ON'" clear
general purpose outputs under control of the processor. ® Single power supply operation
® TRI-STATE® handshake acknowledge to allow mul-
The MM5788 can also be used as a general purpose 1/0 tiple MM5788's anfj other peripherals to be intermixed
chip. In this mode, ten column drivers are outputs and for system expansion
nine function as input/output ports, all under program ® General purpose |/O mode
control. ® On-chip comparators to detect printer timing signals

block diagram

DATA Vgs Vop AK

S S |

SYNE ——ip] PR,

DATA ANG commann|  [pRe | PaPeR FEED
osc—> REGISTER or [ conTROL
CS =P

4 PTU
——b PAPER TAKE-UP CONTROL
CONTROL RRI
LOGIC RIBBON COLOR
1 kHz = X0 3 CONTROL
+—xi
OUTPUT BUFFER TR
«—dxz 2 PRINTER
REGISTER T b TiMING
X3 SIGNALS

4 A

A\ A AA

To2...10M...20
.

COLUMN OUTPUTS
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MM5788

absolute maximum ratings operating voltage range

Voltage at Any Pin Relative to Vgg  Vgg +0.3V to Vgg--12.0V
(Al other pins connected to Vgg)

Ambient Operating Temperature 0°C to +70°C
Ambient Storage Temperature —55°C to +150°C
Lead Temperature 300°C

6.5 < Vgg ~ Vpp < 9.5V
(Vgg is always the most positive supply voltage)

dc electrical characteristics (Ambient Operating Temperature)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Ipp  Operating Supply Current Ta=25"C
Vpp = Vgg —9.5V 10 mA
OSC Input Levels
Vin Logical High Level VpD = Vgg ~6.5V Vgg—0.8 \
Vpp = Vgg 7.9V Vsg-1.0 v
ViL Logical Low Level Vpp = Vgg —9.5V Vpp+1.5 A
SYNC, DATA, and C2 through
C10 Input Levels
VIH Logical High Level Vpp = Vsg —8.5V Vgg -1.0 \4
Vpp = Vgg —7.9V Vgg-1.2 N
ViL Logical Low Level Vpp = Vgg 9.5V Vgg—4.0 Vv
CS (Chip Select) Input Levels
ViH Logical High Level Vpp = Vgg - 6.5V Vgs—2.0 A
Vpp = Vgg 7.9V Vgg—3.2 \
Vpp = Vgg - 9.5V Veg 4.2 v
ViL Logical Low Level Vgg —9.5V < Vpp < Vgg 6.5V Vpp+1.0 4
ltH Input Current Vpp = Vgg —7.9V
ViH = Vgg —3.2V -350 MA
PF, RRIB, PRG, PTU and PRM
Output Levels
IOH Logical High Level VoH = Vgg —0.9V, -0.7 mA
Vpp = Vgs 7.9V
VOH = Vgs —0.9V, -3.0 mA
Vpp = Vgg 9.5V
C1 through C20 Output Levels
1OH Logical High Level VOH = Vgg —0.9V, 0.7 mA
Vpp = Vgg —7.8V
VoH = Vgg —0.9V, 3.0 mA
Vpp = Vgs 9.5V
Tp. Tr input Levels
VIH Logical High Leve! Vppt0.3 \%
ViL Logical Low Level Vppt+0.1 v
AK Output Levels
VOoH Logical High Level Vpp = Vgs —6.5V Vgg-0.9 \%
HoH! < 100pA
VoL Logical Low Level Vgg -9.5V < Vpp < Vgg 6.5V Vggt+3.7 \Y%
o< 25uA
X0, X1, X2 and X3
Output Leve!
IoH Logical High Level VOH = Vgg ~0.9V, ~0.7 mA
Vpp = Vgg —7.9V
VQH = Vg5 —0.9V, 3.0 mA
Vpp = Vgg —9.5V
AK TRI-STATE Outputs
{OH Unselected Level Vo = Vgg —0.5V, CS = Vi —-10 10 HA
oL VO = Vpp +0.5V, CS = Vi -10 +10 A
Vgs 9.5V < Vpp < Vgg 6.5V

9-22




ac electrical characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS
th Bit Time {Figure 5) 10 125 s
OSC Duty Cycle {Figure 4} 46 56 66 %
1/tp 0SC Input Freguency (Figure 4) 320 400 kHz
OSC Input Transition Times VpD = Vgs—9.5V, RC = 0.15us,
{Figure 4)
tr Rise Time 350 ns
tf Fafl Time 50 ns
SYNC Input Timing VpD 7 Vgs—7.9V, (Figure 4/}
tosch  Hold Time 100 ns
t5th High-to-Low Set-Up Time 680 ns
tsth Low-to-High Set-Up Time 100 ns
CS Input Transition Times VpD = Vss—7.9V, (Figure 4)
tr Rise Time 20 us
t Fall Time 100 us
tpdt High-to-Low Propagation Time 05 us
Thdh Low-to-High Propagation Time 25 s
AK Qutput Transition Times Vpp = Vgs—6.5V, C| <'100 pf,
(Figure 5)
1 Rise Time 1.4 us
1f Fall Time 23 us
tpd! High-to-Low Propagation Time 3 us
tpdh Low-to-High Propagation Time 24 us
PF, RRIB, PRG, PTU, PRM, TONE, Vpp = Vsg—6.5V, Cp =100 pF,
C1- C20 and X1—-X3 REXT = 10k, (Figure 5)
ty Rise Time 3 us
tf Fall Time 4.5 s
tpdt High-to-Low Propagation Time 4.5 us
todh Low-to-High Propagation Time 4 s
connection diagram (Dual-In-Line Package, Top View)
Pin Descriptions
Vgs - 120 o6
015 =2 138 Inputs
3 38 osc -— 400 kHz input from system osciltator
C14 sy po— C18 N
2] 137 o SYNC — SYNC signal input from MM5782
o3 5 6 Ccs — A logical low level enables the chip
cz ry TR Data — Input for contro! and data to be printed
L1 —= ET TP, TR — Inputs for synchronizing pulses from the controlled printer
PF —t X3
RRIB i ER X2 Outputs
PTU = ._JZ_VDD AK — Handshake output—functions as “READY" flag. Responds to
erG — 130 CS with logical high level if ready to accept data in Printer
PRM L i Xo Control Mode. Operates as serial data output in general purpose
A B 1/O mode. TRI-STATE
SYNE =2 0 PF — Paper feed control
0st =7 B3 TR PTU — Paper take up control
DATA —15- ? cio PRG — Individual paper feed controls for dual tape printers such as the
ts —f b— 9 PRM Seiko 101T
AK i L2 ne RRiB ~ Ribbon color cantrol
¢ ] X X0 — 1 kHz Tone Qutput under program control
2 k] KA X1-X3 — General purpose latched outputs under program control
o 2 22 o C1-C20 ~ Column drive outputs (BCD digits 1—20 in command data field)
20 2
ca —- ¢s5

Order Number MM5788N
See Package 24

The PF, PTU, PRG, PRM, RRIB and X0~ X3 outputs are controiled by command
and operand signals from the MPE of the TCS processor set. Figure 3 shows a
timing example. Tabte | lists the various instruction codes.
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MM5788

functional description

The MM5788 timing is derived from an external 400 kHz
oscillator {(OSC) which also drives the MM5781, MM5782
processor. Bit synchronization is attained by using the
processor SYNC output together with OSC to generate
the 100 kHz internal clocks. All interface signals
between the MM5788 and the processor are designed
to move on the rising edge of OSC and be sampled on
the falling edge of OSC.

PROCESSOR HANDSHAKE

The MM5788 receives commands and data serially from
the processor. The handshake sequence is as follows:
with timing diagram shown in Figure 2.

m The processor drives the Chip Select (CS) line to a
logic low level state, enabling the TRI-STATE buffer
on the MM5788 acknowledge output {AK).

® The AK output responds with a logic high state if
ready to accept data or a logic low state if busy.

If AK is a logic high state, the processor waits for a
start window (logic low state) on the AK line. The
window is 4-bits wide and is used to synchronize the
internal recirculating registers with the incoming data
stream. The wait time is from 1 to 36 bit times.

Upon detection of the start window, the processor
sends a serial data stream on the DATA line. This
data stream consists of a start bit (logic high state)
followed by a 4-bit command, a 4-bit operand, and
up to 80 bits (20 digits) of BCD data. The BCD digits
1-20 correspond to column outputs C1-—C20,
respectively.

The MM5788, responding to the start bit, shifts in the
next 88 bits from the DATA line, drives AK to a low
state, decodes and carries out the action specified by
the command. The processor need send only the 4-bit
command, the Operand and Data fields are optional.

TABLE I. Instruction Codes for MM5788

CODE
INSTRUCTION DESCRIPTION
OPERAND COMMAND
Print MOD 310 1000 OXyz X = 0 Print Black
Others 0000 OXYZ X =1 Print Red
YZ =00 Feed M, G
YZ =01Feed G
YZ =10 Feed M
YZ =11 No M,G Paperfeed
Paper Feed ABCD 10YZ2
Lines Fed
1 0000 YZ =00 Feed M,G
15 1000 YZ =0t Feed G
14 1100 YZ =10 Feed M
13 1010 YZ =11 No M,G Feed
12 0111
11 0100
10 0110
9 1101
8 0011
7 0010
6 1011
5 1110
4 0001
3 1001
2 Q101
1 111
Read External Load C2—C10 serially on ta AK
XXXX dddd 1110
Reset
Model 310, 320 10dd 111
102, 104, 210, 220 01dd 111
101T 11dd 111
Load X3X2X1X0 1100 Load Operand X3X2X1X0 into output lateh
dddd 1101 Load data field into output buffer register

g9-24




functional description (con’d)

v v
@ s DD
; I
LED (<) >
DISPLAY KEYBOARD | K1-K4
P iNB MM5781
'y b BLK
(18) Ma) ¥ 0SC SYNC '1~Ig SKIP
BLK 4 4 o 4
058664
D1-B14 v v
* 19~Ig SKiP
D1-04 N
SD
MM5782 44— Vg5
S0 [—vpp
y‘” | {2) TIMING
« L
CS DATA AK I l
0S¢ —p] TR, TP
' @) ) SEIKD
SYNC w—=ip{ ${ ORIVER | MODEL
MM5788 (8} NO. 31
Vs {4) coL o
Yoo ]
SN
oriver |
—>RRIE
2 f MOTOR CONTROL (2)
—p] ORIVER (D)
—p X2, X3
FIGURE 1. Typical Printing Calculator Application
usc||||||||||||||
SYNE | | | |
cs I
AK !
:“* ----- 1-36 BIT TIMES ——— »be— 4 BIT TIMES —]
0ATA I
FIGURE 2. Handshake Timing
w1 11 1t 13 11 I Ll 1,1 1 L1 11 11
TR n n
RRIB I 1
c1 "
€2 l i) I
e [o 1
ca | T
PTU — 1
PF

FIGURE 3. Timing Example for Printing 123. in Red on Seiko 102 Printer
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MM5788

functional description (con’d)

v T1 T
W Duty cycle =——— = —
TH+72 T,
osc I
i |
viL ‘
- V2o e =
g v
Vss
INPUT
Voo
FIGURE 4. Input Waveform Timing
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FIGURE 5. Output Waveform Timing




MMbB799 Controller Oriented Proce

general description

The MM5799 is an MOS/LSI device containing all
system timing, logic, RAM and control ROM functions
required for implementation of a Controller Oriented
Processor. It is capable of scanning up to 56 keyboard
switches or data may be entered as BCD data words.
Eight outputs present information in either BCD or
7-segment plus decimal point format and 4 additional
latched outputs provide encoded digit timing informa-
tion. Serial 1/O ports allow expansion of the basic
384-bit RAM store and interface to peripheral equipment
such as printers. The circuit is capable of being
programmed to perform a wide range of customer
specified computation and control functions.

features
®  10us microinstruction cycle time
® 1536 microinstruction ROM (8-bit instruction set)

Ssor

COPS

384-bit RAM (96-digit)

5 data or control inputs that provide keyboard
scanning or BCD inputs

Internal power on clear with programmable external
override

Serial input and serial output for data storage expan-
sion or interface with a variety of peripheral interface
chips

3 general purpose input/output lines plus “blanking’’
output

8 fully programmable outputs (7-segment, BCD, etc.)
internal or external oscillator

Single power supply operation

Direct segment drive of LED's

Fully compatible with TCS peripheral interface
elements and can be programmed to function as a
secondary processor element in TCS system

[——= D01

—— D02

[¢—> 003

—— 004

——> BLK

. asc  SYNC
block diagram
CLK RAM 36 X 4
‘ GEN } X
AOM —
1536 X 8 ]
® B Teme
r 3 (1) REG 4
ADDRESS | 3
P REGISTER
N
@)
< f—— 5y
It MIERD-
K1 —] NSTRUCT s
K2 —} DECODE
—]
:t}s—v SKip +—
DECODE
(8 35
— <—__ SERIAL DATA
— LOGIC S0
Vgs —
VoD~ F1 ™
POWER =) Fie Se
-
F3
Dsp
28.PIN
PO F3 Fz F1 INB
FIGURE 1.
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absolute maximum ratings

Voltage at Any Pin Relative to Vgg
(All Other Pins Connected to Vsg)
Ambient Operating Temperature

Vsg +0.3V to Vgg —12V
0°Cto +70°C

Ambient Storage Temperature —55°C to +125°C
Lead Temperature (Soldering, 10 seconds) 300°C

dc electrical characteristics 0°C < Ta<+70°C, 7.9V < Vgg — Vpp < 9.5V unless othecwise stated

PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Voltage (Vss — Vpp) 7.9 95 v
Operating Supply Current (Ipp) Vss - Vpp =95V, TA=25"C 12 18 mA

{Excluding Outputs)
Osc Input Voltage Levels
Logic High Level (V) Vgs — Vpp = 7.9V Vgs—1.0 A
Logic Low Level {V|{) Vgs — Vpp = 9.5V Vpp+1.5 \
Osc Input Resistance To Vgg Two Options 3 kQ
6 k2
INB, K1--K4, F1--F3 (For Keyboard)
input Voltage Levels
Logic High Level {V|y) Vgs — Vpp = 7.9V Vgg-3.2 Vss Y
Vgs - Vpp = 9.5V Vgg4.5 Vss v
Logic Low Level (V) Vppt+l.6 \
INB, K1--K4 fnput Voltage Levels {As Logic Input}
Input High Level (Vjp) Vgs—1.0 \
Input Low Level (V| ) Vgs—4 \
INB, K1—K4 input Current Levels {Through Keyhoard)
Input High Leve! (114} VIH = Vgs — 3.2V 350 HA
Input Low Level (1)) ViL = Vgg — 32V, Fluorescent Display -20 HA
D03 [nput Voltage Levels {See Option 10)
Logic High Level (V) 7.9v < Vgs — Vpp < 9.5V Vgg-3.5 \Y
Logic Low Level {Vi) Vg — VDD = 7.9V Vpp+2.5 \Y
Vgs — Vpp = 9.5V Vpp+3.0 A
Sl and Sync Input Voltage Levels
Logic High Leve! (V|H) Vsgs — Vpp = 7.9V Vgg—1.2 \
Logic Low Level {V |} Vss — Vpp = 7.9V Vgg—4.0 \
D01, D02, DG4 Qutput Voltage
Levels (Encoded Digit)
Logic High Level (VoH) R = 150 k&2 Vgs-1.0 Vss \
Logic Low Level (V) loL = 3uA (If Load Present) VDD Vpp+0.5 A
Logic High Level Current (IgR) Vs — Vpp = 7.9V
Vol = VDp + 1.5V —260 uA
D03 Output Voltage Levels
Logic High Level (Voi!} R =150 k&2 Vgg-1.0 vss \
Logic Low Level (Vo) loL = 3uA (Load Present) VpD Vpp+0.5 Y
Logic High Level Current (1on) Battery Low "OFF,” from DS8664
VoH =VDD + 3V
Vgs — Vpp = 9.5V -1.3 -03 mA
VoH = VDD + 2.5V
Vgs - Vpp = 7.9V 1.0 -0.4 mA
Battery Low “ON,” from DS8664
VQH © Vs§ — 3V
Vss - Vpp = 7.9V -0.3 mA
VOH = V8§ 3V
Vgs — Vpp - 9.5V 0.4 mA
8a—Sg and Sp Output Current Levels {see option 7)
Logic High Level Current {1} VOH = VDD + 3V
5 mA Min 20 -10 -5 mA
3 mA Min -12 -6 -3 mA
Logic Low Level Current (1o ) VoL = VpD * 0.5V, (See Option 8)
Open Drain 1 1 MA
Load Device to Vpp 3 15 HA




dc electrical characteristics (con’t)

PARAMETER CONDITIONS MIN TYP MAX UNITS
S0 and Sync Output Voltage Levels {With Load and Driver to Vpp)
Vss - Vpp = 7.9V
Logic High Level (V! IoH = -100uA Vgg-0.5 Vss \
Logic Low Level (V) loL = 15uA VDD Vpp+3.7 \
F1, F2, F3 Qutput Voltage Levels
Logic High Level {(Vou! JQH = —30uA Vgg-1.6 A
Logic Low Level (V) } ioL = 3uA Vpp+1.0 Vv
Btk Output Voltage Levels
Logic High Level (VOH! IOH = —0.5 mA Vgg1.6 v
Logic Low Level (Vo) 1oL = 5uA Vpp+t.0 \%
Osc Qutput Current Levels {Output with Load to Vpp)
Logic High Level Current {{gH) VOH = VpDp * 1.5V -1.0 mA
Logic Low Level Current (igg) VoL =Vpp * 0.5V 30 HA
Keyboard Key Resistance (RKgy)
{INB, K1—K4, F1—F3} LED Display {nterface 200 Q
Fluorescent Display Interface 50 (391
INTERFACING WITH MOS
All Qutputs
Qutput High Voltage [VOH! Vgs 1 Vss \2
OQutput Low Voltage Vo) {On-Chip Loads at Qutputs) VDo Vpp+1 A
INB, K1—-K4 input Voltages {No Input Loads!
Input High Voltage (V(H) Vgg—1 Vss v
Input tow Voltage (VoL ) VoD Vg4 \
ac electrical characteristics (0°C < Tao <+70°C, 7.9V < Vg — Vpp < 9.5V unless otherwise stated)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Osc tnput Frequency 320 400 kHz
QOsc Duty Cycle (Figure 2/ 46 56 66 %
Osc Input
Rise Time (t;) Cy =25pF, Ry = 6k 350 ns
Fall Time {tf} RC = 0.15us 50 ns
Sync input Timing
Interval (tg. Bit Time) 10 125 us
Low Hold Time {1gxH) 100 ns
High Hold Time {(toscH) 100 ns
Low Set-Up Time {tgTt ) 680 ns
High Set-Up Time (1gTH] 100 ns
K1—K4, INB, F1-F3, D03
Input Timing
tSK 1.75 us
LK 10 us
S Input Timing
tsx 1.6 us
THLDX 05 s
BLK Output Timing
thdBLK CLoAD ~ 50 pF 4.4 us
trh CLOAD < 20 pF 0.3 Hs
F1, F2, F3 Qutput Timing CLoap = 100 pF 4.4 us
Ipdf
Osc Output Frequency 130 450 kH2
Osc Qutput Duty Cycle 33 56 68 %
Sync Qutput Timing
Interval (1g, Bit Time) {For On-Chip Oscillator) 88 30 us
tpdsl CL = 250 pF 0.1 1.65 us
tpdsH 0.1 1.25 S
THS 0.1 08 us
D01, D02, D03, D04, SO Output CL = 100 pF {DO1-DD4)
Timing Cy = 250 pF {S0}
tpd 05 4.0 us
8a~Sg, Sp Output Timing {tpdSEG! 6.0 M
Interdigit Blanking Time (T1) 75 us
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MM5799

options

In addition to internal programming, for various
applications, the following input/output options increase
flexibility of the MM5799 for both calculator and other
computational operations.

1) On-chip oscillator with osciliator output or external
oscillator with on-chip load resistor {6 k€2 or 3 k&2
to Vgs)

2) SYNC pin an output or input. The SYNC pin defines
the beginning of an internal cycle time, ¢1, during
coincidence of low levels on OSC and SYNC, as
shown in Figures 2(a) and 2(b).

3) DO3 can be an output, an input or both.

4) RAM can be organized as 8 registers of 12 digits
or 6 registers of 16 digits.
5) The shift register can be organized in either of the
following two modes:
i) Data is shifted continuously from SI through
a 4-bit register to SO0. An AXO instruction
exchanges contents of register A with contents
of shift register. The lowest order bit is shifted
out on SO.

TTL interface

The MM5799 can interface with LPTTL with the
external components shown below. The MM5799 outputs
source current to provide a 1’ level to LPTTL and
external resistors must be provided to sink current for
a ‘0" level. When driving the MM5799 from LPTTL

5V

i} The input of the shift register is tied to one.
AXO0 inputs Sl to the most significant bit of A
and A is shifted out of S0. Therefore, S{ can be
an input which does not affect S0.

6) The EXC+ instruction can be modified not to skip
on B going to 13.

7) Segment outputs can be programmed for a mini-
mum source current of 3 mA or 5 mA.

8) All outputs may be open drain or have a load
device to Vpp. In addition SO may also have an
active driver to Vpp.

9) Power-or-reset may be brought in as an external
reset pin.

10

The K inputs and INB may be active high or active
low. The switching levels can be set for a keyboard
or for a logic input. Input loads can go to Vss,
Vpp or be absent. And the inputs can be made to
withstand —35V for interfacing with fluorescent
displays.

11) The decodes of the BCD to segment PLA are mask-
programmable for any characters (except 8).

an on-chip load to Vgg on the K inputs and INB insure
a proper high level. An external resistor to Vgg must
be supplied on the Sl input to overcome a load device
to Vpp on that pin.

sV
l Rst
Vee
L g si
K1
TTL K2
OR | { k3
LPTTL Ka
INB
GND

5V

Vss |
Vee
S0 2 >
Rsa
Sa
Sy —ay
. Py »
Sg
s, Rg
LPTTL
0 4y
F2 —p
3
RE
5V -4V
oY
N Vee
[ S 740903 —>
004 GND GND
BLK I l
Vop = —

av

8.4 k< is the maximum resistor that will still sink one LPTTL. load and the lower
resistor value still allows a 2.7V 1" level for Rgg, Rg1 and RE. RE of 2.8k wilt

overcome the device on S! and 68042 is

6700 < Rgp < 2.81 k2
3.5 kQ2 < Rgg < 8.4 kQ
19 kN2 < Rg £8.4kQ
46 k2 < R < 8.4 kQ

the minimum resistor that LPTTL can sink.
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switching time waveforms

INTERNAL
CYCLE TIME

| §TL = ‘
t0SCH— |<— i -*‘ - 1STH
H

Viy ——-3
K1-Ka,INB, " N

F1—F3 (N}
ViL

Vou
F1,F2,F3(0UT)

VoL ——

VoH -
BLK
voL

" t
Note.OSC Duty Cycle = ——— = —

t + 12 I

FIGURE 2(a). Input/Output Timing Diagram {External SYNC)

INTERNAL

CYCLE TIME 20

|
—{1 )‘4 [
I
Vin, Vou
osc
{IN OR OUT)
ViL- VoL

tyg—=|

VoH—————
SYNC (GUT)
VoL

—d gl fe—| ety i

b —tpgT ]

Vo —= G R
50, 001084 X \ W
Vo

st |

Vou — = T /
8,-8.5, A
e VoL - A DN

j*‘sx» I*‘“HLDX
st 8
— NN ]

FIGURE 2(b). Input/Output Timing Diagram {Internal SYNC}
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connection diagram

Dual-1a-Line Package

K1 —
K2 =2
K3 —3'
Ke —H
e —4
syne —
05t —H
Fy =
F2 =)
Y
PWR ON =
5,
8y —
sy =4

— p02
— D03
>, poa
F— s
S0

BLK

VDo

Sy

Se

_sd

p— Vss

TOP VIEW

Order Number MM5799N
See Package 23

functional description

A block diagram of the MiM5799 is shown in Figure 1.
The control ROM is organized as 1,536 8-bit instruction
words. ROM addressing is by an 11-bit Program Counter
Register P and 2 push-down address save registers, SA
and SB. Internal data flow, storage, and input/output
lines are controlled by 8-bit ROM instruction words.

Arithmetic and logic functions are performed in the
4-bit adder with results stored in accumulator A,

The RAM contains 384 bits, addressed as 96 4-bit words.
Register lengths are under program control; e.g., the
memory can be formatted as 6 registers x 16 digits,
8 registers x 12 digits.

Seven outputs are decoded by the segment PLA and
brought out as either BCD or 7-segment information
depending on the software program. Decimal position
is brought out on the Sp line. The segment and decimal
point output buffers are capable of driving LED displays
directly. Digit timing information for driving displays
and external keyboard scanning is encoded into a 4-bit
code and brought out on the digit output lines DO1—
D04 and used by the DS8664, DS8665, DS8666,

DS8881 or DSB8882 Decoder/Drivers to generate up to
14 digit outputs. A 2-bit code is used in systems employ-
ing the DS8874 Decoder/Driver (Figures 4 and 5).

Serial input and output ports {SI and SO} are provided
for accessing external RAM and interfacing with peri-
pheral equipment such as printers.

4 K-inputs may be used for direct data inputs or as key
inputs scanned by 14 externally decoded digit output
lines {D01—D04) for up to 56-key keyboards. There are
3 additional general purpose latched input/output ports,
F1--F3. The BLK output is used as a blanking signal for
the digit decoder/driver. One general purpose input INB
can be tested under program control.

The MM5799 has an internal power-on clear which is
initiated when the Vpp supply has reached a nominal
value of Vgg—6V. The power-on clear is then extended
for an additional 1 ms. External power-on clear can be
provided which will override the internal clear when
power supply turn-on time is not within the design
specification of the MM5799, see Options, no. 9.
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register and {/0 port definitions

DESCRIPTIONS DESIGNATIONS
12,288-bit Control ROM ig—11
1,636 words x 8 bits (24 pages of 64 words)
11-bit Program Register P
Page Pp (P11 —P7)
Word Pw (P8 — P1}
2 x 11-bit Program Address Save Registers SA, SB
384-bit RAM organized as 8 registers x 12 digits x 4 bits M
{(rxdxzlor6x 16 x4
7-bit RAM Address Register 8
Register By (B7 — B5)
Digit Bg (B4 —-B1)
4-8Bit Accumulator A
4-bit Holding Register H
1-bit Carry Register Cc
4 Data or Control Inputs K1-K4
3 General Purpose Programmable Input/Output Lines F1-F3
8 Latched Programmable Outputs Sa—Sg. Sp
(S3—Sqg available as BCD under program control}
General Purpose Input INB
4 {_atched Digit Outputs D04-DO1
Serial Input and Qutput Ports Sl and SO
Blanking Signal Output BLK
standard instructions
MNEMONIC DATA FLOW SKIP {F DESCRIPTION
AD M+A ~A Add M (B} to A, store sum in A
ADD C+M+ A=A Add carry bit to M (B}, Add sum to A, store sum in A
1—-CifAZ>10 A<l 10 Ser Cit A > 10, reset Cit AT 10
0 CifA<I10
SUB M+A+C~A Subtract A from M
g Overflow = C Overflow Overflow to C
E:, cComp A+ A One's complement of A to A
§. OTA 0-A Clear Accumulator
E’ ADX (Y} A+Y—A No overflow and Y = 6 Add constant {Yi to A. Store sum in A,
é Y=1,2...15
< HXA H--A Exchange contents of H register with A
TAM A =M (B) Compare contents of A to M (B), skip if A = M (B}
sC 1-C Set C register
RSC 0-C Raset C register
TC Cc=0 Skip if C=0
TIN INB =1 Test INB, Active state of input is programmable
] TF (N} FIN) =0 Tast FINYpin. N=1,2,3
::n:. TKB K = Skip if any K input active. Active state of input is
£ programmable
TIR DO3 =0 Test DO3 pin as input
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standard instructions (con't)

MNEMONIC DATA FLOW SKIP IF DESCRIPTION
BTD By~ D04 — DO Transter contents of By to digit output latches,
turns BLK output low for one cycle time
DsPA A= Sy - Sq A4 — A1 to output latches, directly 1o outputs Sz — Sy
H=Sg - Sg H3 - H1 to output latches, direct to Se — Sg.
C -3y Cio Sp fatch
2 DSPS A S-Sy A to output latches, 7-segment decoded to S, -+ Sg.
O= (SR Segment decode is programmable. C to Sp latch
3 AXO SI—~A Exchange accumulator with serial input/output
o
- A—-SO
LDF tf ? |5"** F3 N=1,2, 3. Load F {N} from next instruction word.
1f1g%: |3" - F2 2 microcyele instruction
112517 -+ F1
READ K4 . K1 A Read K inputs to A. Active state of input is programmable
GO TO(GO) lg — 11 + Pw Load next ROM instruction address
HPp=1111 X 1 on page 368 or 37g reset page address to 36g (Note 1)
11110 - Pp
CALL Ig - 11~ Pw, Call subroutine. If not on page 36g or 37g, push down
g - pep address save registers. Set page address to 37
g 8
If Pp# 111X
2 SA =SB,
Q
5 P+1-SA
5
w RET SA—-P Pop up ROM address save registers
2 SB — 5A, SB » SB
g
] RETS SA P RET, then skip next instruction upon return
SB -+ SA,SB—~SB SKip
LG/GO Load P 2 microcycle operation. Long GO TO, Load
4 — 17, 1g" Po Pp and Py (Note 1)
g™ — 117 > Py
LG:/CALL SA—SB,P+1—>SA 2 microcycle operation. Long call.’ Load Pp
Load P and Py. Push down address save register (Note 1)
NOP No operation
EXC (1) A+ M (B} Exchange data word at M (B) with A, EXCLUSIVE-OR B,
B, ®Wr =B, withr.r=0,1,2,3
EXC (r} A<M (B} Exchange and decrement By
‘g 8, ®r— 8, By — 15 EXCLUSIVE-OR By withr.r-0,1,2,3
s By -1 By
2
[} EXC «ir) A M (B) By—0or Exchange and increment By
5 B, ®r— 8, By > 13 EXCLUSIVE-OR B, withr.r=0,1,2,3
o
> By + 11— By
:E) MTA {r) M {B) -~ A Load accumulator with data word M (B)
S
2 B &8, EXCLUSIVE-OR By withr.r=0,1,2,3
LM (Y} Y M (B} Load memory with Y. Y =0,1,2,.. .15
Ba t 1~ By tncrement By
&g SM (Z) 1 M(B,Zj SetBitZofM (B),2=1,2,4,8
-]
Falie~1
¢ 8 RSM (2} 0—->M(B, 2 Reset Bit Z of M (B)
£ &
£3 ™ (Z] M(8,Z)=0 Test Bit Z of M (B), skip if 0
2 LB (r, d} r—> By, d ~ By r=0,1,2,3.d=0,11,12,13, 14, 15.
£ Load B register. Successive LB's are ignored
®
§ (Note 2}
2 LBL 17% — 15" -+ By, 2 microcycle instruction. Load next ROM
% 14" — 11"~ By word into 8 register
©
i ATB A -~ Byg Transfer contents of accumulator to By register
E BTA Bg— A Transfer contents of By register to accumulator
@
= HXBR H-- B Exchange contents of H and By registers

Note 1: ROM pages 10g through 17g cannot be used.

Note 2: d = 4, 11,12, 13, 14, 15 when RAM is configured 8 x 12 x 4.

*Second microcycle word




operation codes

OP CODE MNEMONIC

Ig t7 ig Is I3 13 1214 00 01 10 1

00 XX 00 00 NOP DSPA COMP O0TA

00 XX [ol0] 01 HXBR DsSPs AXO HXA

00 XX o[¢] 10 ADD AD SuB TAM

00 XX 00 1 SC LBL RSC LDF

00 XX 01 00 TF1 TF2 TF3 READ
00 XX 01 01 TIR TK8 BTD TIN

00 XX 01 10 MTA (r)

00 XX 01 1 EXC {r)

00 XX 10 00 EXC— (r)

00 XX 10 01 EXC+ {r)

00 XX 10 10 LB (r, 0}%

00 XX 10 1" L8 (r, 11)

00 XX 11 00 LB (r, 12}

00 XX 1 01 LB (r, 13)

00 XX 11 10 LB (r, 14}

0c XX 1 1 LB (r, 15)

01 00 00 XX RET RETS RSM (8) BTA

01 00 01 XX TM (1) T™ (2) ™ (4) T™ (8)
01 00 10 XX RSM (1) SM (1) SM (8) RSM {4)
01 00 1 XX RSM (2) TC SM (2} SM (4}
01 01 00 XX ATB ADX (1) ADX (2) ADX (3}
01 01 01 XX ADX (4) ADX (5) ADX (6) ADX (7)
01 01 10 XX ADX (8) ADX (9) ADX (10) ADX (11)
01 01 11 XX ADX {12) ADX (13) ADX (14) ADX (15}
01 10 00 XX LG (36, 37) LG (35, 34) LG (33, 32) LG (31, 30)
01 10 01 XX LG (27, 26) LG (25, 24) LG (23, 22) LG (21, 20)
01 10 10 XX LG (17, 18) LG (15, 14) LG (13,12) LG (11,10}
01 10 1 XX LG (7,6) LG (5,4 LG (3. 2) LG (1,0
01 1 00 XX LM {0} LM (1) LM (2} LM (3)
01 " 01 XX LM (4) LM (5) LM (B) LM (7)
01 11 10 XX LM (8) LM (9) LM (10) LM (1)
01 " 1 XX LM (12} LM (13} LM (14) LM (15)
10 XX XX XX CALL

iR XX XX XX GO

*Programmabie 0 — 10.

applications information

Versatility of the MM5799 is enhanced by the availabil-
ity of circuits to interface the chip with a variety of
drum printers, displays, and additional read/write store.

The MM5785 RAM Interface Element allows expansion
of the on-chip 384-bit store using 1024 x 1-bit random
access memory chips. Figure 3 illustrates the technique
used to interface the MM5799 to additional RAM such
as might be required in a low-cost electronic cash register
system. Low power CMOS memory is used with battery
standby power available for retention of totals during

periods of power interruption. MM2102 RAMs may be
used for low-cost storage when power is not critical.

The MM5788 Printer Interface Element provides the
logic and control functions necessary to operate a Seiko
Mode!l 101, 102, 104, 21C, 310 or 320 type printer
from the MM5799. DS8863A transistor buffers are used
as current amplifiers between the MM5788 and printer.
A typical application of the MM5799 in a printing
calculator is illustrated in Figure 4. The MM5788 is also
useful as a data interface element providing 9 1/0 pins
and 12 output ports.

9-35

66LSNIN



MM5799

applications information {con‘t)

MM74C930 (4) vss Voo
1024 x 1 RAM l |
{1
AX
osc 6
r——u vee ot r—
MM5799
D0
BLK st
WE
001-D08  SYN
€839 CSp
Voo €s2
cS1p-
001-po4
(10)
ax BLK
58664
—t—1Vee m 1 To
. +—josc P pigits
WE
cS3[~ 70 CSg | |
vss Vop
—{vop cs2
cS1f=p L
we"SC SYN
(1) e
AX AX
4 vce D1 DOR
0 st
Do
WE oy MMsTEs
CcS3f—p T0 CS¢ s
Voo 254 +qCsg
[} c t
> eso vop s ©
DR [
(10} Ve §ovss
AX
P—1 Vce D1
00
WE
cS3p TO CSp —OVpp
@ Voo cs2
cstl—» o1
R1
o> VD AN Ovee
R T

Note. Q1 and R1 are required only if the RAMs are operated on battery during system power “OFF "

FIGURE 3. MM5799 with Expanded RAM

LED LED

LAMPS DISPLAY

1) t (3

(14) ®)
(@)
< D01--poa S0 ey
058664
0sc —{0SC  MM5799

KEYBOARD

—Pf K1-K4 s
SYN

n L 4
@[y cs osc syN
0s8863A  |——f AK

COLUMN

SEIKO ™ MM5788
PRINTER D$8863A DATA

MODEL 310 TR Ts
Tm m
COLOR
MOTOR

L—{_“M'—*

FIGURE 4. Printing and Disptay Calculator
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applications information (con't)

8}

v
<

LED
DiSPLAY

[ 4x9
I KEYBOARD I
MATREX

> 1; 4 4 ? 44 1; 4

! |
LHIH

K1 K2 K3 K4
004

F—>{ ce

T Mms790 058874

Vs Voo vee GND

ON-OFF

+

9V
BATTERY ——

FIGURE 5. Low Cost 9-Digit Calculator Using MM5799

8)

S LED
DISPLAY
s
I—Anz | {w4“k“‘“““‘4
| xeveoamp |
MATRIX |
| | :
.
Sa 0Ot p=—— Da
H uie o8 DSB664
M D03 —t
¢ wmsreg O O
Sp 004 [——p10p
0S¢ GND__ Vce

ost 4-——'

Yss YoD

ON-OFF

8.75v -0.75
Inda =

oce
— CONVERTER

FIGURE 6. Low Cost Scientific Calculator Using MM5799

There are 6-digit decoder/drivers that can be used with
the MM5799 in LED systems. Three are actually the
same basic bipolar chip with different metal mask
options. The DS8664 is the decoder for fow power,
battery operated applications. Itsupplies 1 of 14 outputs
decoded from the 4 bits of encoded timing information
generated by the MMb5799. The active output state sinks
at least 80 mA of driving current at each of its 14 digit
outputs. The DSBBE5 is similar, but has inverted outputs
that source 8 mA af current and is used in conjunction
with DS8692 transistor arrays for large LED displays
with high current requirements. The DS8666 is used in
special applications which require only 8 digits or less
of high current display, but need all 14 digits out to
scan keyboards or address extra data storage. It has 8
current sourcing digit outputs and 6 sinking type out-
puts. An output enable signal can be used to blank the
outputs of the drivers during input transition periods to

l(a)
RESISTORS (8) {2) ps75491
La)
15 INDICATOR
LEDS AND
4 DIGITS
4
8
KEYBOARD
50/80 Hz @
SWITCH ¢
A DsB692
K& K1-K3
5060 Hz —
INPUT ”" N8 ®)
« Sa-Sg
MM5793 @ 01-D9
< Sp 001 -000 f—]
088665
s 4——{ osc
F1F2 F3
8 m
4 v
181 ELK 80 Vs - Vpp <195V
058694
101-06) 07 08

1151

0SB632

ipnanaali SERENI

SPECHAL FUNCTIGNS BURNER AND OVEN
{6} TEMPERATURE
CONTROL OUTPUTS (5)

FIGURE 7. Oven Timing and Control System

eliminate any timing “‘glitches” at the outputs or reduce
power dissipation of the system during shut-down mode.
The DS8664 has an on<hip 3-cell battery voltage
sensing circuit which signals a low battery condition
back to the MM5799 through the D03 input. The
fourth decoder/driver that can be used is the DS8874.
It is useful for very low-cost handheld calculators as
shown in Figure 6. The DS8881, DS8882 are similar to
the DS8664, but have active high outputs to drive
vacuum fluorescent grids (digits).

An on-chip oscillator is available for applications in
which frequency variations are not critical. An oscillator
also exists on the DSB8664, DS8665, DS8666, DS8881,
and DS8882 Decoder/Driver and can be used for more
critical applications. An external timing resistor and
capacitor provides more accurate setting of oscillator
frequency.
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MM5799

applications information (con’t)

Application of the MM5799 as an oven timing and
control system is illustrated in Figure 7. The controller
derives timing signals from a 50 or 60 Hz line and dis-
plays time of day in the “idle’” mode. The chip stores
turn-on time, turn-off time and temperature for each of
4 burners and the oven. Six special function outputs are
provided for control of lights, fans, etc. This application
illustrates the use of the MM5799 in the general area of

control processors. The DS8694 has clocked input
latches which aliow the segment outputs of the MM5799
to be used as both control and display ports on a time
multiplexed basis.

Figures 8 and 9 show some example methods of
expanding 1/O and control for general controller appli-
cations,

8Y GND
Vss Voo
B-SEGMENTS SELECT 1 OLTPUT
Sa=5p
UTPYT
001 0pa fLBTOUTPY
v j) l
MM5793 N ENABLE N ENABLE
MM74C173
QUADD o o o e o o e e o o o  MMaCII3
FLIPFLDP
0UT  CLK 04T CLK
euock 1 |
BLK fmnl <
1222/ rvvy
Program ouT ours
Set-up A, H, C Output 1 of 8 Select
DSPA
Set-up B Output 4-Bit Data
BTD
FIGURE 8. 8 Output Groups of 4 Each
F1
F2
[
v v
MM5799
SEGMENT
001 -004 DECODER |7 SEGMENT
DRIVER
LEDS
:'; 8-8IT ANALDG
Sa-Sp 0/A —> outeur

FIGURE 9. Multiptexed Display and 8-Bit D/A
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MM57109 number processing unit

general description

The MM57109 is an MOS/LSI digit-oriented micro-
processor intended for use in number processing applica-
tions. Scientific calculator functions, test and branch
capability, internal data storage, and general purpose
input/output ports have been combined in this single
chip device. Programming is done in calculator keyboard
level language with software development simplified and
generated code more reliable because algorithms are
preprogrammed in an on-chip ROM. Data or instructions
can be synchronous or asynchronous; digit count,
calculation mode, error control are user programmable;
a sense input and flag outputs are available for single
bit control.

The MMbB7109 can be used as a stand alane processor
with external ROM/PROM and program counter (PC).
Alternatively, it can be configured as a peripheral
device on the bus of a microprocessor or minicomputer.

features

Scientific calculator instructions (RPN)
m  Floating point or scientific notation
a8 Up to 8-digit mantissa, 2-digit exponent

COPS

m 4.register stack, 1 memory register
Trigonometric functions, fogarithmic functions, YX,
eX, 7, etc.

m Error flag generation and recovery

Flexible input/output
s HOLD input allows
single step, DMA stall

® Asynchronous digit input instruction {(AIN) with
AIN ready (ADR) input

Multi-digit 1/0 instructions (IN, OUT)
Programmable mantissa digit count

asynchronous instructions,

Sense input and flag outputs

Branch controf
m Conditional and unconditional program branching
m Increment/decrement skip on zero for program loops

Interface simplicity

® Single ¢ clock

® | ow power operation

m Generation of 1/0 control signals

m Separate digit input, output, and address bus

block diagram

CLOCK =]

CLoCK REGISTER (bA3-DAN
sy <] CENERATOR FILE OATAGUT
(004-D01)

INSTRUCTIONS/
DATA AND SENSE ={ CONTROL
INPUTS (fg--17)

l f
HOLD 1/0 CONTROL SIGNALS

{ROY, 1SEL, BR, R/W. DAS)

DiGIT ADDRESS

FLAG OUTPUTS
BUFFERS I (01" ERROR)

connection diagram

Dual-in-Line Package

) 28
11701 — — DAl
2
19/02 = b 0A2
13/D3 = L2 0a3
4 25
14/04 ~ L pas
5
15/ADR |— 15/1C
[ 23
SYNE ~—f p— BR
22
0S¢ — — 0AS
21
1SEL — — vgp
20
HoLD =4 — 004
0 19
A — = o3
11 18
POR — — 002
1 17
Aoy -4 — D01
ERROA — L
ia 15
7 — = vy

ToP VIEW

Order Number MM57109N
See Package 23
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MM57126

/

MM57126 COPS memory

general description

The MM57126 is a 1024-bit shift register designed to
directly interface with National’s MM5782 and MM5799
Controller Oriented Processars. The device is configured
as sixteen 64-bit registers with address decoding and con-
trol logic to perform the handshake sequence and to
synchronize the MM57126 timing with the controlling
processor. A chip select input aliows up to fourteen

features
® Direct interface to MM5782 and MM5799 for RAM
expansion

COPS

MMB7126 registers to be used with a single processor
when the decoded digit lines are used as chip select drive.

® Chip select input for muitiple MM57 126 system usage

block

diagram
INTERNAL
SYNC
COUNTER
SEL—> CONTROL
LOGIC
Dy —P HOLD REGISTER 1
—
0Sc — 1 l l l
SYNC —
REGISTER
ADDRESS 1K SHIFT
Vog —P| DECODER REGISTER
Vgs =P

— RDO

FIGURE 1. MM57126 1K Shift Register Element

connection diagram

Duat-In-Line Package

Vpp —
2
DIN —

3
SEL -

Vss

8
— NC

7

—— RDO

Order Number MM57 126N

6 See Package 17
P—— SYNC

5

p——0SC

TOP VIEW
FIGURE 1a.

Pin Description

0sc
SYNC

SEL

DiNn

RDO

Vss

VDD

Oscillator input

SYNC input from Controller Qriented
Processor

Chip select line input. Active at logical low
tevel (Vpp)

Data input from Controller Oriented
Processor {SO).

Output to Controiler Oriented Processor
{S1). RDO is active logical low level
{(Vpp!) when chip is ready. During read

command data stream flows out of
MM567126.
Positive power supply terminal. 6.5V <

Vg5 - Vpp < 9.5V
Negative power supply terminal. 8.5V <
Vgs —Vpp < 9.5V,
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absolute maximum ratings

Voltage at Any Pin Relative to Vgg

(All Other Pins Connected to Vgg)

Ambient Operating Temperature
Ambient Storage Temperature

L.ead Temperature (Soldering, 10 seconds)

Vgg + 0.3V to Vgg — 12V

operating voltage range

0°C to +70°C

—55°C to +150°C

300°C

dc electrical characteristics (0°C to +70°C except where noted otherwise)

6.5V > Vgg -~ Vpp > 9.5V

(VSS is always the most positive supply voltage)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Supply Current {Ipp) Vpp = Vss — 9.5V, Ta = 25°C 12 20 mA
OSC Input Levels

Logic High Level (V) Vpp = Vsg — 6.5V Vgg—1.0 \
Logic High Level (VH) Vpp = Vss — 7.9V Vgs—1.0 \
Logic Low Level (V) Vpp = Vgs —9.5V Vpp+1.6 )
SYNC and DN Input Levels
Logic High Level (VH) Vpp = Vgg — 6.5V Vgg—1.2 \
Logic High Level (V|H) Vpp = Vss — 7.9V Vgg—1.2 \Y%
Logic Low Leve! (V}) Vpp = Vgs — 7.9V Vgs—4.0 \
SEL Input Levels
Logic High Level {V|H} Vpp = Vgs — 6.5V Vgs5—2.5 \
Vpp =Vss — 7.9V Vgs—3.2 v
Vpp = Vss — 9.5V V5545 v
Logic Low Level (VL) Vgg — 9.5 << Vpp < Vgg — 7.9V Vpp+1.5 \
Vpp = Vsg — 6.5V Vpp+0.4 v
High Level Current (IjH) ViH = Vgg — 3.2V —350 uA
Vpp =Vss — 7.9V
High Level Current (1jH) Vig=Vgs — 25 —350 LA
Vpp = Vss - 6.5V
RDO Qutput Levels
Logic High Level {VQH) loH < —100 uA Vgs 0.5 v
] 65<Vgg —Vpp <95
Logic Low Level (Vo) loL > 25 LA
Vpp = Vss - 6.5V Vpp+2.5 \
Vg —9.5<Vpp <Vgg—7.9 Vpp+3.7 \
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MM57126

ac electrical characteristics (0°C to +70°C except where noted otherwise)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Bit Time (tg) 10 50 us
OSC Input Frequency 80 400 kHz
OSC Duty Cycle (Figure 5) 46 56 66 %
T1 1.1 us
T2 OSC Frequency = 400kHz 0.85 us
SYNC Input Transition Times
Rise Time (t;) 0.5 us
Fall Time {1} 1.0 us
OSC Input Transition
Time
Rise Time (ty) OSC Frequency = 400kHz 330 ns
Fall Time (t5) 50 ns
SYNC input Set-Up Times
tSET-UP to VL (Figure 5) 2.0 s
tSET-UP to VIH 0.0 us
DN Input Transition Times
Rise Time (1) 1.2 us
Fall Time {tf} 2.2 us
DiN Input Set-Up Times
ISET-UP 2.5 Us
tHOLD (Figure 4) 35 s
SEL Input Transition Times
1y 2.0 us
tf 0.1 us
SEL Input Set-Up Times
ISET-UP 25 ps
tHOLD (Figure 4) 35 us
RDO Output
Ty CL <100 pF 2.0 us
tf Vpp = Vgs — 6.5V 2.0 Ms
tpdH VoD =Vss — 7.9V (Figure 4) 35 us
tpdH VDD = Vsg — 6.5V, (Figure 4) 5.5 us
tpdL VDD = Vsg — 6.5V, (Figure 4) 3.5 us
tpdl1 VDD = Vss — 7.9V, (Figure 4) 4.0 us
functional description
The chip is configured as sixteen 64-hit shift registers, The processor must generate a start bit first, then 16
with appropriate address decoding and control logic write commands to clear the MM57126 on power "ON”,
to perform the handshaking sequence and synchronize Figure 2 shows a typical system configuration using
the MM57126 timing with the controlling processor. multiple MM57126°s for RAM expansion.
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functional description (Continued)

The MM57126 communicates serially with the processor.
The handshake sequence is (Figure 3):

a) The processor drives the chip select (SEL) line to a
logical low level state.

b) The ready output {(RDQ) responds with a logical
low level when MMb57126 is ready to communicate.

c) For a valid handshake, the Dy input should be at
logical low level during ready transition, and the
MMBE7126 should receive the start bit within 3 to
12-bit times from the ready transition; else the
ready output is reset and the processor has to wait

(if SEL is stili at low level} for the next ready.

d

During a valid handshake, the data stream consists
of: a start bit, a read/write bit, a 4-bit Delay, 4 regis-
ter address bits and 64-bits of data as shown in
Figure 3a. Data flows serially in or out of the
MM57126, depending on the read/write command.

e

Handshaking terminates when the ready signal goes
back to a logic high level.

The Controller Oriented Processor can be programmed to
generate the following assembly language routine for
expanding data storage using one or mare MMb57126's,

MAIN PROGRAM
(i) Write: Write register O of processor to register N on
the selected chip Y.

Instruction Comments

LB 2,15

LM N Load register
address N into
M (2, 15). (N =
0,1,2,...15)

LBL Load B register of

0,Y processor with
MMB7126 chip
address Y. {Y =
1,2,...14).

CALL WRITE Call subroutine
WRITE

(ii) Read: Read register (N) on the selected chip (Y) to
register O of the processor.

Instruction Comments

LB 2,15

LM N

LB 0,15

CLEAR 0TA Register 0 should

be cleared

EXC-

GO CLEAR

LBL Y is the selected
MMB7126 chip
number

0,Y

CALL READ Call subroutine

READ

SUBROUTINE
Instruction

WRITE RSC

GO NEXT
READ SC
NEXT 0TA
ADX b5
NOP
TC

ADX 2

NOP
HXA
0TA
AXO

Instruction
BTD

NOP

OTA

AXO

ADX 1

GO READYH
OTA

AXO

NOP

GO NREADY
OTA

AXO

ADX 1

GO READYH
HXA

NREADY

READYH

AXO0

NOP
0TA
LB 2,15

AXC
MTA 2
AXO

CHECK TC
GO DELAY

REP MTA

AXO

EXC-—

GO REP
BTD

RET

NOP

RSC

GO CHECK

DELAY

S0

o

[=NeoNoNoNaoNoNoksoioleloNoe)

o oo

RA1
RA2
RA3

RA4

Comments
Reset C register
of processor to
0 for WRITE

Set C register to 1
for READ

READ/WRITE
code to MM57126
will be a0 ifbis
placed in A, and a
TitAis7

A =7 in case of
READ

AwH

Clear the serial
input/output port

Comments

Select MM57126
chip

Check ready
signal transition
from high-to-low
level (MMb57126
is ready to
communicate)

Transfer READ
or WRITE instruc-
tion pattern to
1/0 port to be
shifted serially to
MM57126

Shift the register
address (N)
serially to
MM57126, and
point to M

(0, 15}

If it is the read in-
struction, go to the
the delay loop to
allow 1/0 port be
filled with first
digit

Shift 64 bits of
data

Delay loop
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MM57126

functional description (cContinued)

oc-pe

_|:°/°—
ON-OFF CONVERTER <0.75V

»
. Sp
. DISPLAY
.
‘; sﬂ
4 A}A}TA ATAATAAA AAT
SEL (14} MM57126
N (14)
.
.
.
.
.
.
.
r———n :
KEY MATRIX .
I I :
.
I .
I SEL( | wmms7126
)
Li—f—[—[4  zlzlel=] of al o] o] ol ol 2] 2l o] =
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Da A 44
o
] 0 HEHE
058664 =] @«
5 g L <
: 10 %
. 0sC GNp_ Vce &
MM5799 ©
. CT
. Rt L
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FIGURE 2. System Diagram
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5 f
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CONGITION FOR VALID HANDSHAKE
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Dy BIT
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FIGURE 3. Timing Diagram for Handshaking Sequence
]
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J
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functional description (Continued)

Vss
T T1
Duty Cycle & ———— = —

osc T1+72 Tp

Voo

QUTPUTS

1

= - thotp- b ‘selup'ﬂ

vss J

L
T
|
|

INPUTS

Voo

Note. tgeT-uUpP is defined as time from osc. makes Vo or Vg transition to input V| or VL transition (ref, Figure 4, corresponding
osc. time).

tHOLD is defined as time from osc. makes Vo or Vo transition to input V| or V| transition (ref. Figure 4, corresponding osc.
time).

FIGURE 5
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MM57140

COPS

MM57140 Controller Oriented Processor (COP)

general description

The MM57140 is an MOS/LS! device containing all
system timing, arithmetic and logic, RAM, and control
ROM functions required for implementation of a Con-
troller Oriented Processor. It is capable of scanning up
to 36 keyboard switches, or data may be entered as BCD
data words through four input lines (K1—-K4). Two
general purpose inputs are available, and a third general
purpose input shares an 1/0 pad with segment G. Nine
output digits can be programmed as 1 of 9 (D1-D9),
or as binary output on D1—D4, with a separate decoding
of 1 of 5 on B5—D9. The segment outputs are mask
programmable for either 7-segment output, or 4-bit
binary output. All outputs on the MM57140 are latched,
permitting the ROM to perform other functions while
holding output data constant. Many options, and flex-
ibility in prograrnming permit the MM57140 to perform

features

® 25 us micro-instruction cycle time (typ)

® 630 micro-instruction ROM {8-bit instruction set)

® 220-bit RAM (55 digits)

® Four data or contro!l inputs can provide keyhboard
scanning, or 4-bit binary inputs

® Three inputs directly accessible by the ROM (IN1,
IN2, Sg/lN3) are available

® [nternal power-on clear with mask programmable
external override (IN1)

® ROM programmable latched digit outputs 1 of 9
multipiexing {D1-D9), or Binary (D1-D4), and
1 of 5 multiplexing (D5—D9)

B Mask programmable latched segment outputs, 7-
segment or 4-bit binary

. . . ® Decimal point latched segment output
a large variety of customer-specified computations and .
control functions. B8 General purpose latch output independent of segments
B |nternal, or external oscillator
® Single power supply operation
® Direct segment drive of LED's
® Direct digit drive of LED's and TTL
H H Duai-In-Line Pack
block and connection diagrams p-Line Fackage
04 1 28— D5
D3 4—q2 27— 07
»| S8 o, 02 ¢—3 26— 06
71 siTS Iz
RAM - _*03 0t —f4 25 | DB
t 55X4 BITS >
04 l—
R vt _5_5_> K4 ~=p|5 24 Voo
—P DIG
agits| s8ITS 1 LATCH [pe > K3 —p{s 23— 09
v 1 Y
%__, K2 —p7 22— GPO
4 B -
o>se Br 8d > —> K1 8 2b—ps
Pl w 3BiTs | aBITS 09 —¥ a
[
i t t L A b 7y os¢ —»|9 20— Sy
ROM Y —seca S/IN3 4P| 10 19— NC
630 X 8 BITS
+ |sEG 8 Nt —=p| 11 18— S¢
SEG C
l soper [P sec  [seco Sp 412 Kl gl
DECODE AND SKIP LATCH foeg e S, 4—] 13 15— 5.
SEG F
t > vgs —14 15— IN2
i —>
LN m SEG G/IN3 TOP VIEW
LLIN N3 Order Number MM57140N
_‘3’ < See Package 23
> DATA
| IN Pin Descriptions
0SC, SEG P
INT —p ¢ > K1-K4 Keyboard Inputs
N2 IN1, IN2, IN3 General Purpose Inputs
0sC Programmable as External Oscillator
lglbgic 6PO D1-D9 Digit Qutputs
GEN h Sa‘sg Segment Outputs
Sp Decimal Pcint Segment Output
FIGURE 1. MM57140 Block Diagram GPO General Purpose Output
Vobp —9 Volts
Vss 0 Volts
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absolute maximum ratings
Vgg +0.3V to Vgg —12V

Volume at Any Pin Relative to Vgg
(Al Other Pins Connected to Vgg)

operating voltage range
6.5V < Vgg - Vpp = 9.5V

Ambient Operating Time 0°Ct0+70°C
Ambient Storage Time -65°C 10 +150°C
Lead Temperature (Soldering, 10 seconds) 300 C
dc electrical characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS
Ipp  Operating Supply Current Vpp = Vs ' 95V, Ta=25"C 8 15 mA
Keyboard Scan Input Levels
{K1-K4)
ViH Logical High Level Vpp = Vgs ~ 6.5V Vgg—4.0 Vss v
Vpp = Vsg— 95V Vgs4.0 Vg )
ViL Logical Low Level Vpp = Ves— 6.5V, 11 < —80 uAl VDD Vg56.0 \
Vpp = Vss— 95V, {jL < =80 nAi VDo Vgg6.3 \
Segment Output Current for VouT = Vss— 1.0V, Vvpp = Vgg ~ 6.5V 25. mA
Code = 40,90 VouT = Vss — 5.0V, Vpp = Vgg * B.OV -8 mA
VouT =Vss - 65V, Vpp = Vgg—~ 9.5V 121 mA
Segment Output Current for See Performance Characteristics
all Other Cases
INT, IN2, IN3 Input Current See Performance Characteristics
Digit Output Current
loH Logical High Level VQUT = V§s— 2.0V, Vpp = Vss ~ 6.5V -300 uA
oL Logical Low Levet VouT = Vgs — 3.0V 20 mA
GPO Output VpD = Vgg — 6.5V
VOH Logical High Leve! 1QUT = ~550 LA Vgg—1.0 v
VoL Logical Low Level louT =5 A Vppt0.6 A
RkB Keyboard Resistance (K1-K4) 5 k$1
ac electrical characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS
Ext. Qsc. Frequency 70 160 280 kHz
Ext. Osc. Duty Cycle {Figure 2} 40 50 60 %
Ext. Osc. Rise Time {Ty) 1 s
Ext. Osc. Fall Time {Ts) {Figure 2} 150 ns
GPO Transition Times Vpp = Vss - 6.5V, C = 50 pF
High-to-Low 20 us
Low-to-High 1 us
Digit Qutput Transition Times VDD = Vss — 8.0V, Cy = 100 pF
High-to-Low 8 s
Low-to-High 3 LS
Segment Output Transition Times Vpp = Vss -- 8.0V, C - 50 pF
High-to-Low
Elec. Option Code - 10, 60 7.7 s
11,61 42 s
20,70 79 us
21,7 4.4 Ms
22,72 22 us
30, 80 8.7 s
37,81 48 us
32,82 24 us
Low-to-High
Elec. Option Code = 10, 60 2.0 s
11, €1 21 s
20,70 29 us
21,71 31 us
22,72 34 us
30,80 56 us
31,81 59 us
32,82 6.3 us
Keyboard tnputs CL=25pF 6 us

Low-to-High Transition Time
After Key Release

9-47
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MM57140

-8V Vpp m——

functional description

A block diagram of the MM57140 is shown in Figure 1.
The control ROM is organized as 630 8-bit instruction
words. ROM addressing is by a 10-bit Program Counter
included in register P, a subroutine flag (SR), a 10-bit
save register (SA}, and a 6-bit save register (SB). This
structure permits a one micro-cycle subroutine instruc-
tion to call a subroutine which is restricted to one
specific page by setting SR, and a general two micro-
cycle subroutine to call a subroutine on any page. Two
levels of subroutine can be achieved by calling a restricted
subroutine from a general subroutine.

The RAM contains 220 bits, addressed as 55 4-bit words.
Data is formatted as 5 registers containing 11 digits each.
(See Figure 7.)

Segment outputs are decoded by the segment PLA and
brought out as either 7 segments, or 4-bit binary. The
decimal position is brought out on the SEG P line. The
segment, decimal point, and digit output bhuifers are
capable of driving LED displays directly. Digit timing
information for driving displays and external keyboard
scanning is encoded into a 4-bit code {D1-D4) with
1 of 5 digits {D5-D9)}, or as 1 of 9 digits (D1-D9).

Vss T Ty
v 10% !
0o !
) -
Tl
|
[ — T

Four K inputs may be used for direct data inputs, or as
key inputs scanned by internally decoded digit output
lines (D1—D9) for up to 36 key keyboards. There are
two additional inputs {IN1, IN2} which are available to
the ROM. A third input {IN3)} sharing a common /0O
pad with Segment G is also available to the ROM.

The MM57140 has an internal power-on clear which is
initiated when the Vpp supply has reached a nominal
value of Vgg --6V. The power on clear is then extended
for an additional 1.0 ms. An external power-on clear
can be provided with a mask option, through the use of
IN 1, which overrides the internal clear when power
supply turn-on time exceeds the 1.0 ms specification of
the MM57140.

The digit outputs utilize non-refreshing bootstrap to
achieve the high current sink capability {see dc electrical
characteristics}). Therefore, a software refresh must be
used to toggie the digit outputs at least every 10 ms at
room temperature and 1 ms at 50°C to continuously
sink 20 mA. Otherwise, the depletion type ioad device
will provide 10 uA sink current capability at Vpp +
1.0V without toggiing digit outputs.

Tt T1
=T2—=1 Duty Cycle = —
Tp

FIGURE 2. External Oscillator
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FIGURE 3. Low-Cost 9-Digit Calculator Using MM57140
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functional description (cContinued)

APPLICATIONS

The ROM, RAM, architecture of the MM57140 enables
it to be used in a wide variety of control applications.
Flexibility is achieved on the input and output line
through the use of various mask options. Figure 5 and
Figure 6 illustrate the digit and segment options on the
MM57140.

A low-cost calculator scheme, (Figure 3), takes advan-
tage of a 1 of 9 decode of the digit lines to scan a
keyboard and provide timing signals for a 9-digit display.
The segments are decoded as 7-segment outputs. Both
segment and digit outputs drive calculator type LED
displays directly .

Figure 4 suggests a circuit which permits the MM57140
to function as a clock with four presettable and reset-
table function outputs by using an alternate digit option.
This clock provides time keyboard setting of digit on
and off times for each of the four functions. Other
applications requiring input, output as described in
Figures 5 and 6 may be provided by the MM57140 when
ROM and RAM capacity coincide.

See Mask Programmabie Options for the details of
the options.

— 0t —101
> —
02 | BivaRY D2, | BINARY ———SEG A —1SEG A
D3 OUTPUT 03 OUTPUT E’ SEG &
—[Tb usPB -DA—b DSPB ——p
> ) SEGC SEGC
DS 10F 0 05 €6 u. 7SEGMENT Stqo. BINARY
? DSPA, DSPC —De—-b ———p QUTPUT —— ouTPUT
|—» = _S_EG_E’ DSPA | DsPA
LN o7 10F5 SEG F
{o8 ng DSPA, DSPC SEG G/IN3 N3
g Dg —_— E—
FIGURE 5. Digit Options FIGURE 6.Segment Options
B765
9 n 12 )
Ba321N\_ 000 001 010 011 XX
a5 1111 {1 0,15 | 1,15 | 2,15 | 3,15
a4 1110 (0,14 [ 1,14 214 | 3,18
a3 1or [G13] 1,13 (2,13 ] 3,13 08
d1z 1100 {012 [ 1,12 | 2,12 | 3,12 08
dir o 1om 07
d1o 1010 D6
43 1001 Ds
48 1000 : 04
47 o f 07 (1,7 |27 |37 | 03
96 0190 (06 | 1.6 |26 |36 | D2
ds 0101 [05 [ 1.5 [25 [356 | D1

FIGURE 7. RAM Map

The indicated RAM cells are those that can be directly
addressed by a single ROM instruction [LB{r, d)]. The output
decoded lines are shown on the right-hand side vs the B{(d)
value before as DSPC command.

mask programmable options

1) Oscitlator Options

DESCRIPTIONS CODE
Internal Osc. Y
External Osc. 1
2) IN1 Options
CURRENTS
DESCRIPTIONS CODE (NOTE &)
Ext. Power "ON’* (Pull-Up to Vgg! 00 Source
(Notes 1 and 2)
Float]
Testable Pk')IaBng Input (Note 2) 10
Input u p to V§§ {Note 2) 11 Source
Pull-Down to Vpp (Note 2} 12 Sink
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MM57140

mask programmable options (cContinued)

3) IN2 Options

CURRENTS
DESCRIPTIONS CODE (NOTE 4)
Floating Input {Note 2) 0
Pull-Up to Vgs {Note 2) 1 Source
Puil-Down to Vpp (Note 2) 2 Sink
4) IN3 Options
{a) 7-Segment Outputs
CURRENTS
DESCRIPTIONS *CONDITIONS CODE (NOTE 4)
Floating Input If Seg. OQutput Elec. 00
(Note 3) Option is 00, 40,
50 or 90
Pull.Up to Vgg Seg. Output Elec. a1 Source
{Note 3) Option must be 00,
40, 50 or 90
Pull-Down to V! f Seg. Output Elec. 02 Sink
(Note 3} Option is X0, X1 or
X2,where X = 1,2,
3,6,7,8
*See segment output elec. options
(b) Segment as Binary Outputs
CURRENTS
DESCRIPTIONS CODE {NOTE &)
Floating Input (Note 2) 10
Pull-Up to Vgg {Note 2) 11 Source
Pull-Down to Vpp (Note 2) 12 Sink
5) Digit Output Options
DESCRIPTIONS CODE
*D1-D9 Multiplexed {1 of 9) 00
by DSPC Only
*D1-—D9 Multiplexed (1 of 9) 01
by DSPA or DSPC
D1-D4 Binary Output 10
by DSPB Only,
D5-D9 Multiplexed {1 of 6)
by DSPC Only
D1~D4 Binary Output 1"
by DSPB Qaly,
D5-D9 Multiplexed (1 of 5}
by DSPA or DSPC

*D1—-D4 may be turned "ON" by DSPB

6) Segment Output Func. Options

DESCRIPTIONS CODE
7-Segment Outputs Q0
Binary Output {Sp—-Sp) 1
Binary Output (SA—Sp) Inverted 2

DIGITS
Vpp—-
semeNT  YSSTT 11
Vop
SEGMENTS (INVERTED] Vg ™
FOR BINARY OUT ONLY Vun_l | SR

7) Segment Output Elec. Options

*DESCRIPTIONS
{NOTE 4} CODE
D::;/EER LS?ZAED 7SEGMENT BINARY
(MIL) MIL) QUTPUTS OUTPUTS
45/03 00 50
10/0.3 03/04 10 60
055/04 11 61
20/0.3 03/04 20 70
0.55/0 4 21 71
1.1/0.4 22 72
45/0.3 03/04 30 80
0.55/04 31 81
1.1/04 32 82
45/0.3 40 90
{Note 5) {Note 5)

*Segment source and sink currents are dependent
upon the size of driver and load devices, respectively.
Code 00, 40, 50 and 90 don't have current sinking
capability.

8) Decimal Point Qutput Elec. Options

Same as 7-segment output elec. options.

) Skip PLA Options

DESCRIPTIONS CODE
EXC— Skips When By =0, 4, 8, 12 3
EXC— Skips When B3 =0, 8 7
EXC— Skips When By =0, 4 1
EXC— Skips When B4 =0,1,2,3 12
EXC— Skips When By = 13, 16 16

Note 1: Internal power “ON’’ is still active but it will be overridden by external power “ON .’
Note 2: State of the pin when the input is open.
Note 3: State of the pin when segment g output is turned “OFF."”
Note 4: See Performance Characteristics for detail.
Note 5: Seg. output elec. option code 40, 90 are recommended for direct LED display. See dc electrical characteristics for current capability .

These nine options must be specified to program proper functions, inputs and outputs of the chip. Example. For on<chip osc. direct display
caiculator, the following options shouid be chosen:

1} Osc option —0

2) IN1 option — 00

3} IN2 option — 2 {not used for calculator}
4) IN3 option — 00 {not used for calculator)
5) Digit output option — 01

6) Segment output func. option —0

7) Segment output elec. option — 40

8} Decimal point output elec. option — 40
9) Skip PLA option — 12




typical performance characteristics

15Nk ~lspuRcE WA

IN1 Input Currents {Max}

120 T
l ] 4J*lg,‘,,l,;l,l:[nu‘E=[n

N

|
80 t— 1 ﬁj:
i ; I
n TL ; IS
60— i ! IsINK. VDD =
50— — Vs - 95V
40 1 NT L
¢ b
30 - 4\4‘4*»«
} vpD =
20 SINK- VDD
10 vss N\
\ [N
0 1 2345678810112
-ViniW

For iN1 code = 00, see IN2 characteristics.

Isink - ISgURCE (A)

—IsouRce (mA}

IN3 Input Currents (Max)
240 T T
2 _CODE-12'
200 NSINK- VoD = Vss - 95V‘4___
180 \‘ L,{cuns-u
lsmx Vpp = Vss — 6.5V

>

160
oo | N ]
120 -~ &t 'souRce
100 4+ 51«41—?—
L ) VR
NN
w F\
l !

20 - % 1 =

A N | 1
0 123456 7488101112

Vgg - Vin (V)

IN3 code = 02 is chosen and if
segment output elec. option is

Code = X0, IN3 sink current

is 1 times of code = 12
Code = X1, IN3 sink current

is 1.84 times of code = 12
Code = X2, IN3 sink current

is 3.67 times of code = 12
where X =1,2,3,6,7,8

Segment Output
Source Currents (Min)

12 CODE=00,503X.8X | | [

1 vpp = vss - 95v ’

Ll e e -t

9 - +— -

8 ’;- —j 4 47-1—¢—~—

7 /. COOE = 00,50, 3X,8X |

64| Voo=vss-65v | |

! et
ST tone - 2K, 7%
; f Vpp = Vsg - 95V
e

2 T CODE=2X,7X

] Vpp = Vgs - 65V
L]

0 1 23 4546 78 9101112
Vgs ~Vout (V)

where X =0, 1, 2

ISINK WA)

-IspuRce (mA)

ISINK - IsouRCE (A

130
120
110
100
90
80
70
60
50
40
30
20
10

]

35

3

25 |

EERENE
WAL

18 <1 Isink. Voo - Vss sV

12_1“ “H\' u

IN2 Input Currents (Max)

T T T T

. \ ISOURCE !
J |
T

|

!
i
l
]

IsiNk. Voo
Vgg — 6.5V

N \\4 i

't 2345678810112
Vgs - ViN (V)

1N1 {code = 00} source currents
are same as IN2 source currents,

Segment Output
Sink Currents {(Min}

CODE = X2, Vpp = Vgs - 95V

X1,Vpp = Vss —95V |
”_X1,¥pp = Vgs - 65V

4‘/ %0, vpp - Vs - 95V

\xu Vpp = Vgg - 65V

/! |

] TH

1

_ﬁ l N i

t2345678910111213

]

Vss - Vout V)
where X =1,2,3,6,7,8

Segment Output
Source Currents {(Min}

TODE = 1X
T-1Vpp = Vgs - 8.5V 1]

i L]
‘\

T

t
!
|
r.quAx o ||| T
-t Vpp = Vss -85V 1
LT | i

i L

LT

0

1234567891011121314
vss - Vout (V)
where X =0,1,2
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standard instructions 0" =low=Vvgp; “1” = high = Vsg

MM57140

MNEMONIC DATA FLOW STATUS - SKIP IF DESCRIPTION
AD M+ A—>A Add M(B} to A, Store sum in A.
ADD CtM+A—>A Add carry bit to M{B). Add sum to A,
store sum in A,
1 C Overflow Overflow
g SuB M+A+C—>A Subtract A from M
'§ Overflow > C Overfiow Overflow to C
g comP A—A One’s complement of A to A
2 LAX {Y) YA Y--A Y=0-15
g ADX (Y} A+Y = A No overflow Add constant (Y) to A. Store sum in A
g Y=12 15
< TAM A = M(8B) Compare contents of A to M(B), skip
if A M(B}
sC r=C Set C register
RSC 0-»C Reset C register
TC C=0 Skipif C=0
DSPA™ A>Sy - Sq. C~Sp A to output latches, 7-segment decoded
t0 83 - Sy. Segment decode is
programmabile. {7-segment or 4-bit binary),
i C to Sp tatch
g DSPB B4 —B1-D4 -D1 B4 — B1 to dugit output latchies D4 — D1
] DSPC™ B4 -B1 -D9-- D1 Always Skips B4 — B1 decoded to digit output
:_:a tatehes, {101 9),Bg=5—~13
RGPO Reset Qutput GPO is latched to Vg
SGPO Set Qutput GPO is latched to Vpp
READ K4 — K1-+ A Read K inputs to A
= TIN1 INT =1 Test IN1
- TIN2 IN2 =0 Test IN2
é TKB K=0 Skip it any K input active
= | s IN3 -0 Test IN3 (SEG g)
GO ig-~11 »P Load next ROM instruction address.
CALL If (LG) SET — SR Call subroutine. f previous
ig—17 ~P instruction was not LG, set SR.
SAw - SByy, P+1 — SA
§ RET SAw > Py Pop up ROM address save registers.
% If (SR) SAp — Pp 0SR
I SAw ** SBw
g LG/GO g —11>Pp Two micro-cycle operation. Long GO
§ Ig — 11 (Second Word) —+ Py TO, Load Pp and Pyy.
LG/CALL SA-+SB,P+1—>SA Two micro-cycle operation. Long
Ig — 11 (Second Word} — Py call. Load Pp and Pyy. Push down
address save registers
NOP No operation.
EXC (r} A~ M(B) Exchange data word at M{B) with A
B, @ r B, EXCLUSIVE-OR 8, withr.r=0,1,2,3
E, - EXC —{r) A <~ M{B) Exchange and decrement B
‘ié By @ r—>B Bg—1-8g By—3,2.1,0 EXCLUSIVE-OR By, withr, r=0,1,2,3
g % EXC +(r) A< M{B) Exchange and increment By
20 By @ r> By, Bg+1-Bg By~ 13 EXCLUSIVE-OR By withr.r=0,1,2,3
MTA (r) M(B) = A Load accumulator with data word M{8)
By @ r—>8 EXCLUSIVE-OR B, withr.r=0,1,2,3
2§
8 E ™ (2Z) M(B,Z} =0 Test bit Z of M(B}, skip if zero
25 8 z=1,2,48
LB {r.d) ¢ By, d— By r=0,1,2,3d=5,6,7,0r12,13, 14,15
- ATB A By Transfer contents of accumulator to
2
% 2 B register
2 £ BTA Bg— A Transfer contents of By register to
el E accumulator
g 8 SB7 Set B7 Sets B7. 5th register is addressed
= independent of B5 and B6.
RB7 Reset B7 85 and 86 are unchanged

*DSPA can be programmed to turn on DSPC.
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