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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M5884 1-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

DESCRIPTION
The M58840-XXXP and M58841-XXXSP are single chip

PIN CONFIGURATION (TOP VIEW)

. . . Dg + 1] ~ 42)«+ Dy
4-bit microcomputers developed using p-channel aluminum INPUT/OUTPUT Ds 3] e D
. . . 6
gate ED-MOS technology and are housed in 42-pin plastic PORT D Do« [T 5 er D5
DIL packages. These single-chip microcomputers feature a 7 7
! p 9 g p p TIMING OUTPUT T2« [¢] 3> Da | \pur/outPUT
built-in 8-bit A-D converter. REFERENCE Vrer — [E] 38] <> D3{ pogT D
Differences between the M58840-XXXP and M58841- weut | K13 [€] 37) > D2
- T Kg =7
XXXSP. 9 I: E«» D1
Ks — [8] < 3]« Do
M58840 - XXXP Pin 5 is used as both the Vagg input and RESET input Ky, — 3] 'g.’; 34« Xin  CLOCK INPUT
The VRer input pin and RESET input pin are separate, Ko —» ll__ﬂ_ by E" XouT CLOCK OUTPUT
M58841 - XXXSP| with pin 20 being used as the RESET input. ANALOG/ Ka — E >l< :3_7]*-' Sy
Therefore, port K is a 14-bit port. DEGITAL INPUT j Kg — E X E]H S3
g N , PORTK | k1, —+ [ X go s
Except for the above differences, unless otherwise noted, % 0 6
N Ki1-—[14 3 I
the M58840-XXXP is the same as the M58841-XXXSP. n— 28]+ 2| pur/ouTPUT
FEATURES K3 — (i3] [28) > s5| PORT S
K7 —v[E E(—# Sy
® Basic machine instructions .................... 68 Kz — [T 55« Sa
® Basic instruction execution Ke — [13] 75« So
time (1-word instruction at a Ko —[19] Zd Voo (—15v)
clock frequency of 600kHz) ................ 10us (Nowe 1V RESET _'E 23] «— CNVss (0V)
. . oV Vs 7i INTERRUPT
® Memory capacity: ROM ........ 2048 words x 9 bits (ov) S 22— INT REQUEST
. . INPUT
RAM .......... 128 words x 4 bits Outline 42P4B (M58841-XXXSP)
® Single —15V power supply 42P1 (M58840-XXXP)
® Built-in A/D converter (14 or 15 analog inputs} Note 1. Pin 20 is the port K K 4 pin for the M58840-XXXP.
® 2 built-in data pointers
® Analog/digital input (port K): @ Built-in decoder PLA for port S output (mask option)
MB88A0-XXXP ... et 15 inputs  ® On-chip clock generator
MB58841-XXXSP . ...... ... .t 14 inputs APPLICATIONS
® |nput/output port {(portsDandS) .......... 19lines ® Microwave ovens, air conditioners, heaters, washing
® Direct drive for large fluorescent display tubes is possible machines, home sewing machines
® Interrupt function . ............... 1 factor 1 level ® Office equipment, copying machines, medical equipment
BLOCK DIAGRAM (M58841-XXXSP)
RESET TIMING  INTERRUPT CLOCK INPUT
INPUT OQUTPUT REQUESTINPUT  (0V)  (-1sv)  (0V) CLOCK OUTPUT
RESET T INT  CNvss Vo Vss XiN - Xour
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STACK REGISTERS SKo11)
6 Tr~Te ADD;!ESS DATA - ADDRESS DATA
DATA }1 4 n 4
CARRY  SELECTOR - POINTER DP PROGR@g‘U TER PC ’
[RecisTer A (@ ) oo cps |z i xal via | /o ; -
S (@) o m T x| Vi | [Pcuta) T Pcu ] [controLCIRcUT)
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{16 INPUTS X 8 . . 2 ) 4 4 41 CONTROL SIGNAL
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[} 4 3
‘ 4 [ wuTpLExer
1115 REGISTE HA[REGISTERL@)] [ MULTIPLEXER ]
LLPORT S (4) [ PORT S (4] | [ REGISTER J (15) ] 18 1"
L_D-ACONVERTER ]
| PORT D (11) ]
%»é [BRBABRBNNABRDED Vret
GO~e9-0-31-9-21-¢5 (33040508 @3- B0 —— - 5 - — G- D--ED-49-69-68-8)-69-05— - —
S$7S565554535251Sg Ki3KizK1iK10Kg Kg K7 Kg Ks Ka K3 Kz K7 Kg VREF D10 D9 Dg D7 D Ds Da D3 D2 D1 Do
~—— = S — - g v
INPUT/OUTPUT PORT S ANALOG/DEGITAL INPUT PORT K REFERENCE VOLTAGE INPUT INPUT/QUTPUT PORT D
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

PERFORMANCE SPECIFICATIONS

Parameter
Basic machine instructions 68
Instruction execution time {1-word instruction) 10us 10us
Clock frequency 300 ~600kHz 300 ~600kHz
: ROM 2048 words x 9 bits 2048 words x ¢ bits
Memory capacity RAM 128 words x 4 bits 128 words x 4 bits
K | Input bit ‘ 1 bi :
S Output 8 bits x 1‘ 8bits x 1
1/0 port Input 4 bits x 2 4 bits x 2
Output 1bitx 11 1bitx 11
b Sense input 1 bit x 11 Tbitx 11
A/D conversion circuit Built-in (accuracy*2LSB}

Built-in {accuracy * 2LSB)

RESET input

dent RESE

Subroutine nesting

3 levels (including one level of interrupt) 3 levels (including one level of interrupt)

Clock generator

Built-in texternally connected RC circuit or ceramic resonator) Built-in {externally connected RC circuit or ceramic resorator}

/O withstanding voltage| —33V —33V
110 characteristics Port S output current —8mA — 8 mA
of ports
Port D output current —15mA —15mA
Voo — 15V (typ) — 15V (typ)
Supply voltage
Vss ov ov

Device structure

p-channel aluminum gate ED-MOS

Package

P-channel aluminum gate ED-MQS

Power dissipation (exluding ports)

400mW {typ)

400mW ({typ)

PIN DESCRIPTION

" tnput or
Pin Narme output Function
Vob A .
Power supplies In Vpp and Vgg are applied as —15V£10% and OV respectively
Vss
K(o | (K n The input port K consists of 14 (15 for the M58840-XXXP) independent analog input pins. They can be programmed to receive
nput por - .
Ki3 digital quantities as well.
So The 1/0 port S can be used as either an 8-bit output port or a pair of 4-bit input ports. Since it has open drain circuits, it is
§ Input/output port S | infout suitable for directly driving segments of a large fluorescent display tube. When the output port S is programmed to a low level,
S7 it remains in the floating state (high-impedance) so that it can be used as an input port.
Do . . - . .
| Input/output port D|  Infout The 1/0 port D is composed of 11 bits that can be usec! as .mdependent 1/0 blts.. When. the port D outputs are programmed to
Dig a low level, the output remains in the floating state (high-impedance} and the input signal level is sensed.
A clock generator is built into the device so that the clock frequency is determined by connecting an external RC circuit or
XIN Clock input In ceramic resonator between pins X and Xpoyt. When an external clock source is used, it should be connected to the Xy
pin, leaving the XgyT pin open.
This pin is the output of the built-in clock generator circuit. The oscillation frequency is controlled by connecting an RC circuit
Xour Clock output Out ; e X
or ceramic resonator element between this pin and the X;y pin.
interrupt request . .
INT i:putup 9 In This pin is used to input the interrupt request signal. The level of the interrupt signal can be programmed as either high or low.
ﬁ Timing output Out This is the basic timing output. it is used for testing and should be connected to Vgg (0V).
VREF iF;epfszence voltage In Thisisthe input for the reference voltage applied to the D-A converter. For the M58840-X XXPit servesas the RESET input pin as well.
CNVgs | CNVgg input In This input is connected 10 Vgg and must have a high-level input applied to it (OV).
RESET | Resetinput In This is the reset input pin for the M58841-X X XSP. The reset state is enabled when it is kept high for at least two machine cycles.
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 2048-word x 9-bit mask programmable ROM can be
programmed with machine instruction codes in accordance
with the customer’s specifications. It consists of 16 pages,
each containing an address range of 0 ~ 127. Fig. 1 shows
the address map of this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter (PC) is an 11-bit counter, the upper order
4 bits of each (PCy) indicate the ROM page, and the lower
order 7 bits (PC_) of which are a pure binary address
designation. Each time an instruction is executed, PC, is
incremented by one step. For branching, subroutine call
instructions and return instructions, its value is set to the
designated address.

When the 127th address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 14 and page 15 are special pages used for
subroutine calls. The page 14 subroutine can be called with
a one word instruction from any arbitrary page. This
instruction is either BM or BMA. When either BM or BMA
is executed, subsequent BM or BMA instructions are
equivalent to B and BA on page 14. Also, B or BA is
equivalent to B or BA on page 15. This condition is
cancelled when the RT, RTS, BL, BML, BLA or BMLA
instruction is executed. Table 3 shows the instruction codes
and corresponding states.

Stack Registers {SKq, SK,, SK3)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt programs
until the program returns to its main routine. The SK
registers are organized in three words of 11 bits each,
enabling up to three levels of subroutine nesting. If one
level is used for an interrupt routine, the remaining two
levels can be used for subroutine calls.

Data Memory (RAM)
This 512-bit (128 words x 4 bits) RAM is used to store
both processing and control data. One RAM word consists
of 4 bits with bit manipulation possible over the entire
storage area. The 128 words are arranged as 2 file groups x
4 files x 16 digits x 4 bits. Fig. 2 shows the RAM address
map.

The RAM address specification is made by the combina-
tion of data pointer DP (register Z, register X and register

Y.) Thus, the selector CPS and data pointer DP must be set.
However, as long as the address is not changed this is not
necessary.

Data Pointers (DP, DP’)

These registers are used to designate RAM address, and bit
positions for the 1/O port D and register J. Each data
pointer is composed of a 7-bit register. Register Z (the most
significant bit of DP) designates the RAM file group;
register X {the central 2 bits) designates a RAM file; and
register Y (the least significant 4 bits) designates the digit
position of the RAM file. At the same time, register Y
designates bit positions of the 1/0 port D and register J.

4-bit Arithmetic Logic Unit (ALU)

This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry. The
arithmetic logic unit performs subtraction, addition, logical
comparisons, arithmetic comparisons, and bit manipulation.

Register A and Carry flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion and data input/output are executed by
means of this register. Overflow of register A is stored in
the carry flag's CY or CY' after execution of arithmetic or
logical operations. The carry flags can also be used as 1-bit
flags. Carry flags and data pointer DP selection is done by
means of the selector CPS.

PCy Page designation
PGCL 0 1 15
Bit designation18{7(6(5(4]3[2[1]0(8|7|6{5|413|21t|0|8]|7]|2|1[0[8|7{6|5[4[3|2[1{0
0
1
2

Address designation

127

[T
i

Fig. 1 ROM Address map

File Register Z 0 1

desig- -

nation Register X 0 1 2 3 0 |1 3
File name Fo F F Fs Fe |1 Fy
Bit designation 312|110{3]2[1]|0(3]z|1{0|3[2| 1|0{3]|2[1]0[-|3|2[1]|0

s 0

®B 1

£s

g3 2

.2 H

28 :

o

% 14

< 15

Fig. 2 RAM Address map
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Registers B and E
Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary storage register for 1/0
port S.
A/D Conversion Circuit
The following A/D conversion functions are controlled by
software as described below. Fig. 3 shows the block
diagram.
(1) Comparators
These comparators are implemented entirely with
PMOS devices and use a chopper-type amplification
method. They are capable of determining the differ-
ence of the D/A converter output Vref and the port
K input signals Vi (v, (where Y=0~13).

(2) Register J
Register J is composed of 14 1-bit registers, each repre-
senting the comparison result from the comparators.
All register bits are set simultaneously. The value of the
register J with respect to the comparison results is as
follows.

1when [Viee| > [Vicryy|
Owhen |V, ¢ < |V

In this relationship(Y) represents the bit position in
register J which is designated by register Y. The
comparison results can be checked for each bit using
the SZJ instruction.

(3} Registers Hand L
These two 4-bit registers are capable of transferring and
exchanging data to and from register A. The 8-bit
digital data for the D-A converter is transferred from
these registers, the higher order 4 bits from H and
lower order 4 bits from L.

(4) Register C
This 3-bit register is used as a counter to designate bit
positions in the H and L registers.

(5) D/A Converter

The D/A converter converts the digital values stored in
the registers H and L, referencing with the external
reference voltage Vgegr applied at the pin Vggg , to
the analog value of the internal reference voltage Vref.
The theoretical value of the internal reference voltage
Vet is defined as follows.

n—05
Vier = 256 X Vger
where n=1,2, .......... 255
V. et=0 where n=0

In the above relationships n is the value weighted
accorded to the contents of registers H and L.

A/D Conversion Algorithms

AID conversion is controlled by the programming of the
previously described functional blocks. Thus, by modifying
the program either the successive approximation method or
the sequential comparison method may be selected. In
addition, a digital input of high or low level may be used to
select the method, eliminating software selection of the
A/D conversion technique.

(1) Successive Approximation Method

In this method, a constant conversion speed is main-
tained regardless of the amplitude of the analog signal.
The A/D conversion process requires 0.6ms (at 600kHz
clock frequency). 12 program words are required.
Sequential Comparison Method

In this method the conversion speed varies in accord-

S

ance with the rate of change of the analog quantity.
When the rate of change is slow, the conversion rate
increases. 30 program words are required.

REGISTER A

7
[ MULTPLEXER | . gy MNSTRUCTION LC7
DESIGNATION 3
H(4) | L) REGISTER C

D-A CONVERTER

!

VReF
EXTERNAL REFERENCE
VOLTAGE INPUT

KizKiz

K1 Ko

ANALOG INPUTS

Fig. 3 A/D Conversion circuit block diagram

Interrupt Function
The flag INTE is a 1-bit flip-flop used to control interrupt
operation. When an interrupt request signal is applied to the
pin INT while the interrupt is enabled, the INTE flag is
reset to disable further interrupts, after which the program
jumps from the main program to address O of page 12. When
an interrupt program is used, one level of the three-level
stack register is required, the remaining two levels being
used for subroutines. After the interrupt program is started,
the data pointer DP, register A, carry flag CY, and registers
used by the interrupt program must be saved and these
must be restored before returning to the main program. The
returning may be done by the execution of RTI instruction.
When an interrupt occurs, the microcomputer internal
states are as follows.
(1) Program Counter
The current address in the main program is stored in a
stack register and the program counter is set to page
12, address 0.
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MITSUBISHI MICROCOMPUTER

MS8840-XXXP,M5884 1-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

(2) Interrupt Flag INTE
The flag INTE is reset to disable further interrupts.
This disabled state will continue even after the program
has returned from the interrupt routine to the main
program by the execution of the RTI instruction. El is
executed and when the input level of the INT input
changes, this state is disabled. Thus, when the INTH
instruction is executed the interrupt state is enabled
when the INT input goes high. As long as it remains in
the high state, further interrupts are prohibited. If the
INT input should change to a low level and return to
high, the next interrupt will be accepted.

(3) Skip Flags
Skip flags are provided for skip instructions and
consecutively described instructions and these skip
flags discriminate the skip and non skip conditions.
Each flag has its own stack within which the skip state
is saved.
As a mask option, the interrupt pin may be provided
with Schmitt input circuits.

Input/Output Pins

(1) Input port K
The input port K consists of 14 pins (15 pins for the
M58840-X X XP). The voltage level input at these pins is
compared with the D-A converter output voltage Vref
by a comparator and the results stored in register J. As
a mask option, it is possible to build into the input
port K load resistors, These are implemented using an
enhancement-type (M58840-XXXP} or depletion-type
(M58841-XXXSP)- MOS transistors. In addition, to
enable the use of capacitive touch-type keys, it is
possible to provide these inputs with the required
discharge transistors.

(2) Input/Output Port S
The input/output port S consists of 8 bits, each bit
with an output latch. These latches are used to store
data transferred by means of a PLA from register A, or
data transferred from register A or register B directly. 4
bits at a time of the 8 input bits of port S may be
transferred to register A,
Because port S outputs are provided with a built-in
PLA, it is possible to output any arbitrarily settable
8-bit code from 4 input bits specified by register A.
These PLA output codes can be specified arbitrarily as
a masked option.

{3) Input/Output Port D
The input/output port D consists of 11 bits. Each bit
can be individually designated as either input or output
and is provided with its own latch. The contents of the
data pointer register Y can be used to designate a single
bit of port D for output or sensing.

When port S or port D is used as an input port, the
output should first be cleared to the low state.

Reset Function

For the M58840-XXXP, when a power source satisfying the

conditions shown in Fig. 4 is applied, an internal power-on

reset function operates to reset the microcomputer. Cancel-
ling of the reset state also is performed automatically, the

program being started at page 0, address 0.

If the power-on reset function does not operate properly
because of the trailing edge characteristics of the power
supply, reset can be enabled by inputting a high level at the
Vger pin. Setting this Vggg pin to low starts the program
at page 0, address O.

For the M58841-XXXSP, if the RESET input is kept
high for at least two machine cycles, the reset state is
enabled. Because the M58841-XXXSP is provided with an
internal charging transistor it requires only an external
diode and capacitor as shown in Fig. 5.

For this configuration, when the supply voltage falls
below —13.5V, the circuit design should ensure that the
RESET input is above —4V.

When the reset state is enabled, the following operations
are performed.

(1) The program counter is set to page 0, address O

(PC) <0

(2) The interrupt mode is in the interrupt disabled state

(INTE)< 0

This is the same state as when the instruction DI is

executed.

(3) By setting the interrupt request signal INT to high, the
interrupt enabled state is entered. This is the same state
as when the instruction INTH is executed.

{4) All outputs of port S are cleared to low (S) <0

(5) All outputs of port D are cleared to low (D)<« 0

(6) The carry and data pointer selector CPS is cleared to

low to designate DP and CY (CPS) <0
POWER APPLIED 10ms max
ov
Voo
15V N
-
ov RESET
VRer
7v 50rs min
" 10ms MAX

Fig.4 M58840-XXXP Power on reset

POWER APPLIED

M58841
XXXSP ov
RESET Vpp Von 13.5v
20 24
ov —4V
I

Fig.5 M58841-XXXSP Power on reset
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M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

Clock Generator Circuit

A clock generator circuit has been built-in to the
M58840-XXXP and M58841-XXXSP, allowing control of
the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the X,y pin, leaving the Xoyt Pin
open. Circuit examples are shown in Fig. 6 to Fig. 8.

Note 1. Since when using an RC circuit
450KkHzZ to determine frequency the fre-
quency will vary in accordance
with the device characteristics,
the constants should be chosen
so that the frequency falis within
a specified limit even including
the effect of these variations

XiN - XouT

34| 18k (33

;47;3%‘

Fig. 6 External RC circuit

455 kHz 455 kH2 Note 2. Constants should be chosen

NM58840 58841 to provide a clock duty cycle

XX XP XXXSP in the range 50~60%. The

X Xour Xin Xout duty cycle can be measured

by = 3 = at th; T4 pin. Note that the

MA }‘__m,_ required constants will aiso

82pF 1.5 33pF Cin Cout vary with the frequency and
; ~ ZkSJ;g ;;] 20pF ,;;1?UDF type of ceramic resonator

used

Fig. 7 Externally connected ceramic resonator

Xin  XouT
3% 33[

EXTERNAL OSCILLATOR CIRCUIT

o UL
15V

Fig. 8 External clock input circuit
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M5884 1-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

MACHINE INSTRUCTIONS

5_8
X : Instruction code I k] T % >
Typeof \oo S| s . Skip o Descripti i
instruc- - oic Bl S o Functions conditions 2 escription of operation
ion Ds D7DeDsDa DaD2D10D0 coeleo g
notation x [ Z
LXYxy |0 11 xx yyyy |0Cy| 1|1 0)—x where x=0~3 Written | X | [ oads value of “x” into register X, and of "y’ into Y. When LXY
x (Y )y, where, y=0-—15 successively is written successively, the first is executed and successive ones
B are skipped
g LZ 2z 0 0100 1012z |0 4£ 1|1 [(2Z)—z, where, 2=0,1 X Loads value of “'z" into register Z.
=}
° z
; INY 0 0000 0010|002 |1 |1 |(Y)er(Y)+1 (Y)=0 X | Increments contents of register Y by 1, Skips next instruction
< when new contents of register Y are ‘0",
T | pevy 0 0000 0011 |0 03 (1 [1 [(Y)—(Y)=1 (Y)=15 X Decrements contents of register Y by 1. Skips next instruction
when new contents of register Y are 15",

LCPS i [0 0100 000i [0 4i | 1|1 |(CPS)—i, where, i~0,1 - X | DPand CY are active when i=0, DP" and CY', when i=1.

TAB 0 0001 1110|000 1E |11} (A)(B) - X | Transfers contents of register B to register A.

TBA 0 0001 1100 |0 1C |1 |1 (B)(A) — X | Transfers contents of register A to register B.

- | TAY 0 0001 1101 [0 1D |1 ] 1 [(A)(Y) - X | Transfers contents of register Y to register A

@ TYA 0 0000 1100 /0 0C | 1] 1](Y)=(A) X Transfers contents of register A to register Y.

2 |TLA 0 0001 1001 {0 19| 1 |1 |(L)~(A) — X Transfers contents of register A to register L.

,3; THA 0 0101 10010 59 |1 |1 |(H)«—(A) X Transfers contents of register A to register H.

& | TEAB 0 0001 10100 1A |1 (1! (Er~Es)—(8), (E3~Eo)—(A) - X Transfers contents of registers A and B to register E.

% TEPA 0 0001 0110 (0 16 |1 |1 |(Ex~Eo)« through PLA—(A) - X | Decodes contents of register A in the PLA and transfers result
g to register E.

T | TAd 0 0000 1101 [0 0D ! 1 | 1| (A)—(JsJ2d1do) when, (YiYe)=0 — X Transfers designated contents of register J to register A,
2 (A)—(JrdeJsJa)  when, (V1Yo)=1

K (A)—(J11JiodsJs) when, (1Yo)=2

« (A)—(0 J1aJ13diz) when, (Y1Yo)=3

XAL 0 0001 1000 (0 18| 1 |1 |(A)—~(L) X Exchanges contents of register A with contents of register L.

XAH 0 0101 1000 (0 58| 1 |1 |(A)—(H) - X Exchanges contents of register A with contents of register H

TAM j 0 0110 01 |0 64|11 |(A)(M(DP)) - X Transfers the RAM contents addressed by the active DP to

+ (X)(X)¥ i, where, j=0~3 reglstev A. Register X is then “‘exclusive OR-ed”" with the value
g ) j in the instruction, and the result stored in register X.
E XAM j 0 0110 00jj [06j (1 1 [ (A)(M(DP)) - X | Exchanges the contents of the RAM and register A: Contents
£ {X)=(X) ¥ i, where, |=0~3 of X are then “‘exclusive OR-ed'’ with the value j, and the result
s stored in register X
2 |XAMD [0 0110 10jj |0 68 |1 |1 |(A)(MDP)), (Y)-(Y)-1 (Y)=15 X Exchanges.the contents of the RAM and register A. Contents of
E + (X)e=(X)¥j, where, i=0-3 X are then “exciusive OR-ed”” with the value i in the instruction,
3 j and the result stored in regicter X. The contents of register Y
§ ﬁrcsndlscsre‘?gnled by 1. and when the result is 15, the next instruc
<§( XAMIj |0 0130 11jj |0 6C|1]|1]|A)(MDP)), (Y)—(Y)+1 (Y)=masked | X Exchanges the con_tems of the RAM and register A.Contents of
o« + (X)—(X)¥] where, |=0~3 skip X are then "exclusive OR-ed”” with the value j in the instruction
' condition and result stored in register X. The contents of register Y are
incremented by 1, and when the result meets with the marked
skip condition the next instruction is skipped

LA n 0 1011 nnnn {0 Bn |11 |(A)—n, where, n=0~15 Written X Loads the value n into register A. When LA is written conseu-

successively tively the first is executed, and successive ones are skipped.

AM 0 0000 1010 |0 0A |1 |1 [(A)~(A)+(M(DP)) - X | Adds the contents of the RAM to register A, The result is re-

g tained in register A, and the -contents of flag CY are unaffected.

k] . _ Adds the RAM contents addressed by the active DP and contents

g |AM© 0 0000 111010 0F |1 1 gg\){)iAcL;\Ewop)) +ey) 971 5f flag CY to register A.The result is stored in register A and the

<] carry in the active flag CY.

~§ AMCS 0 0000 11110 0F | 1|1 |(A)(A)+(M(DP))+(CY) (cY)=1 /1| Adds the contents of(the RAM and flag C‘vi to register A. The

£ (CY ) carry result is stored in register A and the carry in the CY, but the

< next instruction is skipped when a carry is produced.

< |An 0 1010 nnnn |0 An |1 | 1| (A)~(A)+n, where, n=0~15 Acarry =0 x | Adds value n in the instruction to register A. The conteits of
but nx6 flag CY are unaffected and their next instruction is skipped if a

carry is not produced, except when n=6.

sc 0 0100 1001 |0 49 |1 |1 |(CY)—1 — 1 Sets active flag CY

RC 0 0100 1000 |0 48 |1 |1 |(CY)—0 - 0 | Resets active flag CY

szc 0 0010 111110 2F |1 |1 _ ©y)=o X | Skips next instruction when contents of the active flag CY are 0.

CMA 0 1000 1111 [0 8F |1 [1](A)—(A) - X | Stores complement of register A in register A

2 |SB | 0 0100 11jj |0 4c 1| 1]|(Mj(DP))—1 where, |=0~3 - X | Set the jth bit of the RAM addressed by the active DP {the bit

2 11 designated by the value j in the instruction).

© |RB j 0 0101 11jj [0 8C| 1 1][(Mj(DP))—0, where, j=0~3 X | Resets the jth bit of the RAM addressed by the active DP (the

3 T bit designated by the value ] in the instruction)

S |szB j [0 0010 00jj [0 2j|1]1 (Mj(DP)) X | Skips next instruction when the contents of the jth bit of the

@ = RAM addressed by the active DP (the bit which is designated by
where, j = 0~3 the value y in the instruction) are O.

$ | SEAM 0 0010 01100 26 |1 |1 (M(DP)) = X | Skips next instruction when contents of register A are equal to

3 A the RAM contents addressed by the active DP.

€ [SEY vy ]0 0011 yyyy |03y 1|1 (Y) =ywhere, Skips next instruction when the contents of register Y are equal

O y=0~15 to the value j in the instruction.

Lc? 0 0101 0111 (0571 [1](C)7 X | Loads 7 to register C.

DEC 0 0000 100110 09| 1|1 [(C)—(C)—1 (C)=7 x | Decrements contents of register C by 1, when result is 7, skips

SHL 0 0100 00100 42| 1|1 |(H(c1 coy)«1 when, (Gz2)=1 - x | Sets e B }nolr"eglster LorHc by register C. The box

e (L(cr co))—1 when, (G2)=0 instruction shows the relationship| (C) [7 ]6 [5 |4 |3 |2 [o]

2 be tween register C and bit positio

S |RHL 0 0101 00100 52| 1|1 (Hcr co)0 when, (C2)=1 X | Resets the bit in register L or H that is designated by register C.

=3 (Lcc1 c0))—0 when, (C2)=0 Reads all analog values from input port K for comparison with

5 |CPA © 0000 1000 )0 08| 1| 1| (Ji»)1 when, Vref |>Vk()l X} D-A converter output Vier, and either sets the respective bit of

5 (@)} (J(in)—0 when, [Vref i< IVi(i)! register J to the next instruction cycle, whenever Vyes < V(i)

% i=0~14 is true, or resets it,whenever Vet < V(i) is true.

3 . N Reads and stores temporarily all analog values from the input

=) CPAS 0 0101 0001|051 (1|1 Ej(l);:; me:' :zrei | i IVK(i ,\1 - X port K, which are the unaffected by cr%anges in port K inpSts.

< |:(4; )i 1 e, [Vref < [Vk(iy | These values are compared with the D-A converter output Vet
calculated from contents of registers H and L and respective bits
of register J are set/reset.

CPAE 0 0101 00000 50| 1| 1| Execution of the instruction CPAS is X Terminates execution of instruction CPAS. Contents of register
over, and no more changes will made J remain unatffected, maintaining the value immediately before
in Uy termination, and input port K is again ready to receive inputs,

s2J 0 0010 1001 |0 29 |1 |1 Uvy)=0 x | Skips next instruction when the bit in register J, designated by

(Y)=15 register Y, is 0. The next instruction is unconditionally skipped
when the contents of register Y are 15.

MITSUBISHI
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MITSUBISHI MICROCOMPUTER

MS8840-XXXP,M5884 1-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

o
2
o P
=
K - BT
Type of Instruction code 5 B . > “
instruc- mgf”c o ] Functions igr'\%mons O Description of operation
ion mal 15| o ! &
N Ds D7D6DsD 4 D3D2D1D6 notation & | 2 o
B xy Y 1xxx yyyy|1 8y |1 ]1 | (PCO—16x+y = X | Jumps to address xy of the current page.
| J; (PCh)«15, (PCL)*-16x+y Jumps to address xy on page 15 when executed, provided that
| none of instructions RT, RTS, BL, BML or BMLA was executed
\ after execution of instruction BM or BMA.
BL pxy| 0 0111 pppp |0 7p | 2 (PCH)—p - X | Jumps to address xy of page p.
1 1xxx yyyy |1 8y {(PCL)—16x+y
“ +
g x
3 /BA xX[ 0 0000 0001,0 01| 22| (PCU«16x+(A) - X \ Jumps to address x{A) of the current page.
1 1xxx XXXX|1 8X (PCH)«-15, (PCL)«16x+ (A) | Jumps 1o the address x(A) of page 15 provided that none of
: instructions. RT, RTS, BL, BML, BLA or BMLA was executed
after execution of instruction BM or BMA,
BLA pPxX, 0 0000 0001 |0 01| 3| 3| (PCH)«p - X Jumps to the address x(A) of page'p.
0 6111 pppp |0 7p ‘ (PCL)« -16x+ {A)
1 1xxx XXXX|1 8x !
3 |
[BM xy |1 Oxxx yyyy |1 xy| 1| 1]|(SK2)«(SK1)—(SKO)+-(PC) - X | Calls for the subrcutine starting at address xX on page 14.
| (PCH)«-14, (PCL)«16x+y
| — -
| ‘ (PCH)+ 14, (PCL)+-16x+y I Jumps to address xy of page 14 provided that none of instruc-
[ ! tions RT, RTS, BL, BML, BLA or BMLA was executed after the
e ‘ execution of instructions BM or BMA.
& e _ =
5 |BMLpxy 0 0111 pppp |0 7p |2 2 (SK2)—(SK1)«(SK0)«-(PC) - X Calls for the subroutine starting at address xx of page P
£ ‘ 1 Oxxx yyyy |1 xy \ (PCH)—p, (PCL)«-¥6x+y ‘
3 [ BMA xX| 0 0000 0001 |0 01| 2] 2! (SK2)—(SK1)«-(SK0)—(PC) - X | Calls for the subroutine starting at address x{A) of page 14.
5 | 1 0xxx XXXX 1 xX (PCr)—14, (PCL)*—16x+(A)
n | ‘
‘ (PCH)<-14, (PCL)«16x+(A) Jumps to address x(A) of page 14 provided that none of instruc-
‘ tions RT, RTS, BL, BML, BLA or BMLA was executed after the
‘ execution of instructions BM or BMA
| BMLA Calls for the subroutine starting at address x(A) of page p.
| pxX| 0 0000 0001 |0 01| 3| 3| (SK2)—(SK1)—(SK0)«-(PC) =
O 0111 ppppP/O07p (PCR)«p, (PCL)«16x+(A)
1 0xxx XXXX |1 XX
RTI 00100 0110/0 46| 1| 1] (PC)(SKO)-(SKI)«-(SK2) - X'| Retumns from interrupt routine to main routin. |he internal flio-
I Resets interrupt flip-flop flops is restored
g,g RT 0 0100 01000 44| 1| 1| (PC)—(SKO)—(SK1)(SK2) - X Returns to the main routine from the subroutine.
o= n n - T n
a | RTS 0 0100 0101 |0 45| 1| 2| (PC)—(SKO)«(SK1)—(SK2) Uncondi- X Returns to the main routine from the subroutine, and uncondi-
tional skip tionally skips the next instruction.
sb 0 0001 0101 |0 15| 1| 1| (D(Y))e-1, where, (2)=1,0=(Y)=10 - x | Sets the bit of port D that is designated by register Y, when the
contents of register Z are 1.
RD 0 0001 01000 14| 1|1 [(D(Y))«0, where, (Z)=1,0=(Y)<10 — X Resets the bit of port D that is designated by register Y, when the
| contents of register Z are 1.
~ | 82D 00010 10110 2B 11 where, (Z)=1,0s(Y)=<10 (DY) =0 X Skips the next instruction if the contents of the bit of port D that
§ is designated by register Y are 0 and the contents of register Z are
2 1.
< |osae |0 0001 10110 1| 11 (S1~Sa)(B), (S3~Sa)—(A) X | Outputs contents of register A and B to port S.
3 | osPA 6 0001 01110 11 11 (S1~So)«- through PLA«—(A) X { Decodes contents of register A by PLA and the result is output
< 10 port. '
OSE 0 0000 1011]0 0B | 1| 1| (S)(E) X | Outputs contents of register E to port S.
IAS i 0 0101 . 010 |0 54| 1| 1]i=0:(A)-(S7~Sa) X Transfers from port S to register A. The high-order four bits of
+ i=1:{A)—(S3s~S0) port S are transferred when the value of i in the instruction is
i O or the low-order four bits are transferred when the value of i is 1.
CcLD 0 0001 0011 0 13 (1| 1(D)0 X i Clears port D.
cLS 0 0001 0000 0 10 1} 1 (S)—0 X | Clears port S.
CLDS 0 0001 00010 11| 1 1](D)e0, (S)0 X | Clears ports S and D. o
El 0 0000 01010 O5 | 1|1 [ (INTE )«1 X Sets interrupt flag INTE to enable interrupts.
2 | D 0 0000 01000 04| 11 (INTE)-0O X Resets interrupt flag INTE to disable interrupts.
a
é INTH 0 0000 01100 06 1| 1| (NTP)<1 X { Sets interrupt polarity flag INTP to enable interrupts when the
g interrupt request signal is turned high.
INTL 0 0000 0111|007 | 1] 1 |(NTP) O X Resets interrupt polarity flag INTP to enable interrupts when the
_ interrupt request signal is turned low.
Misc | NOP 0 0000 0000|000 | 1! 1|(PC)(PC)+1 X | No operation
Symbol Contents Symbol Contents Symbol | Contents
A 4-bit register (aacumulator) SKo 11-bit stack register INTE | Interrupt enable flag
8 4-bit register SK1 11-bit stack register INTP | Interrupt polarity flag
[¢] 3-bit register SK2 11-bit stack register INT | Interrupt request signal.
E 8-bit register 3% 1-bit carry flag “ Shows direction of data ﬂow_.
H 4-bit register xx 2-bit binary variable (¢ ) |Indicates contents of the register, memory, etc.
J 15-bit register yyyy 4-bit binary variable v Exclusive OR.
L 4-bit register z 1-bit binary variable - Negation.
X 2-bit register nnnn 4-bit binary constant X Indicates flag is unaffected by instruction execution,
v 4-bit register i 1-bit binary constant xy Label used to indicate the address xxyyyy.
z 1-bit register i 2-bit binary constant pxy Label used to indicate the address xxyyyy of page pppp.
oP 7-bit data pointer, combination of registers, Z, X and Y || xxxx | 4-bit unknown binary number CPS Indicates which data pointer and carry are active,
PGH The high-order four bits of the program counter. || p 11-bit port [ | Hexadecimal number C + binary number x.
PCy The low-order seven bits of the program counter. || K 15-bit port M
PC 11-bit program counter, combination of PCy and PC_. || S 8-bit port |

MITSUBISHI
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

LIST OF INSTRUCTION CODES

Ds—Ds 1 00001 1000
0 0000 |0 0001 |0 0010{0 0011|00100|0 0101| 00110 |0 0111]|0 1000| 0 10071{01010|0 1011}0 1100|0 1101 |0 1110{0 1111
101111 1M
Hexadecimal
D3—"notationg ¢ 01 02 03 04 05 06 07 08 09 0 A 0B 0oC 0D 0 E ¢ F |10~17|18-1F
Do
SZB | SEY | LCPS XAM BL A LA LXY LXY LXY LXY
0000 |0 NOP | CLS CPAE - - BM B
0 0 0 ] BML 0 0,0 1,0 2,0 3,0
BBMAA SZB SEY |LCPS XAM BL A LA LXY LXY LXY LXY
0001 {1 BLA CLDs ; ] CPAS 1 BML - - 1 ] ; . ; 8M B
BMLA ! o A2 | s
SZB | SEY XAM BL A LA LXY LXY LXY LXY
00to | 2 INY — SHL RHL - — BM 8
2 2 2 BML 2 2 0,2 1,2 2,2 3.2
[ R S S )
sZB SEY XAM BL A LA LXY LXY LXY LXY
0011 {3 | DEY { CLD — - - 8M B
3 3 3 BML 3 0.3 1,3 2,3 3.3
SEY IAS TAM BL A LA LXY LXY LXY LXY
0100 | 4 DI RD — RT — - 8M B
4 0 0 | BML 4 04 | 1.4 | 2,4 | 3.2
SEY IAS TAM BL A LA LXY LXY LXY LXY
0101 |5 El SD — RTS - - BM B
5 1 1 BML 5 5 0.5 1,5 2,5 3,5
SEY TAM 8L A LA LXY | LXY LXY LXY
0110 |6 | INTH | TEPA [SEAM RTI - — — BM B
6 2 8ML 6 6 0.6 | 1,6 2,6 3.6
SEY TAM BL A LA LXY } LXY LXY LXY
0111 | 7 ] INTL | OSPA — — LC7 - - | BM B
7 3 BML 7 0.7 1,7 2,7 3.7
I
SEY XAMD| BL A LA LXY ‘ LXY LXY LXY
1000 |8 | CPA XAL - RG XAH - - B8M 8
8 (4} BML 8 0,8 1,8 2,8 3.8
SEY XAMD! BL A LA LXY | LXY LXY LXY
1001 |9 | DEC | TLA SZJ SC THA — - BM B
9 1 BML 9 0,9 1.9 2.9 3.9 %
SEY LZ XAMD| BL A LA LXY LXY LXY | LXY
1010 |A AM | TEAB — — — - BM B
10 0 2 8ML 10 10 0,10 1,10 2,10 3.10
SEY LZ XAMD| BL A LA LXY LXY LXY LXY
1011 |B| OSE |0SAB| SZD — — - BM B
11 1 3 BML 11 " 0.1 1,1 2N 3.1
SEY sSB RB | XAMI BL A LA LXY LXY LXY LXY
1100 (C | TYA TBA — — BM B
12 0 0 0 BML 12 12 0,12 1,12 2,12 3,12
B . . JUN A
‘ SEY SB RB XAMI BL LA LXY LXY LXY LXY
1101 (D { TAlJ TAY — — — BM B8
13 1 J 1 1 BML 13 13 0,13 1,13 2,13 3,13
T i
SEY SB RB XAMI BL A LA LXY LXY LXY LXY
1110 }E AMC | TAB - - — B8M ]
14 2 2 2 8ML 14 14 0,14 1,14 2,14 3,14
SEY SB RB XAMI BL A LA LXY | LXY LXY LXY
1111 |F JAMCS — SZG | GCMA — | BM B8
| 15 3 | 3 3 | BML 15 15 | 0,15 | 1,15 | 2,15 | 3,15
] |
Note 1. The list shows the machine codes and corresponding machine instructions. D3~D0 Note 3. Relationships of Branching and Paging for Branching, and Sub-

indicate the low-order 4 bits of the machine code and D8~D4 indicate the high-order

5 bits. The hexadecimal values are also shown that represent these codes. An instruction
may consist of 1,2, or 3 words, but only the first word is listed. Codes indicated

with bar {—) must not be used.

Note 2. Two-Word Instructions

Second word

Three-Word Instructions

Routine Call Instructions

Page {total of 16 pages)

Address 0
o

wno

BL 1 Ixxx yyy
BML 1 Oxxx yyyy Second word Tﬁirdword J w‘
BA 1 Ixxx XXXX BLA 0 0111 pppp T Ixxx XXXX :gg
héW"i Oxxx XXXX | |BMLA| 00111 pppp | 1 Oxxx XXXX 21 L
MITSUBISHI
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MITSUBISHI MICROCOMPUTER

MS58840-XXXP,M58841-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vpp Supply voltage - T 0.3~ 20 \%
V) tnput voltage, port S and D inputs 0.3~—-35 \%
V) Input voltage, inputs other than port Sand D With respect to Vg 0.3~—20 v
Vo Output voltage, port Sand D outputs 0.3~—-35 \%

~\;o QOutput voltage, outputs other than port S and D 0.3~—20 \%
Pd Power dissipation Ta=25°C 1100 mw
Topr Operating temperature ) ) ) —10~70 B °C
Tstg Storage temperature —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=—10~70°C, unless otharwise noted)

Limits
Symbo! Parameter T Unit
Min Typ Max
Voo “Supply voltage —135] —15 | —16.5 v
Vss Supply voltage 0 \
Vg High-level input voltage —1.5 0 \Y
ViHig) 'Highr\e:/rel clock input voltage —1.5 0 \
Vi Low-level input voltagﬁu&s other than port D and S Voo —4.2 \%
ViL Low-leve! input voltage, port D and S inputs —33 —4.2 A\
\% () Low—lével clock input volitage ~ :‘ Vo Vopt2 \%
Vi(K) Analog input voltage, port K input VREF 0 Y,
TREF Reference voltage -5 —7 \Y
VoL Low-level output voltage, port O anag@lé —33 0 \%
%‘f—(‘/,) Internal clock oscillation frequency N B 300 600 VkHZ

Note 1. V| (4)is specified with respect to the maximum value of Vpp. The maximum allowable value is —33V when using a ceramic resonator
with the M58841-XXXSP. This maximum allowable value is 1.1V for V) (g) when using the M58841-XXXSP.

ELECTRICAL CHARACTERISTICS (Ta=—10~70°C, Vpp=—15V£10%, Vgg=0V, f($)=300~600kHz, unless otherwise noted

Symbol Parameter Test conditions v L::/I;S Vo Unit

VT Negative threshold vol;agc, RESET input Vpp= —15V, Ta=25C —4 -7 \%

VT4 =V RESET input hysteresis ) Voo= —15V, Ta—=25C 2 3.5 v

V/OH High-level output voltage, port Dom; ”\/DD* —15V, log= —15mA |, Ta=25°C —2.5 \

Vou High-level Outpl;;é]Tége, oort S outputs Vop= 15V, lop= —8mA , Ta=25C 2.5 \Y

[ High-ievel input current, port K {depletion load} Vpp= —15V, V=0V, Ta=25C 100 370 /u& ]

|77 High-level input current, port K (enhancement load) Vpp= —15V, Viu=0V, Ta=25C a0 200 uA

b High-level me{ curreni, F{EéET Vpp= —15V, ViH=0V, Ta=25C 30 100 #Z/

] T e e unen e tcton CPAS | ua
TI (¢) Clock input current Vi(gy=—15V, Ta=25C —-20 —40 wA

r\ai High-level output current, port D outputs Vpp= —15V, Vo= —2.5V, Ta=25C —15 mA

1oH VH‘;-Iithevel output current, port S outputs Vpp= —15V,Voy=—2.5V,Ta—25°C —8 mA

loL Low-level output current, port D and port S outputs | VOL - —33v, Ta—25°C ) —33 uA
‘)DD Supply current from Vpp Vpp=—15V, Ta=25°C —41 mA

|REF rCEém from Vger VRer=—7V, Ta=25C —0.7 mA

C Input capacitance, port K inputs ;/;n?\fr\r/nls Vo=Vss, f=1MHz ; 10 pF B

Ci(g) Clock input capacitance 4{ \2/5Dr2\_/ArTw|C;UT =Vss, f=1MHz 7 10 pf

7‘7A-D conversion linearity error VRer= — TV }
A-D conversion zero error VRep=—7V ‘ Overall +2 +3 LSB
A-D conversion fullscale error T VRep=—7V ) o

Note 2. Currents are taken as positive when flowing into the IC (No sign), with the minimum and maximum values as absolute values.
3. The overall sum of the port D high-level output currents should be kept below 76mA.
4. The negative threshold voltage, hysteresis, high-level input current (depletion load), and high-level input current. For reset refer to the
M58841-XXXSP.
. The high-level input current (enhancement load), refer to the M58840-X XXP.

o
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MITSUBISHI MICROCOMPUTER

M58840-XXXP,M5884 1-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

TIMING DIAGRAM

Machine cycle M1
Signal Pin /Wsm‘e T1 T2 T3 Ta Ts Ts
Clock input XIN _\— \ ( \ \ \ \

Clock output XouTt \ ’ I

Timing output Ta | /

Port D outputs [()C())uthth;D X

Port D inpus Do-Dro RXIXXXIKIIXIKIK
So~S7

Port S outputs {Output) ><

Port S inputs Sdl;fﬂ

Port K inputs Ko~K1a >O<><>< W

Interrupt request input INT ><><X>< >< XXX

Note 1. m The crosshatched area indicates invalid input.

DOCUMENTATION REQUIRED UPON
ORDERING

The following information should be provided when order-
ing a custom mask.

(1) M58840-XXXP, M58841-XXXSP mask confirmation

sheet.
(2) ROM data 3 EPROM sets
(3) Soutput PLA coding On confirmation sheets
(4) Interrupt input Schmitt

circuits On confirmation sheets

(56) Mb8840-XXXP reset circuits  On confirmation sheets
(6) Port K pulldown transistors On confirmation sheets
(7) Pork K input discharge

transistors On confirmation sheets

MASK OPTIONS

The following type of mask options are available, specifiable
at the time of ordering

(1) Soutput PLA data

(2) Interrupt input Schmitt circuit

(3) M58840-XXXP reset circuit

(4) Port K input pulldown resistors

(5) Port K input discharge transistors

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS8842S

MELPS 4 SYSTEM EVALUATION DEVICE

DESCRIPTION

The M58842S MELPS 4 system evaluation device is
designed to emulate the M58840-XXXP, M5884 1-XXXSP,
M58843- XX XP and M58844-XX XP single-chip 4-bit micro-
computer. It has been developed using P-channel aluminum-
gafe ED-MOS technology, and has a 64-pin ceramic DIL
package. The M58842S facilitates fast development of new
systems by using a program memory ROM external to the
M58842S.

FEATURES

Except for the mask ROM, all functions are equivalent
to the M58840-XXXP.

® RAMcapacity .........oovevniunnnn 128-word x 4-bit
® Single — 15V power supply

® Built-in A/D converter/(15 analog inputs)

® Two data pointers

® Subroutinenesting ............. ... ... .. 3 levels
® Analog/digital input ports (Kports) .............. 15
® {/Oports{ports D, S) ... v i, 19
® Capable of direct drive of large fluorescent display tubes
@ Interrupt . ... e 1 level
® Internal PLA (mask option) for port S

® Internal clock generator

APPLICATION

® System development and prototyping of equipment

using the M58840-XXXP, M58841-XXXSP, M58843-
XXXP, and M58844-XXXP single-chip 4-bit microcom-
puters.

PIN CONFIGURATION (TOP VIEW)

(ov) vss  [q] Vss (0V)
(- 15v) voo oo }ROM DATA INPUTS
ROM 10 12
DATA INPUT ( Ao 4] l61] «- CNVDp i —15V!
Ar + 5] INT  INTERRUPT
ROM 24
ADDRECE ) Ad « [€] 13~ REQUEST INPUT
QUTPUTS | As I
A7 (8] Is
S« [3] o ROM DATA INPUTS
Sa o] 17
Sy i 18
1/0 PORT S{ S5 K2
Sz Ke
Ss 2 Kig
S3 15 K 14
| s E A Pl FANALOSIDIGITAL
CLOCK OUTPUT X0uT @ Ks 0
CLOCK INPUT _XIN hey Ks
Az 19 w K13
A3 K11
ADDAERES A K
As NC
OUTPUTS | 2 ne
Ato Ko | ANALOG INPUT
TIMING OUTPUT T4 Ka (PORTK
Do Ks
D Kz J
D2 Veer REFERENCE
1/0 PORT DX D3 Dy Y VOLTAGE INPUT
Ds & D9
D5 + s ¢ !/OPORTD
Ds * D7

Outline 64S1

‘BLOCK DIAGRAM

wive REGUEST
PUT INPUT
TP INT

CLOCK CLOCK
NPUT OUTPUT

Xour

T
OouT (- 15V) (0V) (—15v)
S Xin

ROM ADDRESS OUTPUTS ROM DATA INPUTS

—
Is 17 16 15 1a 13 12 11 1o

D HEHODH DO —|

AigAs Ag Ay A As As A3 Az A) Ao

|
RAM
(128 WORSY 4 girs | [STACK REGISTER SK2(m] | [INSTRUCTION REGISTER (9)]
STACK REGISTER SK1 {11)
ADDRESS DATA| [ STACK REGISTER SKO(11) 9
1 4 T 1"
\ INSTRUCTION '
,—DATA POINTER, DP~, PROGRAM COUNTER. PC | DECODER PLA
Y4 PCu4 PCLT ONTROL
v ~ | [ oo l SR
I
4 7
4 il
MULTIPLEXER REGISTER l [ MULTIPLXER |
15 8 "

| PORT S ( [PORT s4] [ REGISTER J (15) ] i

H : [_D/aconverTer ] | PORT D (11) ]

Vet
e e (1)) D) 602038 7¢z’l‘fj7’\ ’)\ - p—
S7 Se Ss Sa S5 82 S1 So KmK\szKuKng Ks K7 Kg Kz Kg K3 K2 Ky Kp VREF Ci Ds Dg O7 D6 Ds Ca D3 02 D1 D¢
REFERENCE
1/0 PORT S ANALOG/DIGITAL INPUT PORT K VOLTAGE INPUT 1/0 PORT D

ELECTRIC
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

FUNCTION

The M58842S MELPS 4 system evaluation device has the
same functions as the M58840-XXXP single-chip 4-bit
microcomputer except for the program memory ROM,
which must be provided for from an external source
connected through the address output pins {Ag ~ A;,) and
instruction input pins (1o~ lg).

In using the single-chip 4-bit microcomputer to control
the operations of equipment, the operational procedures
have to be put in a program and stored in the program
memory (ROM). It may, however, consume a lot of time
and effort, not to mention the cost, when a program
correction is needed. This would naturally call for simula-
tion of the application program before masking it into a
ROM. In order to satisfy such a requirement, the M58842S
has been prepared for evaluating a trial program before
programming it into a mask-programmable ROM.

When using the M58842S for evaluating the M58841-
XXXSP, M58843-XXXP and M58844-XXXP which are
partially different from the M58840-XXXP (e.g. in the

LIST OF S-OUTPUT PLA CODES

number of I/O ports), use the appropriate pins only. For
example, since the M58843-XXXP is provided with a IK-
word ROM, use the last IK words of the M58842S. Also
since only the K, to K3 ports are available, use K, through
K3 of the M58842S.

DESCRIPTION OF OPERATION

Programmable Logic Array (PLA) for the S-Output
The standard code listed below is stored in the PLA for the
S-output. This code is used for numerical indication on
7-segment display units.

Input of ROM Data

Machine instructions can be executed by the M58842S if
input from an external source. During the state T,, the
ROM address signal appears on the ROM address output
pins Ay~A;o. Then ROM data corresponding to this
address should be applied to the ROM data input pins I,~
Ig during state T¢. For further details, refer to the instruc-
tion fetch timing diagram. During this application the input
pin CNVpp should be connected to Vpp.

S,
“l S2 Iis_sa
T
Register A Port S output
Display
osden A3 Az A1 Ao So S Sz s S Ss Ss S
0 0 0 0 0 H H L L H H H H D
1 0 0 0 1 L L L L L H H L }
2 0 0 1 0 H L H L H H L H E'
3 0 o 1 1 L L H L H H H H :}
4 0 1 0 0 L H H L L H H L L_:
5 0 1 0 1 L H H L H L H H 5
6 0 1 1 0 H H H L H L H H I:l
7 0 1 1 1 L H L L H H H L '_I
8 1 0 0 0 H H H L H H H H E:
9 1 0 0 1 L H H L H H H H E:
A 1 0 1 0 H L H L L L H H 0
B 1 0 1 1 L L L H L L L L —
c 1 1 0 0 H H H L H L L H E
D 1 1 0 1 H H L L H L L H {:
3 1 1 1 0 L L H L L L L L —
F 1 1 1 1 L L L L L L L L Blank
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

PIN CONFIGURATION

Input
Pin Name or Function
output
Analog port K has 15 independent analog input terminals. All signals applied to the 15 input lines of port K are simultaneously
Ko Analog compared with the Vrgf generated by the D-A converter. Corresponding bits of register J are set when the condition.
b input In 'Vref |>!VK(y)| is met. This port is utilized for receiving input signals from the touch panel or receiving analog inputs from
Kia port K temperature and other sensing devices. It can also be used as a value threshold digital signal input port when the Vref is
properly selected.
s The 1/O port S can be used as either an 8-bit output port or a pair of 4-bit input ports. Since it has open-drain circuits, it is suitable
)G /0 Infout for directly driving segments of a large fluorescent display tube. It has an 8-bit output latch and can perform to drive 8 bits
S7 port S simultaneously. When the output of port S is programmed to low-level. it remains in the floating (high-impedance) state so that
it can be used as an input port
0 The 1/O port D is composed of 11 bits that can be used as discrete 1/O units. Latches are provided on the output side to
50 110 injout maintain individual output signals. When port D output is programmed to low-level, to keep it in floating (high-impedance) state.
Dio port D i it can be used as a sense input port. The level of the input signal is sensed at the input terminal and is tested to determine if it
is high or low by executing a skip instruction
A(U ROM Out The address output is composed of 11 bits that output the contents of the program counter PC to the externai program memory
A1 address output (ROM)
IP ROM in The data input is composed of 9 bits that are used to fetch the instruction code for the CPU from the external program memory
s data input (ROM)
Clock As the clock generator is contained internally, clock frequency is determined by connecting an external CR circuit or an IF ceramic
XN . In resonator between the pins Xy and XoyT. In case an external clock source is to be used. it should be connected to the pin
npu "
P XIN. leaving the pin XQUT open
Xt Clock out This pin generates the clock frequency from the internal clock oscillation circuit. The oscillation frequency is controlled by
our output connecting the CR circuit or IF ceramic resonator between this pin and the pin Xy .
| This signal is used for requesting interrupts. Whether high or low-level interrupt signals are in used for requests is selected by
INT nterrupt n means of the program.When the instruction INTH is executed, interrupt is accepted with a high-level signal. and accepted with a
request low-level signal when the instruction INTL is executed. When an interrupt is requested and accepted, program execution is jumped
input 10 address O of page 12. The instruction RTl is used for the return instruction.
£ , A reference voltage input is applied to the D-A converter from the external terminal. Its nominal value is VREF = ~7V. The
;ﬂema value (n-0.5) VREF/256 is generated by the D-A converter, and is compared with the analog signals from the input port K; where
T
VRer © ejvence In n represents the contents of the register H-L. but when n = O, the output voltage is treated as OV. It can also be used as an,
voltage automatic reset signal input. When a high-level is applied to the VREF input. it actuates the automatic reset circuit, and then
input the VREF input is changed to low-level ready to start the program from address O of page O
Ta Timing output Out This pin generates a part of the basic timing pulse. This signal is used for testing other devices incorporated in the system
CNV DD CNVDD input In This input terminal should be conected with the Vpp and have a low-level input {(—15V) applied

MITSUBISHI
ELECTRIC 4-15



MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

BASIC TIMING CHART

Machine cycle M
g
Signal name Qnai SYmbgy State T T2 T3 Ta Ts Te
Clock input ‘ XN \ \ \ \ —\_
Clock output | Xout -\__-/_~ , [ \ / \ / '\_—/_
Timing output T \ /
Port D output Do~D1o
ort b outputs (Output) L
Port D inputs Do ~D1o
{Input)

So~$7
Port S outputs TOutout X
Port S inputs S(?n;u§7
Port K inputs Ko ~K14 XXXXYX
Interrupt request input INT X></
ROM address outputs Ao ~A1g X
ROM data inputs lo~1s | KKK X XXX

£

Note 1: mmdicates invalid signal input.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
VoD Supply voltage 0.3~—20 \Y
Vi Input voltage. port S and D nputs 0.3~—35 \%
Vi Input voltage. other than port S and D inputs - With respect to V gs 0.3~—-20 Vv
Vo Output voltage. port S and D outputs 0.3~—-35 \%
Vo Output voltage. other than port S and D outputs 0.3~-20 \%
Pyg Power dissipation Ta=25°C 1100 mw
Topr Operating temperature 0~70 °C
Tstg Storage temperature —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta =0 - 70°C. unless otherwise noted)

Symbol Parameter Limits Unit
. Min Nom Max
VoD | Supply voltage —13.5 | .—15 ~16.5 \%
Vss Supply voltage 0 | \%
77\/ H - ngh-levelr;;gﬁi:&.{;g; o —1.5 0 \"
VIH(g) : High-level clock input voltage —1.5 0 Vv
Viu Low-level input voltage. other than port D. port S and INT Voo —4.2 A\
ViL Low-level input voltage. INT input nputs Voo —7 \%
ViL Low-level input voltage: port D and S inputs —33 —4.2 \
ViL(g) Low-level clock input voltage Voo Vbbo+2 \Y
VI(K) Analog input voltage: port K input VREF 0 \"
_ViEf Reference voltage -5 —7 A\
Vol Low-level output voltage: port D and S outputs -33 0 \
Vou Low-level output voltage, ROM address output Vob [¢] \4
f(g) Internal clock oscillation frequency 300 600 kHz

Note 1: The standard V(@) is with respect to the maximum Vpo-

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58842S

MELPS 4 SYSTEM EVALUATION DEVICE

ELECTRICAL CHARACTERISTICS (Ta=0~70°C. Vpp=-—15V +10%. Vss=0V. f(¢$)=300~600kHz. urless otherwise noted)

Limits -
Symbol Parameter Test conditions Unit
Min Typ Max
ViH High-level input voitage, port D and S inputs —1.5 0 \
ViIH High-level input voltage, ROM data inputs —1.5 0 V
ViL Low-level input voltage. port D and.S inputs —33 —4.2 \
ViL Low-level input voltage. ROM data inputs VDD —4.2 \
V oH High-level output voltage. port D outputs Voo=—15V, loH=—15mA, Ta=25C| —2.5 \Y
Vou High-level output voltage. port S outputs Voo=—15V, loH= —8mA, Ta=25C —-2.5 Vv
Vor High-level output voltage. ROM address outputs Vobo=—15V, loH= —2mA, Ta=25C -2 \
I Input current, port K inputs To be measured when the instruction CPAS or 9 A
. ' CPA is not being executed, V)= —7V H
11 (p) Clock input current Vi(g)=—15V, Ta=25C —20 —40 uA
JoH High-level output current. port D outputs Vpb=--15V,VOH=—2.5V,Ta=25°C —15 mA
1oH High-level output current, port S outputs VpD= —15V, VOH= —2.5V, Ta =25°C —8 mA
loL Low-level output current. ports D and S outputs VoL = —33V, Ta=25°C | —33 ©A
loL Low-level output current. ROM address outputs VoL=—17V, Ta=25C ! —17 uA
Vop=Vi=Vo=Vss, f=1MHz
Ci Input capacitance, port K inputs 7 10 pF
25mVrms )
Vpp=XouT=Vss, f=1MHz
GCi(g) Clock input capacitance 7 10 pF
25mVrms |
A-D conversion linearity error Vrep= -7V i
A-D conversion zero error Vgeer= —7V Total +2 +3 LSB
A-D conversion full-scale error VReF=—7V
Note 2 : Current flowing into an IC is positive; out is negative.
3 The sum of high-level output current from port D must be 75mA (max).
( (0V)Vss Vss(0V)
7V v
(~15V)Vop |—y Voo( - 15V)
15V-= - 5V v
R
VOLTAGE ! —15V_+ 10V REGULATOR }—¢— 5V RESETSIONAY |
4
CVREFH OVREF voLTAGE o
CINTH : INTERRUPT T
INTERRUPT |~ W 1 CINTH  REQUEST SIGNAL | S
REQUEST =
SIGNAL VREF INT CCsH  MEMORY é
CARD EDGE 1 Ao OUTPUT BUFFER CONTROL SIGNAL | &5
TOR 2
CONNECTO EMULATOR €S CONTROL A "7[%AB10 ADDRESS BUS | &
M58842S w
T
F;l(?“gllTS CPS\?H s Ag ‘A Ag- Ap CABSL ;
~ 0
oUTeUT cpson|™ s "so f10 §1o 10 jic OUTPUT BUFFER] 10 | cagoL APDRESS BUS s
PI%F};L'ID CF’D\HJH‘ o Ag - ACUS Ag—Aéj Ag~Ag AB“ACUJS «
; Do ~ Do S CcSs o
OUTPU CEDPH " eproM | [EPROM | eproM | [EPROM 5
PORT K ¢ K\ aH ’ Kis - Ko MS5L 2708S{ [M5L 27085} |M5L 27085] |MSL 2708S] =
INPUT cPK o H | 15 3
! D7~D D D7~D D COB8H ©
CPK7H . : d ! - d 5 DATA BUS INPUT
PORT K CPK 8 %g I ta l INPUT BUFFER| 9 | cosoH
INPUT cpion Y
TOUCH-PANEL cPD2H | 3 } 9 9 -
(Pcaoa021 ¢ SR CPOoH I5~1lo i L' 1o COBEL 1y \1A BUS
CONNECTOR ' Xout Xin 9 OUTPUT BUFFER} s | cDBOL ouTPUT
(- 15V) Voo [
(0~ - 12[]V>\/AA: w i
(0~ —120V)Vaa 7?;7
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

DESCRIPTION
The M58843-XXXP and M58844-XXXSP are single-chip
4-bit microcomputers fabricated using p-channel aluminum

PIN CONFIGURATIONS (TOP VIEW)

./
gate ED-MOS technology. They include an on-chip 8-bit RESET INpUT RESET —» [1] 28] +» D2 et
. . . INPUT/O
A-D converter. The M58843-XXXP is housed in a 28-pin RN 7 Veer = (2] 27] +» 0y PORT D
plastic moulded DIL package while the M58844-XXXSP is os * [3] 26| 4% Dy
housed in a 40-pin shrink plastic molded DIL package. o, ¢ [1] 5] > S
INP
OUTtIJ?TL{T s« [5] z 2] *> Se
PORT D
FEATURES 06 o> [5] 3 53] <> Ss
® Basic machine instructions . ................... 67 2
° S. . . . . NTERRUPT o ] % 2] ** Se | INpUT/OUTPUT
Basic |nstruct|on- executu-on tlm.e ot E x T «» s, [PORTS
{for single-word instructions using INPUT X
Kg —» E x 20] > S
a 600kHz clock frequency ) «v.vvvv i, 10us Ry
. ] ANAlLOTi/L ki, — [0 9]+ s
® Memory capacity ROM ........ 1024 words x 9 bits Dl o
. Kz =—» {11 18| #» S¢
RAM .......... 64 words x 4 bits PORTK | 72
. 12 X CLOCK INPUT
® Single —15V power supply ks~ [17] [17] +=
® Built-in 8-bit A-D converter (ovienvss = [ 18] —xour cLock ouTeuT
® Two built-in data pointers (ovives  [14) [15]  veo(—15v)
® Subroutinenesting ............. . .0, 3 levels
® Analog/digital inputs {port K) Outline 28P4
MB8843-XXXP ... 4 lines
M58844-XXXSP . ... .. 11 lines
® Input/output (ports D and S ANALOG/ DIGITAL
o ’ e | (5 I T e R
MBE8843-XXXP ... ... ., 16 lines INPUT PORTK § (. - e o
ME8844-XXXSP ... . 19 lines RESETINPUT  RESET— [3 ] 58] > O, } LN(E’:%O”TPUT
i ivi be di REFERENCE b
Capable of dr|v!ng large fluorescent tube displays e Ut Ve ™ o B o
® Interruptfunction ................ 1 factor, 1 level . 3 4[5 36| +> 5,
® Built-in port S output decoder PLA {mask option) Ds > 6 [35]** 56 | puT/OUTPUT
o ) NPUT/ | 0 en (3 o> s, [ PORTS
® Built-in pull-down transistors (ports D, K, and S, mask OUTPUT 5 s
. PORTD | D5 4+ [F] (33« sa
option) = E e o
D; > |9 o
® Built-in clock generator circuit INTERRUPT 4
9 REQUEST T — [ig] E [31] «» D5 'Q‘SSI/SUTP”T
NPUT ks = 1] = 30] «» Dg
APPLICATIONS Kio — [ >>§ 5]+ 55
® Electronic ranges, air conditioners, heaters, washing ANALOG/ Ke —» [T " &+ S2 | | our/outeut
machines, rice cookers D:SESIT— Ko [7] LY 77| +» 1 ( PORTS
® QOffice equipment, copying machines PORTK | K1 —» [15] N
Kz — [ig] [l 4 xin CLOCK INPUT
Ks — 1] [24] =» XouT CLOCK QUTPUT
(ov)cnvess — 18] (23] Vop(—15 V)
(@v)CNvss — [1) 2+ Ve [oiTace weur
(0V)Vss 20 21 +— K7 ANALOG/DIGITAL
INPUT PORT K
Outline 40P4B
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BLOCK DIAGRAMS
M58843-XXXP INTERRUPT

CLOCK CLOCK

RESET INPUT  INPUT (0V) (—15V) (ov) INPUT OUTPUT
RESET INT  CNVss Vop Vss Xin Xout
RERSS R AN ' — |
ook RAM STACK REGISTER SK2 (10) ROM
| () GEglI E%TPR 63( ‘2‘@?25 STACK REGISTER SK1{10] 1024 WORDS
A STACK REGISTER SK0 (10 X 9BITS
’ Tt ADDRESS DATA o ADDRESS DATA
1™ V6
DATA } 0 9 .
. CARRY SELECTOR ~ POINTER DP PROGRAM COUNTER PCy
I_—__JREGISTER o cv(1) :}_CPS x| vea [ PON(3) l PcLULI Cga‘gﬁ%
cY(1) W x(2) | via)
DATA POINTER DP’ X
4
' 4 3 7 CONTROL
2 T SIGNALS

PORT S (4)

3

| REGISTER C(3)

8 )
L treosernafreosiea] [ MuLTIPLEXER
8

[ D-A CONVERTER

PORT D (8)

Vraf
S756 S5 S4 S3 Sz 1 So VReF D; Ds Ds Da D3 Dz Dy Do
PN aye—— REFERENCE
INPUT/OUTPUT PORT S ANALOG/DIGITAL INPUT PORT K VOLTAGE INPUT  INPUT/OUTPUT PORT D
p
M58844-XXXSP ‘RNETgleEgTT CLOCK  CLOCK
(ov) INPUT (0v) (-1v) (ovy INPUT  OUTPUT
CNVss INT CNVss Voo Vss XN Xout
RAM STACK REGISTER SK2 (10) ROM
SERAT 64 WORDS STACK REGISTER SK1 E\O: 102)? gVé)E%S
P_. CUIT X 4 BITS ‘
RESET G CIRCUTT STACK REGISTER SKO (10}
REGISTER B (4) ADDRESS  DATA ADDRESS  DATA
¢ Ti~Ts }10
DATA }6 PROGRAM 10 9
CARRY SELECTOR  POINTERDP. | COUNTER PC .
cY(n) x(2) | v(o Cn(3) LCONTHOL
oy REGISTER A (4;’ a es : l Pou(s | PeL(D | CIRCUIT
CARRY _ cy(1) x(2)| v(a)
. N DATA POINTER DP’
4 .
o be : . s [ CONTROL
SIGNAL
4 4 3
, K
REGISTER E {4)§ REGISTER E (4) REGISTER C (3) 4 n
. 4 MULTIPLEXER
REGISTER L4} [ MuLTIPLEXER ]
H 11 8 . H
PORT S (4)| PORT S (4) [ REGISTER J (11) ] [ o-aconverter |
PORT D (11)
L @BEHID DO - 0 3 @'@lolelolelel@x D

S7 S Ss Sa S3 S251 S Kio Ka Ka

Kz

D11 Dg Dg D7 Dg Dg D4y D3 D2 | Do Vp
e e PULL-DOWN'

Ke Ks Ka Ka Kz Ky VREF

INPUT/OUTPUT PORT S

ANALOG/DIGITAL INPUT PORT K

REFERENCE

VOLTAGE INPUT INPUT/OUTPUT PGRT D }:\‘OPLJ_?GE
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER

PERFORMANCE SPECIFICATIONS

Performance

Parameter

Basic machine instructions

M58843- XXXP
67

M58844-XXXSP
67

Instruction execution time(1-word instruction)|

10us (with a clock frequency of 600kHz)

10us (with a clock frequency of 600kHz)

A-D conversion circuit

Built-in taccuracy £ 2LSB, typ)

Clock frequency 300 ~600kHz 300 ~600kHz
Memory capacity ROM 1024 :words x 9 bits 1024 words x 9 pits
RAM 64 words x 4 64 words x 4

K Input

s Output tsx 1 8 bits x 1
1/0 port Input 4 bits x 2 4 bitsx 2

D Qutput

Sense input

Built-in (accuracy * 2LSB, typ)

RESET input

1 pin

1 pin

Subroutine nesting

3 levels (including.one level of interrupt)

3 levels (including one level of interrupt

Clock generator

Built-in({externally connected RC circuit or ceramic resonator) [Built-in (externally connected RC circuit or ceramic resonator)

1/0 ch - 1/O withstanding voltage -33V (max) -33V (max)
of pi:gacter istics Port S output current -8mA {max) -8mA (max)
Port D output current -15mA (max) -15mA {max)
-15V (typ} -15V
Supply voltage wa 5 \(/vp JO J'W"
sSs

Device structure

Package

Power dissipation {excluding ports}

p-channel aluminum gate ED-MOS

P-channel aluminum gate ED-MOS

400mW (typ)

400mW (typ]

PIN DESCRIPTIONS

T
Pin Name {Input or output Function
i +
\\;DD I Power supplies | In Vpp and Vgg are applied as ~15V +10% and OV respectively
SSs
Ko~ K3
(M58843 . . . .
SXXXP) Analog/digital n The input port K consists of 4 (11 for the M58844-X X XP) independent analog input pins.
Ko~ Ko input port K They can be programmed to receive digital quantities as well.
(M58844
-XXXSP)
The 1/0 port S can be used as either an 8-bit output port or a pair of 4-bit input ports.
So— 57 Input/output port S Infout ‘ ince it has open drain qrcuns, it is suitable for durecﬂ‘v driving segments ofva large fluorescent display tube,
| When the output port S is programmed to a low level, it remains in the floating state (high-impedance) so
that it can be used as an input port.
Do~D; |
ort COoNsists O its for the - an its for the - \ . a its operating individually
()LW;;(SS‘;:" J R Port D i f8’b' for the M58843-XXXP and 11 bits for the M58844-XXXSP, all bi individuall
Input/output port D Infout for input and output functions. When a port D output is programmed to low, the output floats (goes to high,
Do~ Dy ‘ impedance state) and the input signal can be sensed.
(M58844
-XXXSP)
A clock generator is built into the device so that the clock frequency is determined by connecting an external RC
XiN Clock input In circuit or ceramic resonator between pins Xy and XouT. When an external clock source is used, it should be
connected to the Xy pin, leaving the XoyT pin open.
This pin is the output of the built-in clock generator circuit. The oscillation frequency is controlled by
Xout Clock output Out B . )
connecting an RC circuit or ceramic resonator element between this pin and the Xy pin.
INT Interrupt request input In This pin is used to input the interrupt request signal. The level of the interrupt signal can be programmed as either high or low.
VReF Reference voltage input n This is the input for the reference voltage applied to the D-A converter.
CNVss CNVgg input In This input is connected to Vgg and must have a high-level input applied to it (OV).
RESET Reset input In When this input is kept high for at least two machine cycles, the reset state is enabled.
Ve Pull-down ;
(M53844 | ¥ In This pin is used to supply the pull-down voltage for port D outputs and port S outputs.
XXXSP oniy) voltage input

4 20
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 1024-word x 9-bit mask programmable ROM can be
programmed with machine instruction codes in accordance
with the customer’s specifications. It consists of 8 pages,
each containing an address range of 0 ~ 127. Fig. 1 shows
the address map of this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter (PC) is an10-bit binary counter, the upper
order 3 bits of which (PCy) indicate the ROM page, and
the lower order 7 bits of which (PC, ) are a pure binary
address designation, Each time an instruction is executed,
PC, is incremented by one step. For branching, and
subroutine call instructions, its value is set to the designated
address.

When the 127th address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 14 and page 15 are special pages used for
subroutine calls. The page 14 subroutine can be called with
a one word instruction from any arbitrary page. This
instruction is either BM or BMA. When either BM or BMA
is executed, subsequent BM or BMA instructions are
equivalent to B and BA on page 14. Also, B or BA is
equivalent to B or BA on page 15. This condition is
cancelled when the RT, RTS, BL, BML, BLA or BMLA
instruction is executed. Note 3 under the instruction codes
shows corresponding states.

Stack Registers (SKg, SK4, SK5)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt pregrams
until the program returns to its original routine. The SK
registers are organized in three words of 10 bits each,
enabling up to three levels of subroutine nesting. If one
word is used for an interrupt routine, the remaining two
levels can be used for subroutine calls.

Data Memory (RAM)
This 256-bit (64 words x 4 bits) RAM is used to store both
processing and control data. One RAM word consists of 4
bits with bit manipulation possible over the entire storage
area. The 64 words are arranged as 4 files x 16 digits x 4
bits. Fig. 2 shows the RAM address map.

The RAM address specification is made by the combina-
tion of data pointer DP register X, and register Y. Thus, the
selector CPS and data pointer DP must be set. However, as

long as the address is not changed this is not necessary.

Data Pointers (DP, DP’)

These registers are used to designate RAM address, and bit
position for the 1/0 port D and register J. Each data pointer
is composed of a 6-bit register group. Register X (the
upper order 2 bits of DP) designates a RAM file; and regis-
ter Y ( the lower order 4 bits of DP ) designates the digit
position of the RAM file. At the same time, register Y
designates bit positions of the I/0 port D and register J.

4-bit Arithmetic Logic Unit (ALU)

This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry. The
arithmetic logic unit performs addition, logical comparisons,
arithmetic comparisons, and bit manipulation.

Register A and Carry flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion and data input/output are executed by
means of this register. Carry or borrow from register is
stored in the carry flag’s CY and CY' after execution of
arithmetic or logical operations. The carry flags CY and CY’
can also be used as 1-bit flags. Carry flags and data pointer
DP selection is done by means of the selector CPS.

Registers B and E

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A, Register E is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary storage register for /O
port S.

e Sanation 8 9 pp—— 5
PCh o N B Z

PC.

Bitdesio- 18(7/6|5/4|3|2(1]|0{8}7|6{5[4|3(2[1]0|8|7]| [2|1]|0[8|7[6[5|4/3}2|1 |0
0

s 1 7

3 : : : : :

< TP T T Jr‘-
e [ TP

Note : The M5B8843-XXXP and M58844-XXXSP programs are developed using

a support system having a 2048 word x 9-bit ROM memory. When
using such a system pages 8 through 15 of the 2048 words (pages O
through 15) are used so that the program counter PCpy= 0~ 7 is defined
as pages 8 through 15.

Fig. 1 ROM Address map
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MITSUBISHI MICROCOMPUTERS

M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

File desig- | Register X 0 ' 2 3
File name Fo Fy F2 Fy
Bit designation 3f2jrjoj3j2fr]jo)3l2fr]o0}3f2]1]0
0
1
Digit 2
desig nation L
{register Y) H H
] N I N I I O A
15 [ I 11 | [ 1

Fig. 2 RAM Address map

A/D Conversion Circuit

The following A/D conversion functions are controlled by
software as described below. Fig. 3 shows the block
diagram.

(1) Comparators
These comparators are implemented entirely with
PMOS devices and use a chopper-type amplification
method. They are capable of determining the larger of
the D-A converter output Vref and the port K input
signals Vi (y) (where(Y) =0~ 10).
Register J
Register J is composed of 11 1-bit registers, each
representing the comparison result from the compara-
tors. All register bits are set simultaneously. The value
of the register J with respect to the comparison results
is as follows,

1 when |Vrefl > Vi v)|

0 when |Vref| < |Vk (y)]
In this relationship (Y) represents the bit position in
register J which is designated by register Y. The
comparison results can be checked for each bit using
the SZJ instruction.
(3) Registers H — L

These two 4-bit registers are capable of transferring and

exchanging data to and from register A. )

The 8-bit digital data for the D-A converter is
transferred from these registers, the higher order 4 bits
from H and lower order 4 bits from L.

(4) Register C
This 3-bit register is used as a counter to designate bit
positions in the H and L registers.

(5) D-A Converter
The D-A converter converts the digital values stored in
the registers H and L, referencing with the external
reference voltage Vrer applied at the pin Vggg, to
the analog value of the internal reference voltage Vref.

The theoretical value of the internal reference
voltage Vref is defined as follows.

(2

-~

n-0.5 '
Vref =WxVREF ,where,n=1,2, ......... 255

Vref = 0 ,where,n=0

In the above relationships n is the value weighted
according to the contents of registers H and L.

A-D Conversion Algorithms

A-D conversion is controlled by the programming of the
previously described functional blocks. Thus, by modifying
the program, either the successive approximation method
or the sequential comparison method may be selected. In
addition, a digital input of high or low level may be used to
select the method, eliminating software selection of the
A-D conversion technique.

(1) Successive Approximation

In this method, the conversion speed is maintained
constant regardless of the amplitude of the analog
signal. The A-D conversion process requires 0.6ms (at
600KHz clock frequency). 12 programs words are
required.

Sequential Comparison

In this method the conversion speed varies in accord-
ance with the rate of change of the analog quantity.
When the rate of change is slow, the conversion rate
increases, 30 program words are required.

(2

—

REGISTER A
7 BIT INSTRUCTION
MULTIPLEXER a 4 DESIG-  LC7
NATION 13

H(4) L(a)

D-A CONVERTER 3
VRer

EXTERNAL REFERENCE

VOLTAGE INPUT

Fig. 3 A-D Conversion circuit block diagram

REGISTER C

6 o o
Kio Ke K1 Kp

ANALOG INPUTS
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Interrupt
The flag INTE is a 1-bit flip-flop used to control interrupt
operation. When an interrupt request signal is applied to the
pin INT while the interrupt is enabled, the INTE flag is
reset to disable further interrupts, after which the program
jumps from the main program to address O of page 12.
When an interrupt program is used, one level of the
three-level stack register is required, the remaining two
levels being used for subroutines. After the interrupt
program is started, the data pointer DP, register A, carry
flag CY, and registers used by the interrupt program are
saved. It is necessary to restore these before returning to
the main program by using the instructionRTI.
When an interrupt occurs, the microcomputer internal
states are as follows.
(1) Program Counter
The current address in the main program is stored in a
stack register and the program counter is set to page
12, address 0.
(2) Interrupt Flag INTE
The flag INTE is reset to disable further interrupts.
This disable state will continue even after the program
has returned from the interrupt routine to the main
program by the execution of the RTI instruction. El is
executed and when the input level of the INT input
changes, this state is disabled. Thus, when the INTH
instruction is executed the interrupt state is enabled
when the INT input goes high. As long as it remains in
the high state, further interrupts are prohibited. If the
INT input should change to a low level and return to
high, the next interrupt will be accepted.
(3} Skip Flags
Skip flags are provided to discriminate skip instructions
and consecutively described skip instructions. Each flag
has its own stack within which the skip state is saved.
As a mask option, the interrupt pins may be
provided with Schmitt input circuits.

Input/Output Pins

(1) Input port K

The input port K consists of 4 bits for the
M58843-XXXP and 11 bits for the M58844-XXXSP,
The voltage level input at these pins is compared with
the D-A converter voltage output Vref by a comparator
and the results stored in register J. As a mask option, it
is possible to build load resistors into the input port K.
These are implemented using depletion-type MOS
transistors. In addition, to enable the use of capacitive
touch-type keys, it is possible to provide these inputs
with the required discharge transistors.

Input/Outiput Port S

The input/output port S consists of 8 bits, each bit

(2

with an output latch. These latches are used to store
data transferred by means of a PLA from register A, or
data transferred from register A and register B directly,
or data transferred from register E directly. 4 bits ata
time of the 8 input bits of port S may be transferred to
register A,

Because port S outputs are provided with a built-in
PLA, it is possible to output any arbitrarily settable
8-bit code from an input specified by register A. These
PLA output codes can be specified arbitrarily as a mask
option.

In addition, as a mask option, it is possible to
build-in load resistors at the input/output port S. The
load resistors are implemented with depletion-type
MOS transistors.

Input/Output Port D

The input/output port D consists of 8 bits for the
M58843-XXXP and 11 bits for the M58844-XXXSP.
Each bit can be individually designated as either input
or output and is provided with its own latch. The
contents of the data pointer register Y can be used to
designate a single bit of port D for output or sensing.

In addition, as a mask option load resistors may be
built-in at the input/output port D. These resistors are
implemented by means of depletion-type MOS transis-
tors.

When port S or port D is used as an input port, the
output should first be cleared to the low state.

3

~

Reset Function
When the RESET input is kept high for at least two
machine cycles, the reset state is enabled. As shown in Fig.
4, it is possible to implement a power-on reset circuit using
an externally connected capacitor, resistor and diode. For
this configuration, when the supply voltage falls below
—13.5V, the circuit design should insure that the RESET
input is above —4V.

When the reset state is enabled, the following operations
are performed,
(1) The program counter is set to page 8, address 0

(PC} < 0O

Note 1: The M58843-XXXP and M58844-XXXSP programs are developed using
a support system having a 2048 word x 9-bit ROM memory. When
using such a system pages 8 through 15 of the 2048 words (pages 0
through 15) are used so that the program counter PCiy= 0~ 7 is defined
as pages 8 through 15.

(2) The interrupt mode is in the interrupt disabled state
(INTE) < 0
This is the same state as when the instruction DI is exe-
cuted.
(3) By setting the interrupt request signal INT to high, the
interrupt enabled state is entered. This is the same state
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as when the instruction INTH is executed.

(4) All outputs of port S are cleared to low (S) <« 0
(5) All outputs of port D are cleared to low (D) <« 0
{6) The carry and data pointer selector CPS is cleared to

low to designate DP and CY (CPS) <« 0

 POWER APPLIED

M58844-XXXSP ov
RESET
3

Fig. 4 Power-on reset

Clock Generator Circuit

A clock generator circuit has been built-in, to allow control
of the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the X,y pin, leaving the Xgyt pin
open. Circuit examples are shown in Fig. 5 to Fig. 7.

Note 2: Since when using an RC circuit
the frequency will vary in
M58844-XXXSP accordance with the device
characteristics, the constants
should be chosen so that the
frequency falls within a specified
limit even including the
effect of these variations.

Fig. 5 External RC circuit

M58844-XXXSP) Note 3: The circuit constants will depend
X Xour on the frequency and type of
loa ceramic resonator used.
>

25

IS
i

Z7

Fig. 6 Externally connected ceramic resonator

M58844- XXX SP)|
Xin Xour
25 24

0 V.
EXTERNAL OCILLATOR CIRcur —15v L L LT
Fig. 7 External clock input circuit

MASK OPTIONS
The following mask options are available, specifiable at the
time of initial ordering.

(1)
(2)
(3)
4)
(5)
(6)

S output PLA data

Interrupt input Schmitt circuit

Port Kinput pull-down resistors

Port K input discharge transistors

Port S input/output pull-down resistors
Port D input/output pull-down resistors

DOCUMENTATION REQUIRED UPON
ORDERING

The following information should be provided when order-
ing a custom mask.

(1)
(2
(3
(4)
(5)
(6)

(7

(8)

M58843-XXXP, M58844-XXXSP mask confirmation
sheet
ROM data 3 EPROM sets
S output PLA coding On confirmation sheets
Interrupt input Schmitt circuits

On confirmation sheets
Port K input pull-down resistors

On confirmation sheets
Port K input discharge transistors

On confirmation sheets
Port S input/output pull-down resistors

On confirmation sheets
Port D input/output pull-down resistors

On confirmation sheets
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LIST OF INSTRUCTION CODES

Dg~Da i 1.0000|1 1000
0 0000|C 0001(0 0010)|0 0011|0 0100|0 0101|{0 0110|0 0111|0 1000|0 1001|0 1010|0 10110 1100(0 11010 1110{0 1111 §
Hexa- 101111 111
D, \decimal
3
nota-
Dtior\ 00 01 02 03 04 05 06 07 08 09 0 A 0B 0oC 0D 0E 0F |10~17[18~1F
o
SZB| SEY | LCPS XAM BL A LA LXY LXY LXY LXY
0000 | 0 | NOP CLS CPAE — — BM B
0 0 0 0 BML 0 0 0,0 1,0 2,0 3,0
ZN SZB| SEY |LCPS XAM BL A LA LXY LXY LXY LXY
ooo1 | 1| BYA |cLDS CPAS — — BM B
BMLA 1 1 1 1 BML 1 1 0,1 1,1 2,1 3,1
S$ZB| SEY XAM BL A LA LXY LXY LXY LXY
0010 | 2 INY — SHL RHL - — BM B
2 2 2 8ML 2 2 0,2 1,2 2,2 3,2
SZB!| SEY XAM BL A LA LXY LXY LXY LXY
cot1 | 3| DEY CLD — — — — BM B
3 3 3 BML 3 3 0,3 1,3 2,3 3,3
SEY IAS TAM BL A LA LXY LXY LXY LXY
0100 | 4 Di RD — RT — — BM B
4 0 0 BML 4 4 0,4 a4 | 2,4 |34
SEY IAS TAM BL A LA LXY LXY LXY LXY
0101 | 5 El SD — RTS — - BM B
5 1 1 BML 5 5 0,5 15 2,5 3,5
SEY TAM BL A LA LXY LXY LXY LXY
0110 | 6 } INTH | TEPA | SEAM RTH — — — BM B
6 2 BML 6 6 0,6 1,6 2,6 3,6
SEY TAM BL A LA LXy LXyYy LXY LXY
0111 | 7 1 INTL | OSPA — — LC7 — — BM B8
7 3 BML 7 7 0,7 1,7 2,7 3,7
SEY XAMD BL A LA LXY LXY LXY LXY
1000 | 8 | CPA XAL — RC XAH - - BM B
. 8 0 BML 8 8 0,8 1,8 2,8 3,8
SEY XAMD BL A LA LXY LXY LXY LXY
1001 | 9 | DEC TLA | SZJ SC THA — - BM B
9 1 BML 9 9 0,9 1,9 2,9 3,9
SEY XAMD| BL A LA LXY LXY LXY LXY
1010 | A AM TEAB - - — - - BM B
10 2 BML 10 10 0, 10 1,10 | 2,10 | 3,10
SEY XAMD| BL A LA LXY | LXY LXY LXY
1017 | B | OSE |0SAB| SZD - — — — BM B
1" 3 BML 1 1 0, 11 1,1 2,11 3,11
SEY s8 RB XAMI 8L A LA LXY LXY LXy LXY
1100 (C | TYA | TBA — — — BM B
12 0 0 0 BML 12 12 0,12 1,12 2,12 3,12
SEY SB RB XAMI BL A LA LXY LXY LXY | LXY
1101 | D | TAJ TAY — — - BM B
13 1 1 1 BML 13 13 0,13 1,13 2,13 3,13
SEY sB RB XAMI BL A LA LXY LXY LXY | LXY
1110 | E | AMC TAB — - - BM B
14 2 2 2 BML 14 14 0,14 1,14 2,14 3,14
SEY sB RB XAMI BL A LA LXY LXY LXY LXY
1111 | F |AMCS — SZC CMA —_ BM B
15 3 3 3 BML 15 15 0,15 1,15 2,15 3,15
Note 1: This list shows the machine codes and corresponding machine instructions. D3~ Dg
indicate the low-order 4 bits of the machine code and Dg~ D, indicate the high-
order 5 bits, Hexadecimal numbers are also shown that represent the codes. Note 3: Page refationships for branching by means of branching
An instruction may consist of one, two, or three words, but only the first word is instructions and subroutine calling instructions.
listed. Code combination indicated with a bar (-} must not be used.
Page (total of 8)
Note 2: Two-word instruction Addresus 8
Second word 21
BL 1 IXxxX yyyy 3
BML 1 0xxx yyyy
BA 1 dxxx XXXX .
BMA 1 Oxxx XXXX :
Three-word instruction f
Second word Third word 125
| BLA 0 0111 pppp 1 Ixxx XXXX 158
{ BMLA | 00111 pppp 1 Oxxx XXXX 127 L]
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MACHINE INSTRUCTIONS

-
1" } Instruction code g % Pes
ype of i L "
instruc: mﬁ}c T ‘§ 3. Functions co:;'gons (é. Description of operation
ion Dy DyDDsDs D3D:DDs (oo 1 S | S [
5 TAB 0000t 1110 0 1E| 1| 1] (A)—(B) - X | Transfers contents of register B to register A,
§ TBA 00001 11000 1C| 1| 1] (B)—(A) - X | Transfers contents of register A to register B.
e TAY 00001 11010 1D| 1| 1| (A)—(Y) - X | Transfers contents of register Y to register A.
? w | TYA 0 0000 11000 OC/| 1| 1| (Y)—(A) - X | Transfers contents of register A to register Y.
5 5 | TEAB 0000t 1010 (0 1A | 1| 1|(E~E)—(B), (Es~Eo)—(A) - X | Transfers contents of registers A and B to register E.
§§ TEPA 0 000t 0110 |0 18 1| 1 [ (E/~Eo)— through PLA—(A) - X | Docodes contents of register A in the PLA and trasfers result to
ckE register €.
LXY xy [0 11 xx yyyy [0 Cy | 1| 1[(xX)ex, where x=0-3 Written X | Loads value of "’x"" into register X and of “’y" into Y. When LXY

ﬁ + (Y)—y, where, y=0~15 successively is written successively, the first is executed and successive ones

g X are skipped

3 |INY 00000 0010 (0 02| 1 1 (Y)—(Y)+1 (y)=o0 X | Increments contents of register Y by 1. Skips next instruction

s when new contents of register Y are 0"

E DEY 000000011 (0 03] 1] 1|(Y)—(Y)—1 (Y)=15 X | Decrements contents of register Y by 1. Skips next instruction

o< when new contents of register Y are 15"

LCPSi |0 0100 0001} |0 4i | 1| 1|(CPS)—i, where, =0, 1 - X | DPand CY areactive when i=0, DP’ and CY’ when i=1,
o 4 - Transfer the RAM contents addressed by the active DP to
AM | 00110014 BT e E:;:Ey)(s”:)) where, j=0~2 X register A. Register X is then "exclusivg OR-.ed" with the value |

5 ! in the instruction, and the result stored in register X.

‘@ | XAM ] 0011000 |0 6| 1| 1/[ca)-(mDP) - x | Exchanges the contents of the RAM DP and register A. Contents

E (X)e=(X) ¥j, where, j=0~3 of X are then “exclusive OR-ed” with the valuej and the result

E stored in register X. AcC :

% |XAMD j [0 0110 10} 0 88/ 3| 1| (A)(M(DP)), (Y)—(Y)=—1 (Y)=15 X | Exchanges the contents of the RAM and register ontents o

3 ja X val in the instruction,

g T =)V, where, j=0~3 ;(ngrtehéh;pwﬁﬁgjr:‘éelr??eggt :’;(‘h'lsrr:: cgr:llgrlns of reaister Y are

g ge;:r?;‘m):nted by 1, and when the result is 15, the next instruction

S [XAMI] 100110 11]}10 6C| 1| 1| (A)(MOP)), (Y)—(Y)+1 (Y)=0 X | Exchanges the contents of Jhe RAM and register A Contents of

-3 (X)—(X) ¥}, where, i=0~3 are then “'exclusive OR-ed™ with the value j in the instruction

'3 ’ and result stored in remster )( The contents of register Y are

when the incremented by 1, and when the result is O. the next
instruction is skipped.
LA n 0 1011 nnnn |0 Bn| 1 1 (A)—n, where, n=0~15 Written x | Loads the value n into register A. When LA is written consecu-
successively tively the first is executed, and successive ones are skipped.
AM 0 0000 10100 OA| 1| 1| (A)—(A)+(M(DP)) - x | Adds the contents of the RAM to register A. The result is re-
tained in register A, and the contents of flag CY are unaffected.

§ AMC 0 0000 1110|0 OE| 1| 1| (A)~(A)+(M(DP))+(CY) - 0/1| Adds the RAM contents addressed by the active DP and contents

' (CY)+ carry of flag CY to register A. The result is stored in register A, and the

i carry in the active flag CY.

o | AMCS 0 0000 11110 OF| 1| 1| (A)—(A)+(M(DP))+(CY) (cy)=1 0/1| Adds the contents of the RAM and flag CY to register A. The

£ (CY )« carry A carry is not resuit is stored in register A and the carry in the CY, but the next

g produced and instruction is skipped when a carry is produced.

£ |An 01010 nnnn |0 An| 1| 1 (A)—(A)+n, where, n=0~15 =0 | x | Adds value n in the instruction to register A. The contents of

2 n+6 flag CY are unaffected and their next instruction is skipped if a

carry is not produced, except when n=6,
sC 00100 1001 |0 49| 1| 1]|(CY)e=1 - 1 | Setsactive flag CY.
RC 0 0t00 10000 48| 1 1| (CY)—0 - 0 | Resets active flag CY.
$zC 00010 111110 2Fj 11|~ (cY)=o0 X | Skips next instruction when contents of the active flagCY are O.
CMA 0 1000 11110 8F | 1| 1] (A)—(A) - X | Stores complement of register A in register A,

. s8]} 00100 11 |0 4C| 1| 1 {(M(DP))—1, where, j(=0~3 - x | Sets the jth bit of the RAM addressed by the active DP (the bit

5 T designated by the value j in the instruction)

= |RB] 00101 11§ |0 85C| 1| 1]|(M{(DP))<0, where, [=0~3 - x | Resets the jth bit of the RAM addressed by the active DP (the

i T bit designated by the value j in the instruction).

o |SZB ] 00010 00j [0 2j 1] (Mj(DP)) X | Skips next instruction when the contents of the jth bit of the

5 = RAM addressed by the active DP (the bit which is designated by

where,j=0~3 the value j in the instruction} are O.

o | SEAM 00010 01100 26 (1|1 (M(DP))= x | Skips next instruction when contents of register A are equal to

ﬁ (A) the RAM contents addressed by the active DP.

£ |SEVy 00011 yyyy |0 3y |11 (Y)=ywhere,| X | Skips next instruvtion.when the contents of register Y are equal

8 y=0~15 1o the value y in the instruction.

TLA 0 o0 1001 (0 197 1| 1 |(L)(A) - X | Transfers contents of register A to register L.
THA 00101 10010 59| 1| 1 |(H)—(A) - X | Transfers-contents-of register A to register H- -~
TAY 0 0000 1101 |0 0D 1| 1 |(Y,Yo)=0when, : (A)—(JaJ2dido) - X | Transfers designated contents of register J to register A,
(Y:Yo)=1when, : (A)—(Js JeJs Ju )
(Y1Yo)=2 when, : (A)+(0JwJsJs)
(Y:Yo)=3 when, : (A)=(0000) N .
XAL 0 0001 1000 |0 18| 1| 1 |(A)(L) - x | Exchanges contents of register A with contents of register L.
XAH 00101 1000 |0 58/ 1| 1| (A)=(H) - x | Exchanges contents of register A with contents of register H,
Lcz 00101 01110 87| 1|1 ](c)—? x | Loads 7 to register C.
DEC 0 0000 10010 09| 1] 1] (C)—(C)—1 (C)=1 x | Decrements contents of register C by 1, when result is 7, skips
next.

2 [SHL 0 0100 0010[0 42| 1| 1 ]|(C,)=1When, : (Hig—co Y1 - x | Sets the bit in regls(er L or H demgnaled by reglster C. The box

2 (C2)=0 when, : (Li—co D1 instruction shows 5

® . between register C and bit position,| mﬂ!

§- RHL 00101 001010 52| 1| 1 |(C)=1when,: (Hcico )0 - X | Resets the bit in register L or H that is designated by register C.

% CPA 00000 1000(0 08| 1] 1 (\(\:lerTIZWSS')I‘stl;;:-c'o()jg—))t1 x Reads all analog values from inp{xt port K for cDmpar?son Mth

g @] 1Vrefl<IVi )l when, © (Ji)—0 D-l.\ converter output }/m anq either sets the respective bit of

13 =0~ 10 ‘ register J to the next instruction cycle wherever Vet < V(1)

S is true, or resets it wherever Vgt < V(1) is true.

I |cpas 00101 0001 |0 51| 1| 1 Vrefl>IVegi,Iwhen, : (Jjye—1 - X Hegds and stores temporarily all analog values from jnput port K,
IVret!<IVkd )l when, : (Ji)+—0 which are then unaffected by changes in port K inputs. These
i=0~10 values are compared with the D-A converter output Ve,

calculated from conients of registers H and L and respective bits
of register J are set/reset. Repeated when contents of registers
H-L are changed.
CPAE 0 0101 0000|0 50| 1 | 1 [ Execution of the instruction CPAS is X | Terminates execution of instruction CPAS. Contents of register
?V"Ej- an)d no more changes will made J remain unaffected, g the value i y before
n eyl termination, and input port K is again ready to receive |npu|s
sz 00010 100110 29|11 (o D=0 X | Skips next instruction when the bit in register J, designated by
register Y, is O.
MITSUBISHI
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4.8
T ) 5%
Typeof  pne. Instruction code |3 Skip 5
I‘I;!:::UO monic D4 0104050y 030;0,00 16mal g 3 Functions conditions | Description of operation
L PR Inotation Z | 2 uw
B xy 1 1xxx yyyy {1 8y [ 1| 1] (PC—16x+y — X | Jumps to address xy of the current page.
+ (PCu)e—7, (PCL)«16x+y Jumps to address xy on page 15 when executed, provided that
x none of instruction RT, RTS, BL, BML, BLA or BMLA was
‘executed after execution of instruction BM or BMA.
BLpxy |0 0111 pppp |0 7p| 22| (PCy)e—p - X | Jumps to address xy of page p.
T 1xxx yyyy |1 B8y (PCL)+16x+y
+
x
g [BA xX 0 0000 0001 [0 01| 2] 2| (PCL)—16x+(A) - X | Jumps to address x(A) of the current page.
E
3 1 1xxx XXXX |1 8X {PCu)+—17,(PCL)—16x+(A) Jumps to the address x(A) of page 15 provided that none of
+ instructions. RT, RTS, BL, BML, BLA or BMLA was executed
x after execution of instruction BM or BMA.
BLA pxX[ 0 0000 0001 [0 01| 3| 3| (PCi)+p - X | Jumps to the address x (A) of page p.
0 0111 pppp |O Tp (PCL)—16x+(A)
1 1xxx XXXX |t 8X
+
x
BM xy 1 Oxxx yyyy [+ xy[ 1] 1] (SK2)—(SK1)«—(SK0)+(PC) - X | Calls for the subroutine starting at address xy on page 14.
(PCu)+ 6,(PC.)—16x+y
(PCu)«— 6, (PCL)«16x+y Jumps to address xy of page 14 provided that none of instruc-
tions. RT, RTS, BL, BML, BLA or BMLA was executed after the
execution of instructions BM or BMA.
BML pxy| 0 0111 pppp |0 7Tp| 2| 2| (SK2)+(SK1)«(SK0)—(PC) - X | Calls for the subroutine starting at address xy of page p.
2 10xxx yyyy |1 xy (PCy)rp,(PCL)+ 16x+y
o |BMA xX| 0 0000 0001 [0 01] 2] 2] (SK2)—(SK1)—(SK0)—(PC) - X|"Calls for the subroutine starting at address x{A) of page 14.
£ 1 0xxx XXXX |1 xX (PCu)+—6, (PCL)—16x+(A)
]
E (PCy)—6, (PCL)+—16x+(A) Jumps to address xy of page 14 provided that none of instruc-
A, tions. RT, RTS, BL, BML, BLA or BMLA was executed after the
execution of instructions BM or BMA.
BMLA 0 0000 0001 [0 O1] 3| 3| (SK2)«(SK1)+(SK0)«(PC) - X [ Calls for the subroutine starting at address x{A) of page p.
pxX| 0 0111 pppp |0 T4 {(PGu)+p, (PCL)+—16x+(A)
1 0xxx XXXX |1 xX
RTI 0 0100 0110 ([0 46| 1| 1| (PC)—(SKO)—(SK1)+—(SK2) — X | Returns from interrupt routine to main routine. The internal flip-
e Restore internal flip-flop flop is restored to the value held immediately before the inter rupt.
s g [RT 0 0100 0100 [0 44] 1] 1] (PC)—(SK0)—(SK1)—(5K2) = X | Retumns to the main routine from the subroutine.
§’§ RTS 001000101 [0 48] 1| 2] (PC)—(SK0O)—(SK1)«—(SK2) Uncondi- X | Retumns to the main routine from the subroutine, and uncidi-
&= fional skip tionalty skips the next instruction.
sp 0 0001 0101 [0 15[ 1[ 1] (D(Y))—1,where,,.0=(Y)=10 — X | Sets the bit of port D that is designated by register Y.
RD ©0 0001 0100 [0 14| 1| 1| (D(Y))0, where,..0=(Y)=10 - X | Resets the bit of port D that is designated by register Y.
$zZD 0 0010 1011 |0 2B| 1| 1 where,»-0=(Y)=10 (D(V))=0 X | Skip the next instruction if the contents of the bit of port D
that is designated by register Y are o.
~ |osAB 0 0001 1011 |0 18 1| 1] (S:~5,)—(B),(S;~S)(A) X | Outputs contents of registers A and B to port S. .
2 |ospa 00001 0111 |0 17| 1| 1} (S;~8;)— through PLA—(A) X | Decodes contents of register A by PLA and the result is output
3 to port.
\3 OSE 0 0000 1011 (0 0OBf 1| 1 S)—(E) X | Outputs contents of register E to port S.
3 |1As i 00101 010i [0 54| 1| 1| i=0:(A)—(S;~S,) X | Transfers from port S to register A. The high-order four bit of
£ + i=1:(A)—(S3~S) port S are transferred when the value of i in the instruction is
i O or the low-order four bits are transferred when the value of iis 1,
cLD 000010011 {0 13| 1| 1| (D)=0 x | Clears port D.
CLS 0 0001 0000 {0 10| 1| 1| (S)—0 x | Clears portS.
CLDS 0 0001 0001 {0 11| 1| 1| (D)0, (S)—0 x | Clears ports S and D.
El 0 0000 0101 [0 05[] 1| 1| (INTE)—1 X | Setsinterrupt flag INTE to enable interru-ts.
2 1Dl 0 0000 0100 [0 04| 1} 1| (INTE)—0O X | Resets interrupt flag INTE to disable interrupts.
? INTH 0 000001100 06} 1| 1] (INTP)<1 X | Sets intercupt polarity flag INTP to enable interrupts when the
& interrupt request signal is turned high.
£ |INTL 0 00000111 {0 07| 1| 1| (INTP)~0 X | Resets interrupt polarity flag INTP to enable interrupts when the
interrupt request signal is turned low.
Misc | NOP 0 0000 0000 |0 00| 1| 1| (PC)—(PC)+ 1 X | "No operation
RESET (PCx)+0, (PC+—0 Start from address 0" of page 8.
Pin
INT (SKe)—(SK;) (K, )+—(PC), iig" ;‘_; Calls for the subroutine starting at address “‘0"* of page 12,
L)
Symbol Contents Symbot Contents Symbol Contents
A 4-bit register (accumulator) SK1 10-bit stack register INT Interrupt request signal.
8 4-bit register SK2z 10-bit stack register - Shows direction of data flow.
c 3-bit register oy 1-bit carry flag ¢ ) [Indicates contents of the register, memory, etc.
E 8-bit register Xx 2-bit binary variabie ¥ Exclusive OR
H 4-bit register yyyy 4-bit binary variable - Negation,
J 1-bit register annn 4-bit binary constant X Indicates flag is unaffected by instruction execution.
L A-bitregister i 1-bit binary constant xy Label used to indicate the address xoxyyyy
X 2-bit register ii 2-bit binary constant pxy Label used to indicate the address xxxyyyy of PPPP.
Y 4-bit register XXXX | 4-bitunknown binary number ops  |Indicates which data pointer and carry are active.
DP 6-bit data pointer, combination of registers X and Y. D 11-bit port c Hexadecimal number C + binary number x.
PCy The high-order three bits of the program counter. K 11-bit port +
PCL The low-order seven bits of the program counter. S 8-bitport x
PC 10-bit program counter, combination of PCy and PCy.| INTE | Interrupt enable flag
SKO 10-bit stack reqister INTP Interrupt polarity flag
Note 1. When a skip is used with either the M 58843-XXXP or M 58843-XXXP, the next instruction becomes invalid and the program counter is not incremented

by 2. Therefore the number of cycles does not change in accordance with the existence or non-existence of a a skip.In addition, since the M58843-XXXP
is housed in a 28-pin package, some pins of the port K and D are not usable.

. The M58843-XXXP and M58844-XXXSP programs are developed using a support system having a 2048 word X 9-bit ROM memory. When using such

a system, page 8 through 15 of the 2048 words (page O through 15) are used so that the program counter PCy=0~7 is defined as page 8 through 15.
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M58843-XXXP,M58844-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH 8-BIT A/D CONVERTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage 0.3—~—20 \
Vi Input voltage, port S and D, Xyy and Vp inputs 0.3~ 35 \
V) Input voltage, other than port S and D, Xy and Vp inputs | With respect to Vgg 0.3~—20 \4
Vo Qutput voltage, ports S and D 0.3~—35 \%
Vo Qutput voltage, other than ports S and D 0.3——20 \%
P4 Power dissipation Ta=25T 1100 mwW
Topr Operating temperature —10~70 c
Tstg Storage temperature —40~ 125 c
RECOMMENDED OPERATING CONDITIONS (Ta=-10~70°C, unless otherwise noted)
Symbol Parameter - Limits Unit
Min Nom Max
Voo Supply voltage —13.5 —15 —16.5 \%
Vss Supply voltage ] A\
Vin High-level input voltage , port D -1 0 \J
Vin High-level input voltage other than port D —1.5 0 A\
Vi) High-leve! clock input voltage —1.5 0 A\
VL Low-level input voltage, RESET and INT (Schmitt) Voo Vpo +2 \
Vio Low-level input voltage, INT (TTL compatible) Voo —4.2 A\
ViL Low-level input voltage, ports D and S —33 —4.2 \%
Vi) Low-level clock input voltage —33 Voo +2 v
Vi(k) Digital input voltage, port K Voo 0 Vv
Vi k) Analog input voltage, port K Veer 0 v
Veer Reference voltage —5 —7 v
Voo Low-level output voltage, ports D and S —33 0 \Y
(@) Internal clock oscillation frequency 300 600 kHz
ELECTRICAL CHARACTERISTICS (Ta=-10~70°C, VDD=-15V £10%, VSS=0V, f($)=300~ 600kHz, unless otherwise noted)
Limits
Symbot Parameter Test conditions - Unit
Min Typ T Max
Vr— Negative threshold voltage, RESET input Vop=—15V, T,=25C Vpo+ 2 — 4 v
Vr+—Vr— | Hysteresis, RESET input Voo =—15V, T,=25C 1 A\
Von High-level output voltage, port D Vop =—15V, lon=—15mA, —2.5 v
Vou High-level output voltage, port S Vop = — 15V, lon=—8mA, —2.5 Vv
lin High-level input current, port K (with pull-down resistors)] Voo =—15V, Vip=0V, T,=25C 50 250 uA
lim High-level inputcurrent,portsDandS (withpull-downresistors))  Vp=—33V, V,y=0V, T,=25T 80 280 oA
Input current, port K To be measured when the instruction CPAS or CPA _ —
h P P is not being executed; V| = -7V ! 7 HA
[YPS) Clock input current Vie@)=—33V, Ta=25C —20 ~40 A
lon High-level output current, port D Voo =—15V , Vou=—2.5V, —15 mA
lon High-level output current, port S Vpp = — 15V, Von=—2.5V, — 8 mA
loL Low-level output current, ports D and S VoL =—33V, T,=25TC —33 LA
loo Supply current Vpp=—15V, T,=25C . —27 —41 mA
Irer Reference current Veaer =—7V, Ta=25C —1 mA
p Pull-down supply current Vp=—33, T,=25°C —5.5 mA
. Voo =Vi=Vp =Vsg5, f=1MH
Gi Input capacitance, port K oo ' 0 ss z 7 10 oF
25mVrms
. Vop =X =Vss, f=1MHz
Ci) Clock input capacitance ZQ;Vrn'?sUT e 7 10 oF
A-D conversion linearity error
A-D conversion zero error Vgerp =— 7V Overall + 2 +=3 LsSB
A-D conversion fullscale error
Note 1. Currentsare taken as positive when flowing into the IC (zero-signal conditions) with the minimum and maximum values as absolute values,
2. The overall sum of the port D high-level output currents should be kept below 75mA.
3 Machine cycle l M
Signal i
nome ol ympor-State T T2 Ts Te Ts Te
Clock input XIN / / / / ‘ / /
Clock output Xout L/ T\ \ / \ / S — ]
Do ~Dio
Port D outputs {Output) X
Port D inputs ‘(jlon?)lﬁ;n XXX XXX XXX,
Sg~8
Port S outputs (Ouutpuzt) X
Port S inputs (Sl?..‘;usd OO
Port K inputs Ko ~K10
Interrupt request
inout INT Note 3. XX The crosshatched
Reset signal - invali
input RESET area indicates invalid input.
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MS58845-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

“ WITH 8-BIT A/D CONVERTER AND TWO TIMER/EVENT COUNTER

DESCRIPTION

The M58845-XXXSP is a single-chip 4-bit microcomputer
developed using p-channel aluminum gate ED-MOS tech-
nology. The device includes an 8-bit A-D converter and two
timers (one 8-bit timer/counter and one 8-bit timer/event

counter),

It is housed in a 42-pin shrink plastic molded

DIL package.

FEATURES
® Basic machine instructions . .......... A ¥
® Basic instruction execution time (1-word instruction
at a clock frequency of 600kHz) ............ 10us
® Memory capacity ROM: ...... 2048 words x 9 bits
RAM: ...... 128 words x 4 bits
® Single —-15V power supply
® Built-in 8-bit A-D converter (12 analog inputs)
Two built-in timers (timer 1: 8-bit timer/counter, timer
2: 8-bit timer/event counter, 7-bit prescaler, timer
input/output port T) ......... viiveeene.. 2lines
® Interrupt function
.+.... 3factors {(external, timer 1, timer 2), 1 level
® Two built-in data pointers
® Subroutinenesting .................0. ..., 3 levels
® Analog/digital inputs (port K) ............ 8 ports
® Input/output (ports D, F, andS) ...... . 24 ports
® Timer input/outputs {(port T) ............... 1 port
® Direct drive for large fluorescent display tubes is possible
® Built-in decoder PLA for port S outputs (mask option)
® Built-in pull-dewn transistors (ports D, K, and S mask
option)
® Built-in clock generator circuit

PIN CONFIGURATICN (TOP VIEW)
./ 1
INPUT/OUTPUT{DW « [ [42] «» Ds
POR
D11 e 41] «» Dsg
TIMER INPUT/ [ 1]
OUTPUT PORT D« 3] [40] > D7
RESETINPUT RESET — [4] 35 «» Ds
REFERENCE
vourace weut ¥ REF — [&] 38 «» Ds ngTUPTJT
Ko — [g] 37 > Da [ ooprp
Ki — {z E «» D3
Kz —» E E > Dy
AnaLOG/DIGTAL | K3 — [9] § 3] < Dy
WPUTPORT K | K4, [ro] § 5« 0o |
Ks — & CLOCK
5 ] x B« Xiv INPUT
Ke — [7] % 3] — Xour clock
% OUTPUT
K7 — [1__3— n E «— 57
Fo +> [ v 23] «» S¢
pur/output | F1o e [15] 78] «» S5
PORTF | F i INPUT/
Fz [ 2 o Sa | B0
77 PORT §
eremeemmeer 2 [} 28] Ss
REQUEST INPUT  INT  —» [T3] [25] < Sz
OV CNvss — [19] 24] «» S4
(=15V) Voo 9 73 — so
oV Vss 21 22] « Vp PULL-DOWN
: Sl =
Outline 42P4B
APPLICATIONS
® Microwave ovens, air conditioners, heaters, home sewing
machines
® Office equipment, copying machines, medical equipment
® VTR, TVs, cassette decks
® Educational equipment, electronic games

clock CLOCK
BLOCK DIAGRAM ., . o SO SO resermeut
CNVss Voo Vss XN XouT RESET

- 0

RAM
128 WORDS X 4 BITS

STACK REGISTER SK2{11)
STACK REGISTER SKI1 {11}

ROM
2048 WORDSX 9BITS

REGISTER B(4) ¢ Ti~Ts
CARRY  SELECTOR
cy(1) cPs
CY(1) (1)

STACK REGISTER SKO(1T)
ADDRESS  DATA ADDRESS DATA
3 n T
/i
DATA POINTER D _PROGRAM COUNTER PC~,
20 il PCn(4) |__POLD) s
7| x @] v =
“"DATA POINTER DP'~ oot
CIRCUIT,
4 7 CONTROL
SIGNAL

* [ MULTPLEXER

[reaister viaRecisTER vid [ TMER 1(8)] i ] ‘

I R(8) I

[prescaer(m] [mer 2¢81]

4 8 4
"""""" 3 IREGISTER E(B)I | MULTIPLEXER l IREGISTER C(S]l 4
4

12
L‘l REGISTER H | REGISTER Ll 12

[ PorTF ) | [ PoRTS®)

1
|
| VP
!

REGISTER J(8)

] |nTco~vsmen| L PORT D (12)

©, - 8 (O —G0ICHeDeeICded @@0 }( D@ -—@(120 193963039
INT T F3F2F1Fo S7 86 S5 54 538281 S0 Kz K Ks Ki Kz K2 Ki Ko VRer DuDwDg Ds D7 Ds Ds D4 D3 Dz D1 Do L|}/DPOWN
EXTERNAL INTERRUPT TIMER INPUT/ REFERENCE -
REQUEST INPUT QUTPUT PORT |NP%/F%UFTPUT INPUT/OUTPUT PORT S ANALOG/DIGITAL PORT K VOLTAGE INPUT INPUT/OUTPUT PORT D VOLTAGE INPUT
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MITSUBISHI MICROCOMPUTERS

M58845-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER AND TWO TIMER/EVENT COUNTER

PERFORMANCE SPECIFICATIONS

Parameter

Performance

Basic machine instructions i

Instruction execution time (1-word instructions)

10us (with a clock frequency of 600kHz}

Clock frequency 300~ 600kHz
i ROM 2048 words x 9 bits
Memory capacity
RAM 128 words x 4 bits
K{Note 1) Input 1 bit x 8 or 4 bits x 2 (analog/digital)
Input 1bitx 12
D{Note 2)
Qutput 1bitx 12
Input 4 bits x 1
Input/output ports, F -
and interrupt request Output 4bitsx 1
inputs (34 lines) Input 4 bits x 2
S(Note 2} -
Qutput 8 bits x 1
Input 1bitx1
T (Note 3)
Output 1bitx 1
INT {external interrupt request)(Note 3) 1bitx 1

A-D conversion circuit

Built-in (accuracy+2LSB)

Timers (2)

Timer 1: 8-bit timer/counter
Timer 2: 8-bit timer/event counter
7-bit prescaler, timer input/output port

Pull-down voltage input pin

Used for driving devices such as large fluorescent display tubes (ports D and S)

Subroutine nesting

3 levels

Interrupts

3 factors (external, timer 1, timer 2), 1 level

Clock generator

Built-in {for use with externally connected RC circuit or ceramic resonator)

1/0 characteristics
of ports

Port D

—33V input/output withstanding voltage, output current —15mA

Port S

—33V input/output withstanding voltage, output current —8mA

Ports other than D and S

—20V input/output withstanding voltage, output current —6mA

Supply voltage

—15V (typ)

Device structure

p-channel aluminum gate ED-MOS

Package

42-pin silicon plastic molded DIL package

Power dissipation (excluding ports)

350mW (typ)

Note 1. Built-in pull-down transistors and discharge transistors (mask options}
2, Built-in pull-down transistors {mask option)
3. Input characteristics mask option (TTL compatible, with a Schmitt circuit)
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MITSUBISHI MICROCOMPUTERS

MS58845-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER AND TWO TIMER/EVENT COUNTER

PIN DESCRIPTION

Pin Name '"p:"; (;r Function
outpu
Vss Ground Connected to OV potential
Vpp Supply voltage Connected to a —15V supply
Vp Pull-down supply In Input for the supply voltage connected to the load resistors (mask option) for ports D and S
Ko~K, 1o K | This port can be used for analog and digital input, acting as 8 individual bit inputs or 2 4-bit input groups. Pull-down
~ rt n . . .
4 o po transistors and input discharge transistors are available as mask options.
1/ D Infout Port D consists of a 12-bit input/output port, all bits operating individually. When a port D output is programmed low, the output floats
D11~Do O port and the input signal can be sensed. The outputs are open drain circuits which can be provided with pull-down transistors as a mask option,
Port F is a 4-bit input/output port. When the output is programmed to low, the output floats and the input signa!
~ In/out I PRSI
F3~Fo /0 port /ol can be sensed. The output circuits are open drain circuits.
/0 s In/ The /0 port S can be used as either an 8-bit output port or a pair of 4-bit input ports. When the output port S is
S7=So port n/out programmed to the low level, it remains in the floating state so that it can be used as an input port.
§ This port is used as the timer to event counter input, and the timer to overflow output, the function being software
In/out
T Timer 1/0 port T /: seloctable.
INT Interrupt request input In This is the input for interrupt requests.
RESET Reset in When this input is kept high for at least 3 machine cycles, the reset state is enabled.
VREF Reference voltage input in This is the input for the reference voltage required by the D-A converter.
XN Clock input In These are the input and output pins for the built-in clock generator. A ceramic resonator (300 kHz ~ 600 kHz) or a
XouT Clock output Out . resistor/capacitor combination are connected to these pins to provide the required oscillation stability.
CNVss CNVss n This input is connected to Vss and must have a high-level input applied to it (OV).

BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 2048-word x 9-bit ROM can be programmed with
machine instruction codes in accordance with the custom-
er’s specifications. It consists of 16 pages, each containing
an address range of 0~127. Fig. 1 shows the address map
for this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter is an 11-bit i.:b'u'r;ﬁr, the upper order 4 bits
of which (PC) indicate the ROM page, and the lower 7
bits of which are a pure binary address designation. Each
time an instruction is executed, PC| is incremented by 1
step. For branching and subroutine call instructions, its
value is set to the designated address.

When the 127 address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 2 and page 3 are special pages used for subroutine
calls. Page 2 can be called with a 1-word instruction from
any arbitrary page. This instruction is either BM or BMA.
When either BM or BMA is executed, subsequent BM or
BMA instructions are equivalent to B and BA on page 2.

Also, B or BA is equivalent to B or BA on page 3. This
condition is cancelled when the RT, RTS, BL, BML, BLA,
or BMLA instruction is executed. Table 3 shows the
instruction codes and corresponding states.

Stack Registers (SKq, SK,, SK5)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt programs
until the program returns to its original routine. The SK
registers are organized in 3 words of 11 bits each, enabling.
up to 3 levels of subroutine nesting. If 1 level is used for an
interrupt routine, the remaining 2 levels can be used for
subroutine calls.

Data Memory (RAM)

This 512-bit {128 words x 4 bits) RAM is used to store
both processing and contro! data. One RAM word consists
of 4 bits with bit manipulation possible over the entire
storage area. The 128 words are arranged as 2 file groups x

4 files x 16 digits x 4 bits. Fig. 2 shows the RAM address
map. The RAM address specification is made by the

combination of data pointer DP register Z, register X, and
register Y. Thus, the selector CPS and data pointer DP must
be set. However, as long as the address is not changed this is
not necessary.
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MS8845-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER AND TWO TIMER/EVENT COUNTER

Data Pointers (DP, DP’)

These registers are used to designate the RAM address, and
bit position for the 1/O port D and register J. Each data
pointer is composed of a 7-bit register. Register Z (the most
significant bit of DP) designates the RAM file group;
register X (the central 2 bits) designates the RAM file; and
register Y (the least significant 4 bits) designates the digit
position of the RAM file. At the same time, register Y
designates the bit positions of the I/O port D and register J.

4-Bit Arithmetic Logic Unit (ALU)
This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry.

PCH Page designation
PCL 0 1 15
ggsmna“on 8|7(6(5(4(3[2[1{0[8(7(6(5(4(3(2(1(0I8(7(6( (2(1{0(8}7(6(5(4{3}{2(1[0

=3

SN

126
127

Fig. 1 ROM Address map

Address designation

dFi!e Register Z 0 1
esig-
natign Register X 0 1 ] 2 3 0 3

File name Fo Fy F2 Fy Fa ]
Bit designation 3|2(1|0(3}2(1|0|3[2|1|0i3|2|1|0|3|2]1|0| -+ [3]|2}1|0

Diait designation
(register Y)

Fig. 2 RAM Address map

Register A and Carry Flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion, and data input/output are executed by
means of this register. The carry flag CY is used to store
carry or overflow after execution of arithmetic and logical
operations by the arithmetic logic unit. The carry flag may
also be used as a 1-bit flag. Two carry flags, CY and CY’,
are available and selected by selector CPS, as is the data
pointer DP,

Registers B and E

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary for the /0 port S.

A/D Conversion Circuit
The following A-D conversion functions are controlled by
software as described below.

REGISTER A
£2

MULTIPLEXER 4 4 INSTRUCTION LC7

BIT DESIGNATION  § 3
[[H@ T c@ F— reaistenc |
TR

I D-A CONVERTER
Vret 97-
K7 Kg Ki Ko VREF

ANALOG INPUTS REFERENCE VOLTAGE INPUT

Fig. 3 A-D conversion circuit biock diagram

(1) Comparators
The comparators are implemented entirely with PMOS
devices and use a chopper-type amplification method.
They are capable of determining the larger of the D-A
converter output V,es and the port K input signals
Vi (Y) (where (Y)=0~7).

(2) Register J
Register J is composed of 8 1-bit registers, each
representing the comparison result from the compa-
rators. All register bits are set simultaneously. The
value of the register J with respect to the comparison
results is as follows.

1 when [V, g¢| > [V (Y)]
0 when [V,ef] <[V (Y)|

In this relationship Y represents the bit position in
register J which is designated by register Y. The
comparison results can be checked for each bit using
the SZJ instruction.

(3) Registers Hand L
These two 4-bit registers are capable of transferring and
exchanging data to and from register A. The 8-bit
digital data for the D-A converter is transferred from
these registers, the higher order 4 bits from H and the
lower order 4 bits from L.

(4) Register C
This 3-bit register is used as a counter to designate bit
positions in the H and L registers.

(5) D-A Converter
The D-A converter converts the digital values stored in
the registers H and L, referencing with the external
reference voltage Vger applied at the pin Vggg, to
the analog value of the internal reference voltage Vg+.
The theoretical value of the internal reference voltage
Vo if defined as follows.
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SINGLE-CHIP 4-BIT MICROCOMPUTER

WITH 8-BIT A/D CONVERTER AND TWO TIMER/EVENT COUNTER

V f—g.—_'.
T

Vref= 0

XVger , Where,n=1,2, ........ 255

,where,n=0

In the above relationships n is the value weighted
according to the contents of registers Hand L.

A/D Conversion Algorithms
A/D conversion is controlled by the programming of the
previously described functional blocks. Thus, by modifying
the program, either the successive approximation method
or the sequential comparision method may be selected. In
addition, a digital input of high or low level may be used to
select the method, eliminating the software selection of the
A/D conversion technique.
(1) Successive Approximation Method
In this method, the conversion speed is maintained at a
constant 600kHz regardless of the amplitude of the
analog signal. The A/D conversion process requires
0.6ms. 12 program words are required.
(2) Sequential Comparison Method
In this method the conversion speed varies in accord-
ance with the rate of change of the analog quantity.
When the rate of change is slow, the conversion rate
increases. 30 program words are required.

interrupt Functions
The M58845-XXXSP provides 3-factor, 1-level vector inter-
rupt capability, enabling unique branching addresses for
each interrupt factor.

The interrupt vector addresses are shown in Table 1.

Table 1 Vector Interrupt Addresses

Interrupt factor

Interrupt address

Interrupt type Causal condition

Rising edge at the INT
input pin

External interrupt Page 1, address 0

Timer 1 interrupt Timer 1 overflow Page 1, address 2

Timer 2 interrupt Timer 2 overflow Page 1, address 4

An interrupt is generated whenever any of the causal
conditions listed in Table 1 are satisfied at a time when the
INTE flag is set to 1 (when the El instruction is executed
the INTE flag is set to 1, enabling interrupt; the DI
instruction clears this flag to 0, prohibiting interrupts). If
any of the interrupt causing conditions continues when the
INTE flag is 0, an interrupt is generated when the INTE flag
is set to 1.

The interrupts generated as a result of timer 1 and timer
2 overflow conditions can be software controlled, allowing
confirmation of the overflow condition using a skip

instruction.

When an interrupt program is used, one level of the
three-level stack register is required, the remaining two
levels being used for subroutines. After the interrupt
program is started, the data pointer DP, register A, carry
flag CY, and registers used by the interrupt program are
saved. The RTI instruction is required to restore these
before returning to the main program.

When an interrupt occurs, the microcomputer internal
states are as follows.

(1) Program counter
The current address in the main program is stored in a
stack register and the vector interrupt address as shown
in Table 4 is loaded into the program counter.

(2) Interrupt flag INTE
The flag INTE is reset to disable further interrupts.
This disabled state will continue even after return to the
main program by the RTI instruction until the execu-
tion of an El instruction.

(3) Skip flags
Skip flags are provided to discriminate skip instructions
and consecutively described skip instructions. Each flag
has its own stack within which the skip state is saved.
As a mask option, the interrupt pins may be provided
with Schmitt input circuits.

Timer/Event Counter (2 Lines)

The timer/event counter section consists of two lines
(timers). As shown in Fig. 8, this section includes timer 1
and its overflow flag (1F) and timer 2 and its overflow flag
(2F), as well as the timer input/output port T and the timer
control registers V and W.

TIMER CONTROL REGISTERS

Ve gy—
[recisTeR v )] [ReaisTERW () |

l PRESCALER (7) "% TIMER 1 (8) I
T

[TIMER 2 AUTORELOAD |
REGISTER R (8)

TIMER 2 (2)

Fig. 4 Timer/event counter block diagram
The two timers (timer 1 and 2) are controlled by means

of the timer control registers.

(1) Timer 1
Timer 1 is implemented using an 8-bit binary counter
capable of being set and read by means of the T1AB
and TAB1 instructions respectively. Starting and stop-
ping of the counter as well as the selection of the
source (prescaler or timer 2) is accomplished by means
of the timer control register. When an overflow
condition occurs, setting the 1F to 1 stops the
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(2

-

(3)

()

(5)

(6)

counting operation.

Timer 2

Time 2 is implemented using an 8-bit binary counter
and is provided with an auto-reload register (register
R). Timer 2 data can be read using the TAB2
instruction and register R may be set as well as ready
by means of the TRAB and TABR instructions
respectively. Starting and stopping the counter as well
as the selection of the source {prescaler or external
input from port T) is controlled by the timer control
registers. In addition, when port T has been chosen as
the source, if only timer 1 is counting, gating is
possible by means of using counter enabling controlled
by the timer control registers. The overflow condition
results in the setting of the flag 2F, after which timer 2
can be set with data once more by register R
(auto-reload register) and continue counting.

Prescaler

The overflow time can be selected as either 160us or
1270us (when using a 600kHz clock frequency) by
means of the counter control registers.

Timer /O port T

This port can be selected by the counter control
register as the source for timer 2. In addition, when
another source has been selected, a pulse is available at
this port every time timer 2 reaches the overflow
condition.

Timer 1 and 2 overflow flags 1F and 2F

These flags are set when the corresponding timer has
reached the overflow condition. To test these flags,
generation of an interrupt and skip instructions (SN21,
SNZ2) can be used. The selection of which will be
used is made by the timer control registers. By using
either, these flags will be reset.

Timer control registers V and W

The timer control registers are used to perform the
above described control functions. Instructions TVA
and TWA are used to transfer control data to these
register.

with capacity touch-type keys) may be selected as
mask options.
Port D (D 1~Do}
This port consists of 12 bits which can be used for
both input and output functions by means of the SZD,
SD, and RD instructions. The output section provides
individual bit latching and the contents of register Y
can be used to designate a single bit of port D for
output or sensing. When using the port for input, the
output must be cleared to O first. The instructions CLD
and CLDS can be used to clear all bits of the port to 0.
The outputs are open-drain circuits which can be
provided with pull-down transistors as a mask option,
Port F (F3~F,)
This 4-bit port is controlled for output and input by
the OFA and IAF instructions respectively. When using
a bit for input, that bit output must first be set to 0.
The outputs are open drain circuits.
(4) Port S (S7~So)
This port can perform 8-bit output using the OSAB,
OSPA, and OSE instructions and 4-bit input using the
IAS i instruction.
A built-in S output PLA has been provided which can
code 4 bits of register A data arbitrarily and provide
output using the OSPA instruction. The PLA output
coding is a mask option.
When the port is used for input, the outputs must first
be set to 0. All the port S bits may be set to 0 by
means of the CLS or CLDS instructions.
The outputs are open-drain circuits which can be
provided with pull-down transistors as a mask option.

(2

3

=

Vp Pin

This pin is used to supply the required voltage for the port
D and port S pull-down transistors. Built-in pull-down
transistors can be provided as a mask option for driving

PULL-DOWN TRANSISTOR
PORT S (SEGMENT SIGNAL)

PULL-DOWN TRANSISTOR
PORT D {DIGIT SIGNAL}

Input/OutputPorts | | XY PLATE
(1) Port K (K;~Kp) GRID
This analog/digital input port is capable of 8-bit input FLUDRESCENT HEATER
using the $2J instruction and two groups of 4-bit b—1
inputs using the 1AS i instruction. The analog signal x
may be A/D converted using either successive approxi- M58845- XXXSP ‘_—l—’VP o 3'37}
mation or sequential comparison, as determined by the )

. . Note 1. The M58845-XXXSP can be used to directly drive
program. Also, an arbitrary threshold level in the range fluorescent display tubes demanding up to <33V of
0~—7V with respect to the digital signal may be input, output level.

B R . . . Note 2. To provide complete blanking, the heater should be
enabling the use of the port as a high-noise immunity provided with a voltage of approximately 4 V from the
input. . VP pin.

Pull-down transistors and discharge transistors (for use Fig. 5 Fluorescent display tube drive circuit
MITSUBISHI
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fluorescent display tubes, as shown in Fig. 5, eliminating
the need for the usual externally connected pull-down
resistors and resulting in a reduction in the number of
system components.

Reset

When the RESET pin is kept high for at least 3 machine

cycles, the reset state is enabled. After reset has been

performed, when the RESET input is driven low, program

execution will begin at page 0, address O.

When the reset state is enabled, the following operations

are performed.

(1) The program counter is set to 0, address 0, (PC) <0

{2) The interrupt mode is in the disabled state. INTE <0
(the same as for the execution of the DI instruction)

(3) The carry and data pointer selector is set to O,
specifying DP and CY.

(4) Registers V and W are set to 0. V=W < 0,4

(6) The 3 interrupt flags, external interrupt flag (EXF),
timer 1 overflow flag (1F), and timer 2 overflow flag
(2F) are reset. EXF=1F=2F <0

(6) AIl outputs of port D are cleared to low (D)« 0

(7) All outputs of port F are cleared to low (F) <« 0

(8) All outputs of port S are cleared to low (S) < 0

(9) All outputs of port T are cleared to low (T) <0

Clock Generator Circuits

A clock generator circuit has been built in, to allow control
of the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the X,y pin, leaving the Xoyt Pin
open. Circuit examples are shown in Fig. 6~8.

450kHz

Note. Since when using an RC circuit to determine
frequency the frequency will vary in accordance
with-the device Icharacteristics, the constants
should be chosen so that the frequency falls

; within a specified limit even including the effect

of these variations.

M58845-XXXP
Xin XouT

Fig. 6 External RC circuit

M358845-XXXP | scc 117

Note. The constants will depend on the frequency
and type of the ceramic resonator used.

Fig. 7 Externally connected ceramic resonator

M58845- XXXP
XiN Xout ov

External oscillator

Fig. 8 External clock input circuit

Mask Options

time of initial ordering.

(n
(2)
(3)
4)
(5)
(6)

(7)

(8)

The following mask options are available, specifiable at the n

S output PLA data

Port K (K;~K,) discharge transistors

Port K (K;~Kq) pull-down transistors

Port D (D; ;~Dg) pull-down transistors

Port S (S;~S,) pull-down transistors

Selection of interrupt input TTL-compatible Schmitt
circuits

Selection of RESET input TTL-compatible Schmitt
circuits )

Selection of port T TTL-compatible Schmitt circuits

Documentation Required upon Ordering
The following information should be provided when order-
ing a custom mask.

1
(2)
(3)
4

(5)
(6)
N
(8)

9)

M58845-XXXSP mask confirmation sheet
ROM data 3 EPROM sets
S output PLA coding On confirmation sheets
Port K input discharge transistors

On confirmation sheets
Port K putl-down transistors .
Port D pull-down transistors
Port S pull-down transistors
Selection of interrupt input TTL-compatible Schmitt
circuits
Selection RESET input TTL-compatible Schmitt cir-
cuits

(10) Selection of Port T input TTL-compatible Schmitt

circuits

MITSUBISHI
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MACHINE INSTRUCTIONS

B
T ; Instruction code § % 5
Type of nstruction . . )
ln‘g)ruc- Mne- <. Functions Slf'? 9 Description of operation
M monic (5. 5.0:0:0, 030,0:00] 6™ | S1 S conditions | 8
ion e UrlUglsUa LaUz2UnUp notation 2 § w
TAB 00001 1110[0 1E [ 1] 1[(A)(B) — X | Transfers contents of register B to register A.
o FIRLL 0 0001 11000 1C |1/ 1/[(B)(A) — X | Transfers contents of register A to register B.
w2 | TAY 00001 11010 1D | 1| 1] (A)(Y) —_ X | Transfers contents of register Y 10 register A,
R RAZ 0 0000 1100{0 O0C |1 1}|(Y)—=(A) — X | Transfers contents of register A to register Y.
27 | TEAB 00001 10100 1A | 1| 1| (Ez~El(B) —_ x | Transfer contents of registers A and B to register E.
&2 (E3~Eq)(A) —
P|TEPA |0 0001 0110[0 16 | 1| 1| (E;~Eg)e- throughPLA—(A) — X | Decodes contents of register A in the PLA and transfers result
= to register E.
LXY x,y|0 11 xx yyyy|O0 CY [ 1| 1] (X)—x where, x=0-3 Written X | Loads value of "x" into register X, and of “y" into Y. When LXY
+ successively is written successlvely the first is executed and successive ones are
x (Y)—y where, y=0~15 skipped.
§ LZ z 0 0100 101z|0 4: 1 1 [(Y)~—z where, z-0,1 - X | Loads value of *‘z"* into register Z.
=; z
s |INY 0 0000 00100 02 | 1| 1] (Y)=(Y)+1 (Y)=0 x | Increments contents of register Y by 1. Skips next instruction
E(c when new contents of register Y are “0'".
DEY 0 0000 00110 03 | 1/ 1](Y)=(Y)-1 (v)=1s x | Decrements contents of register Y by 1. Skips next instruction
when new contents of register Y are “15".
LCPS i (O 0100 000i |0 4i 1] 1] (CPS)e where,i=0.1 — x | Transfers designated con!ents of register J to regws(erA
TAMj |0 0110 01jj|0 64|11 (A)—(M(P)) = X | Transfers the RAM contents addressed by the active DP to |
+ (X)—(X)™| where, j=0~3 register A. Register X is then “'exclusive OR-ed" with the value j
- ] in the instruction, and the result stored in register X.
5 |XAMj |0 0110 00jj|0 6j | 1] 1](Ar—=(M(OP) - X | Exchanges the contents of the RAM DP and register A. Contents
e (X)—(X) ¥ where, 1=0~3 of X are then “‘exclusive OR-ed'’ with the value j, and the result
g stored in register X.
5 |XAMD j [0 0110 10jj|0 68| 1] 1](A)—(M(DP) (Y)=15 X | Exchanges the contents of the RAM and register A. Contents of
B + (Y= (¥)—1 X are then “exclusive OR-ed’ with the value j in the instruction,
3 ! . . :
i —0~ and the result stored in register X. The contents of register Y are
3 (X)=(O¥]  where, | =0~3 decremented by 1, and when the result is 15, the next instruction
§ is skipped.
s [xam1 j [0 0110 11jj|0o 8c| 1] 1] (A)(M(DP)) (¥)=0 X | Exchanges the contents of the RAM and register A. Contents of
é + (Y)—(Y)+1 {Y }=masked X are then “exclusive OR-ed”” with the value j in the instruction
i (X} (X)¥j where, |=0~3 skip and result stored in register X. The contents of register Y are
condition incremented by 1, and when the result meets the next instruction
is skipped with the marked skip condition.
LA n 0 1011 nnnn|[0B n | 1| 1| (A)—n where, n=0~15 Written X | Loads the value n into register A. When LA is written consecu-
successively tively the first is executed, and successive ones are skipped.
Adds the contents of the RAM to register A. The result is re-
AM A 0 0000 1010{0 OA | 1| 1| (A)—(A)+(M(DP)) - X | tained in register A, and the contents of flag CY are unaffected.
2 Adds the RAM contents addressed by the active DP and contents
2 | amc 0 0100 0011[0 43 | 1| 1] (A)—(A)+(M(DP))+(CY) - 0 1| of flag CY to register A. The result is stored in register A and the
g CY« Carry carry in the active flag CY.
S |AMCS [0 0101 0011|0 53| 1| 1| (A)—(A)+(M(DP))+(CY) - 0 1| Adds the contents of the RAM and flag CY to register A. The
2 CY«—Carry A carry is not result is stored in register A and the carry in the CY, but the
B produced and next instruction is skipped when a carry is produced.
E An © 1010 nnnn|0 An | 1| 1 [(A)—(A)+n where, n=0~15 =0 | X Adds value n in the instruction to register A. The contents qf
T nt6 flag CY are unaffected and their next instruction is skipped if
< a carry is not produced, except when n=6,
sc 0 0100 10010 49 | 1} 1](CY) - 1| Setsactive flag CY.
RC 0 0100 1000 0 48| 1| 1]|(CY)—0 - 0 Resets active flag CY.
szc 00010 11110 2F | 1|1 (CY=0) X | Skips next instruction when contents of the active flag CY are O.
CMA 00000 1111|0 OF | 1| 1] (A)—(R) - X | Stores complement of register A in register A.
SB j ©0 0100 11jj[0 4c | 1|1 [(M(DP)«1 where, |=0~3 — X | Sets the jth bit of the RAM addressed by the active DP {the bit
e + designated by the value j in the instruction).
o N
S j .
2 |RB j 0 0101 11jj[0 5C /{11 |(M(DP)—0 where, j=0~3 - X Resets the jth bit of the RAM addressed by the active DP (the
§ + bit designated by the value j in the instruction).
= ] Skips next instruction when the contents of the jth bit of the
@ |szB j 00010 00jj|0 2j (1)1 (Mj(DP))=0| X | RAM addressed by the active DP (the bit which is designated by
where, j=0~3 the value j in the instruction) are 0.
«» | SEAM 0 0010 0110(0 26 |1 |1 (M(DP)) X | Skips next instruction when contents of register A are equal to
g =(A) the RAM contents addressed by the active DP.
g SEYy |0 0011 yyyy|O 3y |1]1 (Y)=y x | Skips next instruction when the contents of register Y are equal
5 where, to the value y in the instruction.
51 y=0~15 |
TLA 0 0001 10010 19 | 1|1 [(L)—(A) - X | Transfers contents of register A to register L.
THA 00101 10010 59 |11 EH;*(?)) - X | Transfers contents of register A to register H.
XAL 0 0001 1000(0 18 |11 |(A—(L - X | Exchan £ regi . £ rei
XAH 00101 1000|0 58 | 1] 1| (A)—(h) _ X . ha ges contents of reg!s\er ﬁ w!l: contents of reg!s(er :.l
Le? 00101 0111|0857 1|1 {7 _ x | Exchanges cun?entso register A with contents of register H.
DEC 00000 1001[0 09 | 1|1 [(C)—(C)~1 (¢)= x | Loads 7 to register C. .
Decrements contents of register C by 1, when result is 7, skips
SHL 00100 00100 42 | 1|1 [(C)=1when : (H(C;~Co))e-1 — x | Sets the bit in register L or H designated by register C. The box
(Cz) =0 when : (L(Cy~ Co)e1 instruction shows the relationship between register C and bit position.
@
8 @7 e [sTals 2]
S
g [ Bt 3]H2{HJH0\L3[L2JL|rLo!
S |mHL 00101 0010[0 52 | 1|1 [(Cz)=1when : (H(Cs~Cp))—0 - X | Resets the bit in register L or H that is designated by register C.
] (Co)=0 when : (L(C~Co)e—0
&
2
5 |cpPa 0 0000 1000{0 08 {1 |2 | lvrefl>|vg()y! when @ (J(i))1 - X Reads all analog values trom input port K for comparison with D-
S Wrefi <i1Vi)| when @ (J(1))«0 D-A converter output Vg, and either sets the respective bit of
3 1=0~7 register J to the next instruction cycle, wherever Vet > V(1)
is true, or resets it, wherever Vet < V(1) is true,
CPAS [0 0101 0001|0 51 [ 1] 1 [ IVrefl>Viy| When : (J(1))e—1 - X | Reads and stores temporarily all analog values from input port
Ivref 1< 1Vk () when : () (1)) 0 K, which are then unaffected by changes in port K inputs, These
values are compared with the D-A converter output Ver, calcu-
lated from contents of registers H and L, and respective bits of
register J are set/reset. Repeated when contents of registers H-L
are changed.
4—-36 ELECTRIC
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8_8
F 'g g
Type of Instruction code [ >
f Mne- Py . Skij o .
instruc- . © Fur.ctions P i i
o monic ‘D AP, 16mal ; | e ol conditions | & Description of operation
|7 ErRemsEe T notation| 2 | 2 i o
. CPAE 0 0101 0000/0 50| 1| 1| Execution of the instruction CPAS is —_ x | Terminates execution of instruction CPAS Contents of register
8 over, and no more changes will made J remain unaffected, maintaining the value immediately before
§ 2 | in {Jy)) termination, and input port K is again ready to receive input.
§-2| 1Ay 0 0000 1101,0 OD | 1|1 (Y)=0when : (A)e-(J3 Jp Jy Lo) — x
ad (Yo) =1 when : (A)— (47 Jo Js Ja)
< § szJy 0 0010 10010 29 |1 |1 (J(y))=0 X Skips next instruction when the bit in register J, designated by
register Y, is 0.
T1AB 0 1000 01000 84 | 1| 1[{(17-1)—(B) — X | Transfers contents of register A and register B to timer 1.
(13 ~19)—(A)
TRAB 0 1000 0101|0 85 | 1] 1| (R;~Ry)-(B) — X | Transfers contents of register A and register B to timer 2 auto
(Ry~Rp)—(A) reload register R.
& | TaB1 0 1000 1000, 0 88 | t | 1] (B)—(17-14) — X | Transfers contents of timer 1 to register A and register B.
B (A)e {13 1g)
8 | TABR 0 1000 10010 89 | 1| 1] (B)—(Ry~Ry) — X | Transters contents of timer 1 auto reload register R to register A
° (A)—(R3 ~Rg) and register B. .
E TAB2 0 1000 1010|0 B8A | 1| 1] (B)-(27-24) — X | Transfers contents of timer 2 to register A and register B.
£ (A)e-(23~2¢)
= TVA 0 1000 0110/0 86 | 1] 1] (v)—(A) — x | Transfers contents of register A to timer control register V
TWA 0 1000 0111/0 87 | 1| 1] (W)(A) — x | Transfers contents of register A to timer control register W.
SNZ 1 0 100Cc 0OC10|({0 82| 11 (1F)=1 X | Skips the next instruction if flag 1F is 1.
SNZ2 0 1000 00110 83 | 11 (2F)=1 X | Skips the next instruction if flag 2F is 1,
B xy 1 1xxx yyyy|1 By | 1| 1] (PC—16x+y — X | Jumps to address xy of the current page.
+
x (PCy)«—3, (PCL)—1Bx+y Jumps to address xy on page 3 when executed, provided that
- | { none of instruction RT, RTS, 8L, BML, BLA or BMLA was
\ ] ) executed after execution cf instruction BM or BMA.
BLpxy |0 0111 PPPP|O 7P | 2| 2| (PCY)—p ‘ — X | Jumps to address xy of page p.
1 1xxx yyyy|1 8y (PC)—16x+y
+
x
5 .|BA x 0 0000 0001{0 01| 21 2| (PCL)—16x+(A) | — x | Suhroutine on the current page. Exchange the lower 4 bits of the con-
E 4 Y 1xxx XXxXxX|1 8X ‘ L é?jr:'j(rseg; %g!&sAswanh!he contents of register A and branch to
& X
x (PCu)«3, (PCL)16x+ (A) Page 3 subroutine : After execution of a BM or BMA instruction without execu-
tion of a RT,RTS, BL, BML, BLA, or BMLA instruction, whena BA instruction
is executed branching is done to address 16x-+ {A) on page 3
BLA pxy[0 0000 00010 01 |3 3| (PCy—p - X | Subroutine on a different page: Exchange the lower 4 bits of the con-
00111 PPPP{O 7P (PCLY—16x+ (A) tents of address xX with the contents of register A and branch to the
T lxxx XXXX]1 88X address 16x+ (A)
x
TBM xy |1 Oxxx yyyy|1 xy | 1] 1] (SKa)= (5K )= (SKg)—(PC) - X | Calls for the subroutine starting at address x(A) of page 2
(PCu)«—2. (PCL)—16x 1y
(PCh)+=2, (PCL)—16xty Jumps to address xy of page 2 provided that none of instruc-
| tions. RT, RTS, BL, BML, BLA or BMLA was executed after the
execution of instructions BM or BMA.
., |BML Pxy|0 0111 PPPP|O 7P| 2| 2| (SKy)e(SK1)(SKg)(Pc) - X | Calls for the subroutine starting at address xy of page p.
= 1 0xxx yyyy|1 xy (PCu)ep, (PCL)—16xty
3
2 |BMA xX|0 0000 0001/0 01 |2 2| (SKp)(SKy)—(SKo)*(PC) - X | Calls for the subroutine starting at address x(A) of page 2.
= 1 0xxx XXXX[1 xX (PCh)+—2, (PCL)+16x+ (A)
g
g ‘ (PCu)«=-2, (PCL)+16x+{(A) Jumps to address x{A} of page 2 provided that none of instruc-
tions. RT, RTS, BL, BML, BLA or EMLA was executed after the
execution of instructions BM or BMA.
BMLA |
PXxX{0 0000 00010 01 | 3| 3| (SKz)—(SKq)e(SKg)—(PC) - X | Calls for the subroutine starting at address x (A) of page p.
00111 PPPP|O 7P (PCp)+p, (PCL)e16x+ (A)
1T Oxxx XXXX|1 xX
RTI O 0100 0110!0 46 | 1| 1] (PC)—(SKg)—(SK)(SKz) - X | Returns from interrupt routine to main routine. The internal flip-
% 2 flop is restored to the value held immediately before the interrupt.
S’g RT © 0100 01000 44 | 1|1 (PC)—(SKo)—(SK1)—(SKz) — X | Returns to the main routine from the subroutine.
& Sirts 0 0100 01010 45 | 1|1 (PC)—(SKg)—(SKj)+(SKz) X | Returns to the main routine from the subroutine, and uncon-
| ditionally skips the next instruction.
CLD 0 0001 00110 13 | 1] 1](D)0 — x [ Clears port D. (low level output)
cLs 0 0001 00000 10 |1 |1[(S)0 — X | Clears port S.
0001 11| (@0 — X
cLos 0 0001 00 o Es;~—u Clears ports S and D.
sD 0 0001 0101|0 15 |1 {1 [ (D (YD 1where, Y =0~ 11 e X | Sets the bit of port D that is designated by register Y.
. |RD 0 0001 o 0 14 ;1 |1 [(D(Y))—0where,Y=0~11 — X | Resets the bit of port D that is designated by register Y.
2 |szo 0 0010 110 28 |1 |1 (D(Y)=0 X | Skips the next instruction if the contents of the bit of port D
8 where, ; - -
E] Y=0~11 that is designated by register Y areQ.
S |osas |0 0001 1011]0 1B |11 ($~S)(B) - Output contents of registers A and B to port S.
R (83~Sg)+(A)
£ osPa 0 0001 0111[0 17 [ 1|1 [(S~Sq) through PLA—(A) — X |Decodes contents of register A by PLA and the result is output
to ports.
OSE 0 0000 10110 OB |1 |1 (S)—(E) — X | Qutputs contents of register E to port S.
1AS i 0 0101 010i|0 54 |1 {1 [1=0(A)(S7~Sa) — X | Transfers from port S to register A. The high-order four bits of
+ 1 =1{A)—(S3~Sg) port S are transferred when the value of i in the instruction is
i 0 or the low-order four bits are transferred when the value of i is1
OFA 0 1000 0001|0 81 | 1] 1 [|(F)—(A) — X | Sets interrupt flag INTE to enable interrupts.
IAF 0 1000 1100(0 8C |1 | 1| (A)=(F) — X ! Resets interrupt flag INTE to disable interrupts.
£ |et 0 0000 0101{0 05 | 1 [ 1| (UNTE)—t { X [Outputs contents of register A to port F.
2
E Dt {0 0000 0100|0 04 | 1|1 |(NTE)—D X | Transfers input from port F to register A,
c
g | NOP 0 0000 00000 00 |1 [ 1 [(PC)—(PC)+1 X | No operation.
=
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Symbol Contents Symbol Contents Symbol Contents
A 4-bit register (accumutator) SKo 11-bit stack register - Shows direction of data flow
B 4-bit register SKi 11-bit stack register ) Indicates contents of register, memory, etc.
[¢] 3-bit register SKz 11-bit stack register XX 2-bit binary variable
E 8-bit register 1 Timer 1 yyyy 4-bit binary variable
H 4-bit register 2 Timer 2 z 1-bit binary variable
J 8-bit register cy 1-bit carry flag nnnn 4-bit binary variable
L 4-bit register INTE Interrupt enable flag i 1-bit binary constant
R 8-bit timer 2 auto reload register CPS Indicates which: data pointer and carry are active i 2-bit binary constant
v 4-bit register 1F 1-bit timer 1 overflow flag XXXX 4-bit unknown bibary number
w 4-bit register 2F 1-bit timer 2 overflow flag RS Exclusive-OR
X 2-bit register EXF 1-bit external interrupt flag - Negation
Y 4-bit register o] 12-bit port X Indicates flag is uneffected by instruction execution
z 1-bit register F 4-bit port Xy Label used to indicate the address XXXYYYY
DP 7-bit data pointer, combination of registers X, Y, and Z | K 8-bit port nxy Label used to indicate the address XXXYYYY of page PPPP
PCh The high-roder 4-bits,of the program counter S 8-bit port c Hexadecimal number C + binary number x
PCL The fow-order 7-bits of the program.counter T 1-bit port +
PC 11-bit program counter, combination of PCy and PCy_ INT i Interrupt request signal *

Note 1. When a skip has occurred, the next instruction only is ignored and the program counter is not incremented by
2, therefore, the number of cycles does not change in accordance with the existence or non-existence of skip

INSTRUCTION CODE TABLE

Dg~ Dy 10000 | 1 1000
0 0000| 0 0001( 0 0010 |0 0011|0 0100|0 01010 0110/ 0 01110 1000/ 0 1001| 0 16100 1011{ 0 1100| 0 1101 0 11100 1111 §
) o111 {111
Hexadecimal
D3~\number C
5 0o |o01|02|03|0oa|os 06|07 |08|09|0ajoB|oc|oDp]|oE]|0F [10~1718~1A
0000 1ol nop | oLs | 528 [ SEY|EoPs] o [xam] 8L A | LA | LXY | LXY|LXY| LXY
0 0 0 0 | BML 0 o oo 10|20]30|BM|®B
B sz8 | sev|LoPs|  IxampBL [ A LA | uxy | Lxy | Lxy | Lxy
0001 | 1 cLDS - BM | B
BLA 1 1 1 1 1 0,1 1,1 2,113
BMLA BML 1 . , , K
sze|sev| . 1o [¥aM] BL | 7, A | LA | XY | LXY | LXY]| LxY
2 NY —- -
ooto ! 2 2 2 | BML 2 2 loz]12]22]32[BM] B
s B} sza[sev|, o T od ¥AM| BL [ ) A | LA | LxY | LxY | LxY]| Lxy
o011 DEY | OLD) 4 3 3 | BML 3 3 o3| 13|23|33|BM] B
sev| ., [1as[Tam[ 8L [ A | XA [ LXY | LXY|LXY] LXY
0100 141 DI RD |~ 4 0 0 | BML 4 4 0,8 | 1,4 | 2,4 | 3,4 | BM B
[ SEY| 1| 1AS TAM[ BL [ A | LA | LxY | LXY | XY LXY
0101 57 EI Sb N 5 1 1 | BML 5 5 05 | 15| 25| 3,5 | BM B
sev| .o, Tam|BL [ A | LA | LXY | LXY | LXY]| LXY
0110 |6 — |TEPA SEAW . I 6 6 |os| 16|26 36]|B™| B
SEY Loy | TAM B A | LA [ LXY | LXY|LXY]| LXY
o\ TH = |OSPAL — 7 3 | BML 7 7 o7 1727 ]|37|BM| B
SEY| no | yan [¥AMO] BL [, A | LA | LXY] LXY | LXY] LXY
1000 |8 ) CPA | XAL | - 8 0 | BML 8 8 08| 1,8 |28/ 3s]|BEM B
SEV|[ oo | rpa [¥aMO BL | o A | LA | LXY| XY | LXY]| LXY
1001 9| DEC| TLA| 524 | ¢ | BML . s | ool 19|26 39|BM| ®
SEY| Lz xamp| BL [, A | LA | LXY ]| LXY|LXY]| LXY
1010 1A AM ITEAB — | 44 | 4 2 | BML 0] 10 low|110|210]310]8]| B
SEY| Lz XAMD| BL 1A | A x| oxy [oxy | Lxy
1011 |B| OSE |0SAB) SZD | 1 3 | BML 1| 1 o] 111|201 3,01 BM| B
SEv[sB [ RB |[xami| BL | _ A | LA | LXY ] LXY | LXY] LXY
MO0 G TYALTBAY = | 5 | 0 o | BML 12 2 [o2] 1,12 ]212]3,2|BM| B
SEY| SB | RB |xAMI| BL A | LA [ LXY | LXY | LXY| LXY
O D TAS | TAY | = g3 1 1 |BML 13| 13 oz 13|28 33| B
, sev| sB | RE |xAMI| BL A | La [oxy | Lxy|ixy | Lxy
V0B = | TABL — | gy b 2 2 2 | BML 14| 14 |0l 1,182,183, 8M | B
SEY| SB | RB |xAMI| BL A | LA | LxY] LXY | LXY ]| LXY
THMTIFFOMAL — | SZC 1 5 | 3 3 | BML 5 | 15 [o15] 1,152,155 |3,15|BM| B
MITSUBISHI
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Note 1: This list shows the machine codes and corresponding machine

instructions, D3~D, indicate the low-order 4 bits of the
machine code and Dg~D,4 indicate the high-order 5 bits.
Hexadecimal numbers are also shown that represent the codes
An instruction may consist of one, two, or three words, but

Note 3. Relationships between branching and page by means of
branching instructions and subroutine calling instructions.

only the first word is listed. Code combination indicated with Page (total of 16)
a bar (-) must not be used. - RTR
Note 2: Two-word instruction Address L ,L‘ 2 8- il L
Second word 0 EM_,i A ]
1 - LA
BL 1 Ixxx yyy g aML, 2
BML 1 0xxx yyyy i
: g <
BA 1 Ixxx XXXX ; g @
- i
BMA | 1 Oxxx XXXX i b
1 <
. o 8L
Three-word instruction H o 8 s By
Second word Third word : o qu [S~ye4
125 BMA
BLA 0 0111 pppp 1 Ixxx XXXX 126 BM,
BM 0 0111 pppp 1 0xxx XXXX 127 e I—J L .
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vpp Supply voltage 0.3~-—-20 A"
V) Input votage (ports D and S, and input VP) 0.3~—35 \
V) Input voltage, inputs other than ports D and S, and input VP|  With respect 1o Vsg 0.3~—20 \Y
Vo Output voltage, ports D and § 0.3~—35 \%
Vo QOutput voltage, other outputs than ports D and S 0.3~—20 A"
Pd Power dissipation Ta=25C 1100 mw
Topr Operating temperature —10~70 °C
Tstig Storage temperature —40~125 °C
RECOMMENDED OPERAT| NG COND|T|0NS (Ta =-10~ 70°C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vpp Supply voltage —13.5 —15 —16.5 \J
Vss Supply voltage 0 \Y
Vp Pull-down transistor supply voltage 0 —33 A"
ViH High-level input voltage —1.5 0 v
ViH (¢) High-level clock input voltage —1.5 0 \Y]
ViL Low-level input voltage, inputs other than ports D and S Vbpp —4.2 \Y]
ViL Low-level input voltage ports D and S —33 —4.2 A\
ViL () Low-level clock input votlage Vpp VoD +2 \Y
Vi (K) Analog input voltage, port K VREF 0 \%
Vi(K) Digital input voltage, port K Vop 0 \Y
VREF Reference voltage —5 —7 A
VoL Low-level output voltage, ports D and S —33 0 \%
f () Internal clock osciliation freguency 300 600 kHz
Note 4. V| {9} is specified for the maximum Vpp value.
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ELECTRICAL CHARACTERISTICS (Ta=-10~70°C, Vpp =-~15¢10%, Vss =0V, f(¢) = 300 ~ 600 kHz, uniess otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vo High-level output voltage, port D Vpp=— 15V, lon=—15mA, Ta=25°C| —2.5 \
VoH High-level output voltage, ports S and F |VODHD==__51”51X ‘( LngtT?)_?rr:i ;:02 ) —2.5 \2
V1o Negative threshold voltage (Schmitt input mask option) Vpp=— 15V, Ta=25C -7 —4
V14—=VT—| Hysteresis (Schmitt input mask option) Vpp=—15V, Ta=25C 1.5 3.5
I Input current, port K Measured when not executing CPA or CPAS - g A
Vi=—1V
(m High-level input current, port K {with pull-down resistors) Vpp= — 15V, Vip=0V, Ta=25C 50 250 “A
m High-levelinput current, portsDand S{withpull-downresistors)| Vp= —33V, V|y=0V, Ta=25°C 80 280 uA
hi(g) Clock input current Vi(g)=—15V, Ta=25°C —20 —40 uA
10H High-level output current, port D (Note 2) Vpp= —15V, Vou=—25V, Ta=25C —15 mA
oM High-level output current, ports S and F Vpp= — 15V, Vou=—25V, Ta=25C ::EZZ’: ;; mA
loL Low-level output current, ports D and S VoL= —33V, Ta=25C —33 uA
loL Low-ievel output current, port F Vpp= — 15V, Ta=25°C —33 uA
lop Supply current Vpp=—15V, Ta=25°C 21 mA
IREF Reference supply current VReF=—17V, Ta=25C —1 mA
Ci Input capacitance, port K yia;:"zz, VZOSTnxf:]’s 7 10 pF
Ci () Clock input capacitance er-DITA)}:ZLfT:S:WS\/Sr‘mS 7 10 pF
A-D conversion linearity error
A-D conversion zero error VRer=—7V }Overall + 2 +3 LsB
A-D conversion fullscale error

Note 1. Currents are taken as positive when flowing into the IC (zero signal condition}, with the minimum and maximum values as absolute values.
2. Itis possible to connect up to 5 lines of the port D at maximum ratings (-15mA) or all lines of port S and F at maximum ratings of -8BmA and -6mA respectively.

BASIC TIMING DIAGRAM

Machine cycle M1

Singal ~ State T T2 T3 T4 Ts Te
Clock input XN _/_ I / / _J
Clock output XouT ’ \ / / / I \ F \
Timing output Ta

D11~D
Port D outputs (O’:nput()) )(
Port D inputs E::r:p::)ju

S71~So
Port S outputs {Output) )(

~S

Port S inputs S((npm)o XX X
Port K inputs Kg~Ko1 XX XXX XXX XXX XXXXXXX

F3~Fp
Port F outputs (Output) x
Port F input F3~Fo
ort F Inputs tnput) XXX X X XXX XX XXX XAXXEREEEL OO
Port T output T

{Output) l
Port T input (input) X AN0%%
Interrupt request input INT WW

Note 3. m The crosshatch area indicates invalid input.

MITSUBISHI
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MITSUBISHI MICROCOMPUTER
M58846-XXXSP
SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH TWO TIMER/EVENT COUNTER
DESCRIPTION
PIN CONFIGURATION (TOP VIEW)
The M58846-XXXSP is a single-chip 4-bit microcomputer (
developed using p-channel aluminum gate ED-MOS tech- U,
ice i ; = \NPUT/OUTPUT Ds « [1] [42] ++ Dg
nology. The device includes two timers (one 7-bit timer and RTD {010+ 3] [@1] « D5
one 8-bit timer/event counter). It is housed in a 42-pin D1+ [3] [40) D
shrink plastic molded DIL package. RESETINPUT - RESET — [4] 135 05 | eur/outpur
TIMER INPUT/OUTPUT PORT  + [5] [58) «+Da [ PORTD
Ko — E E D3
FEATURES Ki = [7] [56) ++ D2
INPUT PORT K
® Basic machine instructions ............... . 65 Kz — (3] z [35) «+ D
® Basic instruction execution time (1-word instruction 23 - g 8 %“D“
0« [i0 = 33) <= XN CLOCK INPUT
at a clock frequency of 600kHz) .............. 10us s o N
) ’ outeut PorT G 4 &1+ [ = 32 — Xour cLOCK QUTPUT
® Memory capacity ROM: . ...... 2048 words x 9 bits Gz « [iZ] § [31) « 57
RAM: ......... 128 words x 4 bits Gs « 3] ) 39+ s¢
® Single —12V power supply OUTPUTPORTU U~ [id] 29+ 55
e ) - Fo « [i5] [28) <+ 54 | INPUT/OUTPUT
® Two built-in timers (timer 1: 7-bit timer/counter, F1 o & 7> 5, | PORTS
timer 2: 8-bit timer/event counter) .. ......... 2 lines  {WPUOUIPUTPORTEY o | ] ] - 50
® |Interrupt function ...... e INTERRUPT Fi < [ 5] ++ S
3 factors (external timer 1, timer 2), 1 level REQUEST INPUT INT — [[] [24] « So
e Two buil d (0V) CNvgs — [0 [23) «— Ve PULL-DOWN VOLTAGE
wo built-in data pointers (0v) Vss [@ 7 Voo (-rvy  NPUT
® Subroutinenesting .................. ..., 3 levels
® Input(portK) ........... ..., i :
put (p ) 4 Ifnes Outline 42P4B
® |Input/output (ports D, F,and S) ..... e 24 lines
® OQOutput {portsGandU) ........ e 5 fines
® Timer input/output(portT) ................ 1 line
® Direct drive for large fluorescent display tubes is possible
® Built-in decoder PLA for port S outputs (mask option) APPLICATIONS
® Built-in pull-down transistors {ports D, K, and S mask ® VTRs, TVs, cassette decks
option) ® Office equipment, copying machines, medical equipment
® Built-in clock generator circuit ® Educational equipment, games
CLOCK CLOCK  RESET
BLOCK DIAGRAM V) (—1v) (V) INPUT QUTPUT INPUT
CNVss Vop Vss XN Xout RE§ET
~ RaMm STACK REGISTER SK2(1 1) ROM
128 WORDS X 4 BITS STACK REGISTER SK1{11) 2048 WORDS X9 BITS
ADDRESS  DATA SACKREGISTERSKOTN | | o cecc pata
4 [ 9
CARRY CALLY ~ SELECTOR _ DATA POINTER DP _ PROGRAM COUNTER P
[Pea@ | Poun |
<—|CONTROLC(RCUITI
4 4 7 CONTROL
4 SIGNAL
T ) I z
REGISTER £ MULTIPLEXER
T 4 L] g, L
| R (8)
: E
L — EVP
.X ..INTE | PORTF @) [PORTU (1) | | PORT G @) | [ PORT K@) | [ PORT S @) PORT D {12) f—ve
T L J)@Lﬁiu gm mu
Ve
Y,
& DO® HBHDO—OD OOBOBED——DODBOOEBOBEHPD—
INT T F3 Fz Fi1 Fo G3 G2 Gi Go, K3 Kz Ki Ko 57 Ss S5 S4 S3 52 S1 So 03101903 Ds D7 Ds Ds D« D3 D2 D1 Do
INFERRUPT REQUEST TIMER INPUT g\'gF;JT/OUTPUT OgTF}UJ QUIFUT INPUT PORTK ~ INPUT/OUTPUT PORT $ INPUT/OUTPUT PORT D VOUAE"E?,?PML’,'#
MITSUBISHI
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MITSUBISHI MICROCOMPUTER

MS8846-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH TWO TIMER/EVENT COUNTER

PERFORMANCE SPECIFICATIONS

Parameter . Performance
Basic machine instructions 65
Instruction execution time {1-word instructions) 10us (with a clock frequency of 600kHz)
Clock frequency 300 ~600kHZ
ROM 2048 words x 9 bits
Memory capacity
RAM 128 words x 4 bits
K(Note 1) Input : 4 bits x 1
Input 1bitx 12
D (Note 2)
Output 1bitx 12
Input 4 bits x 1
F
Output 4 bits x 1
Input/output ports Input 4 bits x 2
S (Note 2)
Output 8 bits x 1
Output 4 bits x 1
Output 1bitx 1
Input 1bitx 1
T (Note 1)
Output 1bitx1
INT (external interrupt request) (Note 1) Thitx1

Timer 1:  7-bit timer

Timers Timer 2:  8-bit timer/event counter, timer input output port T
Pull-down voltage input pin Used for driving devices such as large fluorescent display tubes (ports D and S)
Subroutine nesting 3 levels
interrupts 3 factors {external, timer 1, timer 2), 1 level
Clock generator Built-in
Port D —33V input/output withstanding voltage, output current —15mA
Io/fopg::;'acterisﬂcs Port S —33V input/output withstanding volitage, output current —8mA
Ports other than D and § —20V input/output withstanding voltage, output current —6mA
Supply voftage —12V (Typ}
Device structure p-channel aluminum gate ED-MOS
Package 42-pin silicone plastic molded DIL package
Power dissipation {excluding ports) 280mW (typ)

Note 1. Input characteristics mask option (TTL-compatible Schmitt circuit)
2. Built-in pull-down transistors {mask options)

MITSUBISHI
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MITSUBISHI MICROCOMPUTER

M58846-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH TWO TIMER/EVENT COUNTER

PIN DESCRIPTION

Pin Name Input or Function
output
Vss Ground Connected to OV potential
Vop Supply voltage Connected to a —12V supply
Ve Pull-down suppty In Input for the supply voltage connected to the load resistors {mask option) for ports D and S
K3~Ko Input port K In This Port can be U§ed to perform fH?n TTL-compatible or Schmitt input. Pull-down transistors and input discharge
transistors are available as mask options,
Port D consists of a 12-bit input/output port, all bits operating individually. When a port D output is programmed low,
D11—~Dp 1/0 port D In/out the output floats and the input signal can be sensed. The outputs are open drain circuits which can be provided with
pull-down transistors as a mask option.
Port F is a 4-bit input/output port. When the output is programmed to low, the output floats and the input signal can
~ I Lo !
F3~Fo 1/ port £ n/out be sensed. The output circuits are open drain circuits.
The /0O port S can be used as either an 8-bit output port or a pair of 4-bit input ports. When the output port S is
$7~Sg 1/0 port $ In/out . - . . .
programmed to the low level, it remains in the floating state so that it can be used as an input port.
G3~Go Output port G Out This is a 4-bit output port.
U Output port U Out This is a 1-bit output port.
Thi t is used as the ti 2 i i i i
T Timer 1/0 port T Infout is port is used as imer 2 event counter input and the timer 2 overflow output, the functions being software
selectable.
INT Interrupt request input in This is the input for interrupt requests.
RESET Reset tn When this input is kept high for at least 3 machine cycles, the reset state is enabled.
XIN Clock input In These are the input and output pins for the built-in clock generator. A ceramic filter element {300kHz ~ 600kHz) or
XouT Clock output Out a resistor/capacitor combination are connected to these pins to provide the required oscillation stability.
CNVss CNVgg In This input is connected to Vgg and must have a high-level input applied to it (OV).

MITSUBISHI
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M58846-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH TWO TIMER/EVENT COUNTER

BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 2048-word x 9-bit Mask ROM can be programmed
with machine instruction codes in accordance with the
customer’s specifications. It consists of 16 pages, each
containing an address range of 0~127. Fig. 1 shows the
address map for this ROM.

Program Counter (PC)

This counter is used to specify ROM addresses and the
sequence of read-out of instructions stored in ROM. The
program counter is an 11-bit counter, the upper-order 4 bits
of which (PCy) indicate the ROM page, and the lower 7

bits of which {PC,_) are a pure binary address designation.

Each time an instruction is executed, PC_ is incremented
by 1 step. For branching and subroutine call instructions,
its value is set to the designated address.

When the 127 address is reached for every page, the
address value returns to the first address of that page.
Therefore, for moving from one page to another page, the
page byte itself must be modified. This is done using the BL
and BLA instructions.

Page 2 and page 3 are special pages used for subroutine
calls. Page 2 can be called with a 1-word instruction from
any arbitrary page. This instruction is either BM or BMA.
When either BM or BMA is executed, subsequent BM or
BMA instructions are equivalent to B and BA on page 2.
Also, B or BA is equivalent to B or BA on page 3. This
condition is cancelled when the RT, RTS, BL, BML, BLA,
or BMLA is executed. Note 3
instruction codes and corresponding states.

instruction

Stack Registers (SKg, SK;, SK,)

These registers are used to temporarily store the contents of
the PC while executing subroutines or interrupt programs
until the program returns to its original routine. The SK
registers are organized in 3 words of 11 bits each, enabling
up to 3 levels of subroutine nesting. If 1 level is used for an
interrupt routine, the remaining 2 levels can be used for
subroutine calls.

Data Memory (RAM)

This 512-bit (128 words x 4 bits) RAM is used to store
both processing and control data. One RAM word consists
of 4 bits with bit manipulation possible over the entire
storage area. The 128 words are arranged as 2 file groups x
4 files x 16 digits x 4 bits. Fig. 2 shows the RAM address
map. The RAM address specification. is made by the
combination of data pointer DP register Z, register X, and
register Y, Thus, the selector CPS and data pointer DP must
be set. However, as long as the address is not changed this is
not necessary.

shows the .

Data Pointers (DP, DF’)

These registers are used to designate the RAM address, and
bit position for the /O port D and register J. Each data
pointer is composed of a 7-bit register. Register Z (the most
significant bit of DP) designates the RAM file group;
register X (the central 2 bits) designates the RAM file; and
register Y (the least significant 4 bits) designates the digit
position of the RAM file. At the same time, register Y
designates the bit positions of the 1/0 port DJ.

4-Bit Arithmetic Logic Unit (ALU)
This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry.

Register A and Carry Flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion, and data input/output are executed by
means of this register. The carry flag CY is used to store
carry or overflow after execution of arithmetic and logical
operations by the arithmetic logic unit. The carry flag may
also be used as a 1-bit flag. Two carry flags, CY and CY’,
are available and selected by selector CPS, as is the data
pointer DP,

Registers B and E

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E is composed of 8
bits and is used not only as an 8-bit temporary storage
register, but also as a temporary for the 1/0 port S.

PCH
PCL 0 1 15

8765/1321087651132‘0876I 2|1]0|8|7(6{5(4)3(2|1]0

Page designation

B
designation
0

1
2

126

Address designation

127

Fig. 1 ROM Address map

File Register Z 0 1
Register X 0 1 2 3 0 3
File name Fo Fy Fa Fa Fa . Fy

Bit designation [3{2|1]0(312[1|0(3(2[1]|0|3|2|1]|0|3|2|1(0| - |3]|2|1|0

(register Y)

Digit designation

Fig. 2 RAM Address map

MITSUBISHI
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Interrupt Functions

The M58846-XXXSP provides 3-factor, 1-level vector inter-
rupt capability, enabling unique branching addresses for
each interrupt factor.

Interrupt factor

Interrupt address

Interrupt type Causal condition

Timer/Event Counter (2 Lines)

The timer/event counter section consists of two lines
(timers). As shown in Fig. 4, this section includes timer 1
and its overflow flag (1F) and timer 2 and its overflow
register (register R}, as well as the timer input/output port
T and the timer control registers V and W,

Rising edge at the INT input
pin

External interrupt Page 1, address O

Timer 1 interrupt Timer 1 overflow Page 1, address 2

Timer 2 interrupt Timer 2 overflow Page 1, address 4

Fig. 3 Vector Interrupt Addresses

The interrupt vector addresses are shown in Fig. 1.

An interrupt is generated whenever any of the casual
conditions listed in Fig. 3 are satisfied at a time when the
INTE flag is set to 1 (when the El instruction is executed
the INTE flag is set to 1, enabling interrupt; the DI
instruction clears this flag to O, prohibiting interrupts). If
any of the interrupt causing conditions continues when the
INTE flag is 0, an interrupt is generated when the INTE flag
is set to 1.

The interrupts generated as a result of timer 1 and timer
2 overflow conditions can be software controlled, allowing
confirmation of the overflow condition using a skip
instruction.

When an interrupt program is used, one level of the
three-level stack register is required, the remaining two
levels being used for subroutines. After the interrupt
program is started, the data pointer DP, register A, carry
flag CY, and registers used by the interrupt program are
saved. The instruction RTI is required to restore these
before returning to the main program.

When an interrupt occurs, the microcomputer internal
states are as follows.

(1) Program counter
The current address in the main program is stored in a
stack register and the vector interrupt address as shown
in Fig. 1 is loaded into the program counter,

(2) Interrupt flag INTE
The flag INTE is reset to disable further interrupts.
This diabled state will continue even after return to the
main program by the RTI instruction until the execu-
tion of an El instruction.

(3) Skip flags
Skip flags are provided to discriminate skip instructions
and consecutively described skip instructions. Each flag
has its own stack within which the skip state is saved.

TIMER CONTROL
REGISTERS

REGISTER V(4)

TIMER 2 AUTO-RELOHU
REGISTOR R(8}.

TIMER 1.(8) TIMER2 (2)

Fig. 4 Timer/event counter block diagram

The two timers (timer 1 and 2) are controlled by means

of the timer control registers.

(1) Timer 1
Timer 1 is implemented using a 7-bit counter which
divides the machine cycle {100kHz for a 600kHz clock
frequency) by 127, setting the flag 1F every time an
overflow condition occurs.
The timer is ready to count after a system reset has
occured.

(2) Timer 2
Time 2 is implemented using an 8-bit binary counter
and is provided with an auto-reload register (register
R). Timer 2 data can be read using the TAB2
instruction and register R may be set as well as read by
means of the T2AB instruction, Starting and stopping
the counter as well as the selection of the source {(timer
1 or external input from port T) is controlled by the
timer control registers. The overflow condition results
in the setting of the flag 2F, after which timer 2 can be
set with data once more by register R (auto-reload
register) and continue counting.

(3) Timer1/OportT
This port can be selected by the counter control
register as the source for timer 2. In addition, when
another source has been selected, a pulse is available at
this port every time timer 2 reaches the overflow
condition,

(4) Timer 1 and 2 overflow flags 1F and 2F
These flags are set when the corresponding timer has
reached the overflow condition. To test these flags,
generation of an interrupt and skip instructions (SNZ1,
SNZ2) can be used. The selection of which will be
used is made by the timer control registers. By using
either, these flags will be reset.

MITSUBISHI
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(5) Timer control registers V
The timer control register is used to perform the above
described control functions. Instruction TVA is used
to transfer control data to this register.

INPUT/OUTPUT PORTS

(1) Port K (K3~Kp)
This port is capable of performing 4-bit input by means
of the IAK instruction or single-bit input by means of
the SZK instruction.
The port K input circuits are TTL-compatible and may
be provided with Schmitt circuits as a mask option.
In addition, pull-down transistors may be provided as a
mask option,

(2) Port D (D47 ~Dg)
This port consists of 12 bits which can be used for
both input and output functions by means of the SZD,
SD, and RD instructions. The output section provides
individual bit latching and the contents of register Y
can be used to designate a single bit of port D for
output. When using the port for input,the output must
be cleared to O first. The instructions CLD and CLDS
can be used to clear all bits of the port to 0.
The outputs are open-drain circuits which can be
provided with pull-down transistors as a mask option.

(3) Port F (F3~Fg)
This 4-bit port is controlled for output and input by
the OFA and IAF instructions respectively. When using
a bit for input, that bit output must first be set to 0.
The outputs are open-drain circuits.

(4) PortS (S;~Sp)
This port can perform 8-bit output using the OSAB,
OSPA, and OSE instructions and 4-bit input using the
IAS instruction.
A built-in S output PLA has been provided which can
code 4 bits of register A data arbitrarily and provide
output using the OSPA instruction. The PLA output
coding is a mask option.
When the port is used for input, the outputs must first
be set to 0. All the port S bits may be set to 0 by
means of the CLS and CLDS instructions.
The outputs are open-drain circuits which can be
provided with pull-down transistors as a mask option.

(5) Port G (G3~Gp)
This port can be used to perform 4-bit output by
means of the OGA instruction. The outputs are
open-drain circuits.

(6) Port U
This port can be used to perform 1-bit output by
means of the SU and RU instructions. The outputs are
open-drain circuits.

Ve PIN

This pin is used to supply the required voltage for the port
D and port S pull-down transistors. Built-in pull-down
transistors can be provided as a mask option for driving
fluorescent display tubes, as shown in Fig. 5, eliminating
the need for the usual externally connected pull-down
resistors and resulting in a reduction in the number of
system components.

PULL-DOWN TRANSISTOR
PORT S{SEGMENT SIGNAL)

/! PULL-DOWN TRANSISTOR
PORT D(DIGIT SIGNAL)

P~ HEATER

DISPLAY TUBE
— [ —
L/

,

-

M58846-XXXSP j—Vp N 33V

Note 1. M58846-XXXSP can be used to directly drive
fluorescent display tudes demanding up to —33
V of output level
2. To provide complete blanking, the heater should
be provided with a voltage of approximately 4V
from the VP pin

Fig.5 Fluorescent display tube drive circuit

RESET

When the RESET pin is kept high for at least 3 machine

cycles, the reset state is enabled. After reset has been

performed, when the RESET input is driven low, program

execution will begin at page 0, address 0.

When the reset state is enabled, the following operations

are performed.

(1) The program counter is set to 0, address 0. (PC) < 0

(2) The interrupt mode is in the disabled state. INTE <0
(the same as for the execution of the DI instruction)

(3) The carry and data pointer selector CPS is set to O,
specifying DP and CY.

(4) Register Vis set to 0. V< 015

(5) The 3 interrupt flags, external interrupt flag (EXF),
timer 1 overflow flag (1F), and timer 2 overfiow flag
(2F) are reset. EXF=1F=2F < 0

(6) All outputs of ports D, F, S, G, U, and T are cleared to
low (D)=(F}=(S)=(G)=(T) <0

MITSUBISHI
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CLOCK GENERATOR CIRCUIT

A clock generator circuit has been built in, to allow control
of the frequency by means of an externally connected RC
circuit or ceramic resonator. In addition, an external clock
signal may be applied at the Xy pin, leaving the X oyt pin
open. Circuit examples are shown in Fig. 6~ 8.

Note 1.  Since when using an RC circuit to

determine frequency the frequency

M58846-XXXSP]

XiN XouT will vary in accordance with the
device characteristics, the constants
should be chosen so that the frequency

= falls within a specified fimit even

; including the effect of these variations.

Fig. 6 External RC circuit

M58846-XXXSP
XIN XouT | Note2. The constants will. depend on the frequency
T and type of the ceraric resonator used.

PHD'_‘T‘ Cour
oA

Fig. 7 Externally connected ceramic rescnator

Cin

M 58846 -XXXSP,
XiN Xout

; | v

EXTERNAL OSCILLATOR CIRCUIT

Fig. 8 External clock input circuit

MASK OPTIONS

The following mask options are available, specifiable at the

time of initial ordering.

(1) PortS output PLA data

(2) Port K (K3~Kg}) pull-down transistors

(3) Port D (D11~ Dg) pull-down transistors

(4) Selection of port K input TTL-compatible Schmittcir-
cuits

(5) Selection of interrupt input TTL-compatible Schmitt
circuits

(6) Selection of RESET input TTL-compatible Schmitt n
circuits

(7) Selection of port T TTL-compatible Schmitt circuits

DOCUMENTATION REQUIRED UPON

ORDERING

The following information should be provided when order-

ing a custom mask

(1) M58846-XXXSP mask confirmation sheet

(2) ROM data 3 EPROM sets

(3) Port S output PLA coding On confirmation sheets

(4) Port K puli-down transistors

(5) Port D pull-down transistors

(6) Port S pull-down transistors

(7) Selection of interrupt input TTL-compatible Schmitt
circuits

(8) Selection RESET input TTL-compatible Schmitt cir-
cuits

(9) Selection of port T input TTL-compatible Schmitt cir-
cuits

(10) Selection of port K input TTL-compatible Schmitt cir-

cuits

MITSUBISHI
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MACHINE INSTRUCTIONS

[ — £re
Type of  pne Instruction code gl s ) Skip st L )
instruc:  monic o oo oo Tiemal 5% Functions condition | g Description of operation
1on H”"‘!?'anota(iongg w
5 TAB 0 0001 1110|0 1E | 1] 1] (A)—(B) - X | Transters conents of register B to register A,
B TBA 0 0001 1100(0 1C | 1| 1| (B)(A) X [ Transfers contents of register A to register B.
g TAY 0 0001 11010 1D | 1| 1| (A)=(Y) - X | Transfers conents of register Y to register A,
s TYA 0 0000 11000 0C | 1| 1| (Y)—(A) - X | Transfers conents of register A to register Y.
T o TEAB 00001 10100 1A 1|1 |(Er~Eg)—(B) - x | Transfers contents of register A and B to register E.
z % (E3~Eg)—(A) : _ ,
2 § TEPA 0 0001 01100 16 | 1] 1| (E;~Ep) throughPLA«—(A) - x | Decodes contents of register A in the PLA and transfers result to
-] register E.
LXY x,y [0 11 xx yyyy O Cy | 1|1 [(X)—x wherex=0~3 Written X |Loads value of “x" into register X, and of "’y into Y, When LXY
+ (Y)—y wherey=0~15 successively is written successively, the first is executed and successive ones
x are skipped.
4
g LZ z 0 0100 101z [0 4 : 111 | (Y)~z wherez=0,1 - X |Loads value of "‘z"" into register Z.
g z
FL 00000 0010|002 | 1|1 [(Y)—(Y)+1 (¥)=0 X |Increments contents of register Y by 1. Skips next instruction
when new contents of register Y are "'0".
DEY 0 0000 0011003 |11 [(Y)=(Y)=1 (Y)=15 X | Decrements contents of register Y by 1. Skips nect instruction
when new contents of register Y are “15",
LCPS i (0 0100 000i |0 4i | 1| 1((CPS)— where =01 - X {DP and CY are active when i=0, DP" and CY', when i=1.
TAM j 0 0110 01jj o064 | 1|1 (A)—(M(DP)) - X | Transfers the RAM contents addressed by the active DP to
lf (X)=(X)~, where |=0~3 register A. Register X is then ‘‘exclusive OR-ed” with the value j
in the instruction, and the result stored in register X,
XAM j |0 0110 00jjlo&j | 1] 1] (A)—(M(DP) - X 1 Exchanges the contents of the RAM DP and register A. Contents
5 (X)—(X)~| where j=0~3 of X are then “exclusive OR-ed”” with the value j, and the result
= stored in register X.
g XAMD j |10 0110 10jj(0o 68| 1| 1] (A)—s(M(DP)) (Y)=15 X | Exchanges the contents of the RAM and register A. Contents of
2 + (Y)ye—(Y)—1 X are then “exclusive OR-ed” with the value j in the instruction,
g ! (X)e=(X) %J wherei=0~3 and the result stored in register X. The contents of register Y are
s decremented by 1, and when the result is 15, the next instruction
< is skipped.
T 1 xam jloo110 1155l08c| 1] 1] (A)=(M(OP) (Y)=0 x | Exchanges the contents of the RAM and register A Contents of X
+ (Y)e-(Y)+1 are then “exclusive OR-ed” with the value j in the instruction and
i (X)«(X)~| where j=0~3 result stored in register X. The contents of register Y are in-
cremented by 1, and when the result meets the next instruction is
skipped with the marked skip condition
LA n O 1011 nnnn|0Bn (A)e-n where n=0-~15 Wrin_en X | Loads the value n in to register A. When LA is written consecu-
successively tively the first is executed, and successive ones are skipped.
Adds the contents of the RAM to register A, The result is re-
AM 0 0000 10100 0A | 1| 1] (A)=(A)+(M(DP)) - X | tained in register A, and the conents of flag CY are unaffected.
5 Adds the RAM contents addressed by the active DP and contents
2 | AMC 0 0100 00110 43| 1 [ 1] (A)(A)+(M(DP))+(CY) - 0/1) of flag CY to register A. The result is stored in register A, and the
g carry in the active flag CY.
o | AMCS 0 0101 00110 53 1| 1] (A)—(A)+(M(DP))+(CY) (cy)=1 0/1] Adds the contents of the RAM and flag CY to register A, The
-2 CY« Carry result is stored in register A and the carry in the CY, but the next
g instruction is skipped when a carry is produced.
£ |An 0 1010 nnnn (0 An | 1] 1] (A)—(A)+n wheren=0~15 Carry=0 | X | Adds value n in the instruction to register A. The contents of
< where n +6 flag CY are unaffected and their next instruction is skipped a
carry is not produced, except when n=6.
sc 0 0100 1001 (049 | 1] 1/(CV—1 - 1 | Sets active flag CY.
RC ©0 0100 1000/0 48| 1| 1](CY)e0 0 | Resets active flag CY.
szc 0 0010 1111]|0 2F | 1|1 (cy=0) X | Skips next instruction when contents of the active flag CY are O.
CMA 0 0000 11110 OF | 1 [ 1] (A)—(R) - X | Stores complement of register A in register A,
SB j 0 0100 11jj|0ac| 1| 1| (Mj(DP)—1 where | =0~3 - X | Sets the jth bit of the RAM(immediate field value)addressed by
& + the active DP (the bit designated by the value j in theinstruction)
.g ] Resets the jth bit of the HAM(imrpediate field {alue)addressed
g RB |} 00101 11jj|05 i 1] 1| (Mj(DP))<0 where |=0~3 - X | by the active DP {the bit designated by the value jin the instruc-
ion
3 i [Skip)s next instruction when the contents of the jth bit of the
.“’_S SZB | 0 0010 00jj o0 2j 1 (M (OP))=0 RAM{immediate field value) addressed by the active DP (the bit
where j=0~3 which is designated by the value j in the instruction) are O
«» | SEAM 0 0010 0110|026 [ 11 (M(DP) = X | Skips next instruction when contents of register A are equal to
o (A) the RAM contents addressed by.the active DP.
S |sevy |0 0011 yyy y|oa3y |11 ~ (Y)=y | x |Skips next instruction when the content of register Y are equal
g where to the value y in the instruction
Q y=0~15
| y
S |T24B |0 1000 0101(0 85 |1 | 1] (Ri~Ra)«(B), (27~24)—(8) - X | Transfers the contents of registers A and B to timer 2 and the
g (R3~Rg) —(A), (23~25)—(A) reload register.
2 | TAB2 0 1000 10100 8A | 1 |1 |(B)—(27-24) - X | Transfers the contents of timer 2 to registers A and B
a (A)—(25~209)
= | TVA 0 1000 0110(0 86 | 11 (V)—(a) - X | Transfers the contents of register A to register V
E SNZ1 0 1000 0010 (0 82 |1 |1 (1F)=1 X | Skips the next instruction when the flag 1F is 1
= | SNZ2 0O 1000 0011|083 |1 |1 (2F)=1 X | Skips the next instruction when the flag 2F is 1
B xy 1 1xxx yyyy,1 8y | 1| 1 (PC)—16x+y - X | Jumps to address xy of the current page.
2 : (PCl)+3, (PCL)+—16x+y Jumps to address xy on page 3 when executed, provided that
2 none of instructions, RT, RTS, BL, BML, BLA or BMLA was
g executed after execution of instruction BM or BMA,
S [BLpxy [0 0111 PPPP{O 7P | 2! 2| (PCu)—p - X | Jumps to address xy of page p.
= 1 1xxx yyyy|1 8y (PG )+ 16x+y
2 +
H x
8 [BAxX [0 0000 0001]|0 01| 2] 2] (PCO—16x+(A) - X | Jumps to address x({A) of the current page.
2 1 1xxx XXXX|1 8X o
< : (PCh)«3. (PCL)16x+(A) Jumps to the address x(A) of page 3 provided that none of
instructions. RT, RTS, BL, BML, BLA or BMLA was executed
alter execution of instruction BM or BMA.
MITSUBISHI
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B 8
l T a--g
i S >
Type of Instruction code Il I Ski ke L .
instruc- Mnet ‘é, 4 Functions i D ns | B Description of operation
| conditio
ion  MOMC | o, b,0,0,0, D:10:D,0,|18MA | S| S T
notation
BLA pxy 0 0000 00010 01|33 (PCh)—p ‘ - X [Jumps to the address x(A) of page p.
! 10 0111 PPPP|O 7P (PCL)+—16x+ (A) ‘
£ [1 1 xxx xxxx|1 8x
E] +
BM xy |1 Oxxx yyyy[ 1 xy | 1] 1| (SK2)—(SK1)—(SKg)—(PC) - X [Calls for the subroutine starting at address xX on page 2
(PCy)—2, (PCL)—16x+y
{ (PCu)«—2, (PCL)—16x +y Jumps to address xy of page 2 provided that none of instruc-
tions. RT, RTS, BL, BML, BLA or BMLA was executed after|
the execution of instructions BM or BMA.
“ 1 BML pxy|0 0111 PPPP| O 7P | 2| 2| (SKy)—(SKi)—(SKo)—(Pg) - X |Calls for the subroutine starting at address xy of page p.
3 1 Oxxx yyyy|1 xy (PCy)e-p, (PCL)—16x+y
2 |BMA xX |0 0000 0001[0 01 [ 2| 2] (SKy)—(SK;)—(SKo)—(PC) - X |Calls for the subroutine starting at address x(A) of page 2.
] 1 Oxxx XXXX|[1 XX (PCp)«—2, (PCL)—16x+(A)
o
o
F] (PC)e—2, (PCL)—16x +(A) Jumps to address x(A} of page 2 provided that none of instruc-
tions, RT, RTS, BL, BML, BLA or BMLA was executed after
the execution of instructions BM or BMA.
BMLA |
PxX10 0000 00010 01 | 3| 3| (SK;)—(SK)—(SKg)—(PC) - X |Calls for the subroutine starting at address x(A) of page p.
00111 PPPP|O 7P (PCu)—p. (PCL)~—16x+(A)
(1 Oxxx XXXX[1 XX
RTI 0 0100 0110{0 46| 1| 1] (PC)—(SK0O)—(SK1)—(SK2) - X |Returns from interrupt routine to main routine. The internal
g Resets interrupt flip-flop flip-flop is restored to the value held immediately before the
B interrupt.
2
g RT 0 0100 0100(0 44| 1| 1{(PC)—(SKO)—(SK1)—(SK2) - X |Returns to the main routine from the subroutine.
=3
o
& [rrs 00100 21010 45| 1] 1] (PC)—(SKO)—(SK1)—(SK2) Uncondi- | X |Returns to the main routine from the subroutine, and uncondi-
tional skip tionally skips the next instruction.
cLD 0 0001 00110 13( 1|1/ (D)0 - X |Ctears port D.
cLs 0 0001 00000 10| 1| 1|(S)0 - X |Clears port S.
CLDS |0 0001 00010 11| 1|1/ (D)0 - X |Clears ports S and D.
(]
sD 0 0001 0101|0 15| 1| 1| (D{Y)—1where Y=0~11 - X |Sets the bit of port D that is designated by register Y
RD 0 0001 0100|0 14| 1| 1| (D(Y))—0 whereY=0~11 ‘ - X [Resets the bit of port D that is designated by registes Y
s$2D 0 0010 1011|0 2B 1| 1 (D(Y)=0 X |Skips the next instruction if the contents of the it of port 1 that
5 | Y=0~11 is designated by register Y and 0.
& | osae 0 0001 1011|0 1B 1| 1[(S3~S4)«(B) where X |Output contents of registers A and B to port S,
3 [ | (83— Sg)—(a)
E OSPA 0 0001 011170 17| 1| 1] (S;—84)«throughPLA—(A) - X |Decords conents of register A by PLA and the result is output
c | to port S,
£ | ose 0 0000 1011(0 0B 1| 1] (S)—(E) - X |Qutputs contents of register E to port S.
IAS i [0 0101 010i|0 54 1[1{1=0:(A)~(S7--Sa) - X [ Transfers from port S to register A. The high-order four bits of
+ i=1: (A)—(S3—So) port S are transferred when the value of i in the instruction is|
i 0 or the low-order four bitsare transferred when the value of iis1.
OFA 0 1000 0001 |0 81| 11| (F)(a) - X
IAF 0 1000 1100(0 8C| 1] 1| {(A)—(F) - X |Transfers the port F input to register A.
OGA 0 1000 0100|0 84| 1| 1 (G)—(A) X 10Outputs contents of register A to port G.
tAK 0 0101 0111|0 57 1|1 (A)(K) - X |Transfer the port K input to register A,
82K j ([0 0101 10jjlo 58| 11 (K())=0 X |Skips the next instruction if the jth bit of port K input is 0.
+
i
su 0 0000 01110 0711 - X [Setsport Uto 1,
RU 0 0000 0110|0 06 1| 1| (U0 - X |Resets port U to 0.
2| 0 0000 0101|0 05 1 (1 | (INTE)«1 X |Sets interrupt flag INTE to enable interrupts.
S
E, =1} 0 0000 0100|060 04 | 1| 1] (INTE)—0 X |Resets interrupt flag INTE to disabel interrupts.
c
Q
§ NOP 0 0000 00000 00| 1|1 |(PC—(PC)+1 X |No operation.
Symbol Contents Symbol Contents Symbol Contents
A 4-bit register (accumulator) cy 1-bit carry flag K 4-bit port
B 4-bit register 5 1-bit timer 1 overflow flag s 8-bit port
£ 8-bit register 2F 1-bit timer 2 overflow flag INTE Interrupt enable flag
R 8-bit timer overflow register “x 2-bit binary variable INT interrupt request signal
v 4-bit register yyyy 4-bit binary variable EXF 1-bit external interrupt flag
X 2-bit register 2 1-bit binary variable - Shows the direction of data flow.
Y 4-bit register annn 4-bit binary constant ( ) |Indicates the contents of register, memory etc.
5 1-bit register , 1-bit binary constant w Exclusive OR
. 7bitd ] Xy 2-bit binary constant " Negation
o o .ata pointer, coml?\.nanon of registers, X, ¥ and 2 " 4-bit unknown binary number X Indicates f‘la is unaffected by instruction execution|
PCy Thehigh-order four b\.ts of the programcounter.| XXXX |16 . Label usedgto indicate theyaddress XXX YYYY
PCL The_low~0rder seven bits of the programcounter,| 1 Timer 2 cyps ndh nich d ) d oy are activ
Sko 11-bit stack register F 4-bit port ny Hexadecimal number C + binary number X 1
SK1 11-bit stack register P 4-bit port e
SK2 11-bit stack register U 1-bit port X
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INSTRUCTION CODE LIST
Dg~ D4 10000 |1 1000
00000 0 0001/ 00010 | 0 0011 6 0100| 0 0101 | 0 0110] 0 0111] 0 1000 | 0 1001 | 0 1010| 0 1011] 0 1100| 0 1101 | 0 1190 0 1111| Y
101111
Dy Hexadecimal
30 notationg o | 01 (02 | 03|04 |05 |06 |07]os|09|oaloBlocioDn]|oE]|o0F |0~1718~1A
B
000 o SZB | SEY |LCPS XAM | BL A | LA | LXY]|LXY]|LXY] LXY
0000 1 04 NOP | OLS | 4 0 0 0 | BML 0 o [o0]| 10| 20]|30|BM| B
w00t |1 N cLps| 528 | SEY |LoPs xam| L [ AT ea foxfoxy oy foe o
LDS - -
BLA 1 1 1 BM 1 1
BLA 1 L 1o | w2 ] 1
SZB | SEY xam| BL [ A | LA | LXY ] LXY| LXY]| LXY
0010 12 | INY |~ 2 2 - - 2 | BML 2 2 ozi12|22]32|BM]| B
szBSEY|, | oa XAM| BL [ . A | LA | LxXY | LXY ]| LXY| LXY
0011 3| DEY | OLD | 4 3 3 | BML 3 3 |o3l{13|23|33|BM] B
sev| o [asiTamlBL | A | XA | LXY | LXY]| LXY] LXY
o0 (4f o | RD | — |7, o | o |em . a |04 14|24 34fBM| B
SEY[ 4yg | 'AS [TAM| BL| o A | LA [ Lxy | Lxy| XY ]| Lxy
0101 5] Bl | SD |~ 5 1 1 | BML 5 s | os| 15|25 3s|BM| B
sev| ary TaM|BL |, A | LA | LxY | LXY|LXY]| Lxy
0110 |6 [ RU (TEPA|SEAM o . 6 |os| 16|26 36|BM| 8
SEY x| TAM[BL[ A | LA | LXY|LXY|LXY| LXY
0111 7] SU |OSPA| — 7 3 | BML 7 7 or| 17|27 37|BM]| B
SEV[ o | 52K [xamD| BL A | LA | LXY] LXY] LXY ]| LXY
000 18] = | — | T | 4 0 0 | BML 8 8 [os8|1,8]|28)|38|BM B
seY| . | szk |xamp| BL [ _ A | LA | LXY|LXY]|LXY| LXY
1001 8 f — - - 9 1 1| BML 9 9 09| 1929 39]|BM B
sev| 1z ['sz|xamo BL [ A | La [ Cxy | Lxy ] txy | Lxy
1010 | A AM | TEAB  — 10 ] 2 2 | BML 10 16 | 0,10 | 1,10 | 2,10 | 3,10 BM B
SEY| Lz | szk|xamp| BL A | LA | Lxy | Lxy ] xy | Lxy
1011 B 0SE |0SAB| SZD| 1 3 3 |BML 1| 1 don|2]s,n|BM | B
sev| se [ RB [xami| BL [ A | LA | LXY ]| LXY]| LXY]| LXY
100 |Gl TYA | TBAL — | 4, | g 0 0 |BML 12 | 13 foz| 2202 3,02 BM| B
SEY| SB | RB |xami| BL A | La Tixy ] ixy | uxy | Lxy
MoT D = | TAY = g3 )y 1 1| BML 13| 13 Jos| 13|23 33| BM| B
SEY| sB | RB |xamI| BL A | La [Cxy | Lxvy | txy]| Lxy
VOB = 1 TABL = | 4 | 2 2 2 | BML 14 | 14 {o1al 114214314 BM | B
SEY| SB | RB |XAMI| BL A | LA [CxY | Lxy|LxY]| LxY
TP OMAL = 1820 5 | 5 3 3 |BML 15 | 15 [o7s),5 )23, B8] B
Note 1. This list shows the machine codes and corresponding machine instructions. D3~Dg

Note 2.

indicate the low order 4 bits of the machine code and Dg~D, indicate the high-
order b bits. Hexadecimal numbers are also shown that represent the codes.
An instruction may consist of one, two ,or three words, but only the first word is
listed Code combination indicated with a bar {—) must not be used.

Two-Word Instructions

Second word
BL 1 Ixxx yyy
BML 1 Oxxx yyyy
BA 1 Ixxx XXXX
BMA 1 Oxxx XXXX

Three-Word Instructions

Second word Third word
BLA 0 0111 pppp 1 txxx XXXX
BMLA| 0 0111 pppp 1 Oxxx XXXX

Note 3. Relationships for branching by means of branching instructions
and subroutine calling instructions.
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N Nemmmmmrm e e N - O
> o

127

BA

1

~—
BM, BMa

BM, BMA

BM
e

L. 21

n-----15

MLt
L.

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTER

M58846-XXXSP

SINGLE-CHIP 4-BIT MICROCOMPUTER
WITH TWO TIMER/EVENT COUNTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vbpp Supply voltage 0.3~—20 \Y
Vi Input voltage (ports D and S, and input Vp) 0.3~—33 A
\ Input voltage, inputs other than ports D and S, and input Vp | With respect to Vgg 0.3~—20 \%
Vo Output voltage, ports D and S 0.3~-33 \
Vo Output voltage, other outputs than ports D and S 0.3—-—20 \
Pd Power dissipation Ta=25°C 1100 mw
Topr Operating temperature —10~70 °C
Tstg Storage temperature —40~125 °C

RECOMMENDED OPERATING CONDITIONS (Ta=—10~70°C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vpp Supply voltage -1 —12 —13 \
Vss Supply voltage 0 \
Vp _Pul)»down transistor supply voltage 0 —33 \
ViH High-fevel input voltage, ports S and F —1.5 0 \
Viy High-level input voltage, port D —1.0 0 \
ViH () High-level clock input voltage —1.5 0 A\
ViL Low-level input voltage, inputs other than ports D and S Voo —4.2 vV
ViL Low-level input voltage, ports D and S —33 —4.2
ViL () Low-level clock input voltage Vpp Vpp+2 \
Voo Low-ievel output voltage, ports D and S —33 [}
(&) Internal clock oscillation frequency 300 600 kHz
Note 1. V(&) is specified for the maximum Vpg value
ELECTRICAL CHARACTERISTICS (T5=—10~70°C, Vpp=—12V 10%, Vg5=0V, f($)=300~600kHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
ViL Low-level output voltage, port F Vop —4.2
VoH High-level output voltage, port D Vpop=—12V, lgy=—15mA, Ta=25C| —2.5
Von High-level cutput voltage, ports S and F :/ODHD:__;éX '( ;S;'t )T i:i(z;;?g §) —2.5 \V}
V- Negative threshold voltage (Schmitt input mask option) Vpp= —12V, Ta=25°C —7 —4 \2
VT4—VT1—| Hysteresis (Schmitt input mask option). Vpp=— 12V, Ta=25C 2 3.5 \
L (g) Clock input current Vi(g)y=—12V, Ta=25C —20 —40 uA
I1H High-level input current, port K {with pull-down resistors) Vpp=— 12V, V|y=0V, Ta=25C 50 250 uA
[ High-level input current, ports O and S (with pull-down resistors) | Vp= —33V, V=0V, Ta=25C 80 ! 280 A
10H High-level output current, port D (Note 2} Vpp=—12V, Vouy=—2.5V, Ta=25C —15 mA
loH High-level output current, ports S and F Vpp=—12V, Voy=—2.5V, Ta=25T ::EZ‘:E;; mA
loL Low-level output current, ports D and $ VoL=—233V, Ta=25T —33 #A
loL Low-level output current, port outputs Vpp= —12V, Ta=25C —33 uA
IpD Supply current Vpp=—12V, Ta=25C 21 mA
Ci (¢ Clock input capacitance ;liti;:(iUTZ\r/ns\/srms 10 pF
Note 2. Currents are taken as positive when flowing into the IC {zero signal condition), with the minimum and maximum values as absolute values.
3. Itis possible to connect up to 5 lines of the port D at maximum ratings (—15mA) or all lines of port S and F at maximum ratings of
(—8mA) and (—5mA) respectively.
MITSUBISHI
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WITH TWO TIMER/EVENT COUNTER

BASIC TIMING

Machine cycle M1

Signal Pin State T T2 T T T —

Clock input XiN \_/_— / /
Clock output XouTt ! \ _/ L / \
Timing output Ta J \

i

-
—~—
-
<
/

Port D outputs D11~Do )(
Port D inputs D11~Do
Port S outputs $7~So X
Port S inputs S7~S0 XX X
Port K inputs K3~Kog ><><XX><
Interrupt request input INT
Port F outputs F3~Fo x
Port F inputs PP [XXXXX XX X ) O
Port G outputs Ga~0Co }(
Port U outputs u
Port T outputs T X
T

Port T input

Note 1. m The crosshatch area indicates invalid input

MITSUBISHI
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DESCRIPTION
The M58847-XXXSP is a single-chip 4-bit microcomputer PIN CONFIGURATION (TOP VIEW)
fabricated using p-channel aluminum gate ED-MOS tech- ———
R . . R . D [T} 20]+ CNVgs (0V)
nology. It is housed in a 40-pin shrink plastic molded DIL 0s 2] ] — D5
package and provides 25 output lines, 4 input lines, 2 Ds (3] [38) — Ds
sensing lines and 1 interrupt input. Because of its low OUTPUT PORT D § D3 «—[2] 37) — Dg
power consumption, it is ideal for consumer electronics Dz 5 [36] - D10
applications requiring many control signals. g; :Ej %: S“ prtiad
MR v oE oz @-on
FEATURES RESET INPUT RESET — [3] & 32— Dua
® Basic machine instructions . ................. 52 Ko — [0} 3 31— D1s
® [Instruction execution time {for 1 word instructions . Ki—[i7] o B0 ve (-33v)
using a 400kHz clock frequency) ............ 15us INPUTPORTK Y ko [2] & 23]  voo (—12v)
® Memory capacity: ROM ....... 2048 words x 9 bits K3 — [ v 28] = Xin cLock NpuT
RAM ........ 128 words x 4 bits sensiva eyt 1 0 L 27— XOUT £LOCK OUTPUT
® Single —12V power supply INTERRUPT "j‘-; —::CEZ : z;
® Subroutine nesting ..................... 2 levels REQUEST el o s 70— 5 | OUTPUTPORTS
® Interrupt function ................ 1 factor, 1 level INPUT/OUTPUT | S0+ [ 23] — Sa
® Input (portK) ...... ete st iae s, 4 ports PORTS | 51 «»[13 Z""’ S3 | INPUT/OUTPUT
e Output {portsDandP) ................. 17 ports v)vss @] [21] +> 52} PORT 5
® Input/output {portS) ..... FE 8 ports
® Sensinginput (portT) ................. . 2 ports Outline 40P4B
® High withstanding voltage and large current output
® Built-in pull-down transistors (ports T, K, D, P, and S, APPLICATIONS
mask option) ® VTRs, TVs, cassette decks
® Built-in clock generator circuit ® Microwave ovens, air conditioners, heaters, washing
machines, home sewing machines
QOffice equipment, copying machines, medical equipment
® Educational equipment, electronic games
BLOCKSEEJ,?,‘NEJE Aag\slslr PULL-DOWN SUPPLY Gk CLOCK  REQUEST  SUPPLYVOLTAGE
S oCT0 T NPUT (OV)(—33VX(—12V) (0v) INPUT  OUTPUT  INPUT DETECTION INPUT
To T, RESET CNVss Ve Vpp Vss XN Xout INT Vz
W EO—O—O————B— (9 8 -
: e oo 1 A M
X 4 BITS Wmﬁsmm)‘ STACK X 9 BITS
ADDRESS  DATA| [sTackrectsTeR sxorm) R,E?'STER ADDRESS DATA
! E:A;Itrzouxnfnm=g PROGRAM COUNTER PC r9 7
[REG\STERBM]] [ recisterajal] ‘Z(l)lx(z)l Y (4) |Pc,,(4)| PGL(7) | E,‘@
T 3
4 ra 4 7t (" 7 CONTROL SIGNAL
: C
Ii 8-SEGMENT DECODER J
! 4 4 4 4
[ recisrere e | Aeoisten e [R5 |
l pom‘sw l POHT‘S(A) lpompl [7 PORT D (16) J
‘—- 26 25 24 23 22 21 19 18 17 (13 )12 11 10 31 W32 (33 (3 (35 H(36 H(37 )H(38 (39 1 2 3 4 5 6 7

S7 Se Ss Ss,S3 Sz Si Sg, P K3KgKiKo, DisDia D13 Diz D11 Dig Dy Dg D7 Ds Ds D4 D3 D2 Dy Do,
= (ARG ~
OUTPUT INPUT/QUTPUT  CARRY  INPUT OUTPUT PORT D
PORT § PORT S OUTPUT  PORT K
MITSUBISHI
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PERFORMANCE SPECIFICATIONS

Parameter Performance
Basic machine instructions 52 .
Instruction execution time 15 us (1-word instructions using a clock frequency of 400 kHz)
Clock frequency 240kHz ~400kHz
. ROM 2048 words x 9 bits
Memory capacity
RAM 128 words x 4 bits

Input/output ports

K Input 4 bits x 1 ﬁ
Output 8 bits x 1
S
Input 4 bits x 1
Output 1bitx1
Output 1 bit x 16
T Sensing input 1bitx2

Subroutine nesting

2 levels {including one level of interrupt)

Clock generator

Built-in (externally connected RC circuit or ceramic resonator)

1/0 withstanding voltage — 33V
1/0 chracteristics of ports Ports P and S output current — 8 mA

Port D output current —15mA

\ —12v
Supply voltage oo

Vss Y

Device structure

p-channel aluminum gate ED-MOS

Package

40-pin shrink plastic molded DIL package

Power dissipation

10mW (typ)

PIN DESCRIPTIONS

Pin Name Input or Function
output
Vpo Supply voltage
v Supply voltage Vpp and Vs are the power supply pins. Vpp should be connected to ~12V+10% and Vsg should be grounded.
SS i Vp is the pull-down supply voltage input for the pull-down transistors (mask options) for ports P, S, and D.
Vp Pull-down voltage input
Vz Supply vohaggmecﬁon input In This input pin is provided for use in detecting a drop in the supply voltage.
This pin i - " i - X
RESET Reset input n |svp| . is used to intialize the mlcroc?rfvpujter If it is held high for at least two machine cycles after Vpp reaches
to within 10% of -12V, the reset condition is enabled.
CNVss CNVgg input In This pin is not reserved for customer use but should be connected to Vgs.
XiN Clock input In These are the input and output pins for the built-in clock generator. A ceramic resonator element (240~400 kHz)
XouT Clock output Out or RC circuit may be connected to these pins to provide the required oscillation stability.
Ty, To Sensing input In Sensing input pin
Kz~Kgp Input port K In 4-bit input port
S3~So /0 port S Infout
S,~S4 and P comprise an output port
S71~Ss Qutput port S Out s X o . puTh
S3~So comprise an input/output port
P Qutput port P Qut
D15~Dg Output port D Out The individual bits of this 16-bit output port may be set and reset separately.
INT Interrupt request input In This interrupt signal input pin triggers on the input signal edge.
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BASIC FUNCTION BLOCKS

Program Memory (ROM)

This 2048 word x 9-bit ROM can be programmed with
machine instruction codes in accordance with the custom-
er's specifications. It consists of 16 pages, each containing
an address range of 0~127.

The page is specified by the upper order 4 bits (PCy ) of
the program counter.

The address within a particular page is specified by the
lower order 7 bits which form a polynomial counter (PC_ ).
When the last address is reached (127), the address wraps
around to the Oth address.

The BL instruction is used to branch to a different page
than the current page. While the program counter is in
reality a polynomial counter, a cross-assembly technique is
used to allow the programmer to think of this counter as a
normal pure binary counter, for ease in programming.

Page 0 and page 1 are special pages used for subroutine
calls. The single-word instruction BM can be used tocall a
subroutine on page 0 from any arbitrary page. When the
BM instruction is executed, the SM flag is set and until any
of the BL, BML, RT or RTS instructions are executed, the
B and BM instructions are used for functions differing from
their normal functions.

Until any of the above listed instructions is executed
after an BM instruction execution, the B instruction has the
effect of branching to the 1st page and the BM instruction
has the effect of branching to the Oth page. The flag SM is
reset when the BL, BML, RT, or RTS instruction is
executed.

Fig. 1 shows the ROM address map.

Program Counter (PC)
This counter is used to specify ROM addresses and the

The word addresses for the data RAM are specified by
means of the data pointer which consists of 1 bit of the
register Z, 2 bits of the register X and 4 bits of the register
Y. Fig. 2 shows the RAM address map. There are 8 files
(Fo~F;) consisting of 16 words of 4 bits, which are
convenient as a 16-digit register.

The specification for these file grimps is made by regis-
ters Z and X.

Data Pointer (DP)

This register is used to designate RAM addresses as well as
bit position for the output port D. The data pointer is a
7-bit register, the uppermost bit of which is register Z
which is used to specify the RAM file group, the central 2
bits of which form register X which is used to specify the
RAM file, and the lower 4 bits of which form register Y
which is used to specify the digit within the file. In
addition, when the register Z’s bit is 1, register Y is used to
specify the bit position for the output port D.

4-bit Arithmetic Logic Unit (ALU)
This unit executes 4-bit arithmetic and logical operations
by means of a 4-bit adder and related logic circuitry.

Register A and Carry Flag (CY)

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. Data processing operations such
as arithmetic and logical operations, data transfer, ex-
change, conversion, and data input/output are executed by
means of this register. The carry flag CY is used to store
carry or overflow after execution of arithmetic and logical
operations by the arithmetic unit. The carry flag may also
be used as a 1-bit flag.

sequence of read-out of instructions stored in ROM. The Pou | Page designation
upper 4 bits (PCy) are used to specify the page in ROM and PC. o ) s
the lower 7 bits (PC_) of which are a polynomial counter eisseston [ o] 16 [s 4 [2[ [ o] 7]6[s a[sTe[ s o[a[+] [e[+]o]e]7[s[s]a]o[2]1]o]
used to specify the address on the specified page. g f | } } . } } ]I || Ll
73 2 ]
Stack Registers (SKq, SK1) HIE . ”;
These registers are used to temporarily store the contents of % w [T ! NERNRERRANNNNARNREEN
the PC while executing subroutines or interrupt programs <L e [T LT O T T T
until the program returns to the main routine. Fig. 1 ROM address map
The stack registers are organized in 2 words of 11 bits, —

allowing 2 levels of subroutine nesting. E;Lfgna!.mj‘;:s:;f:i - - : - - . ‘ .

File name Fo Fy £y F, Fa Fy
Data Memory (RAM) Bcit designation |3{z[1]o[3[z]1]o[3]2[1]o[3]2]1]e]3]2]1]0 3[2]1]o
This 512-bit {128 words x 4 bits) RAM is used to store %i ﬁ?
both processing and control data. One RAM word consists g”g, \ d ! ! ! ‘ ! ! :
of 4 bits with bit manipulation possible over the entire 2 T T T T 1]
storage area. The 128 words are arranged in 2 file groups x 5 i HERINERNEEENERNEEE LT
4 files x 16 digits x 4 bits. Fig. 2 RAM address map
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Registers B, E, and C

Register B is composed of 4 bits and can be used as a 4-bit
temporary storage register or for 8-bit data transfer in
conjunction with register A. Register E is an 8-bit register
which can be used for temporary data storage or as an
auxiliary register for input/output portS, and it also has
left shift capability. Register Cis a1-bit register, to which
the contents of the carry flag can be transferred. It can
also be used to perform left shift when linked to
register E.

Interrupt Functions

An interrupt input has been provided to allow the

M58847-XXXSP to accept external interrupts. When the

input signal changes from low to high, an edge-sensing flag

is set, causing the interruption of the normally executed

program if the interrupt enable flag is set. When an interrupt

is received, the following things occur.

(1) The program counter and SM flag are saved on each
stack.

(2) The program counter is set to the Oth address on page 2.

(3) The SM flag and edge-sensing flag are reset.

(4) The interrupt enable flag is reset.

In the above state the program begins at page 2, address 0,

the first address of the interrupt program. The instruction

interrupt is possible, The program counter, however, has a
two level stack, enabling subroutine nesting of one level
after an interrupt uses one of these levels.

The microcomputer can accept an interrupt request in
the following conditions.

When not executing a B, BL, BM, BML, LA, LXY, RT,
RTS, RTI, DI, or El instruction or not executing a skip
operation and the interrupt enable flag is set.

Input/Output Ports
Ports T, K, S, D, and P may be provided with pull-down
transistors as a mask option. Fig. 3 shows the circuits for
the input/output ports.

In addition, the contents of the register A are decoded
to 8 bits by built-in 8 segment decoder and transferred to
register E or port S. The decoder function is fixed and not
available in special forms as a mask option. Tabie 1 shows
the decoder function.

OUTPUT ———— | =

100kQ
=

PULL-DOWN OPTION

. . PULL-DOWN OPTION Voo
RTI is used to end the interrupt program and return the NA
processor to the main program flow.
Since the SM flag has a single-level stack, one level of PORTS S, D. P PORTS T, K
Fig. 3 Input/output circuits
Table 1 Decoder function table
Hexadeci- Register A Port S output Display
malvalue | Ay Az Ay A S, | S Ss Sa S: | s S, So
I
0 0 0 0 0 L L H H H H H H D
1 0 0 0 1 L L L L L H H L :
2 0 0 1 0 L H L H H L Ho| H E‘
3 0 0 1 1 L H L L H H H ’ H 3
4 0 1 0 0 L H H L L H WL lj'
5 0 1 0 1 L WK L H H L r H LI
T =1
6 0 1 1 0 L H H H H H L ' H 5
7 0 1 1 1 L L H L L H Wwolow '—I
|
—
8 1 0 0 0 L H H H H H H ( H !
9 1 0 0 1 L H H L H H W ow 9
-
A 1 0 1 0 L H | L H H | H L L
\ﬁ | O
B 1 0 1 1 H L L L L L L L -
[
c 1 1 0 0 L H H H Ho| L L H E
| —
D 1 0 1 L L H H H L L H L
E 1 ] 0 L H L L L L L L -
F 1 1 1 1 L L L ‘ L L L L L Blank
MITSUBISHI
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Reset

The RESET input has been provided to enable initialization

of the microcomputer. If the input is kept high for at least

two machine cycles after the supply voltage Vpp reaches

to within 10% of —12V, the microcomputer will be reset,

enabling the following states.

(1) The program counter is setto 0 (PC) <0

(2) Ports S, P and D are turned off (S)< 0 (P) <« 0 (D)«
0

(3) Flag SM is reset (SM) <0

(4) The edge-sensing flag is reset

(6) The interrupt enable flag is reset (INTE) <0

M58847 - XXXSP

Xin Xout
28 27

YWy

v

M58847 - XXXSP

Fig. 5 External RC circuit

M58847 - XXXSP

Xin Xout
28 27
O

v v

Fig. 6 External ceramic resonator

Fig. 4 Power-on reset circuit

In addition, when the supply voltage Vpp is in the range
—7V ~ —13.2V and the V input is driven high, an internal
transistor is turned on and the RESET pin is set to the level
of Vgg. Even if the Vz pin returns to low, the internal
transistor will remain turned on until the RESET pin is
driven high. By using this function it is possible to sense
temporary drops in the supply voltage to allow reset at
these times to return to normal operation.

Clock Generator Circuits

A clock generator circuit has been built in to allow control
of the frequency by means of an externally connected RC
circuit or ceramic resonator. The choice of frequency
determining element is made at the time of purchase as a
mask option. Circuit examples are shown in Fig. 5~7.

Mask Options

Port T pull-down transistors
Port K pull-down transistors
Port D pull-down transistors
Port S pull-down transistors
Port P pull-down transistors

Oscillation conditions

M58847 - XXXSP

Xin Xout
28 27‘
OPEN

Fig. 7 External clock circuit

Documentation Required upon Ordering

The following information should be provided when order-
ing a custom mask.

(1) Mb8847-XXXSP mask confirmation sheet

(2) ROM data 3 EPROM sets

(3) Port D pull-down transistors ~ On confirmation sheets
{4) Port S pull-down transistors
(6) Port P puli-down transistors
(6) Port T pull-down transistors
(7) Port K pull-down transistors
(8) Oscillation conditions

On confirmation sheets
On confirmation sheets
On confirmation sheets
On confirmation sheets
On confirmation sheets

MITSUBISHI
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MACHINE INSTRUCTION

S

B8
T R sTS
Type of Mne- Instruction code 2|3 Skip E}
instrucs o pr———— Tiera 5 |% Functions conditions | @ Description of operation
ion Ds D:D¢DsDa D30:0,06 Logzon sig - ] T
TAB * 0 1011 1001 |0B9 | 1| 1|(A)(B) - X | Transfers contents of register B to register A.
TBA 01011 0101 085 | 1] 1|(B)(A) - X | Transfers contents of register A to register B.
«» | TAY 0 1011 1010 0BA| 1| 1 [(A)(Y) - X | Transfers contents of register Y to register A.
R 27N 0 1011 0110 |0B6 | ! | 1[(Y)—(A) - X | Transfers contents of register A to register Y.
g TEAB 0 1011 0001|081 1| 1 [ (E,~E)—(B), (Es~Ep)«—(A),(C)e(CY - X | Transfers contents of registers A and B 1o register E.and the con-
= (C)e—(cY) tents of the carry flag to register C.
& | TEPA 0 1011 G000 [ 0BO | 1| 1] (E,~Ey)e 8-segment decoder —(A), - X | Decodes contents of register A in the 8-segment decod‘er and
° (C)=(CY) transfers result to register €. The contents of the carry flag are
gi':’ transferred to register.
S | TXA 0 1111 0101 |0F5 | 1| 1 (X)—(AA) - 0/1| Transfers the first and second bits of the register A to register X,
v (Z2)—(A3) complement of the third bit to register Z, and complement of the
g (CY)—(A3) fourth bit to the carry flag CY.
2 TAX 0 1111 1001 |0F9 1|1 |(AA—(X) X | Transfers the contents of register X to the first and second bits
o« (A;)—(2) of register A. complement of the contents of register Z to the third
(A;)+—(CY) bit of register A, ard complement of the contents of the carry flag
CY to the fourth bit of register A.
LXY Xy [0 O1yy yyxx| 048 | 1| 1| (X)—x, where,x=0~3 W’i"E", x | Loads value of “x" into register X, and of “y" into Y. When LXY
3% (Y)ey, where,y=0 ~15 successively is written successively, the first is executed and successive ones
rs are skipped.
v %
g |Zz 0 0000 1102z |00C | 1| 1 [{(Z)—z wherez=0, 1 - X | Loads value of "'z’" into register Z.
2 +
8 z
g INY 0 1110 0100 |0E4 | 1} 1 [(Y)=(V)+1 =0 X | Increments contents of register Y by 1. Skips next instruction
® when new contents of register Y are ""0"".
2 |peY 0 1110 1000 [ 0E8 | 1| 1 [(Y)(Y)—1 (¥)=15 X | Decrements contents of register Y by 1. Skips next instruction
<
o when new contents of register Y are 15"

SADR| [0 1100 00}  0C) | 1| 1 |i=0 : specifies the Oth digitof F4 - x | During the following instruction cycle only, the Oth digit of the
j= 1 : specifies the Oth digit of F& file soecified by the immediate field (in the range F4 to F7). The
=2 : specifies the Oth digit of F6 contents of the data pointer remain unchanged.
1= 3 * specifies the Oth digit of F7

TAM | 0 101000 [0A] | 1| 1 [{(A)=(MDP)), (X)—(X)¥] - X | Transfers the RAM contents addressed by the active DP to
where,i=0~3 register A. Register X is then "exclusive OR-ed” with the value

o j in the instruction, and the result stored in register X.

2 | xam ) 0 1010 11jj|0AC! 1| 11 (A)=(MDP)), (X)—(X)¥), - X | Exchanges the contents of the RAM“and register A. Contents of

< + where,j=0 ~ 3 X are then ‘‘exclusive OR-ed’”” with the value | and the result

8 s K in regi

s stored in register X

S |XAMD} [0 1010 10 j [0A8 | 1| 1 (A)=(MDP)), (X)—(X)V], (¥)=15 x | Exchanges the contents of the RAM and register A. Contents of

2 T (Y)e=(¥)—1 X are then “exclusive OR-ed” with the value j in the instruction,

€ here, = 0 — and the result stored in register X. The contents of register Y are

5 where, j=0~3 decremented by 1, and when the result is 15, the next instruction

g is skipped.

= | XAMI 0 1010 01)j|0A4 ] 1] 1| (A)=(MDP)), (X)—(X)¥], X | Exchanges the contents of the RAM and register A. Contents of

< T (V)= {¥)+ 1 X are then "exclusive OR-ed’* with the value j in the instruction

o« where,j=0 ~ 3 and the result stored in register x. The contents of register Y
are inctemented by 1, and when the result meets with the marked
skip condition. _the next instruction is skipped

LA n 0 1000 nnnn |[08n | 1| 1| (A)n, where,n=0~15 W’\'"”‘ Loads the value n into register A. When LA is written consecu-

successively tively the first is executed, and successive ones are skipped.

AM 0 1011 1110 |0BE | 1| 1| {A)—(A)+(M(DP)) - X | Adds the contents of the RAM to register A, The result is re-

tained in register A, and the contents of flag CY are unaffected.
E AMC 0 1011 1100 |0BC | 1| 1| (A)—(A)+(M(DP))+(CY), — 0/4| Adds the RAM contents addressed by the active DP and contents
® (CY) Carry of flag CY to register A. The result is stored in register A, and
3 the carry in the active flag CY.
; AMCS 01011 1101 08B0 1 1| (A)—(A)+(MDP)+(CY), Carry= 1 |0/4| Adds the contents of the RAM and flag CY to register A, The
@ (CY)+—Carry A carry is not result is stored in register A and the carry in the CY, but the
E produced and next instruction is skipped when a carry is produced.
T |An 0 1001 nnan [09n | 1| 1[(A)—(A)+n. where,n=0~15 =0 Adds value n in the instruction to register A. The contents of
< n6 flag CY are unaffected and the next instruction is skipped if a
carry is not produced, except when n=6,

sC 0 0000 0110 (0086 | 1 1|%CY)—1 - 1| Sets active flag CY,

RC 0 0000 0101|005 | 1| 1{(CY)—0 - 0 | Resets active flag CY.

szc 0 0000 0010|002 1| 1{(cV)=07? (cYy)=0 X | Skips next instruction when contents of the active flag CY are O .

CMA 01011 0111|087 1| 1] (A)—(A) — x | Stores complement of register A in register A.

SB ) 0000100} ) [01j|1[1]|(M{DP))—1, where, j=0~3 X | Sets the jth bit of the RAM addressed by the active DP (the bit

s designated by the value j in the instruction).
% |RB ] 0 0001 01))|014]| 1] 1[(M(DP))—0, where,j=0~3 — X | Resets the jth bit of the RAM addressed by the active DP (the bit
5 T designated by the value j in the instruction).
8 |szs 0 0001 10jj|018 | 1| 1[(M[DP))=07, where,j=0~3 (Mi(DP))=0| X | Skips next instruction when the contents of the jth bit of the
& T RAM addressed by the active DP (the bit which is designated by
the value j in the instruction) are 0.
8 | SEAM 0 1011 1111 [(0BF | 1|1 (MDP)=(a)7 (M(DP)}=(A} | X | Skips next instruction when contents of register A are equal to
2 the RAM contents addressed by the active DP.
g SEY y 00010 yyyy |02y | 1| 1[(Y)=y?, where,y=0 ~15 (Y)=y Skips next instruction when the contents of register Y are equal
(s} 10 the value y in the instruction.
B xy 1 txxx yyyy |18y | 1| 2| (PCL)~16x+y, where, (SM)=0 Jumps to address xy of the current page.
e .
X r»
(PCH)«— 1 - X | Jumps to address xy on page 1 when executed, provided that
a (PCL)+16x+y, where, (SM)= 1 none of instructions RT, RTS, BL or BML, was executed after
€ execution of instruction BM.
3 }
BLpxyy |0 0011 pppp |03p | 2|3 [(PCH)—p, (SM)—0 - X | Jumps to address xy of page p.
1 1xxx yyyy |18y (PCL)+16x+y
+
x
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2 @
B8
K T T A 5To
Type of | Instruction code 2|3 X >
instruc-  Mne- 5| % Functions Skip < Description of i
- monic 6mal > | S conditions | @ escription of operation
Ds D:DsDsD4 D30:0:00 notation| ZO § T
BM xy 1 0xxx yyyy | 1xy!| 1| 2] (SK)(SK)—(PC), where, (SM)=0 . .
o (PG )0, (PCL ) 16x-+y, (SM)—1 Calls for the subroutine starting at address xy on page O.
®
3
2 (PC.)—0 — X | Jumps to address xy of page O provided that none of instructions
‘é | (PC.)+«16x+y, where, (SM)= 1 RT. RTS, BL or BML, was executed after the execution of
5 | instruction. BM.
> |
w T
BMLpxy| O 0011 pppp |03p | 2| 3| (SK)I—(SK)(PC) - | X | Calls for the subroutine starting at address xy of page p.
1 0xxx yyyy | 1xy (PCu)+—p, (PCL)«186x+y, (SM)+o0
Eo - -
S Rt 00001 1111|01F | 1| 2| (PC)-(SKo)(SK)), (SM)—0 . Returns to the main routine from the subroutine.
2 - - T — | Unconditional Returns to the main routine from the subroutine, and uncondi-
& & |RTS 0 0001 1110 01E| 12} (PC)—(SK)—(SK)), (SM)-—0 skip tionally skips the next instruction.
o |Et 0 0000 1011008 | 1| 1| (NTE)—1 - X { Sets interrupt flag INTE to enable interrupts.
S DI 0 0000 1010 [ 0OO0A| 1| 1| (INTE)—D — | x | Resets interrupt flag INTE to disable interrupts.
5 [RTI 0 0001 1101 |01D| 1] 2| (PC)—(SKe)—(SK,), (SM)—(SMy) — x | Returns from interrupt routine to main routine. The internal
‘_E | subroutine mode flag is restored to the value held immediately
before the interrupt.
SD 0 0000 1111 [00F | 1|1, (DY)« 1, where, (Z)=1 - x | Sets the bit of port D, that is designated by register Y, when the
| contents of register Z are 1.
RD 0 0000 1110{00E | 1| 1/[(D(Y))« 0, where, (Z)=1 — % | Resets the bit of port D, that is designated by register Y, when
| | | the contents of register Z are 1.
OSAB 0 1011 0011|0B3 | 1| 1](S~S)(E;~E)*(B), (P)—(C)— - X | Output contents of registers A and B to port S., and the contents
(CY), (S3~Se)—(E;~Ed)—(A) of the carry flag to port P
OSPA 0 1011 0010|0B2| 1| 1]|(S~S))—(E;~E)8segment decoder - X | Decodes contents of register A by 8 segment decoder and the
5 «—(A), (P)«(C)~(CY) } result is output to port S. and output the contents of tne carry
g- flag to port P
S |osE O 1111 0010 |O0F2 | 1| 1] (S~S)—(E:~E), (P)—(C) - X | Outputs contents of registers E and C to ports S and P,
5
icl SHFT 0 0000 1000 (008 | 1 | 1| (En)—(En—1), (E)(C)—(CY) — x | Links register E and register C and st\if‘_s'leﬂ. Tlhe contents of
register C are shifted into the least significant bit of register E
and the contents of the flag CY are shifted into register C. The
| - _ _ most significant bit of register E is lost.
::ﬁ g : ; : : : g g g g : : : : 5:;_&12’; x Transfers the 4 lower order bits of port S to register A.
g 7’ - X | Transfers the 4 bits of port K to register A.
szto 0 0000 0001|001} 1)1 Te=0? Te=0 X | Skips the next instruction if the sensing input Ty is low.
szm 0 0000 0100|004 | 1|1 |T,=07? T,=0 X | Skips the next instruction if the sensing input T, is low.
CLDS 0 0000 0111007 | 1] 1]|(D)0, (S)=0, (P)0 - X | Clears ports D, S and P
Misc | NOP ©0 0000 0000|000 | 1| 1[(PC)—(PC)+ 1 - x | No operation.
Symbol Contents Symbol Contents Symbol Contents
A 4-bit register (accumulator) SK, 11-bit stack register ( ) | Indicates contents of the register, memory, etc.
B 4-bit register cY 1-bit carry flag v Exclusive OR
c 1-bit register xx 2-bit binary variable _ Negation
€ g-g_ﬂ register yyyy A-bit binary vari_able X Indicates flag is unaffected by instruction execution
X 4-b!t register z 1-bit binary variable xy Label used to indicate the address xxxyyyy
M 1'bft register nnnn 4-bit binary constant pxy Label used1o indicats the addressxxxyyyy of page pppp.
z ~bit register L . i 2-bit binary constant c Hexadecimal number C + binary number x.
op 7-bit data pointer,combination,of registers, X Yand Z | D 16-bit port +
PCy The high-order four bits of the program counter. K 4-bit port x
PG The low-order seven bits of the program counter. S 8-bit port SM 1-bit subroutine mode flag
PC 11-bit program counter, combination of PCyy andPC_| P 1-bit port SMy 1-bit subroutine mode flag save register
SKo 11-bit stack register - Shows direction of data flow INTE Interrupt enable flag
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SINGLE-CHIP 4-BIT MICROCOMPUTER

LIST OF INSTRUCTION CODES

Ds 1 0000 | 1 1000
~ 00000 | 0 0001 | 0 0010 | 0 0011 | 0 0100 | 0 0101 | 0 0170 {0 0111 |0 1000 | 0 1001 | 0 1010| 0 10110 1100 |0 1101 |0 1110 |0 11| ]
D, [ IEEREIRERE!
D
* "Hexadecimal
piotationo oo 1io 2/0 3]Jo ajo s|{o s|o 7)o 8|0 s|lo ajo Bfo c|o o|o Efo F[10-17]18~1F
SB SEY BL LXY LXyY LXY Xy LA A TAM SACR
o000 | 0| nop TEPA _ _ | em 8
0 0 BML |0, oo, 4o, 8|0, 12| o 0 0 0
sB | SEY | 8L | LXY | LXY | XY | Lxy | LA A TAM SADR
0001 |1 | szTo TEAB — - BM B
1 1 BML |1, 0|1, a |1, 8|1, 12| 1 1 1 1
SB SEY BL LXY LXY LXY LXY LA A TAM SADR
0010 |2 8ZC OSPA — OSE BM B
2 2 BML {2, 02, af2, 8|2, 12| 2 2 2 2
s8 | SseY | 8L | uxy | Lxy | uxy | uxy | LA A TAM SADR
o1t |3 | - 0sAB _ I B
3 3 BML |3, 0|3, a|3, 8|3, 12| 3 3 3 3
RB | SEY | BL | Lxy | Lxy | Lxy | Lxy | La A | xami
0100 |4 SZT1 — — - INY — BM B
0 4 BML | o, 10, slo, 9]0, 13] 4 4 0
|
R | sev | BL | txy | uxy | wxy | Lxy | La A | xami
001 |5 | me TBA — XA | BM B
1 5 ML |1, 1|1, 5|1, 9]1, 13| s 5 1
RB | SEY | BL | Lxy | Lxy | uxy | Lxy | La A | xami
0110 |6 SC TYA — — BM B
2 6 BML {2, 1{2, 5|2, 9 2, 13] & 6 2
RB SEY BL LXY LXY LXY LXY LA A XAMI
0111 |7 | CLDS CMA — —_ — — BM B
3 7 BML 3, 13, 5§ 3, 9 3, 13 7 7 3
sz8 | sev | BL | xy | uxy | Lxy | ixy | LA A | xamD
1000 |8 SHFT 1AK — DEY IAS BM B
0 8 BML 0, 2|0, 6)0, 10|0, 14 8 8 0
szB SEY BL XY LXY LXY LXY LA A XAMD
1001 |9 - TAB - - Tax | BM 8
1 9 BML |1, 201, 6|1, 1001, 14| 3 9 1
SZB SEY BL LXY LXY LXY LXY LA A XAMD
a0 | A| O TAY — — - BM B
2 0 | BML |2, 2|2. 62, 102, 4] 10 10 2
sz SEY BL LXY LXY LXY LXY LA A XAMD
w011 [B| E - — — _ . BM 8
3 1 BML |3, 2 (3, 6]3,10}3, 14] n 1 3
Lz SEY | BL | Lxy [ Lxy | uxy | wxy | LA A XAM
100 | C - amc | — _ — _ BM B
0 12 | BML o, 3|0, 7|0, 11]o0, 15] 12 12 0
Lz SEY | BL | Lxy | Lxy | Lxy | uxy | LA A XAM
1101 | D RTI AMCS B8M B
1 13l emL |1, 310, 7, b, s 13 1
SEY BL LXY LXY LXY LXY LA A XAM
1mo || RO | RTs AM - —_ _ BM 8
1w | BML |2, 3|2, 7|2 1|2, 15] 14 1 2
sEv | BL | txy | uxy | uxy | Lxy | LA A XAM
1 [ F| sp RT seam | — — - — BM 8
15 BML. 3, 313, 1 3, 11| 3, 15 15 15 3
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vpp Supply voltage 0.3~—18 \Y
V| Input voltage, Port S and VP 0.3~—35 \
\ Input voltage, other than portS  (Note 1) With respect to Vg (output transistors cutoff} 0.3——18 \
Vo Output voltage, ports S, P, and D 0.3~—35 \
Vo Qutput voltage, other than ports S, P and D 0.3~—18 \%
Pd Power dissipation Ta=25C 1000 mwW
Topr Operating temperature —10~70 °C
Tstg | Storage temperature —40—~125 °C

Note 1. Vig=1.1~—35V for use of ceramic resonater

RECOMMENDED OPERATING CONDITIONS (Ta =—10~70°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vop Supply voltage ~10.8 —12 —13.2 \Y
Vss Supply voitage 0 \%
Vin High-level input voltage, ports T and K and RESET inputs —1.5| —1.0 0 \Y
Vi High-level input voltage, port S, INT and Vz inputs —0.4 0 \
ViH(¢) High-level clock input voltage —0.9 0 \%
ViL | Low-level input voltage, ports T and K and RESET inputs Vbo —6 \Y
ViL Low-level input voltage, INT and V7 inputs Vob —4 \Y
Vi Low-level input voltage, port S input —33 —4 \Y
ViL () Low-levei clock input voltage for external clock Vbob Voo +2 \
Voo Low-level output voltage, Ports S, P and D —33 0 \
f(g) Internal clock oscillation frequency 240 300 400 kHz

ELECTRICAL CHARACTERISTICS (vpp =-12V£10%, Vgg = 0V, f() = 300 kHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Nom Max
Vou High-level output voltage, port D Vop= — 12V, lon=—15mA —2.5 \
Ta=25C
VoH High-level output voltage, ports S and P VoD= 12V, fon=—8mA —2.5 \
Ta=25°C
Vpp=—12V, V=0V
| High-level input current, ports T and K t 80 490
H 9 P P inputs Ta—257C HA
Vpp= — 12V, Viu=0V,

I High-level input RESET i 20 120 A
IH igh-level input current, RESET input Ta=25C M
" Low-level input current, ports T and K, Vop= — 12V, V| =—12V, —12 uA

L RESET and INT inputs Ta=25°C
Vpp=—12V, Vp=—12V,
loH High-level output current, ports S, P and D Vonu=0V, Ta=25C 80 560 uA
with output transistors cutoff
Vpp=—12V, Vp=— 12V,
loL Low-level output current, ports S, P and D VoL=— 12V, Ta=25C —12 KA
with output transistors cutoff
Vpp=—12V, V|(g)=—12V
| Clock input t ’ —10 HA
1(g) ck input curren Ta=25C
Vpp= — 12V
\ 1 ’ ~0.9 | —3.4 mA
loo Supply curren Ta=25°C, with input and output pins open 0

Note 1. Currents are taken as positive when flowing into the IC (zero-signal condition), with the minimum and maximum values as absolute values.
2. Total sum of high-level output current of po;t D must be under 76mA.
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INPUT/OUTPUT INSTRUCTION TIMING

Machine cycle

Mi- 2 Mi- 1 Mi Mi+ 1 Mi+ 2
Pin Signals

Port D outputs D5 ~ Do X
Port S outputs S;~So

Ports S inputs S3~So

Port P output P

Port K inputs Ks~Kg

Port T inputs T.:~To

Note 1. The above timing relationships apply for the case of an instruction executed at the M;th machine cycle.
2. SZETR. The crosshatched area indicates invalid input.
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