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MITSUBISHI LSIs
M58494 - XXXP
SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER
DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M58494-XXXP is a single-chip 4-bit microcomputer memorocSanenono
fabricated using CMOS technology in a 72-pin plastic flat coocoorErrrrac e
package. It has a 4096-word by 10-bit mask-programmable P4 AP el e Pl PR L ]
ROM and a 32-word by 4-bit RAM. RAM capacity can be o H|° O s
expanded to as much as 4096 words by 4 bits by directly Qo G = s,
. . Ao [E] (3 S;3
connecting generally available CMOS RAM:s. 2| & SN
The device is designed for application where the low A; % % 2:
power dissipation of CMOS is essential. ﬁ: % é _j_j;' f;
EVT [F] 3 M T,
FEATURES EV: = : % I:
® Basic machine instructions ........ e 92 A E o E Ta
® Basic instruction execution time N T =T
(at 455k Hz clock frequency) ..........c...... 8.8us AA|: E % E[K
® |arge memory capacity: ‘;‘C‘ % % oaTA
ROM ................ ..... 4096-word x 10-bit GND [E G R/W
Internal RAM ................. 32-word x 4-bit o ELO oo
External RAM .......... 4906-word x 4-bit (max) 1 2 o 2 | 2 O O 2
® Single 5V power supply 53555'&5)‘85% 55559
® Saving of last data pointer ..... P 4-level e
® Subroutine nesting .............c.o0euienn. 12-level Package Outline 72P2
¢ Internal timer: T!mer JREEEEEEREREEE ) 14-bl_t ® Output ports (portS, portT) ............. 8-bit x 2
Timer 2 . PR 4-bit * Outputport | ] "
® [nternal event-counter ..................... 4-bit port U, three-state output) ..... 4-bit
® 1/0 port for external RAMs (all three-state) ® Event-counter input (port EC) .......... . 1-bit
Address (port A) ... .. 12-bit ¢ Interrupt function
Control signals (R/W, OD) ... .oovvvnnn. .. 2.bit {priority interrupt type) ......... ... 4-factor, 1-level
Data 1/O (port D) oo v, 4-bit  APPLICATIONS
® General-purpose registers .................. 32-bit ® Electronic cash registers, electronic calculators (with
® |/Oport{portQ) ......ccooiiiiiiinn... 8-bit printer and/or programmable)
® |/O port (portR) ..... e 4-bitx 2 e Office machines, intelligent terminals, data terminals
® /O port (serial data port) .................. 2-bit  ® Sewing machines, knitting machines, etc.
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Outline Specifications of M58494-XXXP

Item Performance
Number of basic instructions 92
Execution time of basic instructions 8.8us(at Ve =5V, f = 465kHz)
Clock frequency 100~455kHz
ROM 4096 words X 10 bits
Memory capacity RAM (built-in) 32 words X 4 bits
RAM (external) 4095 words X 4 bits (max.)
Address (port A) 12 bits x 1 (3 states)
Input/output port " -
Control signal {port OD and R/W} 2 bits (3 states)
for external RAM
Data bus (port D) 4 bits x 1 (3 states)
Input 8bitsx 1
Q -
Qutput 8 bits x 1
Input 4 bits x 2
R
Output 8 bits x 1
S Qutput 8bits x 1
Input/output port
T Output 8 bits x 1
DATA Serial data 1 bit (input/output port)
CLK Synchronizing pulse 1 bit {input/output port}
U Output 4 bits x 1 (3-state)
EC Input 1 bit
Subroutine nesting 12 levels
Interrupt request 4 factors 1 level
Saving of data pointer 4 levels
Clock generation circuit Built-in {oscillation reference element is outside)
Ports input/output Absolute maximum rating voltage Vee
characteristics Input/output characterstics Interchangeable with CMOS logic series
Vee 5V (nominal)
Power supply voltage
Vss oV
Element structure CMO0S

Package

72-pin plastic molded flat package

Power dissipation

5 mW (at Vg = BV, f = 455kHz)

MITSUBISHI
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PIN DESCRIPTIONS

Input or
Pin Name oﬁtpm Atreset Function
Xin Source oscillation input . Incorporates the clock oscillation circuit, for setting of the oscillation frequency. The oscillaticn
clock input reference device such as a ceramic filter for IF is connected between XN and XouT. When an
X Source oscillation Outout -~ external clock is used, connect the clock oscillation source to the XN pin and leave the XouT
our clock output P pin open.
) Resets the program counter PC and mode registers, and performs the reset initiation of the related
RESET Reset signal Input - input ports and output ports. For input/output ports, refer to the column for “At reset’” of this
table.
INT A Interrupt request signal A Input Disable Input signals for interrupt request. Request is accepted on the rising edge of the signal. Besides
these external input signals, the interrupt requests. T from timer 2/event counter are also received
) in the relative order RESET > INTa > INT > INTg. Since the interrupt requests are held at
INTB interrupt request signal B Input Disable each latch, there will be none undetected.
The input signal for the event counter, which program 2° ~ 2* events of the event mode. This
EC Event counter input Input - value is set as an initial value and countdown starts from this value to reach Fye, which then
generates interrupt request signal INTT.
The address signal for main memory (RAM} externally connected, in the form of a 3-state output.
At MM mode where external memory is used the data of the data pointer DP is read out directly.
In SM . . . . X
Ag~ A1y | Address output port A Output Floating n mo.de vr/here internal memf:ry {RAM) is used, the d??a of the data p.omter'Y immediately
before switching to MM mode is transferred to the auxiliary latch (4 bits) prior to read-out.
However, the iower 8 bits of the address signal {Ag~A,) are not affected by this mode, since data
pointers X and Z are not related to latch operation.
Do~Ds Data input/output port D input/ Floating A :?-state input/output po.rt t? execgte data transfer in 4-bit-units vIo/from ?n externally connected
output main memory (RAM). Switching of input-output is made automatically by instruction.
oD External RAM read signé| Output Floating The output port isA 3-state and the read signal generated at the data input cycle is in the exter-
nally connected main memory(RAM).During a read cycle, it becomes automatically-set to low-level.
R/W External RAM write signal Output Floating The output port |s. 3-state and the write sgnal ga.nerated a't ?he data wrlte cycle is in the exter:
nally connected main memory (RAM). During a write cycle, it is automatically set to low-level.
The output port enables 3-state setting per 1-bit unit. The 3-state condition is modified by the
Ug~Us Output port U Output Floating data cont.ent of ret?lster B, 4and the=T data of reg|s1.er is output. Th‘e outpu.t setting of port U
however, is made either by instruction SU unconditionally or by the instruction TPRA or TPRN,
which transfers the data of the general-purpose register to ports Q, R, Sand T.
The input/output port for 8-bit data transfer to/from register Q. Register Q enables data transfer
between register A and register B. By instruction OP!, this port also functions to load the value
~ Input/output port Q Input/ .
Qo~Qr P putp output Input (8-bit) of the immediate field of the ROM to register Q. Port Q data can be transferred to re-
gisters A and B as an input signal of 8 bits.
The input/output port for 8-bit data transfer to/from register R. Register R enabies data transfer
Ro~R7 Input/output port R Input/ Input between register A a'nd register B. By ms!n.{cuon OPI, this port a!so functions t}) load lthe value
output (8-bit) of the data field of the ROM to register R. When port R is used as the input signal of a
4-bit unit, the data, 4 bits each can be transferred to register B.
The output port that enables 8-bit data transfer to/from register S. Register S enables data transfer
So—S7 Output port S Output Low-level between register A and register B. By instruction OP!, this port also functions to load the value
(8-bit) of the data field of the ROM to register S,
The output port for 8-bit data transfer to register S. Register T enables data transfer between
To~T7 Output port T Output Low-level register A and register B. By instruction OPI, this also functions to load the value (8-bit) of the
immediate field of the ROMte register T,
The input/output port normally is floating to handle the serial data of the 32-bit general-purpose
DATA Serial data port Input/ Floating r(_agls_tgr. At z')utput n‘mde datva of the least S|gn|f|ca.m bit of the gerTeral plurpose register '(thfa‘least
output significant bit of register T) is read out, and at the input mode, the input is to the most significant
bit of the general-purpose register (the most significant bit of register O).
The input/output port is normally floating to generate a shift clock pulse synchronized with the
CLK Serial data shift clock Input/ Floatin above serial data port. At output mode a shift clock pulse synchronized with the data transmis-
signal cutput oating sion is generated and at the input mode, a shift pulse synchronized with the rate of data receiving
is applied.

MITSUBISHI
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BASIC FUNCTIONAL BLOCKS AND THEIR
OPERATIONS

Program Memory ROM

The ROM stores 32-pages by 128 words of program and its
addressing is performed by a program counter. The program
counter consists of a 7-bit binary sequential counter and a
5-bit page register.

Program Counter PC
The ROM is composed of 32 pages of 128 words, and when
program execution completes instruction at address 127,
the binary counter is set to 0 and the next page is
automatically incremented in the page-designation register.
The 12-bit contents of the program counter PC can be
saved for up to 12 levels in the fixed stack area of the
external main memory {(RAM). In the execution of instruc-
tions BM and BMA, control can be returned to a former
routine by storing the contents of the program counter
before branching, in the execution of instructions RT, RTS,
and RTI.

Register P

In the page register, the contents of register P are loaded by
instructions BL, BA, BM and BMA. Instruction BMAB
branches unconditionally to the address derived by using
the contents of register A for the low-order 4-bits of the
12-bit PC, those of register B for the middle 4-bits, and
those of the upper 4-bits of the 5-bit register P for the
upper 4-bits, and then executes the instruction OPI of the
branch, and simultaneously returns automatically.

Stack Pointer SP

A stack of 12 levels is provided for saving of the program
counter PC in the fixed address area within the external
main memory (RAM), and the contents of the stack pointer
are used during addressing. The contents of the stack
pointer are incremented by an interruption or in the
execution of instructions BM and BMA, and are decre-
mented in the execution of instructions RT, RTS and RTI.

Data Memory RAM

The internal RAM is used to store data in the form of two
files each consisting of 16 words by 4 bits. The external
RAM can be expanded up to 4096 words by 4 bits. These
addresses are designated by a 12-bit data pointer. The
contents of the data pointer can be saved for up to 4 levels
in the stack region (fixed region in the external RAMs) by
execution of a special instruction. The external RAM can

thus incrementing the basic external minimum RAM

organization of 256 x 4-bit words.

Data Pointer DP

This is a register of 12 bits addressing memory, being
composed of registers X, Y, and Z, having 4 bits each.
Register X address 16 files, each of which comprises 16
words. Register Y address data of 16 files (a file comprises
16 words). Register Z permits address specification such
that data memory may be extended up to maximum of 16
sets of 4096 words by 4 bits, where one unit comprises 16
files (256 words by 4 bits).

Since the address of the external main memory (4096
words by 4 bits maximum) and the internal scratch-pad
memory (32 words by 4 bits) are designated identically, the
external main memory is selected by instruction MM, and
the internal scratch-pad memory by instruction SM.

The contents of DP can be saved for up to 4 levels in the
fixed stack region of the external main memory. This
pointer is saved during the execution of instruction SDP,
and is restored by instruction LDP.

When the data pointer stack is not used, the entire
stack may be used as a program counter stack.

Register X File designation
Register Y\ 0[1]2]3]4a[s]6]7]8][9[a]B]c]olE]F
0 Pe.[peulPes
1
2
3 )
[
4 ks
c —
Q 5 o~
5 <
5 8 ﬁ 3
> 7 2
el
§ g
% ]
A
)
c Yix[z]) . -
D 8%
£ i
_ | <
F | e
Fig. 1 External basic main memory (Z = 0)

and RAM map
Table 1 Address designation of data pointer stack

Value® of data field during execution
of instructions SDP and LDP

Stack DP
(file designated

I o by register Y)
be easily expanded without any extra interface circuits by 5 0 S
connecting a 12-bit address signal, the 2-bit RAM control ) 1 D
signal and the 4-bit data input/output signal. These signals 1 0 E
can address external RAMs for up to 4096 x 4-bit words, 1 1 F
MITSUBISHI
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Accumulator (Register A), Carry Flag CY
Register A is an accumulator forming the central unit of a
4-bit-wide microcomputer. Data processing operations such
as arithmetic, data transfer, data exchange, data conversion,
input/output, etc. are executed principally with this register.
The carry flag CY stores the carry or borrow from the
most significant bit of the arithmetic unit in the execution
of specific arithmetic instructions, and is available for
multipurpose uses as a one-bit flag.

Auxiliary Register (Register B)

Register B is composed of four bits. It is employed for bit
operating functions, temporary memory of four-bit data
and transfer of eight-bit data when coupled with register A,
etc.

Four-Bit Arithmetic Logic Unit (ALU)

This unit carries out four-bit arithmetic and logical func-
tions, and is composed of a four-bit adder and a logic
circuit associated with it. It carries out addition, comple-
ment conversion, logic arithmetic comparison, arithmetic
comparison, bit processing, etc.

General-Purpose Registers Q, R, S, and T

These general-purpose registers comprise a set of four 8-bit
shift registers. When using combinations of functions such
as serial input, serial output, parallel input and parallel
output, by properly selected instructions, they are em-
ployed for data transfer between register A and register B,
data transfer between output ports or input/output ports,
data storage of the data field of the ROM value (8 bits),
transmission of internal serial data, receiving of external
serial data, etc.

Table 2 Relationship between input/output address
N and general-purpose registers

Input/output Immediate data N in execution of the General-
address instructions BMAB TNAB TPRN and TRPN purpose

N | | register to

o 0 be selected

| o 0 0 Register Q
1 0 1 ‘ Register R

2 1 0 | Register S

3 1 1 [ Register T

Instruction OPI loads one of the four general-purpose
registers selected by the input/output address N with the
value (8 bits) of the data field. The input/output address N
is latched with the contents of the lower 2 bits of the data
field in the execution of the instructions BMAB, TNAB,
TABN, TPRN and TRPN and determines the register which
loads data in the execution of the instruction QPI.

When the general-purpose registers are used as a single
32-bit shift register, four kinds of modes as shown in Table
3 can be set by instruction SMR1.

Mode Register
The mode register is composed of 8 bits, and can select
operation modes and functions, etc. of the associated input
port or output port by setting or resetting the mode flag
corresponding to a bit in register A.

The mode setting by the instruction SMR is shown in
Table 4.

The mode setting by instruction SMR1 is shown in Table

Interrupt Function

This microcomputer has a hardware interrupt function for
four conditions by one-level. The interrupt requests com-
prise: the RESET signal; the interrupt request signals INT
and INTg as external signals; and the interrupt request
signal INTt by the internal event counter.

The fixed addresses to be jumped to and the priority
order of four factors in the interrupt request are defined as
follows:

(1) In case of by reset signal RESET page 0, address 0
{2) In case of interrupt signal INT5 page O, address 2
(3) In case of interrupt signal INT+ page O, address 8
(4) In case of interrupt signal INTg page O, address 4

A RESET signal restores the hardware to the initial
state, independent of any current instruction.

In an interrupt enable state, the interrupt is accepted at
the rising edge of interrupt request signals INT o and INTg.
When an interruption is requested in an interrupt disable
state, the interrupt is not executed. If the interrupt disable
state is removed thereafter and a corresponding interrupt
enable instruction is executed, the interrupt routine will be

Table 3 Mode setting by instruction SMR 1; when the general-purpose registers are employed as a 32-bit

shift register

SDM 0 0 1 1
Mode flag RYM 0 ] 0 ]
DATA -pin input Output Output Qutput
CLK pin Floating Input (rising edge trigger) Output (gernated by timer 2) | Output (generated by shift instruction)
Shift data input SST. RST Immediate field data 0 input inde_penden.t of Jmmedia‘te field data Immediate field data
1IST DATA pin output executable instruction DATA pin output DATA pin output
Shift clock pulse Instructions SST, RST IST CLK input Instructions SST, RST, IST Instructions SST, RST, IST
Transmission receiving Receiving (only in instruction IST) Transmission Transmission Transmission

MITSUBISHI
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executed immediately because the interrupt request has
been held in the latch. The current interrupt request, held
in a latch during the interrupt disable state, is reset by the
interrupt disable instruction.

When two and more interrupt requests of four factors
occur simultaneously, the interrupt processing is by order

Table 4 SMR mode setting

of the highest priority routine. The interrupt request of
lower priority order is held in the corresponding latch in an
interrupt disable state, When the interrupt disable state is
removed by the interrupt enable instruction (after comple-
tion of the interrupt process of upper priority order), the
interrupt request of next lower priority is initiated.

Bits of register A Mode flag (Zomen‘ts m; ;eg'\ster Status Function Mode flag at reset
are store
0 Port Q is used as an 8-bit input port
Ag IMQ - 0
| 1 Port Q is used as an 8-bit output port
0 For output port U, only instruction cat set port U.
Aq LCD ] For output port U, instructions TPRN and TPRA for port Q, R, Sand T can 0
also set port U.
0 Port R, is used as a 4-bit input port
Az IMR 1 - - 0
1 Port R, is used as a 4-bit output port
[} k Port R, is used as a 4-bit input port
Az IMR2 - 0
1 Port R, is used as a 4-bit output port
Table 5 SMR 1 mode setting
. . Mode fl; f regi
Bits of register A ode flag (ZOZ::::ng;egmer Status Function Mode flag at reset
0 Event mode, event counter is used with EC input.
Ao TMM _ R L L 0
| 1 Timer mode, event counter is used in combination with timer 2,
0 All signals {A;;~Ag, D3~Dy, OD and R/W) for external main memory .
{RAM) are put in floating.
Ay BF - 0
1 All signals (A ~Aq, D3~Do, OD and R/W) for external main memory
(RAM) are activated.
4] . . .
Az RVM When the general-purpose registers are used as a 32-bit shift register, 0
1 functions of transmission/receiving, terminals DATA and CLK are employed
0 properly by RVM, SDM flags, For further details, refer to explanation of the
Aj SDM ] general-purpose register, 0

Timers and Event Counter
This block is composed of a 14-bit timer 1, a 4-bit timer 2
and a 4-bit event counter.

Timer 1 is a standard timer that continuously counts the
frequency Xy, divided by fourteen. The timer performs
accurate counting and the period is given by the following
formula:

(Fundamental output frequency X)n) x
25 (TML) x 2* (TMp) x 25 (TMy) = cycle time of
timer 1
By the continuous use of instructions TATM and TBTM,
the contents of TMy are stored in register B, the con-
tents of the lower 4 bits of TMy in register A, and the
high-order bit of TMy in carry flag CY, respectively.
The contents of timer 1 can be accessed. Instruction

TIMER 1

XOUT—)LTM‘_(S)HTMM(-:) }——)-I TMR(S) |
¢4 34

REGISTER B (4) REGISTER A (4)
CARRY FLAG CY

Fig. 2 Outline of timer 1 configuration

RTM clears the contents of timer 1 and resets it to 0.

Timer 2 is composed of a 4-bit counter and a 4-bit
latch. The contents of register A are stored as the starting
value in the latch and the counter by an STM instruction,
whereupon counting down starts in synchronization with
each machine cycle. When the contents of the counter
become F during countdown, the pre-programmed starting
value is restored in the counter from the latch.

MITSUBISHI
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(1) Timer mode: When TMM = 1 is set by the
instruction SMR1

TIMER 2 EVENT COUNTER
SYSTEM CLOCK INTERRUPT
(MACHINE CVCLE)"ITM 2 (4>]——-| EVC(4) I—'REQUEST
SIGNAL INTT
4

REGISTER A
4
REGISTER A
(2) Event mode: When TMM = 0 is set by the

instruction SMR1

EVENT COUNTER
INTERRUPT REQUEST

ECINPUT © SIGNAL INTT
REGISTER A
Fig. 3 Outline configuration of timer 2 and event
counter

The cycle period of timer 2 is given by the following
formula:

Machine cycle x [1 + (2°~2*)]

Where the timer mode is set by SMR1 instruction, timer
2 is connected to the event counter.Every time the con-
tents of timer 2 become F the event counter counts down
once. For the event counter, the contents of register A
can be stored in the counter and used as a starting value by
using instruction SEC.

When the event mode is set using instruction SMR1, the
event counter is counted down by sensing the rising edge
of external event counter input EC.

In both timer mode and event mode, the event counter
is counted down from a starting value, and an interrupt
request signal is generated when the contents become F.

The time necessary for INTT generation from the start-
ing value is given by the following formulas:

Timer mode

Machine cycle x [1 + (2°~2*)] x (20~2*)

Event mode

EC input period x (2°~2*%)

Reset Function

Applying a low-level input to the RESET input pin for 3
machine cycles or more causes the reset state. Power-on
reset is provided by such circuit as shown in Fig. 4.

M58494-XXXP

RESET Voo

27 29(865)
oy

Fig. 4 Power-on reset circuit

Clock Generation Circuit

Clock pulses are easily generated by connecting an external
IF ceramic filter between the pins X;y and Xgyt. An
example of such as circuit is shown in Fig. 5. If the clock
signal is to be supplied from an external source, the clock
source should be connected to pin Xy, leaving the Xqyt
pin open. An example of such circuit is shown in Fig. 6.

M58494- XX XP

Xin Xoot
30 28
0

= I

Fig. 5 External oscillation element connections

M58494-XXXP

Xin Xour

o

Fig. 6 Exteranl clock input circuit (ot 1)

Note 1. Low and highinput levels should be set such that
input level = 0~0.8V
Output level = Vo~ (Vee ~ 0.8}y
and such that the duty cycle is 40 to 60% with respect
to the X input.
MITSUBISHI

ELECTRIC




MITSUBISHI LSIs

M58494 - XXXP

SINGLE-CHIP 4-BIT CM0OS MICROCOMPUTER

MACHINE INSTRUCTIONS

tem Code § K] 5
Clas- Symbol g EHER Function Skip conditions S
sif- . gila ighlo | 16 |% 2 |% w
cation notation

MM 00 1000 0010 ({082 | 1 1 (MF)«1, Selectsexternal main memory — —
SM 00 1000 0000 {080 | 1 1 (MF)«< 0, Selects internal scratch-pad memory — —
LY y 011000 yyyy (18y | 1 | 1 (Y)—=Y, whereY=0~—15 Consecutively described| —
LX x 011011 xxxx {1Bx | 1 | 1 (X)+x, where x=0~15 Consecutively described| —
Lz z 011010 2zzz |1Az |1 |1 (Z)—z, where z=10~15 Consecutively described| —
INY 0001111100 |[07C | 1 | 1 (Y)—(Y)+1 (Y)=0 -

. | DEY 0001111000 | 078 | 1 | 1 (Y)e=(Y)=1 (Y)=15

£ | TAY 0000100000 [020 | 1 | 1 | (A)—(Y) - —

3 | TAax 0000100010 (022 | 1 | 1 (A)«—(X) — —

E TAZ 0000100011 | 023 | 1 | 1 (A)—(2) -

TYA 00 01000000 {040 | 1 | 1 (Y)(A) - -

TXA 0001000010 {042 | 1 | 1 | (X)—(A) — —

TZA 0001000011 {043 | 1 | 1 (Z)«=(A) — —

SDP j | 00011101jj |074 | 1 | 3| (Mj)<(DP), where =0~ 3 — —
i

LDP j 001111 01jj | OF4 | 1 3 (DP)«-(Mj), where j=0 ~ 3 — —
H

TSM 0010111100 {OBC | 1 | 1 (SM(DP)) < (MM(DP)) - -

N TSMI 0011111100 |OFC | 1 | 1 (SM(DP)) « (MM(DP)), (Y)—(Y)+1 (Y)=0 —

g T™MS 001011 1110 |OBE | 1 | 1 (MM(DP)) « (SM(DP)) - —

g | ™™s1 0011111110 [ OFE | 1 | 1 (MM(DP)) « (SM(DP)), (Y)<(Y)+1 (Y)= —

g | TaB 0010100000 |0A0 | 1 | 1 | (A)—(B) -

g’ TBA 0011000000 (0CO | 1 | 1 | (B)«(A) — —

ja TASP 0010100010 |0A2 | 1 | 1 (A)—(sP) — —

§ TSPA 0011000010 [O0C2 | 1 | 1 (SP)«(A) — —
< | TACM 0010000100 | 084 | 1 | 1 (A)—(N, MF, CY), where Az—»=N, A;=MF, Ag=CY — —
TCMA 0011001100 (O0CC | 1 | 1 (N, MF. CY)«<(A)., where A3~2=N, A1=MF, Ag=CY — —
TAM j | 00001001jj 024 | 1 | 1 (A)«—(M(DP)), — —

. T (X)—(X)¥], where, j= 0 ~ 3

= XAM j | 00011001jj (064 | 1 | 1 (A)«—=(M(DP)) —

g (X)«—(X)¥j, where,j=0~ 3

§ XAMD j|{ 00011010jj {068 [ 1 | 1 (A)e—=(M(DP)), (Y)<(Y)—1 (Y)=15 —

g (X)—=(X)¥i. where j=0~3

< XAMI j | 000110 11jj osi 101 (A)—=(M(DP)), (Y)—(Y)+1 (Y)=o0 —

§ i (X)«—{(X)¥j, where j(=0~ 3

.a%) XAMD1 jl 001110 10jj OEt_aF 11 (A)—(M(DP)), (Y)«—(Y)—1 (Y)=3,7, 11,15 | —

g i (X)—=(X)¥j, where j=0~ 3

% XAMI1 j | 001110 11jj osg:_ 101 (A)«—(M(DP)), (Y)«(Y)+1 (Y)=4,8,12,0 |—

= j (X)—=(X)¥j, where j=0—~ 3

TMA 00 01000100 | 044 [ 1 | 1 (M(DP))«(A)

LA n 011001 nnnn [ 19n | 1 1 (A)«<n, where, n=0 —~15 Consecutively described | —
AM 0001100000 | 060 | 1 | 1 (A)—(A)+(M(DP)) - -
AMC 0001100010 {062 | 1 | 1 (A)—(A)+(M(DP))+(CY), (CY)« Carry — 0/1

2 AMCS 0001100011 (063 | 1 | 1 (A)—=(A)+(M(DP))+(CY), (CY)« Carry Carry = 1 0/1

E | A n 000101 nnan |08n | 1 | 1 | (A)<=(A)+n, where. n=0 ~15 Cery=0 | —

% |sc 001000 1010 |O8A | 1 | 1 (CY)e1 — 1

RC 00 10001000 |088 | 1 | 1 (CY)—o0 — 0
szc 0010111000 |OB8 | 1 | 1 (cYy)=0 —
CMA 0010111010 |[OBA | 1 | 1 (AY—(R) —
MITSUBISHI
5—10 ELECTRIC
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M58494-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Item Code 8| 2 >
ciEs\ | Symbol s2lgd Function Skip condition =
sifi- lolg 17l6lsla I3zl [18malf= 2= T
cation notation 5| ©

SB j 00 1000 t1jj 08(_"2_ 1 1 (B(j))«<1, where, | =0~3 - -—

- i

S | RB j 001010 11j j OAg:_ 11| (B(j))<0, where, j=0~3 — —

H

2 i

é SZB j 000011 10jj 03_8‘_ 1 1 (B(j))=0 —

3 j where , j=0~3

SZM j | 000000 01jj o':u}r 101 (Mj(DP))=0 | —
j where , j=0~3
SEAM 0011100000 |OEO | 1 | 1 (A)=(M(DP)) -

g SEY n 00 0001 nnnn | O1n | 1 1 (Y)=n

g where , n=0~15| —

e}

© SEl n 00 1001 nnnn | O9n | 1 1 (A)=n

where , n=0~15| —

B xy 01 0xxx yyyy |1ixy [ 1 |1 (PCL)«y, (PCm)+x - -
where 16x +y=0~127
BL xy | 110xxxyyyy |3xy |1 |1 (PCL) <y, - -
(PCm)«(Pg, x)
(PCH)«(Pa, P3, P2 Py)
where 16x +y= 0 ~ 127
BA i 001101 0iii oDi 1 1 (PC)—(Agq, i) where , i=0~7 — -
(PCMm)<—(Po, A3z Az, Ay)
(PCH)—(Pa, P3, P2 P1)

ey
E BMAB r | 001100 10rr ocx_aF 101 (PCL)«(A) — —
r (PCm)—(B)
(PCH)<—(Pa, P3, Pz P1)
but returns unconditionally after one machine cycle.
Input/output address r = 0 ~ 3 designates general-purpose register
P p 01 110p pppp | 1CP | 1 1 (P)«p where , P=0 ~31 Consecutively described| —
S
TPAC 0011000100 |0C4 | 1 |1 (P)—(CY, A) - -
TACP 0010100100 | OA4 | 1 |1 (CY, A)—(P) - —
BM xy | 111xxxyyyy [38y |1 | 3 (PCL)y — -
1. (PCMm)<—(Po, x), where 16x +y=0~127
(PCH)—(Ps, P3, P2, Py)
3 (M(SP))—(PC)
= (SP)«(8P)+ 1
2 | BMA i 0011011iii [0DB | 1 |3 | (PCL)(Aq. i), where, j=0~7 - -
§ T (PCm)—(Pg, Az Az Ay)
(PCH)«—(Pa, P3, P2, P1)
(M(SP))«(PC)
(SP)«(SP)+1
RT 0011111000 |[OF8 | 1 | 3 | (PC)<(M(SP)) — —
(SP)«(8P) -1
RTS 0011111010 |OFA | 1 | 4 (PC)—(M(SP)) Unconditionally -
£ (8P)«(SP)—1
& (PC)«—(PC)+1

RTI 0011111001 |[OF9 [ 1 | 3 | (PC)—(M(SP)) - -
(SP)Y«(SP)—1

. MITSUBISHI
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MITSUBISHI LSIs

M58494-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

item

Code % O_%; ) N 5
E,‘gs Symbol e |16 o gf Zj Function Skip conditions §
S ion glg rlelsla 13l2lilo hotation 5| 5
_ EIA 00 0000 1001 | 009 | 1 1 Enables interruption of INT A signal. — —
‘E’ EIB 00 0000 1010 |OO0A | 1 | 1 Enables interruption of INTg signal. — —
g EIAB 00 0000 1011 | 00B | 1 1 Enables interruption of INT A and INTg signals. - -
2 | BT 00 0000 1000 | 008 | 1 | 1 | Enables interruptior of INTy signal. - —
% DIA 00 0000 1101 | 00D | 1 | 1 Disables interruption of INT 4 signal. - -
El DB 000000 1110 | OOE | 1 | 1 Disables interruption of INTg signal. - -
52 DIAB 00 0000 1111 | OOF | 1 1 Disables interruption of INT 5 and INTg signals - -
- DIT 00 0000 1100 | 00C | 1 | 1 Disables interruption of INTT signal. — —
TBTM 0000101111 | O2F | 1 | 1 (B)—(TMwm) - -
TATM 0010100111 | OA7 | 1 1 (A)—=(TMu3, TMu2, TMH1, TMpg)
5 (CY)<—(TMna)
ot RTM 001011 0100 | OB4 | 1 1 (TML)<—0, (TMM)«—0, (TMy)«0 - -
STM 0011000111 | OC7 | 1 1 (TM2)«—(A) — -
SEC 0011000110 | OC6 | 1 1 (EVC)«—(A) —
D 0000101110 | 02E | 1 1 (B)«(D), (OD)«"L” - -
oD 0001001100 . 04C | 1 1 (D)—(B), (R/W)e"L" -
OPl s 108ss8s ss8s | 2ss | 1 | 1 (R(r))«s — —
3 TNAB r | 00 010010rr 043 11 (R(r))—(A, B) -
g, r where the general-purpose register is designated withr =0 ~ 3
é TABN r | 000010 10rr 023_ 1111 (A B)=(R(r)) - -
£ r ‘where the general-purpose register is designated with r =0~ 3
a 0010101000 ([ 0A8 | 1 | 1 | (A, B)—(P(Q)) — -
IR1 0000101100 | 02C| 1 | 1 | (B)«—(P(Ry)) - -
IR2 000010 1101 02D | 1 1 (B)—(P(R2)) — -
SMR 0000110100 | 034 | 1 1 (MR)«(A) — -
SMR1 000011 0110 | 036 | 1 1 (MR1)«(A) - -
= SsT 0000111100 | 03C | 1 | 1 (R(Q0))«1. R(Al)< 1bitshift R (All) - -
£ | RST 0000111101 | 03D [ 1 | 1| (R(Qo))« 0. R(AI)« 1bitshift R (All — —
; IsT 0000111110 |O3E | 1 | 1 (R(Qo) )« (DATA), R(AIl)«- 1-bit shift R {All) — —
£ | su 0001001110 |O4E | 1 | 1 | (U)—(A, B) - -
§ cLp 0000000001 | 001 | 1 | 1 | (P(AI))«<0 - —
€ | TPRA | 0010110000 |0BO | 1 | 1 | (P(AI))—(R(AN)) — —
TPRN r | 001111 00rr |OFr | 1 | 1 | (P(r))«(R(r)) - -
TRPN r 000111 00rr | O7r 1 1 (R(r))—(P(r)) - -
2 | Nop 0000000000 | 000 | 1 | 1 | No operation _ _
o)
MITSUBISHI
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MITSUBISHI LSIs

M58494 - XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Symbol Details Symbol Details
A 4-bit register {accumlator) P(R;) 4-bit port R,
A, Indicates the bits of register A, Where i =0~ 3 P(Q) 8-bit port Q
B 4-bit auxiliary register R(AII) Indicates all the 8-bit registers. Q, R, S, T (32-bit)
B(j) The hit of register B addressed when j =0~ 3
cY 1-bit carry flag R(r) The register selected by r (r corresponds with registers Q, R, S, and.
D 4-bit input/output port (3-state) T wherer=0~3)
DATA 1-bit input/output port for serial data R(Qo) st bit of register C
DP 12-bit data pointer composed of registers X, Y and Z R/W 1-bit output port which is used for the write signal of the external
EVC 4-bit event counter main memory
M(DP) 4-bit data memory addressed by the data pointer DP SM(DP) The 4-bit internal scratch-pad memory addressed by the data pointer
DP
Mj 12-bit data from the scratch-pad memory addressed by i =0~ 3 sSP 4-bit stack pointer
(data pointer number in the fixed area) ™I 14-bit counter composed of TM|_, TMy and TMy counters
Mj (DP) 4-bit data from externa! memory addressed by the contents data TML 5-bit counter
pointer DP, where j =0~ 3 TMwm 4-bit counter
MF 1-bit flat for selection of internal scratch-pad memory (MF « Q at TMy 5-bit counter
instruction SM) or externat main memory (MF < 1 at instruction ™, Indicates the bit of TMy counter, where i =0 ~ 4
MM) ™2 4-bit counter
MM (DP) 4-bit external main memory data addressed by the data pcinter DP U 4-bit output port (3-state}
X 4-bit register where X = 0 ~15, addressing the field of 16 words by
M(SP) 12-bit data from external memory addressed by the stack pointer 4 bits per file.
SP {return address stored in the fixed area)
MR 4-hit mode flag {IMQ, LCD, IMR1, IMR2) Y 4-bit register where Y =0 ~ 15, which addresses the word unit of 16
MR 1 4-bit mode flag (TMM, BF, RVM, SDM) words by 4 bits.
r Input/output address to select one ot the general-purpose registers z 4-bit register where Z = 0 ~ 15, which addresses 16 files x 16 words
Q,R,Sand T {r=0~3) X 4 bits
oD 1-bit output port used for the read signal for external main memory
i 3-bit binary variable
P 5-bit page register i 2-bit binary constant
P, Indicates the bits of register P, where i =0~ 4 nnnn 4-bit binary constant
PC 12-bit program counter composed of counters PCy, PCy and PChy ppPPPP 5-bit binary constant
rr 2-bit binary constant
PCL A-bit counter ssss ssss | 8-bit binary constant
PCwu 4-bit counter XXXX 4-bit binary variable
PCx 4-bit counter yyyy 4-bit binary variable
P(All) Indicates all the 8-bit ports. C, R, S, T {32-bit) 27227 4-bit binary variable
P(r) The port selected by r {corresponds with ports Q, R, S,and T at r
=0~3)
P(R,) 4-bit port Ry

MITSUBISHI
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INSTRUCTION CODE LIST

lo~ | 01 0000 01 1100{01 1110{10 0000 11 0000| 11 1000|
2 '* |00 0000{00 0001{00 0010{60 0011(00 0100{00 010100 6110(00 0111|00 100000 1601/00 1016/00 101100 110000 1101/00 1116/00 1111 01 1000|071 100101 1010(01 1011 ¢ | § §
01 0111 01 110101 111110 1111[11 011111 1111
16 mal
| f:otam" 00 01 02 03 04 05 06 | 07 08 09 | OA | 0B | OC | 0D | OE | OF [10~17 18 19 1A | 1B |[1C~1D|1E~1F|20~2F |30 ~37|38~3F
3 lo
SEY A TRPN SEIl BA TPRN LY LA Lz LX
0000 [ O | NOP TAY — TYA AM SM TAB |TPRA| TBA SEAM B LP - OPI BL BM
0 0 0 0 0 1) 0 0 0 0
SEY A TRPN SEI BA TPRN LY LA LZ LX
0001 | 1| CLP * - * * * * * * * B LP — OoP1 BL BM
1 1 1 1 1 1 1 1 1 1
SEY A TRPN SE! BA TPRN LYy LA Lz LX
0010 | 2 - TAX - TXA AMC MM TASP| * |TSPA * B LP — OPI BL BM
2 2 2 2 2 2 2 2 2
SEY A TRPN SEI BA TPRN LY LA LZ LX
0011 3 - TAZ — TZA AMCS * * * * * B LP - OPI BL BM
3 3 3 3 3 3 3 3 3 3
SZM | SEY | TAM A XAM | SDP SEI BA LDP LY LA LZ LX
0100 | 4 SMR | TMA TACM TACP| RTM [TPAC - B LP - OPI BL BM
0 4 0 4 0 0 4 4 0 4 4 4 4
SZM | SEY | TAM A XAM | SDP SEI BA LDP LY LA Lz LX
0101 5 * * * * * * - B LP - OPI BL BM
1 5 1 5 1 1 5 5 1 S 5 5 5
i SZM| SEY | TAM A XAM | SDP SEI BA LDP LY LA LZ LX
0110 | 6 SMR1 * * — — SEC - B LP - OPI BL BM
2 6 2 6 2 2 6 6 2 6 6 6 6
SZM| SEY [ TAM A XAM | SDP SEI BA LDP LY LA LZ LX
0111 | 7 * * * TATM| — STM — B LP - OPI BL BM
3 7 3 7 3 3 7 7 3 7 7 7 7
SEY |TABN| SZB [TNAB| A |XAMD SEI BMAB| BMA | XAMD1 Ly LA LZ X
1000 | 8 EIT DEY RC 1Q SZC RT B LP — OPI BL BM
8 0 0 0 8 0 8 0 0 0 8 8 8 8
SEY |TABN| SZB |TNAB| A [XAMD SEIl BMAB| BMA [ XAMD1 LY LA Lz LX
1001 | 9 EIA * * * * RTI B LP - OoPI BL BM
9 1 1 1 9 1 9 1 1 1 9 9 9 9
SEY |TABN| SZB {TNAB| A |XAMD SEI BMAB| BMA | XAMD1 LYy LA Lz LX
1010 | A EIB * SC * CMA RTS B LP - oP1 BL BM
10 2 2 2 10 2 10 2 2 2 10 10 10 10
SEY |TABN| SZB |[TNAB| A |XAMD SEI BMAB; BMA | XAMD1 LYy LA Lz LX
1011 B | EIAB * * * * * B LP - oPI BL BM
" 3 3 3 " 3 1" 3 3 3 11 " 1 11
SEY A XAMI SB SEI RB BMA | XAMI1 LYy LA LZ LX
1100 | C DIT IR1 | SST | OD INY TSM |TCMA TSMI B LP - OPI BL BM
12 12 0 0 12 0 ) 0 12 12 12 12
SEY A XAMI SB SEi RB BMA | XAMI1 LY LA LZ LX
1101 | D | DIA IR2 | RST * * * * * B LP - oPI BL 8M
13 13 1 1 13 1 5 1 13 13 i3 13
SEY A XAMI SB SEI RB BMA | XAMI1 LY LA Lz LX
1110 | E | DIB 1D IST su * TMS * TMSI B LP — OPI BL BM
14 14 2 2 14 2 6 2 14 14 14 14
SEY A XAMI S8 SEI RB BMA | XAMI1 LY LA LtZ LX
111 | F | DIAB TBTM * * * * * * B LP - oP1 BL BM
15 15 3 3 15 3 7 3 15 15 15 15
Note: 13~ indicate the low-order 4 bits of the machine code and 13~14 show the high-order 6 bits Hexadecimal expressions of the cades are also given. All instructions are one word
* — : Do not use these codes.
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MITSUBISHI LSis

M58494 - XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit

\Zele} Supply voltage —0.3~6.0 \%

V) Input voltage With respect to Vss —0.3~Vget0.3 A\ i

Vo Output voltage 0~Vce A\

Pd Power dissipation Ta=25C 300 mw
*Topr Operating free-air temperature range 0~50 T

Tstg Storage temperature range —40~125 T

RECOMMENDED OPERATING CONDITIONS (T, =0~50°C, unless otherwise noted)

I Limits
Symbol Parameter - Unit
Min Nom Max

Veo Supply voltage 4.5 5 5.5 A"

Vss Supply voltage 0 \"

Vin High-level input voltage Voe—0.8 Vce Vv

ViL Low-level input voltage_ 0 0.8 \}

Internal clock oscillation frequency (Delay time is not
f(e), taken into account by external RAM) 100 455 kHz
Internal clock oscillation frequency 350
N (Standard external RAM is connected) 100 kHz
D(g) Clock duty cycle 40 50 60 %
ELECTRICAL CHARACTERISTICS (Ta=0~50"C, Ve =5V #10%, Vss =0V, f(9) = 100~455kHz)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
loH High-level output current Vou=(Vgc—0.8)V —0.36 mA
loL Low-level output current Vo_=0.8V 0.36 mA
f=455kHz, Vocc=5V
lco Supply current from Ve Ta=25C 0.4 1 mA
Clock input applied from the external

MITSUBISHI
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M58494 - XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BASIC TIMING DIAGRAM

Machine cycle

\ oo

Terminal name Sy,%[)/ T1 T2 T3 Ta
Clock input Xin l——— L 1——“ _I—
Clock output Xour —ﬁ | l
Timing output [ /
Port Q outputs Qo ~Qr ‘X
Port Q inputs Qo ~Q7 \X>Q<>< M
Port R outputs Ro ~Rs X
Port R inputs Ro ~ Ry
Port S outputs So~ Sz ) (
Port T outputs To~Tr X
Port U outputs Up ~Us X
Port DATA output DATA X
Port DATA inputs DATA W
Port CLK output CLK ><
Port CLK input CLK WWO
Interrupt request A input INTA W WW M
Interrupt request B input INTs W\XXM \ W M
RESET NNARARNARIER AR X
Event counter input EC W AW/ Wm
Port D output Do ~Ds WM

7
Port D input Do~ Ds \W
Port OD output on /
Port R/W output R/W
Port A output Ao~ An X

Note: m The crosshatched area indicates invalid input.

5—16
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MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M58496-XXXP is a single-chip 4-bit microcomputer 3
fabricated using CMOS technology. Its features are liquid §5555855385888838
crystal display direct drive circuit, current saving circuit thricizizziciziziEEheRe
for back-up of a 22-stage frequency divider and RAM. LG % o Ol coms
This device is designed for applications in which clock tiz [: ol com,
. . e g ) como
and liquid crystal display functions are included and where s G B ReseT (ov)
the low-power dissipation achieved by CMOS is especially g z R reur
important, EE: % § % g%:samm
FEATURES o O % i
® Single 5V power supply . o =
® Basic machine instructions . .. .............. 77 e K = o
® Basic instruction execution time o E % o
{at 4.2MHz liquid crystal frequency) . . . . .. ... 7.7us oo 5] o
® Memory capacity: ROM . . .. .. 2048 words x 10 bits " HO F “
Internal RAM . . 128 words x 4 bits Db
External RAM .. 256 words x 4 bits Eé%%émgg%ﬁmg:x;
® |Internal crystal oscillation circuit ;; O Package outline 72P2
® Internal 22-stage frequency divider
® Low voltage detector circuit ® Qutput port {port F) . ........ e .. 1bhitx8
® |Internal current saving circuit while idling ® OQOutputport (portP) . ................. 1 bitx 2
® Subroutine nesting . ............ ...... 3levels ® Interruptfunction ............. 4factors, 1 level
Internal timer: Prescaler. .. 7 bits Timer ... 4bits APPLICATIONS
® Output ports for liquid crystal display ® Electronic cash registers and calculators with printer
segment signal {(port LC}. .. ............ 25 bits e Qffice machines, intelligent terminals and data terminals
common signal (port COM). ... .......... 4 bits ® Electronic Games
® |/OPorts(portsKandS) .............. 4 bitsx 2 @ Electronic coin and changer machines
® Qutputport(portD)......... e . 1bitx 11 ® Sewing machines
BLOCK DIAGRAM o IEnRyT
ON/OFF INPUT POWER ON INPUTS ~ (3V) (V) (0V) (0.8V) TIMING OSCILLAT\ON DA\E”S%;P "OW YOLTACE
pwon Pwore eEsEr(on) T WTa mTs veoveo vas Vs CUUTL e miSEl mw‘;‘ﬁ.h”
Gor-Ga)

- 8 - 2, SO(51 - 2
\( \r 22-STAGE Y
HESET(ON) . FREQUENCY DIVIDER ﬂ |

NTERNA i BINARY ¢ L SIATER-osciaTio

SRR T COUNTER OUNTERH

ON.RESE TL o CIRCUIT 1 o VoL TAGE
CIRCUIT RESET DETECTOR CIRCUIT

T|~ Ts BINARY COUNTER(17)
STACK REGISTER sk2(11)

cY' (1)
REG\“'I;ER 1 X(3) | v(o)
CARRY FLAG

ROM
TI
A E [%me LN PRESTATER. ™ 129 Wgﬁgs STACK REGISTER K1) | 2048 WORDS
INTER M 4 : ADDRESS DATAISTACK REGISTER sKo(11) p
20

ADDRESS DATA

|
1
T 1 ONAL
CURRENT SAVING POWER SUPPLY REGIST X (D] v (@)
. v . DATA POINTEROP | PROGRAM COUNTER PG ‘
CONTEOL CARRY FLAG + PCu(a) | PCL(T)
SIGNAL : DATA POINTERDP
f

PORT P PORT F PORT D
(2) (8) ()

ORT COM
()

LC; LC3 LCs LC; LCg LCyi LCi3 LG1s LGCy7 LC1g LGC21+LC23 COMg COM2

KoKiKzKs S0SyS;S; LCp LCz LCs LCg LCy LC10LCiz LC1a LCis LCrg LC20 LCzz LC2a COMy COM3 Py P, FoFF,F3FF5sFgF; DgDyD;03D405D6D708DgDig

G N — ~ e ——
P T LC FOR PUT PORT COM FOR OUTPUT  QUTPUT OUTPUT
VO PORT K 1/0 PORTSS UQU?D CFLIJ\T(S%"%T DlI_SF’J g\’ LIOOUU\B (%JRYSTAL DISPLAY PORT P PORT F PORT D
(SEGMENT SIGNAL) (COMMON SIGNAL}
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

FUNCTION

The M58496-XXXP consists of mask ROM and RAM, a
4-bit arithmetic logic unit, crystal oscillation circuit, 22-
stage frequency divider, power saving circuit, low voltage
detector circuit, 4-bit timer, interrupt circuit and a liquid
crystal display direct drive circuit. The RAM capacity can
easily be expanded by the external connection of 256-word
by 4-bit CMOS RAM.

The ROM storage is organized as 16 pages of 128 words
which is used mainly for programs. Addressing the ROM is
done through the program counter. The address register is
structured as a 7-bit address register and a 4-bit page regis-
ter. The address register is counted up as nonbranching in-
structions are executed. When a nonbranching instruction
at address 127 on a page is executed an overflow of the ad-
dress register is produced. This carry (overflow) is dis-
regarded so the page register is not counted up and the next
instruction to be executed will come from address O on the
same page.

.When an interrupt request is accepted control is trans-
ferred to fixed addresses as follows: in case of an internal
power on reset signal {(RESET(ON)) the program is set to
page O address O, for the INT4 signal it is set to page O
address 2, for the INTg signal it isset to page O address 4
and for the output signal INTy{second signal) of the 22-
stage frequency divider it is set to page 0O address 8.

The internal RAM which is configured as 8 files of 16
words is used for data storage and each word can be ad-
dressed. The internal RAM is addressed by a 7-bit data
pointer. The internal RAM can be augmented by external
RAM consisting of up to 16 files of 16 words. The external

PERFORMANCE SPECIFICATIONS

RAM is addressed by the 8-bit combined register Y (4 bits)
and register B (4 bits).

RAM addressing, register-to-register transfers, RAM-to-
accumulator transfers, arithmetic operations, input/output
operations and timer operation are performed mainly
through register A {accumulator).

The current saving circuit used in conjunction with the
22-stage frequency divider and RAM can be controlled by
the PWOFF input and instruction.

The low voltage detector circuit is also active while
the power source is a battery. Low voltage is sensed by the
program and an indication can be output.

The output ports for direct drive of the liquid crystal
display are port LC (25 terminals) and port COM (4 ter-
minals). The liquid crystal display can be driven by 1/4
duty, 1/3 bias or 1/3 duty, 1/3 bias.

Output port D consists of 11 individually latched bits
that can be used to output not only 1-bit data but can also
output data such as the contents of register Y of the data
pointer and 8-bit addresses for external RAM.

Output port F consists of 8 individually latched bits
that can be used to output data. It can be set or reset by
instructions.

Output port P consists of 2 terminals through which a
synchronous signal of 1 machine cycle width can be out-
put by instruction.

The combined 7-bit output of ports F and P can be
used to directly fetch the contents of ROM addressed by
the data field of an instruction.

The 1/0 ports K and S consist of 4 terminals through
which data can be transferred to and from register A.

ttem Performance

Number of basic instructions 77

Execution time of basic instructions

7.Tus (Vec=bV, f=4.1943MHz)

Clock frequency 250~ 525kHz
ROM 2048 words x 10 bits
Memory Capacity Internal RAM 128 words x 4 bits
External RAM 256 words x 4 bits
LC Liquid crystal 25 x 1 bit
COM display output 4 bits
fnput 4 bits
N Output 4 bits {Note 1)
1/0 Port s Input 4 bits
Output 4 bits (Note 1)
D Output 11x 1 bit (open drain)
F Output 8 x 1 bit (Note 1)
P Output 2x 1bit {Note 1)

Frequency divider 22-stage built in

Current saving circuit Builtin

Low voltage detector Built in

Subroutine nesting

3levels (including 1 level of interrupt)

Interrupt request 4 factors, 1 level

Clock generation circuit

Built in (4.1943 MHz crystal oscillator external) (Note 2)

Note 1: Ports K, S, F, and P are connected

1o high-impedance pull-down resistors.

When high-driving current is required,

QOutput voltage BV (max)
Input/output port

Qutput current -0.4 mA (min.)
S ' " Vce 5V (nom}

ower su voltage
pply g Vss ov

Liquid crystal display driving supply voltage 0.8V (nom)
Element structure CMOS

external resistors are required.

2: External oscillator can be selected by

mask option.
(1) 4.1943 MHz crystal oscillator

Package 72-pin plastic molded flat package
Power dissipation In operation SmW {Vce=5V, 525 kHz)
{open output terminals) In idle 1.6mW {Vce=5V, 525 kHz)

(2} 455 kHz ceramic oscillator

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

. Input or At reset
P ! i
n Name output (internal power-on) Function
XIN S;\ilc?n%sﬂllation Input _ Incorporates the clock oscillation circuit, for setting the frequency. An oscillation
reference device such as a crystal oscillator is connected between Xy and XouT.
When an external clock is used, connect the clock oscillation source to the XN pin
X Source oscillation Output o .
ouT clock output P! and leave the XouT pin open.
Internal power on i —_ . - .
PWON P n input Input Incorporates the power saving circuit. Its control inputs are PWON and PWOFF,
| The 22-stage frequency divider and RAM are put in the idle state by a PWOFF
PWOFF Internal power off input input Low level input.
i Incorporates the 22-stage frequency divider as the crystal oscillation reference
RESET (ov) Frequency divider Input _7 ° p ) 29 ‘
reset input device. This is a reset input for up to lower 17 steps of the divider.
BDIN Low voltage | The low voltage detector circuit is built in. A resistor should be connected to the
< nput —
detector input BDIN pin for voltage sensing.
Interrupt re . . . . . . .
INTA A signl;‘I) request Input Interrupt disable This input signal is for an interrupt request. The request is accepted on the rising
edge of the signal. Besides these external input signals, an interrupt request INTT
Interrupt request . . . . .
INT B signal Input Interrupt disable from the 22-stage frequency divider output signal is sensed as an interrupt.
Liquid crystal display TP : n : et : . PO
LCg~LC24 seqment ootput Output — Incorporates the liquid crystal display direct drive circuit. It is suitable for liquid
crystal display at 1/4 duty and 1/3 bias.
Liouid sl dispt The output ports for direct drive of the liquid crystal display are port LC (LCy~
_ iquid crystal disptay _ )
COMg~COMs| o oot Output LCa4) and port COM (COMo~COMs).
v Power supply for This is the power supply terminal for a liquid crystal display. It inciudes the bias
liqui i - - . .
Lco iquid crystal display resistor for the segment and common signals.
This output port consists of 11 bits. Each output is individually latched and can
Do ~D1o Output port D Output Floating be selected to be set or reset by the contents of register Y. Also 8 bits of the
port can be used to fetch 8-bit addresses for external RAM.
- -
. F Output port £ Output Low level The output port consists of 8 bits. Each output is individually latched and can be
N 7 set or reset by instructions.
This output port consists of 2 bits from which 1 synchronous signal of 1 machine
Pg, P1 Output port P Output Low level cycle width can be output per instruction. The immediate 7-bit field of an instruc-
tion can be output through this port in combination with 5 bits of port F.
Ko ~Ks Input/output p?" K Input/output Low level Ports K and S are 4-bit latched input/output ports through which data can be
transferred to and from register A. When output is low-level the output will be
S0~ S3 Input/output S Input/output Low level high-impedance so it can be used as an input port,
T2 Timing output Output — The timing output is used for testing the device.
Internal power-on When the internal power supply is switched on, a built in automatic reset circuit
RESET(ON) | reset signal Output Low level ) i
generates a high-level reset signal that resets the 1/O ports.
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DESCRIPTION OF OPERATION

Program Counter PC

The program counter is an 11-bit address register. The
high-order 4 bits designate the page number and as a group
are called PCy. The low-order 7 bits designate the address
on the page and as a group are called PC. The PC desig-
nates the address of the 2048 words by 10-bit mask-pro-
grammable ROM, The ROM is organized into 16 pages of
128 words. As instructions are fetched from ROM, PC_ is
incremented so that unless there is a branch executed in-
structions are fetched and executed in sequence. Care must
be taken when the last instruction on a page (address 127)
is executed because when PCy is incremented it becomes
zero with a carry, but the carry is disregarded so the next
instruction to be fetched will be the start of the same page.
Therefore to move to the next page PCy must modified by
using branch instructions such as BL, BML, BLA and
BMLA.

Pages 14 and 15 are special pages designed to accommo-
date subroutines. Subroutines starting on page 14 can be
called by 1-word instructions BM or BMA. These instruc-
tions automatically load PCy to designate page 14 and in
addition the return address and control status are saved so
they can be restored when the subroutine transfers control
back to the main program. If the instructions BM or BMA
are executed on page 14, they execute a branch within page
14 without saving any information. If the instructions B
or BA are executed on page 14, they execute a branch te
page 15.

Stack Registers SKq, SK1, SK2

The 3-level stack register consists of 11-bit registers for
storing the contents of the program counter when control
is transferred from the main program to a subroutine or
interrupt. When control is transferred back to the main pro-
gram, the PC can be restored. There are 3 levels, but when 1
level is saved for interrupts it leaves 2 levels for subroutine
nesting.

Data Pointers DP, DP’
The data pointer is a 7-bit register used to designate the
address of RAM or the bit position of output port D. The
data pointer is composed of the 3-bit register X and the 4-
bit register Y. Internal RAM is organized as 8 files of 16
words. Register X designates the file and register Y desig-
nates the word position of a file or the bit position of out-
put port D.

The data pointer DP’ is selected by software during
interrupt processing to leave the contents of DP unchanged
(saves the DP).

External RAM is organized as 16 files of 16 words that
can be added to the system to expand memory. Register Y
designates the word position of a file while register B desig-
nates the file.

Register A (accumulator) and Carry Flags CY, CY’
Register A is the 4-bit accumulator forming the heart of
the 4-bit microcomputer. Data processing operations such
as arithmetic, transfer, exchange, conversion, and input/
output are executed principally through this register.

The carry flags CY are to store the carry or borrow
from the most significant bit of the arithmetic unit re-
sulting from executing the various instructions. It can be
tested and used for various purposes. In principle it acts
as a 1-bit flag.

The carry flag CY'is selected by software to leave the
contents of CY unchanged (saves the CY).

Register B (Auxiliary Register)

Register B is a 4-bit register used for temporary storage of
4-bit data. It also is used to designate the file number of
external RAM.

Arithmetic Logic Unit (ALU)

The arithmetic logic unit performs 4-bit arithmetic and
logical operations. The heart of the ALU is a 4-bit adder
and the logic circuit associated with it. It performs opera-
tions such as additions, complement conversions, logic
arithmetic comparisons and bit processing.

Frequency Divider and Timer

The frequency divider divides the basic oscillation fre-
quency into 22 stages. It is connected to the basic oscilla-
tion device through Xy and Xpyt. The frequency divider
generates the interrupt request signal INTT to the inter-
rupt control circuit. The frequency divider sets flag CK for
controlling the power saving circuit.

Basic oscillation for the timer is the timing signal T,.
The timer is composed of a 7-bit prescaler and a 4-bit coun-
ter. Timer flag TMF/F is set when a timer overflows, and is
sensed by the TTM instruction. The 4-bit timer counter is
set by the STM instruction. Prescaler and timer flag are
reset at the same time.

Power Saving Circuit

The power saving circuit is controlled by the CK flag and
PW. Its output is input to the internal power supply reset
circuit and generates an interrupt request signal RESET
(ON). Control is transferred unconditionally to address O
on page 0 and resets the 1/O ports. The interrupt request
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signal RESET (ON) generates on the rising edge of inter-
nal power supply on reset output. Internal power supply
is switched off by the external terminal and stop instruc-
tion, but power is maintained to the following circuits:

1. Internal data memory (RAM)

2. Clock oscillation circuit

3. 22-stage frequency divider

4. Low voltage detector circuit

5. Power saving circuit

Low Voltage Detector Circuit

The low voltage detector circuit connects the resistor for
sensing voltage to the BDEN terminal. A falling voltage leve!
is sensed by the program and can be displayed by using apt
output port.

Interrupt Functions

The M58496-XXXP has internal circuits to process inter-
rupt requests from 4 single level sources. The 4 interrupt
request sources are external interrupt signals INT s and
INTg, internal power supply reset output RESET (ON),
output INTt from the 22-stage frequency divider. Inter-
rupt requests INTa, INTg and INTT are enabled by the
instructions EIA, EIB and EIT respectively and disabled by
the instruction DIA, DIB and DIT respectively. Interrupt
requests from the internal power supply through reset out-
put RESET (ON) cannot be disabled and will cause an
interrupt whenever received.

During the interrupt enable state an interrupt request
by INTA or INTg is accepted on the rising edge of the
signal. When an interrupt request is received during the
interrupt disable state it is latched, but is not executed.
When the disable is removed thereafter by executing the
carresponding interrupt enable instruction, the interrupt
request will be accepted immediately and control trans-
ferred to the interrupt routine because the request was
latched. A current interrupt request, held by latching dur-
ing interrupt disable state is reset when the corresponding
interrupt disable instruction is executed.

One level of the 3-level stack register is required when
interrupt programs are used. This leaves 2 levels available
for subroutine processing. After an interrupt is processed
control is returned to the main program by executing a
return instruction such as RTI. Care must be taken after
starting an interrupt program to save the contents the data
pointer DP, register A, carry flag and any other registers
used, so the contents can be restored before returning to
the main program. The contents must be saved and re-
stored by the interrupt program.

When an interrupt request is accepted the program
counter, interrupt enable flag and skip flag are affected
as follows:

(1) Program counter
The contents (the current program address) are stored
in the stack register. Control is transferred to address
0 on page 0 by a RESET (ON) interrupt, to address 2
on page O by an INTp interrupt, to address 4 on page
by an INTg interrupt or to address 8 on page O by an
INTT interrupt by setting the control counter to 00,
02, 04 or 08 respectively. When control is transferred
to address O page 0, the instruction is invalid and is not
executed, so the first instruction is executed from ad-
dress 1 on page 0.

(2) Interrupt enable flags
When an interrupt request is accepted additional inter-
rupts are disabled until the accepted interrupt is pro-
cessed. Except that a RESET (ON) interrupt may be
accepted at any time.

{3) Skip flags
The skip flags are used to indicate an instruction skip
and the NOP state for instructions LXY and LA are
saved. A special stack is provided for saving these flags.

General-Purpose 1/0 ports K, S, F, P and D

These 4-bit or 1-bit general-purpose registers are used for
such things as data transfer between register A, instruction
transfers, 1-bit transfers as selected by register Y, storing
7-bit immediate field data of instructions fetched from
ROM, and data transfers between external RAM. Each out-
put has a latch and its output circuit contains an open drain
resistor or a pulldown resistor (high-impedance).

1/0 ports K, S

Ports K and S are 4-bit latched 1/O ports, that can transfer
data to and from register A. Output latches are reset by
the DIKS instruction when the port is being used as an
input port.

Output port F

Port F is an 8-bit latched output port, that has independent
latches for each bit. The individual bits can be set by the
SF instruction and reset by the RF instruction.

Output port P

Port P is a 2-bit latched output port, that is usually in low-

‘level, but can output the machine cycle high-level synchro-

nous signal by SP, or SP; instructions. The 7 bits (F;~
Fo, Py, Pg) can be used for direct fetching of the imme-
diate field of the OTRO instruction.

Output port D

Port D is an 11-bit latched output port, that has indepen-
dent latches for each bit. The contents for register Y indi-
cate the individual bit to be set by the SD instruction or
to be reset by the RD instruction. The 8-bit address of
external memory (RAM) is output through this port.

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Liquid Crystal Display Drive Circuit

The liquid crystal display direct drive circuit is composed

of the following units. A block diagram of the units is

shown in Fig. 1.

1 Control counter for the liquid crystal display
This is an octal counter composed of 3 bits and is
counted down by the ELC instruction. The contents
of the counter select 1 bit of register A and transfer
data in order to the segment register RLC by the TLC
instruction and determines the frame frequency for
the liquid crystal display by transferring the contents
of the counter to common register RCOM.

2 Register A
This 4-bit register is the accumulator. Its function is
to control data processing, arithmetic operations con-
trol functions and input/output of the microcom-
puter.

3 Segment register. RLC
The 26-bit segment register stores selected 1-bit data
from register A by execution of the TLC instruction.

It shifts 1 bit in order and stores the segment signals
for the liquid crystal display device.

Common register RCOM

The 4-bit common register stores the common signal
for the liquid crystal display. The input for the com-
mon register is the converted contents of the control
counter for the liquid crystal display.

Port LC

The 26-bit latched port LC stores data in parallel by
the ELC or DLC instruction from the segment regis-
ter RLC. A bias resistor provides for the output at 2
levels and the 25 low-order bits are output as standard
type. The high-order bit is not output to an external
terminal.

Port COM

Port COM has 4 bits of latched storage. The data is
transferred in parallel by the ELC or DLC instruc-
tion through the common register (RCOM). The out-
puts of this port have 3 biased levels by means of bias
resistors,

MULTIPLEXER

BIT DESIGNATION

ELC INSTRUCTION
l COUNT DOWN
_|CONTROL COUNTER FOR

REGISTER RLC

LL!QUID CRYSTAL DISPLAY
4

REGISTER RCOM

Y5 (Vce—Vien) +Vieo

BIAS RESISTOR

CRYSTAL DISPLAY

Voo RLCD] RLG, IRLC;[ RLO;] “ lm.cz,lmczs] boow[ﬁcom]ncomzlacomg Voo
77
x l
2 13 (Vec—ViLop) +Vico e { T T
(% PORT LC PORT COM
w
o
2 [%4(Veo—Vico) + Vi }
m
r
Vico LCp LCy LC, LC3 COMo COM1 COM2 COM3
SUPPLY VOLTAGE FOR LIQUID SEGMENT SIGNAL OUTPUT

Vico

SUPPLY VOLTA
COMMON SIGNAL OQUTPUT FOR LIQUID GE

CRYSTAL DISPLAY

Fig. 1 Liquid crystal display drive circuit block diagram

MITSUBISHI

522 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

RESET FUNCTION

As shown in Fig. 2, when the PWOFF input of the
M58496-XXXP is driven low for at least 10ms, the
input/output ports are reset and the interrupt disabled state
is entered. (Refer to the descriptions of the power-on reset
states in the Pin Description.) Next, if the PWON input is
driven high, or an interrupt is generated by the internal
power-on reset RESET (ON) caused by a frequency divider
output INT+, the program counter is set to address O page O
. as a starting location,

POWER APPLIED
5v R
Voo
o 10ms
5V
PWOFF
ov
5V
PWON /
oV

Fig. 2 Power-on reset circuit

CLOCK GENERATOR CIRCUIT

A built-in clock generator circuit has been provided and a
quartz crystal or ceramic element (mask option) can be
externally connected. In addition, an external clock source
may be connected to pin Xy, leaving pin Xgyut open.
Circuit examples are shown in Fig. 3 and Fig. 4.

(2) ROM data

M58496- XXXP
2~4.2MHz

XouT

XiN
50 51
Cin Cout

15pF ]’ 15pF

Ve lor Vsg (0V))

1) Veritication of oscillation should
be made at the timing output To.
In addition, the required circuit
constants will vary with the fre-
quency and type of crystal used.

M58496 - XXXP

Xin XouT

50 51 :
5v
EXTERNAL OSCILLATION CIRCUIT ov _l_rl._l_—l_l_

Fig. 4 External clock input circuit

Documentation Required Upon Ordering
The following information should be provided when order-

ing a custom mask,
(1) M58496-XXXP mask confirmation sheet
3 EPROM sets

(3) Oscillation frequency selection
On confirmation sheets

(4) Frequency divider output selection (1Hz/2Hz)
On confirmation sheets

Fig. 3 External circuit connected by crystal oscillator
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INSTRUCTION CODE LIST ote 1)

D9~Dy 00 1110 01 0000 J 01 1000 [ 10 0000 { 10 1000 {11 0000 ] 11 1000
00 0000 | 00 0001 | 0 0010 | 00 0011 ] 00 0700 | 00 0301 | 00 0110{ 00 0111 | 60 1000 | 00 1001 | 00 1010 | 00 1011 | 00 1100 {00 1101] - ! ' v \ \ \
%,. 00 1111 01 0111 for v 10 otnn |10 v [ g |
%
%,
Dy O ]oo|o1|o2|o03|loaflos|osjo07fos |09 0a|oB|oc|oD joe-oF|10~17|1m~1F |20~27|28~2 [30~37]38-3F
~Do\2.
BL
s$z8 | SEY | SEI | SF | gla TAM [xAMO| A LA
0000 |0 | NOP | TLC | INY - | raR - |oTro|Lxy | BM {BMA | B BA
[} 0 0 o | BML 0 0 0 0
BMLA
BL
szB | SEY | SE) | SF | gLa TAM |xamo| A LA
0001 | 1 |scoMm | Diks | DEY evL | — - - |oTRO{Lxy [ 8BM |BMA | B BA
1 1 1 1 |amLa 1 1 1 1
BL
$Z8 | SEY | SE} | SF | gia TAM [(xamp| A LA
0010 | 2| EIA | SFK | XDP * 1K - |oTROjLxY | BM |[BMA | B BA
2 2 2 2 | BML 2 2 2 2
BMLA
BL
$ZB | SEY | SEl | SF | g A TaM |xamo| A LA
0011 {3] DIA | SFS | TYA SEAM| 1S ~ |oTRO)LxY | BM |BMA | B BA
3 3 3 3 | BML 3 3 3 3
BMLA
BL
SEY | SEI | SF |g@gLa TAM |[xAmD| A LA
0100 {4 ] EIB * sC RT * | TBA - |oTRO|LxY | BM |BMA | B BA
e 4 4 | BML 4 4 4 a
BMLA
BL
SEY | SEI | SF | gla TAM |xAMD| A LA
0101 |5] DIB | DLC | RC | RTS TAY - - |oTRO|LxY | BM |BMA | B BA
5 5 s | BMU 5 5 5 5
BMLA
BL
SEY | SEIl | SF |gLa TAM [XAMD| A LA
0110 | 6 |DETS| * XC RTI AND | XAB - |oTRO|LxY | BM |BMA | B BA
6 5 6 |BML 6 5 6 6
BMLA
BL
SEY | SEl | SF | gla TAM |xAMD| A LA
0111 | 7 |DETR| ELC * * EXL | TAB ~ |OoTRO|LxY | BM |BMA | B BA
7 7 7 | BML 7 7 7 7
BMLA
BL
SEY | SEI | RF | gia SB | XAM |xAMI | A LA
1000 (8] EIT | SPO * * * - |OoTROJLXY | BM |BMA | B BA
8 8 o |[BML 0 0 0 8 8
8MLA
BL
SEY | SEI | RF | g a SB | XAM | xamI| A LA
1001 | 9| OIT % sD * amL | CMA - |oTRO|LxY | BM [BMA | B BA
9 9 U |awLa 1 1 1 9 9
BL
SEY | SEI | RF | g A SB | XAM [ xAMI| A LA
1010 |A| ST™M | SP1 * * ave | AM - |OTRO|LXY | BM {BMA | B BA
10 10 2 2 2 2 10 10
BMLA
BL
SEY | SE! | RF | g(a SB | XAM | xAMI| A LA
1011 [B|POF2| x * * BML * - |oTROjLXY | BM |BMA | B BA
" " 3 3 3 3 " "
BMLA
8L
SEY | SEI | RF | gia RB | XAM [xami| a LA
1100 [c |POF1|0TAD| = * BML. * - |oTRO|LxY | BM |BMA | B BA
12 12 4 ] ) 4 12 12
BMLA
BL .
SEY | SEI | RF | gla RB | XAM [XAMI| A LA
1101 |D |SDET| x RD * * - |oTRO|LXY | BM |BMA | B BA
13 13 s | BML 1 5 5 13 13
BMLA
BL
: SEY | SEI | RF | g A RB | XAM [xami| A LA
1110 [e| TT™ |ADRT] x * amL | AMC — |oTtRo|Lxy | BM {BMA | B BA
14 1 6 2 6 6 14 1°
BMLA
8L
SEY | SEl | RF | gia RB | XAM [xaMI| A LA
11 [F ] ek | TPW * | szc amL |AMCS — |oTtRolLxy { BM |BMA | B BA
15 15 7 3 7 7 15 15
BMLA
Note 1: This list shows the machine codes and corresponding machine instructions Two-word instructions
D3~Dy indicate the low-order 4 bits of the machine code and Dy~Dy indi-
cate the high-order 6 bits. Hexadecimal numbers are also shown that repre- Second word
s?m the co(?es4.An instruction rn.ay c-onm.st Of oneor}wo wor-ds,but only the BL 11 0xxx yyyy
first word is listed. Code combination indicated with asterisk {*) and bar
(~—) must not be used. BLA 11 Ixxx XXXX
BML 10 Oxxx yyyy
BMLA 10 Ixxx XXXX
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MACHINE INSTRUCTIONS ote 1)

Item Instruction code 8|8
9 S >
Mnemonic Hexa- 28 Functions Skip conditions | =
Class DgDs DyDsDsDs  D3D2D1D, ° e &
ification . decimal| 2 | 2
" LXY x,y 01 1xxx yyyy |18y | 1| 1| (X)ex, where, x=0—~7 Consecutively | X
8 + described
g x (Y)<y, where, y=0~15
éﬂ INY 00 0010 0000 020 1 1 (Y)e—(Y)+1 — X
« DEY 00 0010 0001|021 1 1] (Y)—(Y)—1 — x
2 TAB 00 1001 0111 [087| 1| 1|(A)—(B) — x
:  |tea 00 1001 0100 |09a| 1] 1| (B)—(A) — x
,g" XAB 00 1001 0110 096 1 t | (A)(B) — X
H TAY 00 1000 0101 |085| 1| 1{(A)—(Y) — %
5 |Tva 00 0010 0011|023 1 1 (Y)—(A) — x
E’ XDP 00 0010 0010 022 1 1 | (DP)<(DP’) — x
5 TAM j 00 1010 Ojjj |OAj] 1 1| (A)<—(M(DP)) — X
% (X)«(X) W], where, j=0~7
g XAM j 00 1010 1jijj OAf 1 1| (A)=(M(DP)) — X
2 i (X)—(X)Mj, where, j=0~7
g XAMD j 00 1011 0jii 0 Bj 1 1 | (A)Y<(M(DP)), (Y)<(Y)—1 (Y)=15 X
E (X)—(X)Mi, where, j=0~7
é XAMI j 00 1011 1iii OB-?_ 1 1| (A)Y=>(M(DP)), (Y)«—(Y)+1 (Y)=o0 X
o i (X)—(X)¥j, where, j=0~7
LA n 00 1101 nnnn|0Dn| 1| 1| (A)en, whee, n=0~15 Sonsacutively | x
AM 00 1000 1010 [0BA| 1 1 [ (A)«—(A)+(M(DP)) — X
AMC 00 1000 1110 08BE| 1 1| (A)«<—(A)+(M(DP))+(CY) — 0/1
(CY) «Carry
AMCS 00 1000 1111 08F| 1| 1| (A)—(A)+(M(DP))+(CY) (CY)=0 |0/1
(CY )« Carry
© An 00 1100 nnnn|OCn| 1| 1| (A)—(A)+n, where, n=0~15 Carry =0 | X
g sc 00 0010 0100 [024| 1| 1| (CY)e1 — 1
:é; RC 00 0010 0101 |025| 1| 1| (CY)<0 — 0
XC 00 0010 0110|026 1 1| (CY)=(CY") — Y')
szC co0 0011 1111 [03F | 1 1 | Skip if (CY)=0 (CY)=0 X
AND 00 1000 O110 086 1 1 1 (A)Y<—(A)A(M(DP)) — X
EXL 00 1000 O111 087 1 1 [ (A)<—(A) ¥ (M(DP)) -— x
CMA 00 1000 1001 089 1 1| (A)«—(R) — X
RAR 00 1001 0000|090 1| t|(An—1)<—(An) — (Ao0)
(CY)«(A0), (A3)<—(CY)
SB i 00 1001 10ii |098] 1 1 | (Mi(DP)) <1, where, i=0~3 — X
£ i
é RB i 00 1001 110 i 09f 1 1 | (Mi(DP)) <0, where, i=0~3 — X
g i
= SZB i 00 0011 00i i |03i 1 1 | Skip if (Mi(DP)) =0, where, i=0~3 (Mi(DP))=0{ X
where, i=0—~3
SEAM 00 1000 11 |083| 1 1 | Skip if (M(DP))=(A) (M(DP))=(A) | X
SEY y 00 0100 yyyy|Oay| 1| 1]Skipif (Y)=y, where, y=0~15 (Y) =y, where, | X
® ‘ y=0~15
§ SEl n 00 0101 nnan |[05n| 1| 1} Skipif (A)=n, where, n=0~15 (A)=n, where, | X
S n=0~15
SCOM 00 0000 0001 |OO1 1 1 | Skip if (SCA=0) and (SCB=0) SCA=0 and X
sCB=o0
MITSUBISHI
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ftem Instruction code 8 8
. I 5
Mnemonic Hexa | o | 2 Functions Skip conditions | =
Class DsDs D7DgDsDs DaD,DiDg| | © | B w
ification decimal 2 2
B xy 11 Oxxx yyvyy |3xy | 1| 1[(PCL)16x+Yy — X
(Note 2) (PCH) <15, (PCL)<16x +y
BL pxy 00 O01t1 pppp|07p| 2| 2| (PCH)<p — X
11 Oxxx yyyy|3xy (PCL)<16x +y
g BA xX 11 1xxx XXXX|[38X| 1| 1]|(PCL)—16x+(A) - x
s x
{Note 2) (PCH) <15, (PCL) <« 16x+(A)
BLApxX |00 0111 pppp|07p|2]|2]|(PCH)—p - x
11T 1xxx XXXX 33_X (PCL)«16x+(A)
x
BM xy ‘10 Oxxx yyyy|2xy | 1| 1 |(SK2)«(SK1)<(SK0)—(PC) — X
(PCH)+14, (PCL)«16x+Yy
(Note 2) (PCH) <14, (PCL) < 16x+y
- BML pxy 00 0111 pppp |07p | 2| 2 |(SK2)+(SK1)—(SK0)«—(PC) - X
g 10 Oxxx yyyy|2xy (PCH) <p, (PCL)<«-16x+y
g BMA xX 10 1 xxx XXXX 21X 1 1 | (SK2)+(SK1)«(SK0)«(PC) — X
3 x (PCH) <14, (PCL)«16x+(A)
{Note 2) (PCH) <14, (PCL)<16x+(A)
BMLA pxX | 00 0111 pppp|07p | 2| 2| (SK2)«<(SK1)—(SKo)<—(PC) — X
10 txxx XXXX 2§_X (PCH)<p, (PCL)«16x+(A)
x
RTI 00 0011 0110|036 |1 1| (PC)«—(SK0 )« (SK1)«(SK2) — X
g Restore interrupt skip flags
& RT 00 0011 0100|034 | 1| 1| (PC)—(SKQ)«—(SK1)—(SK2) — X
RTS 00 0011 0101|035 1 1 | (PC)«(SK0o)—(SK1)«—(SK2) Unconditional | X
DIKS 00 0001 0001|011 1 1| (K)<=0, (S)<0 — X
1K 00 1001 0010|092 |1 1] (A)«—(K) — X
IS 00 1001 0011 (093 (1 1| (A)<—(S) — X
SFK 00 0001 0010 (|O0t2 | 1 1| (K)<—(A) — X
SFS 00 0001 0011013 | 1] 1] (S)<(A) — x
SD 00 0010 1001 (029 |1 1| (D(Y))«<1, where, 0=(Y)=10 — X
RD 00 0010 1101 (02D 1 11 (D(Y))«0, where, 0=(Y)=10 — X
ADRT 00 00O01 1110 (01E | 1 1] (D)<0 — X
OTAD 00 0001 1100}01C | 1 1| (D7 ~Da)«(B) — X
2 (D3 ~Do)«(Y)
3
g SF m 00 0110 Ommmi06m | 1| 1| (Fm)<—1, where, m=0~7 — x
g RF m 00 0110 1mmm 068 | 11 (Fm)<«0, where, m=0~7 — X
m
OTROMn | 01 Ommm nnnn|imn| 1| 1| (Fo~F3)«n, where, n=0~15 — X
(Fa, Po, P1)«<m, where, m=0~7
SPO 00 00O01 1000018 | 1 1 | (Pg) <1, where output 1 machine cycle — X
SP1 00 0001 1010 (01A | 1 1 | (P1)<«1, where output 1 machine cycle — x
TLC 00 0001 0000|010 | 1 1| (R(LCo))«(Ai), where, i=0~3 — X
(R(LCn+1))<—(R(LCn))
ELC 00 0001 0111|017 | 1 1| (P(LCn))<—(R(LCn)) — x
(P(COMnR))<—(R(COMN))
DLC 00 oO00O1 0101|015 1 1 { (P(LCn))«(R(LCn)) — x
| (P{COM))«—+(Vcc—Viep) +Vico
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M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Item Instruction code 8|8
5 2] >
Mnemonic . Hexa- E § Functions Skip conditions %
Class DyDg D7DgDsDs D30,D1Dg ° [ © 2
ification decimal| 2 S
EIA 00 0000 0010 (002 1 1 | Enablesinterruption of INTa signal. — X
- DIA 00 0000 0011 (003 1 1 | Disables interruption of INTA signal. — X
? EIB 00 0000 0100 (004 | 1 1 | Enables interruption of INTg signal. — x
H DIB 00 0000 0101|005 | 1| 1| Disablesinterruption of INTg signal. — x
EIT 00 0000 1000 |0OOB 1 1 | Enables interruption of INTT signal. — x
DIT 00 0000 100t (009 1 1 | Disables interruption of INTy signal. —-— X
. STM 00 0000 1010 |00A| 1 1 (TM)<(A), (TM F/F)«<0 — X
E 7-bit prescaler presetting
TT™ 00 0000 1110 00E | 1 1| Skip if (TM F/F)=1 (TMF/F)=1] X
_ TCK 00 0000 1111 |00F | 1 1 | Skip if (CK F/F)=1 (CKF/F)=1| X
% POF1 00 0000 1100 (|00C | 1 1| (CK F/F)«o0 — X
; POF2 00 0000 10t1 (00B | 1 1| (PW F/F)«<0 — X
?X TPW 00 0001 1111 |01F | 1 1 | Skip if (PW F/F)=1 (PWF/F)=1| X
§ ' |DETS 00 0000 0110|006 1| 1| (DET F/F)«1 — x
& DETR 00 0000 O0111(007 | 1 1| (DET F/F)«0 — X
SDET 00 0000 110t 00D 1 1 | Skip if (BDouT)=1 (BDout)=1 | X
Misc. NOP 00 0000 0000 OO0 | 1 1 | No operation — X
Note 1: When the M58496-XXXP generates a skip it is not necessary to increment the program counter so no additional cycles are required for

execution.

2 Instructions B, BA, BM or BMA execute the second function of the functions column when executed, provided that none of instructions
RT, RTS, BL, BML, BLA or BMLA was executed after execution of instruction BM or BMA.

Symbol Meaning Symbol Meaning
A 4-bit register (accumulator) P (COMn) Common output port for liquid crystal display
Ai Indicates the bits of register A. Where i=1~3 P(LCn) Segment output port for liquid crystal display
B 4-bit auxiliary register PW F/F 1-bit power supply control flag display
BDouT Battery detector signal R(COMn) Common register for liquid crystal display (4 bits)
CK F/F 1-bit 1-second flag R(LCn) Segment register for liquid crystal display (25 bits)
cY i-bit carry flag s 4-bit 1/0 port
cY’ 1-bit carry flag SCA Output of bit A of control counter for liquid crystal display
D 11-bit output port sSCB QOutput of bit B of control counter for liquid crystal display
Di Indicates the bits of port D. Where i=0~3 SKO0 11-bit stack register
D(Y) The bit of port D addressed by Y SK1 11-bit stack register
DP 7-bit data pointer composed of register Y, X SK2 11-bit stack register
™ 4-bit timer/counter
Y, Y’ 4-bit register ™M F/F 1-bit timer/counter flag
X, X 3-bit register XX 2-bit binary variable
DP’ 7-bit data pointer- yyyy 4-bit binary variable
DET F/F 1-bit battery detector flag mmm 3-bit binary variable
F 8-bit output port nnnn 4-bit binary variable
Fi Indicates the bits of port F. Where i=0~7 il 2-bit binary variable
K 4-bit 1/0 port il 3-bit binary variable
M (DP) 4-bit data of memory addressed by data pointer DP XXXX 4-bit unknown binary variable (the value does not affect
- Indicates direction of data flow execution}
Mi(DP) A bit of data of memory addressed by data pointer DP ( ) Indicates contents of register memory, etc.
.where i=0~3 b Exclusive OR
PC 11-bit program acounter composed of PCy , PCy A AND
— Negation
PCL Low-order 7 bits of the program counter X Indicates flag is unaffected by instruction execution
PCH High-order 4 bits of the program counter xy Label used to indicate the address xxx YYyY
Po T-bit output port C Hexadecima! number C + binary number-X
P1 1-bit output port ‘)'('
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Veo Supply voltage —0.3~6.0 \
) Input voltage With respect to Vgs —0.3~Vge+0.3 v
Vo Output voitage 0 ~Vge \
P4 Power dissipation Ta=25°C 300 mw
Top,— Operating free-air temperature range 0 ~50 °C
Tstg Storage temperature range | —40~125 °C

RECOMMENDED OPERATING CON DITIONS (Ta=0~50°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vce Supply voltage 4.5 5 5.5 Vv
Vss Supply voltage 0 \Y
ViLcD Liquid crystal supply voltage 0.8 \
Vin High-level input voltage Vee—0.8 Vee \Y
ViL Low-level input voltage 0 0.8 \
fxin Oscillator frequency 2 4.2 MHz
173 Internal clock oscillator frequency 250 525 kHz

ELECTRICAL CHARACTERISTICS (1a=0~50°C, Vee=5V£10%, Vss=0V, fxin=2~4. 2MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
lon High-level output current, port D Vou=(Vgg—0.5)V —0.4(—0.8 mA
lon High-level output current, ports F, P, K, and S VoH=(Vgc—0.5)V —0.4(—0.6 mA
loL Low-level output current, ports F, P, K,and S VoL=0.5V 2 20 nA
VoH High-level output voltage, port LC Ve =5V, VLgp=0.8V, Ta=25°C 3.75|3.95 \
VoH High-level output voltage, port COM Vec=5V, Viep=0.8V, Ta=25°C 4.8 5 \Y
Vox Medium-level output voltage, port COM-:(Note 1) Vec=5V, Vicp=0.8V, Ta=25C 2.7 2.9 3.1 \
Vou Low-level output voltage, port LC Vee=5V, VLcp=0.8V, Ta=25C 1.8512.05 \
VoL Low-level output voltage, port COM Vee=5V, VLcp=0.8V, Ta=25'C 0.8 |1 \
loc Supply current, full operating condition Veoe==5V, Ta=25°C, Output pins open 0.7 1 mA
Icc Supply current, partial operating condition Vgo=D5V, Ta=25°C, Output pins open 200 | 300 HA
ILcp Liquid crystal supply current, full operating condition Voc—Vicp=4.2V, Ta=25"C, Output pins open 60 120 uA
Ci Input capacitance Voo =V|=Vo=Vss, f=1MHz, 25mVrms 7 10 pF
CitxINg Oscitlator input capacitance Voo =XouT=Vss, f= IMHz, 25mVrms 7110 pF
Vep Battery voltage detection voltage range (Note 2) 10k Q<Rpp=<200kQ, Ta=25°C 4.5 5.5 \%

Note 1. Vgx is the medium level of the 3-level output of port COM.
2. The detection resistance Rpp is connected between the Vgg and pin BDIN
3. Currents are taken to be positive when flowing into the IC with minimum and maximum values taken as absolute values.
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MS8496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Ta=0~50°C, Vcc=5V£10%, Vgs=0V, unless otherwise noted)

. Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu (K-Xin) Data setup time before clock input, port K inputs 0 us
tsu (S-Xin) Data setup time before clock input, port S inputs 0 us
TSU (INTA-X\) | Data setup time before clock input, INTA input 0 us
tsu (INTg-Xin) Data setup time before clock input, INTg input f4=525kHz 0 MS
Th (K-Xu) Data hold time after clock input, port K inputs (Note 1) 0.4 us
this-Xu) Data hold time after clock input, port S inputs 0.4 MS
Th(INTA-XiN) Data hold time after clock input, INT4 input 0.4 us
Th (INTg-Xp) Data hold time after clock input, INTg input 0.4 “”s
Note 1. f¢=1/8 fxn which corresponds to the internal clock frequency.
SWITCHING CHARACTERISTICS (12=0~50°C, Vcc=5V10%, Vgs=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
teLH (Xin- D) Low-to-high-level propagation time from clock input to port data output, port D f 4=525kHz 0.7 1.5 HuS
teuH (X\n-F) Low-to-high-leve! propagation time from clock input to port data output, port F, P, K, and S RL=20kQ 0.7 1.5 us
tPHL (X;n-D) High-to-low-level propagation time from clock input to port data output, port D C_=100pF 2.2 3.0 us
N
TPHL K- F) High-to-low-level propagation time from clock input to port data output, port F. P, K, and S (Note 2) 2.2 3.0 s
Note 2. Measurement circuit
OUTPUT _J_
RL ;;CL
TIMING DIAGRAM
T l T2 I T3 \ Ta . |
Xin ' \ ‘ 5 ~ jl ~ ' i ~ _’ ~ ' H ~ j- ~ ’ 1 \ j,
[T - [T -
tsu (K-Xmw) th (K-Xin)
_,.'___
7
Tsu(s-Xuw) th(s-xm)
tsu (INTA-Xin) th(INTA -Xi)
INTA (INPUTS) K
tsu(INTE-Xin) th(lNTB—x,N)___rF
INTg (NPUTS) . X
TPLH(Xn-D)
Do ~ D10 (OUTPUTS) Xr
IPHL(Xw-D)
tpLH (X -F)
Fo~F7 (OUTPUTS) ><
N
EPHL (Xin-F)
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M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BASIC TIMING CHART Note2)

Machine cycle M
Signal name Symbor State T T Ts ™
Clock signal (Note 1) & /___\*r__\___/——\__‘_,———\—
Timing output T2
Port D output Do ~Dio
Port F output Fo~F7
Port P output Po. Py /
Port K output Ko~Ksz
Port K input Ko ~K3z
Port S output Sg~S3
Port S input Sp~S3
Interrupt request input INTA.INTg

Note 1. Intemal clock signal which is 1/8 of basic oscillation frequency.

2: XZX indicates an invalid signal input.

INSTRUCTION FETCH TIMING

Machine cycle Mi Mi +1 Mi +2
Instruction cycle State T T2 T3 Ta ) T i T2 Ts T Ti T, T3 Ta
Instruction feteh ... L L (Note3) | b———tfo]
Instruction execution {Note 4}
Note 3: Instruction fetch time can differ depending on the types of the instructions.
4:  The instruction which was fetched in the preceding cycle is executed.
5: The execution of the instruction and addressing of ROM and RAM are performed simultaneously.
1/0 INSTRUCTION EXECUTION TIMING
Machine cycle: Mi Mi +1 Mi +2
Signal name S'gna’symbo, Swee | Ty T2 T3 ’ Ta Ty T2 ’ T3 | Ta T l T2 T T3 | Ta
Port D output Do~D1o
Port F output Fo~F7
Port P output Po. Py A\ (Noteg) _ ~ ~——— """ 777 1
Port K output Ko ~K3z
Port K input Ko~K3
Port S output So~S3
Port S input So~S3 X)O( W
Port LC output LCo~LC24 (Note 7) *
Port COM output COMp~ COM3
(Note 8 )

Note 6: Whenan OTRO instruction is executed, the output is latched.

7: Output voltage of port LC depends upon power supply V| cp for the liquid crystal display.
8: Output voltage of port COM has 3 levels depending on the power supply V| ¢p for the liquid crystal display.

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BRANCH AND SUBROUTINE CALL INSTRUCTION EXECUTION TIMING tote1)

Machine cycle M, Mi+1 M +2
Operation State T l T2 l T3 ] Ta T L T, \ T3 l Ta Ta I T2 ] T3 I Ta
Instruction By, (to be operated as the branch instruction, when the instruction BM or BMA was not executed before).
Program counter .[ J
(PG +xy | (PCL)«(PCL)+1 (PCL)«—(PCL) +1
ROM address
+ (ROM address) «—(PC) (ROM address) *—(PCL)
i I | | i Il
Execution of program Execution of the branch instruction Execution of the instruction stored in the br:anched add,ress
Instruction Byy (to be operated as the branch instruction to page15,when the instruction BMorBMA was executed before).
Program counter f ?
(PCh) 15 (PC) «—(PCL) +1 (PCL) —(PCL) +1
(PCL) «xy
ROM address i
(ROM address) «(PC) \ (ROM add[ress) H(Pcl)
. | I I
Execution of program Execution of the branch instruction Execution of the instruction stored in the branched address on page 15

Instruction BM,,, (subroutine call instruction).

Program counter I ’

— 1
(PCr) 14 (PCL) —(PCL) +1 (PCL) —(PC) +1
(PCL) «—xy
ROM address
{ROM address) « (PC) (ROM address) «(PC)

Stack register |
(SKz) T(SK bl *—(lSKo)*(F’Cl)

Execution of program - " ? T - - n n Y .
Execution of the subroutine call instruction | Execution of the instruction stored in the subroutine called address

Instruction BL p,xy (branch instruction).

Program counter . ] I J Temporarly ! I ——|
(Ie:ams?;raryJ — |Pop—ren+1 | (Pe—(GEET) (poy —(PoL) +1 (PCL)—(PCL) +1
ROM address | (PCLxy -
(ROM address) «—(PC) {ROM address) «(PC) (ROM address) «—(PC)
. I ] | | | | | | 1
Execution of program Page number is stored temporarily Execution of branch instruction Execution of the instruction stored in the
- N . R hed add
Instruction BML p, xy (subroutine call instruction). branched address
Program counter T L l ! ] T l 41
emporar - . (Tempora o G, ) ,
e )P (PO —(POL) +1 Pow (et ™) (PCL) —(POL) + 1 (PO ~—(PCL) +
ROM address l (POL -y
(ROM address)«—(PC) (ROM address) —(PC) (ROM address) «—(PC)
Stack register
(Skez) +—(SK ;) «—(SKg) +(PC) : .
. | | Execution of the instruction
Execution of program Page number is stored (empdrarily Execution of the subroutine call instruction stored in the subroutine called address

Note 1. The instructions BA, BMA, BLA and BMLA have the same execution timing as B, BM, BL and BML respectively as shown. The only difference is that (PC_) < xy
is replaced by (PCy ) « x{A).

INTERRUPT EXECUTION TIMING Note2)

Machine cycle | M; _ 4 M Mi+1 Mi+2
Operation State Ta T T2 T3 Ta T T2 T3 Ta T T2 T3 Ta
{nterrupt request input INTA i X
(Note 3)
Program counter . (PC)
(PCL)«—(PCL) +1 (PCL) «(PCL (PChy) <0 (PCL)+(PC) +1
(PCy) +~2
ROM address ’
{ROM address) < (PC) (ROM address) «—(PC) (ROM address) —(PC)
Stack register [
(SK2)«—(SK1) «—(SKp) «—(PC)
Execution of program no execution (skip)

Note 2: When the instruction executed in the machine cycle M4 is a BL, BML, BLA or BMLA, the value of address 2 of page O is stored in the program counter during M;43.
3. The interrupt request input INTg has the same execution timing as INT . If the input is low level in the machine cycle Mj_y and high level in the machine cycle M;,
the interrupt is executed during the interrupt enable state.
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M58497-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION i
The M58497-XXXP is a single-chip 4-bit microcomputer PIN CONFlGURATI;ON (TOP VIEW)
fabricated using CMOS technology. Its features are liquid s unsae Q cesconz:
crystal display direct drive circuit, current saving circuit for S933993$99994939
back-Up of a 15-stage frequency divider and RAM, A ] . e
The device is designed for applications in which clock e O Ol 3 o
and liquid crystal display functions are included and where t‘;: 38&,
the low-power dissipation achieved by CMOS is especially t§ . 3 :1
important. ' ' o B z d
LCs o S0 Xino
[WeH ] © RESET(DV)
FEATURES Lo 8 = 0.
® Basic machine instructions . ................... 77 oI x 4 o
® Instruction execution time (at an ..o § ) 0
oscillation frequency of 455kHz) ... .. e 17.6us :: = LY = o
® Memory capacity: ROM: ... ... 2048 words x 10 bits 2 = S:
Internal RAM: . . 128 words x 4 bits VR = o
, External RAM: . . 256 words x 4 bits R | (O] 2
® Single 4.5V power supply AT L B|m
® [nternal oscillator circuit 225583
® |[nternal 15-stage frequency divider % 8z z% > §3;ms J—
® |Internal current saving cirucit 4 > s
® [nternal low-voltage detector circuit Package Outline 72P2
® Subroutine nesting ............... e 3 levels
® |nternal timer: Prescaler:................... 6 bits ® /O ports (portsKandS) ................ 2 x 4 bits
Timer: ... 4 bits ® Outputport{portD) ............... ....11x 1bit
® OQutput ports for liquid crystal display ® Outputport{portF) ................... 8 x 1 bit
Segment signals (port LC) 26 bits e Output port (portP) ................... 2 x 1 bit
Common signals (port COM) 2 bits @ Interrupt function .......iuin... 4 factors, 1 level

BLOCK DIAGRAM

INTERRUPT REQUEST INPUTS(4.5V )(4.5v }(2.9V)(1.3V)( 0 V) DIVIDER CLOCK

POWERON RESET INPUT —_—
INT, INTg

TIMING OUTPUT BASIC CLOCK INPUT/QUTPUT
—— DIVIDER RESET INPUT LOW-VOLTAGE DETECTOR

——
Xino Xouto

RESET(PW) Voo Voe  V2Vico Vieo Vss Xouri Xy RESET(DV) T2 BDIN INPUT

INT,

INTERNAL POWER-ON [RESET(ON) INTERRUPT
RESET CIRCUIT CONTROL CIRCUIT

o
LOW-VOLTAGE
DETECTOR' CIRCUIT

—

1/C PORT K

REGISTER
RLC (26)

1

2
LIQUID CRYSTAL [REGISTERRCOM|
COUNTER (2 [ 2

PORT LC
26}

PORT COM
2)

— -
1/0 PORT S OUTPUT PORT LC FOR LIQUID CRYSTAL DISPLAY (SEGMENT SIGNAL)

P SKIP CONTROL CIRCUIT RAM STACK REGISTER SK2 (11) ROM
i  TIMER TM 2048 WORDS
—_— __ 128WORDS x 4 BITS| STACK REGISTER SK1 (1) o e
R T
| INTERNALLIF/E 2 | apDRess DaTA STACK REGISTER SKO (11) ADDRESS DATA
_____ POWER SUPPLY
1
lREG!STER B (4)| X'(3) Y'(4) |
DATA POINTER P r
RESET A - R PROGRAM COUNTER PC
SIGNAL CARRY CY' () 4 PCL(a) | PC(D
ba - DATA POINTER DP o P o v L
10
. . 3 ] CONTROL SIGNAL
. 2 1CONTROL SIGNAL s 1
) f 42
MULTI

555 SEE TS558 &b o EOEEETIL 6658
Ko K, Kz K3 So 8) 8, S3 LG LG, LG, LGg LG LC;p LG, LCyq LC1g LGy LCyg LGy, LGy, COMy Py Py FoF, €, F3F, Fs FgFy Dy Oy Dp Dy D, Dg Dg D, Dy Dy Dy
LC) LC3 LCs LC; LCs LCu LCi3 LCis LOi LCw LCxn LCr LGy (COMy
e e s\ s

OUTPUT PORT COM  OUTPUT
FOR LIQUID CRYSTAL PORT P
DISPLAY (COMMON SIGNAL}

v
QUTPUT PORT F

v
QUTPUT PORT D
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MS58497-XXXP

SINGLC-CHIP 4-BIT CMOS MICRCCOMPUTER

APPLICATIONS

® Electronic tuners for radios and TVs
® Medical equipment

® Measurement instruments

® Vending machines

FUNCTION

The M58497-XXXP consists of a 2,048 word x 10-bit mask
ROM, 128 word x 4-bit RAM, 4-bit arithmetic logic unit,
oscillator circuit, 15-stage frequency divider, power saving
backup circuit for the RAM memory, low-voltage detector
circuit, 4-bit timer, interrupt circuit, and liquid crystal
display direct drive circuit. By connecting external 256-
word x 4-bit CMOS RAMs to this 4-bit microcomputer,
RAM capacity can be easily expanded.

The ROM is capable of storing 16 pages of 128 words of
program, addresses being specified by the program counter.
The program counter consists of a 7-bit address designating
counter and a 4-bit page designating counter. Wrap-around
to address zero is automatic after exceeding the address
127. The return address from subroutines and interrupts is
stored in a stack register of 11 bits x 3 levels.

When an interrupt request has occurred, control is
transferred to a fixed address as follows. If the case of
internal power-on reset (RESET(ON)), the program is set to
page O, address 0, for the INT 4 signal it is set to page O,
address 2, for the INTg signal it is set to page O, address 4,

PERFORMANCE SPECIFICATIONS

and for the output signal INTt+ (1 second signal) of the
156-stage frequency divider, it is set to page 0, address 8.

The internal RAM is configured as 8 files of 16 words,
addressed by the 7-bit data pointer. A 16 file x 16 digit
external expansion memory can be addressed using 8 bits of
address composed of the 4-bit register Y and 4-bit register B.

RAM addressing, register-to-register ~ transfers, RAM-
accumulator transfers, arithmetic operations, input/output
operations, and timer operations are performed chiefly
through the 4-bit register A (accumulator).

The current saving circuit used in conjunction with the
15-stage frequency divider and RAM can be controlled by
the RESET (PW) input and program instructions.

The low-voltage detector circuit is operative when using
a battery power source, and can be program controlled to
provide an appropriate output upon sensing a low voltage
level.

Direct drive of a liquid crystal display is possible using
the 26 LC pins and 2 COM pins. 1/2 duty cycle and 1/2
bias or static drive is possible.

The output port D consists of 11 individually latched
bits, and in addition to the ability to output a single bit, the
position of which is determined by the contents of the data
point register Y, 8 bits of the port D can be used as the
external RAM address signal output.

Output port F consists of 8 individually latched bits that
can be used to output data. !t can be set or reset using
program instructions.

Parameter Performance
Number of basic instructions 77
Execution time of basic instructions (cne-word instruction) 17.6us (Vec=4.5V, f=455kHz)
Clock frequency 120~260kHz
ROM 2,048 words x 10 bits
Memory capacity Internal RAM 128 words x 4 bits
External RAM 256 words x 4 bits
LC Liquid crystal display output, 26 bits
COM Liquid crystal display output 2 bits
K Input 4 bits
Output 4 bits
1/0 ports s Input 4 bits
Output 4 bits
D Output 11 x 1 bit
F Output 8 x 1 bit
P Output 2 x 1 bit
Frequency divider 15-stage built-in divider
Current saving circuit Built-in
Low-voltage detector circuit Built-in

Subroutine nesting

3 levels (including 1 level of interrupt)

Interrupt requests

4 factors, 1 level

Clock generator circuit

Built-in {for use with 455kHz ceramic filter externally connected)

Input/output ports Qutput-voltage 6V (max)
Output current (gL} 1.8mA (min)

Supply voltages Vee 4.5V (nom)
Vss ov

Liquid crystal display driving voltage V| cp 1.3V (nom)

Element structure CMOS

Package

72-pin plastic molded flat package

Power dissipation ‘ In full operation

2mW (nom)} (Vec=4.5V, f=455kHz)

{open output terminals} ] Divider and RAM in the idle state

90 uW (nom) (Vge=4.5V, f=455kHz)
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MS58497-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Output port P consists of 2 pins through which a
synchronous signal of one machine cycle width can be
output by program instructions.

PIN DESCRIPTIONS

Seven bits of output port F and P can be used to directly
fetch the immediate field of the ROM.

The 1/0 ports K and S consist of 4 bits through which
data can be transferred to and from register A.

’ Input or State at reset .
Pin Name output (internal power-on) Function
XiNo Clock oscillator input Input — . .
These are the clock input and output pins. A ceramic element or other frequency-
determing element is connected between pins X ng and XoyTto. When an external
clock is used, connect the clock source to the X ng pin and leave the XgyTg pin open.
Xouto Clock oscillator output Output —
XiN1 Divider clock input Input —
These are the divider clock input and output pins. The quartz crystal that determines
the reference oscillation frequency is connected between pins X n1 and XouT1-
XouT1 Divider clock output Output —
This i ivi i for the 15-st i i
RESET(pw Divider reset input input _ is is the divider resgt input for the 15-stage divider circuit used to divide the 32k
Hz crystal reference signal.
. A built-in low-voltage detector circuit has been provided. A resistor should be conne-
BDIN Low-voltage detector input {nput — ' . g X provice Y
cted to the BDIN pin for voltage sensing.
INTA Interrupt request A signal Input Interrupt disable . .
ptrea g P P These input signals are for an interrupt request. The request is accepted on the rising
edge of the signal. In addition to these external input signals, an interrupt request
INTT from the 15-stage frequency divider output signal is also treated as an interrupt
INTe Interrupt request B signal Input Interrupt disable
Liquid crystal display K
LCo~LCx seq ¢ outputs Output — These liquid crystal display outputs are suitable for driving a fiquid crystal display at
men Lo
9 P! 1/2 duty cycle and 1/2 bias. The output ports for direct drive of such liquid crystal
. displays are port LC (LCo~LCpg) for the segments and port COM (COMg~COM
COMo ~COM Liquid crystal display _ forpthz p 0 25 g p o 1)
0 1 common outputs Output common outputs.
1 Power supply for liquid These are the liquid crystal display power supply pins for segment signals and common|
Vieo, ¥2Vico I displ - -
crystal display signals.
This output port consists of 11 bits, each of which is individually latched and can be
Dg~D1o Qutput port D Output High level selected to be set or reset according to the contents of register Y. In addition, 8 bits
of this port can be used to fetch an 8-bit address for external RAM.
This output port consists of 8 bits, each of which is indi
Fo~F7 Output port F Output High level pu pfnr consi o. its ich is individually latched and can be
set or reset using machine instructions.
This output port consists of 2 bits from which one synchronous signal of one ma-
Po, Py Output port P Output High level chine cycle width can be output per instruction. The 7-bit immediate field of an
instruction can be output through this port in combination with 5 bits of port F.
Ko ~K3 Input/output port K Input/output High level
9 Ports K and S are 4-bit latched input/output ports through which data can be trans-
ferred to and from register A (accumulator}. When the output is programmed high,
. he high-i te i led allowing use of the pins as in ins.
Sp~S3 Input/output port S Input/output High level t igh-impedance state is enab g use of the pins as input pins
T2 Timing output Output — This timing output is used for testing the device.
When the internal power supply is switched on, a built-in automatic reset circuit
RESET Power-on reset input Input level K
SET(pw) P P Low fevef generates a highlevel reset signat that resets the /O ports and starts the system.
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DESCRIPTION OF BASIC FUNCTIONAL BLOCKS
Program Counter PC

The program counter is an 11-bit address register. The 4
high-order bits are used to designate the page number and
are as a group called PCy. The 7 low-order bits are used to
designate the address on the page and as a group are called
PC_. The PC designates the address of the 2048 words by
10-bit mask-programmable ROM, The ROM is organized
into 16 pages of 128 words. As instructions are fetched
from ROM, PC_ is incremented, so that, unless there is a
branch, executed instructions are fetched and executed in
sequence. Care must be taken when the last instruction on a
page (address 127) is executed, because when PC_ is
incremented it becomes zero with a carry, but the carry is
disregarded so that the next instruction to be fetched will
be the instruction at the first address of the same page.
Therefore, to move to the next page, PC, must be
modified by using branch instructions such as BL, BML,
BLA, and BMLA.

Pages 14 and 15 are special pages set aside to accom-
modate subroutines. Page 14 can be used to store sub-
routines, which are callable from pages other than page 14
by using the instructions BM and BMA which can be used
as single-instructions to call page 14 subroutines.

When BM or BMA instructions are executed within page
14, they are equivalent to the branch instructions B and
BA. When B or BA instructions are executed within page
14, a branch to the specified address on page 15 is
executed.

Stack Registers SKq, SK;, SK,

The 3-level stack register consists of 11:bit registers for
storing the contents of the program counter when control is
transferred from the main program to a subroutine or
interrupt. Subroutines can use 3 levels, so that when 1 level
is used for an interrupt routine 2 levels are reserved for
subroutine nesting.

Data Pointers DP, DP’

The data pointer is used to designate the address of RAM or
the bit position of output port D and consists of the 3-bit
register X and the 4-bit register Y. The internal RAM is
organized as 8 files of 16 words. Register X designates the
file and register Y designates the word position of a file or
the bit position of the output port D.

The data pointer DP’ is selected by software during
interrupt processing, leaving the contents of DP saved
(unchanged).

The external RAM memory is organized as 16 files of 16
words that can be added to the system to expand memory
capacity. Register Y is used to designate the word position
of a file while register B designates the file itself.

Register A (Accumulator) and Carry Flags, CY, CY’
Register A is the 4-bit accumulator which forms the heart
of the 4-bit microcomputer. Data processing operations
such as arithmetic, transfer, exchange, conversion, and
input/output operations are executed basically through this
register.

The carry flag CY are used to store the carry or borrow
from the most significant bit of the arithmetic unit
resulting from the execution of various instructions. It can
be tested and used for a variety of purposes. In principle, it
acts as a 1-bit flag.

The carry flag CY' is used during interrupt processing to
save the contents of the carry flag CY.

Register B (Auxiliary Register)

This register consists of a 4-bit register used for temporary
stofage as well as designate the file number of external
RAM,

4-Bit Arithmetic Logic Unit

This unit is used to perform 4-bit arithmetic and logical
operations and consists of a 4-bit adder and the associated
logic circuitry. It is used to perform operations such as
additions, complementing, logical and arithmetic compari-
sons, and bit manipulation.

Frequency Divider and Timer

A 15-stage frequency divider is used to divide the basic
oscillator frequency. It is connected to the oscillator source
device through pins X;n1 and Xgoutq. The frequency
divider generates the interrupt request signal INT which is
input to the interrupt control circuit. It also sets the CK
flag for controlling the power saving circuit.

The basic oscillator circuit for the timer is the timing
signal T». The timer consists of a 6-bit prescaler and a 4-bit
counter, The timer flagg TMF/F are set when a timer
overflow occurs and sensed by the TTM instruction. The
4-bit timer counter is set by the STM instruction. Prescaler
and timer flags are reset at the same time.

Power Saving Circuit

The power saving circuit is controlled by the CK flag and
PW. Its output is sent to the built-in power supply reset
circuit and causes the generation of an interrupt request
signal RESET(ON). Control is unconditionally transferred to
address 0 on page 0 and results in the resetting of 1/O ports.
The interrupt request signal RESET(ON) is generated on
the rising edge of the built-in power supply reset output.
The built-in power supply may beiswitched off by means of
either an external signal or stop instruction, but power is
maintained to the following circuits:

1. Internal data memory (RAM)

& MITSUBISHI
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2. Divider Clock oscillator circuit
3. 15-stage frequency divider

4. Low-voltage detector circuit

5. Power saving circuit

Low-Voltage Detector Circuit

The low-voltage detector circuit is effective when using the
M58497-XXXP with a battery power supply. The resistor
which is used to determine the low sensing voltage is
connected to the BDIN pin. A voltage falling below this
level is sensed by the program and can be displayed by
using an output port.

Interrupt Functions

Four factors in one level of hardware interrupt functions
have been provided. The four interrupt request sources
consist of the external interrupt requests INT5 and INTg,
the internal power-on reset output RESET(ON), and the
15-stage frequency divider output INTy. Interrupt is
enabled by the instructions EIA, EIB, and EIT, and
disabled by the DIA, DIB, and DIT instructions respective-
ly. Interrupt requests generated by the internal power
supply by means of the reset output RESET(ON) cannot be
disabled and will cause an unconditional hardware initializa-
tion whenever received.

In the interrupt enable state, interrupt requests INT 5
and INTg are accepted on the rising edge of these signals.
When an interrupt request is received when interrupt is
disabled, interrupt processing does not occur but the
interrupt request is stored in a latch so that when the
interrupt disable condition ‘is cancelled the appropriate
interrupt enabling instruction can be used to execute the
interrupt routine immediately.

One level of the 3-level stack register is required when
using an interrupt program. This leaves the remaining two
levels available for subroutine processing. After an interrupt
is processed, control is returned to the main program by
means of an instruction such as RTI. Care must be taken,
however, after starting an .interrupt program to save the
content of data pointer DP, register A, carry flag CY, and
any other registers used by the interrupt program so that
the contents may be restored before returning to the main
program,

When an interrupt has been accepted, the micro-
computer internal states are as follows.

(1) Program counter
The main program current address is stored in the stack
register. Control is transferred to address O page O by a
RESET(ON) interrupt, to address 2 page 0 by an INT 5
interrupt to address 4 page O by an INTg interrupt,
and to address 8 page O by an INT+ interrupt. Note,
however, that for the RESET(ON) signal the instruc-

tion on address O page 0 is invalid.

(2) Interrupt Enable Flags )
If any of the four available interrupt factors are
executed, all the interrupt enable flags are reset and the
interrupt disable state is entered.

(3) Skip flags
Skip flags have been provided to indicate skip condi-
tions for- skip or continuous skip instructions, These
are provided for all stacks, the stack flags being saved
and the skip condition for an interrupt being held in
memory.

General-Purpose 1/0 Ports K, S, F, Pand D

These 4-bit and 1-bit general-purpose registers are used for
such operations as data transfers to and from register A,
instruction transfers, 1-bit transfers as selected by register
Y, storage of the 7-bit immediate filed of instructions
fetched from ROM, and data transfers between external
RAM, Each output circuit is a latched CMOS circuit.

Input/output ports K and S are 4-bit ports, capable of
data transfer with register A. When used as input ports, the
DIKS instruction is used to reset the output latches.

The output port F consists of an 8-bit port with each bit
independently latched. Each bit is settable and resettable
by means of the SF and RF instructions respectively.

Output port P is a 2-bit port which is normally at the
high level. The instructions SPy and SP; can be used to
generate a low-level synchronous signal for one machine
cycle.

Seven bits of the output ports F and P can be used to
directly fetch'the ROM immediate field value ( 7 bits ) by
means of the OTRO instruction.

The output port D consists of 11 bits independently
latched. The contents of register Y indicate the individual
bit to be set by the SD instruction or to be reset by the RD
instruction. The 8-bit address of external memory (RAM) is
output by means of this port.

Liquid Crystal Display Drive Circuit

The liquid Crystal display direct drive circuit consists of the

following units. A block diagram of these units is shown in

Fig. 1.

(1) Liquid crystal display control counter ,
This 2-bit quaternary counter counts down under
control of the ELC instruction. The contents of this
counter select 1 bit of register A and transfer data
sequentially to the segment register RLC by a TLC
instruction while determining the frame frequency by
means of transferring the contents of the counter to
the common register RCOM.

(2) Register A
This 4-bit register serves as an accumulator. Its func-
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tions include microcomputer processing, control, and (5)
central processing for input and output.
(3) Segment Register RLC
This 26-bit serial register is used to store selected single
data bit from register A by means of the TLC
instruction, It shifts single bit in order and temporarily
stores the segment signals for the liquid crystal display. (6)
(4) Common Register RCOM
This 2-bit register is used to convert the contents of the
liguid crystal display control counter to the common
signals required for the display.

Port LC

This 26-bit latched port is used to store data in parallel
by means of the ELC or DLC instructions from the
segment register RLC. It provides two levels of bias,
the liquid crystal drive voltage V| cp and the supply
voltage Vgc.

Port COM

Port COM consists of 2 latched bits used for parallel
storage of data transferred from the common register
RCOM by the ELC and DLC instructions. It provides 3
levels of bias including liquid crystal drive voltage
(Vicp, 1/2 Vi ¢p) and the supply voltage Vc.

REGISTER A

BIT DESIGNATION

ELC INSTRUCTION

(COUNT DOWN)
[LIQUIDCRYSTALDISPLAY

MULTIPLEXER

REGISTER RLC

Vee

|[CONTROL COUNTER
2

REGISTER RCOM
Z

IRCOMUIRCOM1| Vao

JL
RLCOIRLC1 l RLCzIRL03| [ [ IRchalRch5l
Ir

1
Sy

VLco LG LC; LCz LG LCas LCxs
SUPPLY VOLTAGE FOR ?
LIQUID CRYSTAL DISPLAY SEGMENT SIGNAL OUTPUTS

Vee E
I >
(PORT comf1/2(Veo—Vico) @
+Viep| 2
1%]
»
=
o
Viep =
"
COMo COM1 Vieo  1/2Vico

N

coMMON siGnaL 0UTPUTS  DidliE CVaTaL DispLAY

Fig. 1 Liquid crystal display drive circuit block diagram

Reset Function

As shown in Fig. 2, when a low level of at least 10ms is
applied to the M58497-XXXP RESET(PW) input pin, all
input/output ports are reset and interrupt is disabled.
(Refer to the section on Power-on Reset States in the pin
descriptions.) Next, when the RESET(PW) input is set to
high, the internal power-on reset output RESET(ON)
causes the generation of an interrupt and the program
coutner is set to address 0 on page O as the starting address.

Power applied
4.5V

y _j

4.5V 10ms

RESET (PW) ;
0V ——

Fig. 2 Power-on reset circuit
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Clock Generator Circuit

A built-in clock generator circuit has been provided for use
with a ceramic element connected between the clock input MS58497-XX XP 240~ 520 kHz
and output pins. In addition, an external clock source may Xino Xouth
be input at pin X;no. leaving Xouto open. Circuit 50 51
examples are shown in Fig. 3 and Fig. 4. P[”——J'
Cin Cour
Documentation Required Upon Ordering mopFFJ 100F
The following information should be provided when order- Veo for Vg (0V))
ing -a custom mask. 1) Verification of oscillation should be made at the timing
(1) M53497-XXXP msk confimaron shet o T e e
(2) ROMdata ..............cvvnnen 3 EPROM sets element used. .
(3) Oscillation frequency selection Fig. 3 Externally connected ceramic filter

On confirmation sheets

{4} Frequency divider output selection (1Hz/2Hz)

On confirmation sheets M58497-XXXP

Xino Xourto
50 I 51

’ 4.5V
External oscillator circuit | I I l I I
oV

Fig. 4 External clock input circuit
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INSTRUCTION CODE LIST (Note 1)

D5~ D4 00 1110 | 01 0000] 01 1000 | 10 0000 | 10 1000 | 11 0000 | 11 1000
00 0000 | 00 0001 | 00 0010 | 00 0011 |00 0100 | 00 0101 { 00 011000 0111] 00 1000 |00 1001 {00 1010 00 1011 |00 1100| 00 1101 | ¢ | ; i | ;
~ [PREERY KCITE] KTRREEN RV YSC RTIRTIRY RO SOTY RERTEE'
Hexadecimal —
notation
Ds [} 01| 02| 03] oa | 0os | o6 |07 ] o8| o9 | oal| o] oc| op |oE~oF|10~17|18~1F|20~27|28~2F|30~37]38~3F
D,
sz8 | SEY | SEI se | ot TAM [xamp| A LA
oooo | o | nop | TLG | INY - | RaR - |otRo| Lxy [ BM |BMA | B BA
0 0 o 0 | BMU 0 0 0 0
BMLA
BL
sz8 | sev | skl SF | g TaM |xamp| A LA
o001 | 1 |scom| Diks | peEY vl - - JotRo| Lxy | BM | BMA | B BA
1 1 1 1 BMLA 1 1 1 1
sz8 | sev | sEi SF BBL'-A TaM |xamp| A LA
0010 | 2 | eia | sFk | xop * 1K - JoTRo| Lxy | BM |BMA | B 8a
2 2 2 2 | BML 2 2 2 2
BMLA
szB | SEY | sEI sF | b TAM [xAMD| A LA
o0t | 3] oia | sFs ! Tva seam| s — JoTro| Lxy | BM |BMA | B 8A
3 3 3 3 | BML 3 3 3 3
BMLA
SEY | SEI sF | a5 TaMm |xamp| A LA
o0 | 4] B * sc | AT * | TBA — JoTro| Lxy | BM [BMA| B BA
4 4 4 | BML 4 4 4 4
BMLA
SEY | SEI sF | Bt TAM [xamp| A LA
0101 | 5| oiB {DLC | RC | RTS TAY | — — |oTRo| Lxy | BM |[BMa | B BA
5 5 5 | BML 5 5 5 5
aMLA
BL
SEY | SEI SF | gt Tam [xamp| a LA
0110 | 6 |DETS| = xc | RTI AND | xAB - |otro| Lxy | BM [BMA| B BA
6 6 6 | BMUL 6 6 6 6
BMLA
Sev | sl sF | 2L Tam [xamp| A LA
011y | 7 |DETR| ELC | # o | Exc | TaB - |oTro| Lxy | BM |BMA | B BA
7 7 7| et 7 7 7 7
SEY | SEI RE L sB | xam | xami| A LA
1000 | 81 EIT | SPO | % * * — loTro| Lxy | BM | BMA | B BA
8 8 0o | BMC 0 0 0 8 8
BMLA
SEY | SEI RE | Bt s8 | xam | xam| A LA
w001 | 9| oiT * sD * enc | oma ~ |oTRo| Lxy | BM |[BMA | B BA
3 9 VAN 1 1 1 9 9
sev | sel Re | B sB | xam | xami| a LA
w010 | Alstm | sP1| = * AM ~ |otRo| Lxy | BM [BMA | B BA
10 10 2 | BML 2 2 2 10 10
BMLA
sev [sel | Re | BL s | xam | xami| a LA
011 | B jPoF2| = * * Svinll B - |oTRo| LxY | BM | BMA | B BA
1 1 3 3 3 3 1 1
BMLA
SEY | SEI RE | Bt RB | xAM | xami| a LA
100 | ¢ |PoF1 [oTAD| % * * — |otro| Lxy | BM {BMA | B BA
12 12 . | BMU 0 4 s 12 12
BMLA
sey | sel RE 1 BL A8 | xam | xami| a LA
101 | o |speT| RD * * - |oTro| txy | 8™ | BMa | B BA
13 13 5 | BMU 1 5 5 13 13
BMLA
SEY | SEI RE | b RB | xaMm | xami| a LA
o | e | TT™ jaDRT| ® # AMC — |oTRo| LxY | BM |[BMA | B BA
‘ 14 14 6 BML 2 6 6 14 14
BMLA
sev |sei | mF | Bb R | xam | xami| a LA
un | F| Tek [ TPw [ % | szc AMCS — |oTRo| Lxy | em |BMA | B BA
15 15 7 | BMe 3 7 7 15 15
BMLA
Note 1: This list shows the machine codes and corresponding machine instructions. Two-word instructions
D3~Dyg indicate the low-order 4 bits of the machine code and Dg~Dy indi-
cate the high-order 6 bits. Hexadecimal numbers are also shown that repre- S 3
) ) econd wor
sent the codes. An instruction may consist of one or two words, but only the ord
first word is listed. Code combinations indicated with asterisk {*) and bar BL 11 OXXXX yyyy
(—) must not be used.
BLA 11 Ixxxx X XXX
BML 10 OXXXX yyyy
BMLA 10 1xxxx XXXX
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MACHINE INSTRUCTIONS inote ¥

Item Instruction code 3|8
512 >
Mnemonic Hexa- E 2 Functions Skip conditions (?é
Classi- DsDs  D7DsDsDe D3DzD:D0 |goimal 2 ‘; I
fication z z
2 LXY x,y 01 1xxx yyyy |[18By| 1] 1] (X)ex, where, x=0~7 Consecutively | x
o + described
3 M (Y)ey, where, y=0~158
% INY 00 0010 0000 020 1| 1 |(Y)=(Y)+1 - X
« DEY 00 0010 0001 |[021 | 1 [ 1 [(Y)—(Y)—1 — x
s 00 1001 0111 |007| 1| 1| (A8 - x
= TBA 00 1001 0100 |[094 | 1| 1| (B)«(A) — %
ﬁ XAB 00 1001 0110 (096 1| 1| (A)=(B) — x
s TAY 00 1000 0101 |085| 1| 1| (A)=(Y) — x
g TYA 00 0010 0011 [023| 1| 1 [(Y)=(A) - x
;i? XDP 00 0010 0010 (022 | 1| (DP)«<(DP) — %
- TAM 00 1010 O0jjj [oAj]| 1| 1] (A)(M(DP)) — x
g (X)«—(X)¥j, where, [=0~7
| xam 00 1010 1jjj |0A8| 1] 1] (A)=(M(DP)) ~ x
® ¥ (X)—(X) W], where, [=0—17
§ XAMD j 00 1011 O0jjj |0Bf | 1! i]|(A)=(MODP)), (Y)—(Y)—1 (Y)=15 X
§ (X)«—(X)\¢j, where, j=0—~7
3 XAMI j 00 1011 1jijij oaf 111 (A)Y=(M(DP)), (Y)<—(Y)+1 (Y)=o0 X
o i (X)—=(X)j, where, j=0~7
LA n 00 1101 nnnn |ODn| 1] 1 |(A)—n, whee, n=0~15 Conseoutively | 5
AM 00 1000 1010 |08A| 1| 1| (A)—=(A)+(M(DP)) ~ X
AMC 00 1000 1110 |08E| ' | 1| (A)Y—(A)+(M(DP))+(CY) — 0/1
i (CY)« Carry
AMCS 00 1000 1111 |08F| 1| 1| (A)(A)+(M(DP))+(CY) (cy)=0 |0/t
(CY )« Carry
. An 00 1100 nnnn {(OCn| 1| 1| (A)—(A)+n, where, n=0~15 Carry =0 x
H sC 00 0010 0100 [024| 1 { 1 [(CY)1 — 1
£ RC 00 0010 0101 [025 1| 1|(CY)«G - 0
< XC 00 0010 0110 {026 1| 1| (CY)—=(CY) — (cv)
szC 00 0011 1111 [03F| 1| 1 |Skpif(CY)=0 (cY)=0 X
AND 00 1000 0110 (086 1| 1 [(A)—(A)A(M(DP)) — X
EXL 00 1000 0111 ({087 1 1| (A)(A)¥(M(DP)) — x
CMA 00 1000 1001 |[089| 1| 1| (A)—(A) — X
RAR 00 1001 0000 [090( 1| 1| (An—)—(An) — ()
(CY)—(A), (A;)«(CY)
]
~ SB i 00 1001 10ii (098] 1t | 1| (Mi(DP))«1, where, ,i=0~3 — X
s +
2 RB i 00 1001 11ii (09C| 1| 1 |(MI(DP))<0, where, |=0~3 - X
= SZB i 00 0011 O0O0ii [03i | 1] 1]|Skipif(Mi(DP))=0, where, i=0~3 (Mi(DP))=0 | x
where, |=0~3
SEAM 00 1000 0011 (083 1| 1| Skipif (M(DP))=(A) (M(DP))=(A)| X
o SEY y 00 0100 yyyy [O4y 1/ 1]|Skipif(Y)=y, where, y=0~15 (Y)=y, where, | X
s y=0~15
E SEl n 00 0101 nnnn [05n] 1 1 | Skip if ( A)=n, where, n=0~—15 (A)=n, where, | X
n=0~15
SCOM 00 0000 0001 [001 | 1| 1] Skipif (SCA=0) SCA=10 X
MITSUBISHI
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Item Instruction code €| 8
o 2 >
Mnemonic f 2 Functions Skip conditions (}J,,
Hexa- o | © &
Class DsDs  DrDsDsDe D5D:0: 0y decimall o | © -
ification z |z
B xy 11 Oxxx yyyy [3xy |1 (PCL)«<16x+y — X
(Note 2) (PG )15, (PCL)«16x+y
BL pxy 00 O111 pppp |O7p|2 |2 (F’CH)'—p> — x
11 Oxxx yyyy |3xy (PC )« 16x+y
I
E BA xX \1 1 1xxx XXXX |38X| 1|1 | (PC—16x+(A) — x
o
(Note 2) [ (PCy)«15, (PCL)<16x+(A)
BLA pxX IOO 0t11 PPPP |O7p |2 |2 (PCu)«p — X
11 1xxx XXXX |38X (PCL)«—16x+(A)
+
X
BM xy 10 Oxxx yyyy |2xy |1 |1 (SK2)«—(SK1)—(SKg)«(PC) — x
(PCy)«14, (PCL)<16x+y
(Note 2) \ (PCh)<14, (PCL)<—16x+y
BML pxy F) 0O 0111 pppp (O7p |2 |2 (SK2)«—(SK1)«—{(SKp)«—(FC) — X
B 10 Oxxx yyyy |2xy (PCu)«p, (PCL)« 16x+y
2
g BMA xX F 0O 1xxx XXXX [28X | 1 1 (SK2)—(SK1)—(SKg)—(PC) — X
2 1 ¥ (PCu)«—18, (PCL)<—16x+(A)
Now2) | (PCa)«—14, (PC.)«—16x+(A)
BMLA pxX (OO O111 pppp [O7p |2 |2 (8K2)—(SK1)«—(SKp)<(PC) - X
10 1xxx XXXX |28Xx (PCh)«p, (PCL)<—16x+(A)
i 2
X
RTI 00 0011 0110 |036 | 1|1 [ (PC)—(SKp)«(SK1)«(SK2) — x
g Restore interrupt skip flags
& RT 00 0011 0100 [034 |1 |1 ] (PC)—(SKp)«(SK1)—(SK2) — x
RTS 00 0011 0101 035 | 1 1 (PC)«-(SKg)«—(SK1)«(SK2) Unconditional X
DIKS 00 0001 0O0O1 011 | 1 1 (K)<=1, (S)«1, — X
IK 00 1001 0010 |092 |1 1 (A)—=(K) o X
IS 00 1001 0011 093 | i 1 (A)<(S) - X
SFK 00 0001 0010 |O012 1 1 (K)—(A) —_ X
SFS 00 0001 0011 |O13 |1 |1 | (S)(A) - x
sD 00 0010 1001 |029 | 1 | 1 | (D(Y))<1i, where, 0=(Y)=10 — x
RD 00 0010 1101 |02D| 1| 1| (D(Y))<0, where, 0 =(Y)=10 — x
ADRT 00 0001 1110 |O1IE| 1|1 | (D)1 _ x
OTAD 00 0001 1100 |01C| 1 [ 1| (D;~D:)—(B) — x
(D3 ~Dg )(Y)
2 SF m 00 0110 Ommm |[06m| 1 | 1 | (Fm)—1, where, m=0~7 — X
3 RF m 00 0110 1mmm |068 | 1 |1 (Fm)<«0, where, m=0~7 —_— X
3 +
g m
- OTROMN {01 Ommm nnnn |1mn| 1 1 (Fo ~F3)<n, where, n=0—15 —_ X
(Fe, Py, Pi)em, where, m=0—~7
SPO 00 0001 1000 |018 1 1 (P, )«—0, output for 1 machine cycle only — X
SPt 00 0001 1010 |Ot1A |1 1 (P, )«0, output for 1 machine cycle only —_ X
TLC 00 0001 0000 |010| 1| 1| (R(LG))<(AD), where, i=0~1 — x
(R(LCn+ ))—(R(LCn)) X
ELC 00 0001 0111 (017 {1 | 1| (P(LCn))—(R(LCn)) — x
(P(COMN))«-(R{(COMN))
DLC 00 0001 0101 (015 1 [ 1| (PLCn))—(R(LCn)) — X
(P(COM) ) —15(Vee -Vieo) +Vien
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Item Instruction code g §> N
Mnemonic Hexa- ; g Functions Skip conditions }
Classi- DsDs  DiD6DsDs DsDDDo ool o | 5 -
fication z |2 J
ElA 00 0000 0010 0021 1 | Enables interruption of INTA signat. — X
DIA 00 0000 0011|003 | 1| 1 | Disablesinterruption of INTA signal. — X
g EB 00 0000 0100|004 | 1| 1 | Enablesinterruption of INTs signal. — x
E DB 00 0000 0101 ({005 1 1 | Disables interruption of INTg signal. — X
EIT 00 0000 1000 {008 | 1 1 | Enables interruption of INT signal. — x
DIT 00 0000 1001 (009 | 1 1 | Disables interruption of INTy signal. — X
N STM 00 0000 1010 |[O00A| 1| 1| (TM)—(A), (TM F/F)«0 - X
E 6-bit prescaler presetting
TT™ 00 0000 1110 (OOE| 1 1| Skip if (TM F/F)=1 (TMF/F)=1| X
TCK 00 0000 1111 |00F| 1| 1] Skip if(CKF/F)=1 (CKF/F)=1| X
£ POF1 00 0000 1100 |00C| 1| 1| (CKF/F)<0, withno CK flag input — x
8 POF2 00 0000 1011 [00B| 1| 1| (PWF/F)<0, withnoPW flag input — X
§ TPW 00 0001 1111 |O1F| 1| 1| Skip if(PWF/F)=1 (PWF/F)=1| X
2 DETS 00 0000 0110|006 | 1| 1/ (DET F/F)e1 - x
H DETR 00 0000 0111|007 | 1| 1|(DET F/F)e—0 — x
SDET 00 0000 1101 |O0OD| 1 1 | Skip if (BDoyr) =1, (Skip if normal supply voltage apply) (BDoyr)=1 X
Misc. NOP 00 0000 0000 000 | 1| 1 | Nooperation — x
Note 1. When a skip has been generated, the next instruction only is invalid and the program counter is not incremented by 2. Therefore, the number of cycles does

not change even if a skip is not generated.
2. Instructions Bxy, BAxX, BMxy and BMAxX execute the second function of the functions column when executed, provided that none of the instructions RT,
RTS,BL, BML, BLA, or BMLA was executed after the execution of a BM or BMA instruction.

Symbol Meaning Symbol Meaning
A 4-bit register (accumulator) P(COMN) Common output port for liquid crystal display
Ai Indicates the bits of register A. Where i=0~1 P(L.Cn) Segment output port for liquid crystal display
B 4-bit auxiliary register PW F/F 1-bit power supply control flag display
BDour Battery detector signal R(COMn) Common register for liquid crystal display {4 bits)
CK F/F 1-bit 1-second flag R(LCn) Segment register for liquid crystal display (25 bits)
cY 1-bit carry flag s 4-bit 1/0 port
cY’ 1-bit carry stack flag SCA Output of bit A of control counter for liquid crystal display
D 11-bit output port . .
Di Indicates the bits of port D. Where i=0~3 SKo 11-bit stack register
D(Y) The bit of port D addressed by Y SK1 11-bit stack register
[n]=] 7-bit data pointer composed of register Y, X SKk2 11-bit stack register
™ 4-bit timer/counter
v 4-bit register T™ F/F 1:b!( tlTner/cour\terflag
X 3-bit register XX 2-bit binary van.able
DP' 7-bit data pointer yyvyy 4-b?t b?narv varfabie
DET F/F 1-bit battery detector flag mmm 3-bit binary variable
F 8-bit output port nnnn 4-bit binary variable
Fi Indicates the bits of port F. Where i=0~7 ii 2-bit binary variable
K 4-bit 1/0 port 1l 3-bit binary variable
M(DP) 4-bit data of memory addressed by data pointer DP XXXX 4-bit unknown binary variable (the value doesn’t affect
e Indicates direction of data flow execution)
Mi(DP) A bit of data of memory addressed by data pointer DP ( ) Indicates contents of register memory, etc.
where i=0~3 ¥ Exclusive OR
i A AND
PC 11-bit program acounter composed of PCy_, PCy
e Negation
PCL Low-order 7 bits of the program counter X Indicates flag is unaffected by instruction execution
PCy High-order 4 bits of the program counter xy Label US?d to indicate the aFldress
Po 4-bit output port 9_ Hexadecimal number C + binary number-X
P, 4-bit output port X
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Veeo Supply voltage —0.3~6.0 Vv
Vi Input voltage With respect to Vsg —0.3~Vee+0.3 Vv
Vo Output voltage 0 ~Vee \
Pg Power-dissipation Ta=25C 300 mw
Topr Operating free-air temperature range —20~70 T
Tstg Storage temperature range —40~125 T

RECOMMENDED OPERATING CONDITIONS  (Ta=—20~70°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max

Veo Supply voltage 3 4.5 5.5 A\
Vss Supply voltage 0 \"
VLco Liquid crystal supply voltage 1.3 \%
ViH High-level input voltage 0.7Voo Vee \"
ViL Low-level input voltage 0 0.3Vce \Y
fxIN Oscillator frequency 240 455 520 kHz
fe Internal clock oscillator frequency 120 260 kHz

ELECTRICAL CHARACTERISTICS (Ta=—20~70°C, Vce=4.5V, Vss=0V, fxin=455kHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage, ports D, K, and S loH = — 10pA 4 \%
Vo High-leve! output voltage, ports F, and P loH = — 200&A 2.4 \
VoL Low-level output voltage, ports D, K, and S loL=1.8mA 0.5 \
VoL Low-level output voltage, ports F, and P loL=1.8mA 0.5 \V
VOH High-level output voltage, port LC Vi ep=1.3V, Ta=25T 4.3 4.5 \
Von High-level output voltage, port COM V ep=1.3V, Ta=25T 4.3 4.5 iV
Vox Medium output voltage, port COM (Note 1) VI_CD= 1.3V, Ta=25T 2.7 2.9 3.1 \Y
VoL Low-level output voitage, port LC Viep=1.3V, Ta=25TC 1.3 1.5 \2
VoL Low-level output voltage, port COM Vi eop=1.3V, Ta=25T 1.3 1.5 \
lcc Supply current for full operation Ta=25C, Output pins open 0.4 mA
lcc Supply current for partial operation Ta=25C, Outputpinsopen 20 LA
GCi Input capacitance Vee=VI=Vo=Vss, f=1MHz, 25mVrms 7 10 pF
Cit xiNy Oscillator input capacitance Voc= Xour=Vss, f=1MHz, 25mVrms 7 10 pF
Vep Battery voltage detection voltage range (Note 2) 10k Q@ <Rpp=<200kQ, Ta=25T 4 5.5 \Y

Note 1. Vox is the medium level of the 3-level output of port COM.
2. The detection resistance Rgp is connected between the Vgg and BDIN pin.
3. Currents are taken to be positive when flowing into the 1C with minimum and maximum values taken as absolute values.
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TlMING REQU'REMENTS (Ta= —20~70°C, Vcc=3~5.5V, Vss=0V, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
TsuK-Xim) Data setup time before clock input, port K inputs 0 us
tsu(s-Xin) Data setup time before clock input, port S inputs 0 us
tSU(INTA-XIN) Data setup time before clock input, INT 5 input 0 us
tSu(INTe-XiN) Data setup time before clock input, INTg input fs =230kHz 0 us
Th(K-XiN) Data hold time after clock input, port K inputs {Note 1) 0.4 us
th(s-Xin} Data hold time after ciock input, port S inputs 0.4 us
th(INTa-XN) Data hold time after clock input, INTa input 0.4 us
th(INTa-Xn) Data hold time after clock input, INTg input 0.4 us
Note 1. f¢=1/2.fx )y which corresponds to the internal clock frequency.
SW|TCH|NG CHARACTER'ST'CS (Ta=—20~70°C. Vec=3~55V. Vss =|0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tpLH()(m-D) Low-to-high-level propagation time from clock input to port data output, port D fg =230kHz 2.2 3 S
Low-to-high level propagation time from clock input _
tPLH(XIN-F) to port data output, ports F, P, K, and S Ro=20kQ 2.2 3 Hs
tPHL(Xm»D) High-to-low-level propagation time from clock input to port data output, port D CL=100pF 0.7 1.5 us
High-to-low-leve! propagation time from clock input p
TPHL (Xi-F) to port data output, ports F, P, K and & (Note 2) 0.7 1.5 us
Note 2. Measurement circuit
Voo
R
Output -
T
TIMING DIAGRAMS | T ' Tz ! T | T l
o [\ [\ U
r-— tSu(K-XIN] th(K-XIN)
Ko~K3 (inputs)
t— tsu(S-XIN) th(s-xm)
Sp~S3 (inputs)
tSU(INTA-Xin) tsu(INTA-XIN)
4 N
INT finput) W i<
Eh(INT B-Xin)—mt Th(NTe-XiN)
INTg (input)
TPLH(XN-D)
Do~D1g (outputs)
TPHL(Xin-D)
TPLH(XiN-F?
L~
Fo~F7 (outputs) ><\
TPHL (Xin-F)
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BASIC TIMING CHART ot 1)

Machine cycle M,
Signal name N State T T: ‘ T3 Ta
Clock signal (Note 2) P R g | | I
Timing output T
Port D output Do ~ Dy L
Port F output Fo ~F;
Port P output Py, Py
Port K output Ko ~ K3
Port K input Ko ~Kj3 X
Port S output Sp ~S;
Port S input Sy ~S3
Interrupt request input |INT 4, INTs WWW

Note 1. m Indicates an invalid signal input.

2. Internal clock signal which is 1/2 of basic osciilation frequency.

INSTRUCTION FETCH TIMING

Machine cycle‘ Mi Mi+ Mi+a
Instruction cycle State‘f T T2 T3 Ty T, T2 T3 Ty T T2 T3 Ta
Instruction fetch ] ........................... Note3) | | ]
Instruction execution {Note 4)
Note 3. Instruction fetch time can differ depending on the types of the instructions.
4. The instruction which was fetched in the preceding cycle is executed.
5. The execution of the instruction and addressing of ROM and RAM are performed simuitaneously.
Machine cycle Mi Mi 41 Mis
Signal name Sy”ibo/ State T T, T3 I Ta T T, l Ts | Ta T l T l T3 | Tq
Port D output Do ~Dxw
Port F output Fo ~F7
Port P output Py, Py L \Noteo) —
Port K output Ko —K3
Port K input Ko ~Kj
Port S output Sy ~Ss3
Port S input Sy ~S3
Port L.C output LGy ~LCys (Note 7)
Port COM output COM, ~COM,
(Note 8)
Note 6. When an OTRO instruction is executed, the outout is latched.
7. Output voltage of port LC depends upon power supply V| ¢cp for the liguid crystal display.
8. Output voltage of -port COM has 3 levels depending on the power supply V| cp for the fiquid crystal display.
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BRANCH AND SUBROUTINE CALL INSTRUCTION EXECUTION TIMING (Note 1)

Machine cycle M Mi+1

Mi+2

Operation Swel T, I T2 I T3 i Ts T | T2 | T3 I Ta T | T2 ‘ T3 ’ Ta

Instruction B ., (to be operated as the branch instruction, when the instruction BM or BMA was not executed beforej.

Program counter _l
(PCL)+xy (PCL)—(PCL) +1 (PCLY—(PCL)+1
ROM address
(ITOM addresls) <« (PC) 'lROM addrelss) «(PC}
E i f -
xecution ot program Execution of the branch instruction Execution of the instruction stored in the branched address

InstructionB ,y(to be operated as the branch instruction to page15,when the instruction BMor BMAwas executed before).

Program counter

(PCy)5 (PC)—(PCL)+ 1 (PCL)—(PCL)+ 1
(PCL
ROM address
(ROM address) < (PC) (ROM address) « (PC)
Execution of program | - L - - I L
Execution of the branch instruction Execution of the instruction stored in the branched address on page 15

Instruction BM , (subroutine call instruction).

Program counter
Epcngku (PCL)Y—(PC)+1 (PCL)«—(PCL)+ 1
PCL)«xy |
ROM address
(ROM address) « (PC) (ROM address) < (PC)

Stack register

(8K )= (SK; )—(SKo )+(PC) ’
Execution of program

Execution of the subroutine call instruction] Execution of the instruction stored in the subroutine called address

Instruction BL p,xy (branch instruction).

Program counter T ! E { J_ {
emporaryy o ._ ( Temporary — - -
(regismar ) =P (POO=(POI+ 1 [P (i BTV (PO —(PCL)+ 1 (POL—(PC)+ 1
ROM address (PCL)exy
{ROM address) « {PC} (ROM address) < (PC) (ROM address) « (PC)
Execution of program L ' | | i | Execution of the
Page number is stored temporarily Execution of branch instruction instruction stored in the branched address

Instruction BML p,xy (subroutine call instruction).

Program counter I I ! Jl i l

Temporary \ - L (Temporary Y

(register ) <P (PCO—(PC+1 (Pa: (regmer JPCL—(PC)+1 (PC)—(PEL)+1
ROM address (PCL)—xy |
{ROM address) « (PC) (ROM address) « (PC) {ROM address) < (PC)
Stack register
(SK; ) (SK; )+—(SKo )+—(PC) £ ion of th -
Execution of program - - ' i - | i xecution of the instruction
Page number is stored temporarily Execution of the subroutine call instruction stored in the subroutine called address

Note 1. The instructions BA, BMA, BLA and BMAL have the same execution timing as B, BM, BL and BML. respectively as shown. The only difference is that (PC(_ ) « xy
is replaced by (PC() < x{A).

INTERRUPT EXECUTION TIMING (Note 2)

" i
Machine cycle | ;. | Mi Mit1 Mi+2

Operation el [ e n s o] ]

Interrupt request input | INTa (Note 3)

Program counter
9 (PC) (PCL)«—(PCL)+1 (PCL)—(PCL) ?gg";hzo (PCL)—(PCL)+1
)
ROM address
ROM address) « (PC) ROM address) < (PC) (ROM address) « (PC)

(SKz)+-(SK, )«—(SKo )+—(PC)

| | | ‘

Execution of program l
|
Note 2 When the instruction executed in the machine cycle My is a BL, BML, BLA or BMLA, the value of address 2 of page O is stored in the program counter during Mis3.
3 The interrupt request input INTg has the same execution timing as INTa. If the input is low level in the machine cycle Mj_; and high level in the machine cycle M;,
the interrupt is executed during the interrupt enable state.

Stack register ) | ‘

no execution (skip)
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