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All values shown in this catalogue are subject to change for prod­
uct improvement. 

The information, diagrams and all other data included herein 
are believed to be correct and reliable. However, no responsibil­
ity is assumed by Mitsubishi Electric Corporation for their use, nor 
for any infringements of patents or other rights belonging to third 
parties which may result from their use. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

Electrical characteristics 

Supply Typ 
Type Circuit function and organization Structure voltage pwr 

(V) dissipation 
(mW) 

.MELPS 8-48 Microcomputers 

M5L8048-XXXP 1 K-Byte Mask-Prog. ROM N,Si,ED 5±10% 325 

M5L8035LP External ROM Type,64-Byte RAM N,Si,ED 5±10% 325 

M5L8049-XXXP 

M5L8049-XXXP-6 
2K-Byte Mask-Prog. ROM N,Si,ED 5±10% 

500 

500 

M5L8039P-11 

M5L8039P-6 
External ROM Type,128-Byte RAM N,Si,ED 5±10% 

500 

500 

M5L8049H1-XXXP 2K-Byte Mask-Prog. ROM N,Si,ED 5±10% 250 

M5L8039HLP-14 External ROM Type,128-Byte RAM N,Si,ED 5±10% 250 

M5M80C49-XXXP 2K-Byte Mask-Prog. ROM C,Si 5±10% 25 

M5M80C39P-6 External ROM Type,128-Byte RAM C,Si 5±10% 25 

M5M8050H-XXXP 4K-Byte Mask-Prog. ROM N,Si,ED 5±10% 350 

M5M8040HP External ROM Type,256-Byte RAM N,Si,ED 5±10% 350 

M5M8050L-XXX P 4K-Byte Mask-Prog. ROM N,Si,ED 5±10% 250 

M5M8040LP External ROM Type,256-Byte RAM N,Si,ED 5±10% 250 

.MELPS 8-41 Slave Microcomputers 

M5L8041A-XXXP 1 K-Byte Mask-Prog. ROM 

M5L8042-XXXP 2K-Byte Mask-Prog. ROM 

.LSls for Peripheral Circuits 

M50780SP 1/0 Expander (CE="H" active) C,AI 3-14 -

M50781SP 1/0 Expander (CE="H" active) C,AI 3-14 -

M50782SP 1/0 Expander (CE="L" active) C,AI 3-14 -

M50783SP 1/0 Expander (CE="L" active) C,AI 3-14 -

M50784SP Input Expander C,AI 4-14 -

M50786SP 1/0 Expander (CE="L" active) C,AI 4-14 -

M50790SP 1/0 Expander C,AI 4-14 -

M5L8243P 1/0 Expander N,Si,ED 5V±10% -

M5M82C43P 1/0 Expander C,Si 5V±10% -

M5L8155P 
2048-Bit Static RAM with I/O 

Ports and Timer (CE="L" active) 
N,Si,ED 5 ±5% 500 

M5L8156P 
2048-Bit Static RAM with 1/0 

Ports and Timer (CE="H" active) 
N,Si,ED 5 ±5% 500 

Note: AI=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. 

• MITSUBISHI 
.... ELECTRIC 

Max. Min Max. 
Interchangeable access cycle fre- Package Page 

time time quency 
products 

(ns) (ns) (MHz) 

- 2500 6 40P4 i8048 2-21 
- 2500 6 40P4 i8035L 2-21 
- 1360 11 i8049 

40P4 2-25 
- 2500 6 -

- 1360 11 i8039 
40P4 2-25 

- 2500 6 i8039-6 
- 1070 14 40P4 i8049H 2-29 

- 1070 14 40P4 i8039HL 2-29 

- 2500 6 40P4 - 2-45 

- 2500 6 40P4 - 2-45 
- 1360 11 40P4 - 2-35 
- 1360 11 40P4 - 2-35 
- 2500 6 40P4 - 2-40 
- 2500 6 40P4 - 2-40 

- - - 40P4B TMS1025C 4-3 
- - - 28P4B TMS1024C 4-3 

- - - 40P4B - 4-3 
- - - 28P4B - 4-3 

- - - 28P4B - 4-9 
- - - 40P4B - 4-11 
- - - 52P4B - 4-16 
- - - 24P4 i8243 4-26 
- - - 24P4 - 4-32 

- - - 40P4 i8155 4-39 

- - - 40P4 i8156 4-47 

N=N-channel. P=P-channel. Si=Silicon gate. 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development Support Systems 

CMOS 
M5M80C49-XXXP 

8-bit 
M5M80C39P-6 

M5L8048-XXXP 

M5L8035LP 

M5L8049-XXXP 

M5L8049-XXXP-6 
MELPS 
8-48 

M5L8039P-11 

NMOS M5L8039P-6 8-bit 

M5M8050H-XXXP 

M5M8050L-XXXP 

M5L8049H1-XXXP 

M5L8039HLP-14 

M5 L8041 A-XXXP 
MELPS 
8-41 

M5L8042-XXXP 

1-4 

Cross-assembler unit Debugging unit 
1-------.-------1---------,-------1 Evaluation boards 

Hardware Software 
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Main unit Special boards 

.PCA8403 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric typ-codes which define the func­
tion of the IC/lSls and the package style. 

For Mitsublshi Original Products 
Example: M 5 07 40 - 001 SP - 2 T -.- -,-- -,-- -,-- -r-- -r-

I...--+--+---t-----I---+----'---+ M : Mitsubi~hi integrated prefix 

1...-_+-_-+ __ +-__ +-_-+ Temperature range 

5 : Standard industrial/commercial (0 to 70/7SoC or -20 to 86°C). 
9 : High reliability 

1--_-+-__ +-__ +-_ _+_ Series designation using 1 or 2 alphanumeric characters. 

01~09 : CMOS 
1 : Linear circuit 
3 : TTL 
10 ..... 19 : Linear circuit 

32 ..... 33 : TTL (equivalent to Texas Instruments' SN74 series) 
41 ..... 47 : TTL 

81 : P-channel aluminum-gate MOS 
84 : COMS 
85 : P-channel silicon-gate MOS 
86 : P-channel aluminum-gate MOS 
87 : N-channel silicon-gate MOS 
88 : P-channel aluminum gate ED-MOS 
89 : COMS 
9 : DTl 

50 ..... 52 : Schottky TTL (equivalent to Texas Instruments' SN74S 
series) 

'----+---j---+ Circuit function identification code using 2 digits. 

'-------jr---+ Mask ROM number. 

'--- Package style 

K : Glass-sealed ce~amic . Flat package FP 
P : Molded plastic -

5 : Metal-sealed ceramic Shrink package SP 

Electrical characteristic identification code using 1 or 2 digits. 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

For Second Source Products 
Example: M 5 L 8049H - 001 P - 1 T T "";;C'- ""';;;""r-"- -',- -'-

1M: Mitsubishllntegrated circuit prefix 

'---+---+----+---+---+-Temperature range 
5 : Standard industrial/commercial (0 to 70/7SoC or -20 to 85°C) 
9 : High reliability 

l...-. __ +-___ I---_-+-_--+ Series designation of original source using 1 or 2 alphabetical 
characters. 
C : Motorola's MC series 
G : General Instrument's series 
K : Mostek's MK series 
L : Intel's series 
T : Texas Instruments' TMS series 
W : Western Digital's series 

'-----+---+---+- Circuit function identification code of the original source type name 

'------+--~Mask ROM number 

'----I-c Package style 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 

... Electrical characteristic identification code using 1 or 2 digits. 

PACKAGE CODE 
Package style may be specified by using the following simplified alphanumeric code. 

Example: 42 P 4 B 
L-_-+-_-+-_--/-_ Number of pins 

1-6 

'----+--+-- Package structure 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 

'---+- Package outline . 
4 : OIL without fin (improved) 
10. : OIL without fin and with quartz lid 

Other package outline 
B : Shrink OIL package (Ree<;j pitch 1.778mm) 

•. MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

TYPE 24P4 24-PIN MOLDED PLASTIC DIL Oimension in mm 

31.1 ~~:~ 

15.24±0.3 

l 'r~'1 \ L :J. 

I. 
O.5±O.1 

1.2~~:~ 2.54±O.25 15.2-17 
.1 

TYPE 28P48 28-PIN MOLDED PLASTIC DIL( LEAD PITCH 1.78mm) Dimension in mm 

I 28~g:l I 

~:~::::::::~:]] 
~5d 

\ 5.5MAX 

~ O.SMIN 2.8MIN 

1.78±O.25 1~~:~ 

• MITSUBISHI 
..,. ELECTRIC 

I ~ 1O.16±O.3 I 
( . -- . "\ 

r\ '.' J 

0.27~~:65 

10-14 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

TYPE 40P4 40-PIN MOLDED PLASTIC DIL Dimension in mm 

1 51.5:':g:l 'I 

~:~::::::::::::~:]J 
5;± : . 5.5MAX 

! ! . 0.5MIN 2.8MIN =--= 
\ " J 

0.25+0.1 ' 
-0.05 ' 

15.2-17 

1.2~g:~ 

TYPE 40P4B 40-PIN MOLDED PLASTIC DIL (LEAD PITCH 1. 78mm) 
Dimension in mm 

1-8 

I_ 36.7:':g:l j 

~~:::::::::::::::~]][ 
-5;I 5.5MAX 

0.5MIN 2.8MIN 

1.778±0.25 0.5±0.1 

l~g:~ 

• ·MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

TYPE 52P4B 52-PIN MOLDED PLASTIC OIL (LEAD PITCH 1.78mm) Dimension in mm 

45.85~~:~ 

1.778±O.25 

• MITSUBISHI 
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, ~':F .', :~r ',' ~" MITSUBISHI MICROCOMPUTERS 

LI¥~ER::,SYMBOLS FOR THE DYNAMIC PARAMETERS 

1. INTRODUCTION 

A system of letter symbols to be used to represent the 

dynamic parameters of intergrated circuit memories and 

other sequential circuits especially for single-chip micro­

computers, microprocessors and LSls for peripheral 

circuits has been discussed internationally in the TC47 

of the International Electrotechnical Committee (I EC). 

Finally the IEC has decided on the meeting of TC47 in 

February 1980 that this system of letter symbols will be 

a Central Office document and circulated to all countries 

to vote which means this system of letter symbols will 

be a international standard. 

, The system is applied in this LSI data book for the 

new products only. Future editions of this data book 

will be applied this system. The IEC document which 

describes "Letter symbols for dynamic parameters of 

sequential integrated circuits, including memories" is 

introduced below. In this data book, the dynamic para­

meters in the I EC document are applied to timing 

requ i rements and switch i ng characteristics. 

2. LETTER SYMBOLS 

The system of letter symbols outlined in this document 

enables symbols to be generated for the dynamic para­

meters of complex sequential circuits, including memo- " 

ries, and also allows these symbols to be abbreviated to 

simple mnemonic symbols when no ambiguity .is likely 

to arise. 

2.1. General Form 

The dynamic parameters are represented by a general 

symbol of the form:-

tA(BC-DC)F ..................................... (1)· 

where: 

Subscript A indicates the type of dynamic parameter 

being represented, for example; cycle 

time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 

for which a change of state or level (or 

establishment of a state or level) con­

stitutes a signal event assumed to occur 

first, that is, at the beginning of the time 

interval. If this event actually occurs last, 

that is, at the end of the time interval, 

the value of the time interval is negative. 

Subscript C indicates the direction of the transition 

and/or the final state or level of the signal 

represented by B. When two letters are 

used, the initial state or level is also indi­

cated. 

Subscript 0 indicates the name of the signal or terminal 

<for which a change of state or I.evel (or 

establishment of a state or level) consti­

tutes a signal event assumed to occur last, 

that is, at the end of the time interval. If 
this event actually occurs first, that is, at 

the beginning of the ti,me interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 

and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi­

cated. 

Subscript F indicates additional information such as 

mode of operation, test conditions, etc. 
Note 1: Subscripts A to F may each consists of one or more letters. 

2: Subscripts 0 and E are not used for transition times, 

3: The "-" in the symbol (1) above is used to indicate "to"; hence the sym· 

bol represents the time interval from signal event B occuripg,. t,o signal 

event 0 occuring, and it is important·to note that this convention is used 

for all dynamic parameters including hold times. Where no misunder­

standing can occur the hyphen may be omitted, 

2.2. Abbreviated Form 

The general symbol given above may be abbreviated 

when no misunderstanding is likely to arise. For example 

to: 

tA(B-D) 

or tA(B) 

or ,tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or tBC-DE often used for unclassified time 

intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 

commonly used subscripts are given single letters where 

practicable and tho,se less commonly used are designated 

. by up to three letters. As far as possible, some form of 

mnemonic representation is used. Longer letter symbols 

may be used for specialised signals or terminals if this 

aids understanding. 

3. SUBSCRIPT A 
(For Type of Dynamic Parameter) 

The subscript A represents the type of dynamic para­

meter to be designated by the symbol and, for memo­

ries, the parameters may be divided into two classes: 

a) those that are timing requirements for the memory 

and 

1-10 
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MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

b) those that are characteristics of the memory. 

The letter symbols so far proposed for memory circuits 

are listed in sUb-clauses 3.1 and 3.2 below. 

All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi­

conductor memories are as follows: 

Term 

Cycle time 

Time interval between two signal events 

Fall time 

Hold time 

Precharging time 

Rise time 

Recovery time 

Refresh time interval 

Setup time 

Transition time 

Pulse duration (width) 

3.2. Characteristics 

Subscript 

c 
d 

f 

h 

pc 

rec 

rf 

su 

w 

The letter symbols for the dynamic characteristics of 

semiconductor memories are as follows: 

Characteristic Subscript 

Access time a 
Disable time dis 

Enable time en 

Propagation time p 

Recovery time rec 

Transition time T 

Valid time v 
Note: Recovery time for use as a characteristic is limited to sense recovery time 

4. SUBSCRIPTS BAND D , 
(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts Band D should be in upper-case. 

Signal or terminal Subscript 

Address A 

Clock C 
Column address CA 

Column address strobe CAS 

Data input D 

Data input/output DO 

Chip enable E 

Erasure ER 

Output enable G 
Program PR 

Data output 0 
Read R 

Row address RA 

Row address strobe RAS 

Refresh RF 

ReadIWrite RW 

Chip select S 
Write (write enable) W 

Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex­

ample CAS, should not be usee_ 

2: It should be noted, when further letter symbols are chosen, that the sub­

script should not end with H, K, V, X, or Z ° (See clause 5) 

3 If the same terminal, or signal, can be used for two functions (for example 

Data input/output, ReadM'rite) the waveform should be labelled with the 

dual function, if appropriate, but the symbols for the dynamic parameters 

should include only that part of the subscript relevant to the parameter. 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 

state of a signal: 

Transition of signal Subscript 

High logic level H 

Low logic level L 

Valid steady-state level (either low or high) V 

Unknown, changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 

may be omitted to give an abbreviated symbol for sub­

scripts C aOnd E as indicated below. 

All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition from low level to 
~igh level LH H 

Transition from unknown or 
changing state to valid state XV V 

Transition from valid state to 
unknown or changing state VX X 

Transition from high-impedance 
state to valid state ZV V 

Note: Since subscripts C and E may be abbreviated, and since subscripts Band D 

may contain an indeterminate number of letters, it is necessary to put the 

restriction on the subscripts Band D that they should not end with H, L, 

V, X, or Z, so as to avoid possible confusiono 

• MITSUBISHI 
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MITSUBISHI'MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMICPAR~METERS 

6. SUBSCRIPT F (For Additional Information) 

If necessary, subscript F is used to represent any addi­
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 

subscript F are given below. 

Subscript P sltould be in upper-case. 

Modes of operation 

Power-down 
Page-mode read 

Page-mode write 

Read 

Refresh 

Read-modify-write 
Read-write 

Write 

1-12 

Subscript, 

PO 

PGR 

PGW 

R 

RF 
RMW 

RW 

W 
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MITSUBISHI MICROCOMPUTERS 

SYMBOLOGY 

FOR DIGITAL INTEGRATED CIRCUITS 
New symbol Former symbol 

C, 

Co 

C,/o 

C,(,;) 

f 

f (,;) 

IBB 

IBB(AV) 

Icc 

ICC(AV) 

ICC(PO) 

100 

IOO(AV) 

IGG 

IGG(AV) 

II 

IIH 

IlL 

10H 

10L 

10Z 

10ZH 

10ZL 

los 

Iss 

Pd 

NEW 

NRA 

R, 

RL 

ROFF 

RON 

ta 

ta(A) ta(AO) 

ta(CAS) 

tatE) , ta(CE) 

ta(G) ta(OE) 

ta(PR) 

ta(RAS) 

ta (5) ta(CS) 

tc 

tCR tC(RO) 

tCRF tC(REF) 

tCPG tC(PG) 

tCRMW tC(RMR) 

tcw tC(WR) 

Parameter -defin ition 

Input capacitance 

Output capaci tance 

Input/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Current-the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 

Supply current from VBB 

Average supply current from VBB 

Supply current from Vcc 

Avarage supply current from Vcc 

Power-down supply current from Vcc 

Supply current from Voo 

Average supply current from VOO 

Supply current from VGG 

Average supply current from VGG 

Input current 

High-level input current-the value of the input current when VOH is applied to the input considered 

Low-level input current-the value of the input current when VOL is applied to the input considered 

High-level output current-the value of the output current when VOH is applied to the output considered 

Low-level output ,current-the value of the output current when VOL is applied to the output considered 

Off-state (high-impedance state) output current-the current into an output having a three-state capability with input condition so applied that 

it will establish according to the product specification, the off (high-impedance) state at the output 

Off-state (high-impedance state) outputcurrent, with high-level voltage applied to the output 

Off-state (high-impedance state) output current. with low-level voltage applied to the output 

Short-circuit output current 

Supply current from Vss 

Power dissipation 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time-the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 

Address access time-the time interval between the application of an address input pulse and the availability of valid data signals at an output 

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe access time 

Chip select access time 

Cycle time 

Read cycle time-the time interval between the start of a read cylce and the start of the next cycle 

Refresh cycle time-the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

Page-mode cycle time 

Read-modify-write cycle time-the time interval between teh start of a cycle in which the memory is read and new data is entered, and the start of 

the nex t cycle 

Write cycle time-the time interval between the start of a write cycle and the start of the next cycle 

.• MITSUBISHI 
"ELECTRIC 

1-13 

II 



New symbol Former symbol 

td 

td (¢) 

td (CAS-RAS) 

td (CAS-W) td(CAS WR) 

td (RAS-CAS) 

td(RAS-W) td(RAS-WR) 

tdis(R-O) tdiS(R-DA) 

tdis (S) tpXZ(CS) 

tdis(W) tPXZ(WR) 

tDHL 

tDLH 

ten(A-Q) tPZV(A-DQ) 

ten (R-Q) tPZV(R-DQ) 

ten(S-Q) tPZX(CS-DQ) 

tf 

th 

theA) th(AD) 

th (A-E) th(AD-CE) 

theA-PRJ th(AD-PRO) 

th(CAS-CA) 

th(CAS-D) th(CAS-DA) 

th(CAS-Q) th (CAS-OUT) 

th (CAS-RAS) 

th(CAS-W) t h(CAS-WR) 

th (D) th(DA) 

th(D-PR) theDA-PRO) 

th (E) th(CE) 

th (E-D) th(CE-DA) 

theE-G) th(CE-OE) 

th (R) th(RD) 

th(RAS-CA) 

t h (RAS-CAS) 

th(RAS-D) th(RAS-DA) 

th(RAS-W) th(RAS-WR) 

th(S) th(CS) 

thew) th(WR) 

th(W-CAS) th(WR-CAS) 

theW-D) th(WR-DA) 

th (W-RAS) th(WR-RAS) 

tpHL 

tpLH 

tr 

trec(w) twr 

treC(PD) tR(PD) 

tsu 

MITSUBISHI MICROCOMPUTERS 

SYMBOLOGY 

Parameter-definition 

Delay time-the time between the specified reference points on two pulses 

Delay time between clock pulses-e,g" symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay time, column address strobe to row address strobe 

Delay time, column address, strobe to write 

Delay time, row address strobe to column address ,strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 

High-level to low-level delay time } 

Low-level to high-level delay time 

Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fall time 

the time interval between specified reference points on the input and on the output pulses, when the 

output is going to the low Ihigh) level and when the device is driven and loaded by specified networks, 

Hold time-the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal 

Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold tirT]e 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 

High-level to low-level propagation time } the time interval between specified reference points on the input and on the output pulses when the 
output is going to the low (high) level and when the device is driven and loaded by typical devices 

Low-level to high-level propagation time of stated type 

Rise time 

Write recovery time-the time interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time-the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 

tarnsition at another specified input terminal 

tSU(A) tSU(AD) Address setup time 

tsu (A-E) tsu (AD-CE) Chip enable setup time before address 

tsu (A-W) tsu (AD-WR) Write setup time before'address 

tsu (CA-RAS) Row address strobe setup time before column address 
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New symbol Former symbol 

tSU(O) tSU(OA) 

tsu (D-E) tSU(OA-CE) 

tSU(D-W) tSU(OA-WR' 

tsu (E) tSU(CE) 

tSU(E-P) tSU(CE-P) 

tsu (G-E) tsu (OE-CE) 

tSU(P-E) tSU(P-CE) 

tsu (PO) 

tsu (R) tsu (RO) 

tSU(R-CAS) tsu (RA-CAS) 

tsu (RA-CAS) 

tSU(S) tSU(CS) 

tSU(S-W) tsu (CS-WR) 

tSU(W) tSU(WR) 

hHL 

hLH 

tv (A) tdV(AO) 

tv (E) tdV(CE) 

tV(E)PR tv (CE)PR 

tV(G) tv (OE) 

tV(PR) 

tV(S) tv (CS) 

tw 

tW(E) tW(CE) 

tW(EH) tW(CEH) 

tW(EL) tW(EL) 

tW(PR) 

tW(R) tW(RD) 

tW(S) tW(CS) 

tW(W) tW(WR) 

tW(¢) 

Ta 

Topr 

Tstg 

VBB 

VCC 

VOO 

VGG 

VI 

VIH 

VIL 

Vo 

VOH 

VOL 

VSS 

MITSUBISHI MICROCOMPUTERS 

SYMBOLOGY 

Parameter -defi nit i on 

Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 

Chip enable setup time before precharge 

Power-down setup time 

Read setup time 

Column address strobe setup time before read 

Column address strobe setup time before row address 

Chip select setup time 

Write setup time before chip select 

Write setup time 

High-level to low-level transition time } the time interval between specified reference points on the edge of the output pulse when the output is 
going to the low (high) level and when a specified input signal is applied through a specified network and 

Low-level- to high-level transition time the output is loaded by another specified network 

Data valid time after address 

Data valid time after chip enable 

Data valid time after chip enable In program mode 

Data valid time after output enable 

Data valid time after program 

Data valid time after chip select 

Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 

Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Program pulse Width 

Read pu Ise width 

Chip select pulse width 

Wrtie pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

VBB supply voltage 

Vee supply voltage 

VDD supply voltage 

VGG supply voltage 

Input voltage 

High-level input voltage-the value of the permitted high-state voltage at the input 

Low-level input voltage-the value of the permitted low-state vcltage at the input 

Output voltage. 

High-level output voltage-the value of the guaranteed high-state voltage range at the output 

Low-level output voltage-the value of the guaranteed low-state voltage range at the output 

Vss supply voltage 
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MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND. RELIABILITY TESTING 

1. PLANNING 
In recent years, advances in integrated circuits have been 

rapid, with increasing density and speed accompanied by 

decreasing cost. Because of these advances, it is now 

practical and economically justifiable to use these devices 

in systems of greater complexity and in which they were 

previously considered too expensive. All of these advances 

add up to increased demand. 

We at Mitsubishi foresaw this increased demand and 

organized our production facilities to meet it. We also 

real ized that simply increasing production to meet the 

demand was not enough and that positive steps would have 

to be taken to assure the reliability of our products. 

This realization resulted in development of our Quality 

Assurance System. The system has resulted in improved 
products, and Mitsubishi is able to supply its customers' 

needs with ICs of high . reliability and stable quality. This 

system is the key to future planning for improved design, 

production and quality assurance. 

2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System imposes quality controls 

on Mitsubishi products from the initial conception of a 

new product to the final delivery of the product to the 

customer. A diagram of the total system is shown in Fig. 1. 

For ease of understanding, the system is divided into three 

stages. 

2.1 Quality Assurance in the Design Stage 

The characteristics of the breadboard devices are carefully 

checked to assure that all specifications are met. Standard 

integrated circuits and high-quality discrete components are 

used. During the design stage, extensive use is made of a 

sophisticated CAD program, which is updated to always 

include the latest state-of-the-art techniques. 

2.2 Quality Assurance in the Limited-

Manufacturing Stage 
Rigid controls are maintained on the environment, incom­

ing material and manufacturing equipment such as tools 

and test equipment. The products and materials used are 

subjected to stringent tests and inspections as they are 

manufactured. Wafer production is closely monitored. 

Finally, a tough quality assurance test and inspection is 

made before the product is released for delivery to a 

customer. This final test includes a complete visual inspec­

tion and electrical characteristics tests. A sampling 

technique is used to conduct tests under severe operating 

conditions to assure that the products meet reliability 

specifications. 

2.3 Quality Assurance in the Full Production Stage 

Full production of a product is not started until it has been 

confirmed that it can be manufactured to meet quality and 

reliability specifications. The controls, tests and inspection 

procedures developed in § 2.2 are continued. The closest 

monitoring assures that they are complied with. 

3. RELIABILITY CONTROL 

3.1 Reliability Tests 

The newly established Reliability Center for Electronic 

Components of Japan has established a qualification system 

for electronic components. Reliability test methods and 

procedures are developed to main'ly meet MI L-STD-883 

and J IS C 7022 specifications. Details of typical tests used 

on Mitsubishi ICs are shown in Table 1. 

Table 1 Typical reliability test items and conditions 
Group lIem Test condition 

~~~~a;~n~~~~ature Maximum operating amblenl temperature 1000h 

High temperature 
storage life 
Humidity (steady 
state) life 

Soldering heat 

Maximum storage temperature 

65'C 95%RH 

260'C lOs 

Thermal shock 0-100'C 15 cycles. 10min/cycle 

1000h 

500h 

Temperature cycle M,nrmum to maximum storage temperature 
10 cycles of 1h/cycle 

Soldering 230'C 5s. use roSin flux 

Lead Inte rlt TenSion 340g 30s • 
~~'ng stress 225g. ±30 3 times 

I 20G. X. Y. Z each direction. 4 times 
Vibration i 100-2000Hz-4 min/cycle 

Shock 
Constant 
acceleration 

1500G, O.5ms In Xl, Y 1 and Z 1 direction. 5 times 

20000G. Y, direction. 1 min 

3.2 Failure Analysis 
Devices that have failed during reliability or acceleration 

tests are analyzed to determine the cause of failure. This 

information is fed back to the process engineering section 

and manufacturing section so that improvements can be 

made to increase reliability. A summary of failure analysis 

procedures is shown in Table 2. 

Table 2 Summary of failure analysis procedures 

Step DeSCription 

I 0 Inspection of leads. plating. soldering and welclng 

o Inspection of matenals. sealing, package and marking 

1 . External 0 Visual Inspection of other Items of the specifications 

e)(amination 0 Use of stilreo microscopes. metallurgical microscopes. X-ray 

photographic equipment. fine leakage and gross leakage 

testers In the examination 

tracer and checking of Important phYSical charactenstlcs 

by electncal charactenStlcs 

o Stress tests such as environmental or life tests. if required 

o Removal of the cover of the deVice. the optical Inspection 

of the Internal structure of the deVice 

3. Internal 0 Checking of the sIlicon chip surface 

examination 0 MmslI"'"1l'11 01 electrical characteristics by probes. 

If applicable 

o Use of SEM. XMA and Infrared microscanner If required 

o Use of metallurgical analYSIS techniques to supplement 
analYSIS of the Internal examination 

4. Chip analysis 
o SliCing for cross-sectional Inspection 

o AnalYSIS of OXide film defects 

o AnalYSIS of diffusion defects 
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MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND RELIABILITY TESTING 

Fig. 1 Quality assurance system 
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MITSUBISHI MICROCOMPUTERS 

PRECAUTIONS IN HANDLINGMOS IC/LSls 

A MaS transistor has a very thin oxide insulator under the 

gate electrode on the silicon substrate. It is operated by 

altering the conductance (gm) between source and drain to 

control mobile charges in the channel formed by the 

applied gate voltage. 

If a high voltage were applied to a gate terminal, the 

insulator-film under the gate electrode could be destroyed, 

and all Mitsubishi MaS IC/lSls contain internal protection 

circuits at each input terminal to prevent this. It is inherent­

ly necessary to apply reverse bias to the P-N junctions of a 

MaS IC/lSI. 

Under certain conditions, however, it may be impossible 

to completely avoid destruction of the thin insulator-film 

due to the application of unexpectedly high voltage or 

thermal destruction due to excessive current from a 

forward biased P-N junction. The following recommenda­

tions should be followed in handling MaS devices. 

1. KEEPING VOLTAGE AND CURRENT TO EACH 
TERMINAL BELOW MAXIMUM RATINGS 

1. The recommended ranges of operating conditions 

provide adequate safety margins. Operating within these 

limits will assure maximum equipment performance and 

quality. 

2. Forward bias should not be applied to any terminal since 

excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 

the power supply. Short-circuiting of a terminal to a 

power supply having low impedance may cause burn-out 

of the internal leads or thermal destruction due to 

excessive current. 

2. KEEPING ALL TERMINALS AT THE SAME 
POTENTIAL DURING TRANSPORT AND 
STORAGE 

When MaS IC/lSls are not in use, both input and output 

terminals can be in a very high impedance state so that they 

are easily subjected to electrostatic induction from AC 

fields of the surrounding space or from charged objects 

in their vicinity. For this reason, MaS IC/lSls should be 

protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil, 

shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, WORK 
TABLES AND OPERATING PERSONNEL AT 
THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables should 

be covered with copper or aluminum plates of good 

conductivity, and grounded. One method of grounding 

personnel, after making sure that there is no potential 

difference with electrical equipment, is by the use of a 

wristwatch metallic ring, etc. attached around the wrist 

and grounded in series with a 1 M n resistor. Be sure that 

the grounding meets national regulations on personnel 

safety. 
2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MaS IC/lSls, as described 

above. Items such as testers, curve-tracers and synchro­

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR MOUNTING OF MOS 
IC/LSls 

1. The printed wiring lines to input and output terminals 

of MaS IC/lSls should not be close to or parallel to 

high-voltage or high-power signal lines. Turning power 

on while the device is short-circuited, either by a solder 

bridge made during assembly or by a probe during 

adjusting and testing, may cause maximum ratings to be 

exceeded, which may result in the destruction of the 

device. 

2. When inputloutput, or input andlor output, terminals 

of MaS IC/lSls (now open-circuits) are connected, 

we must consider the possibility of current leakage and 

take precautions similar to §2 above. To reduce such 

undesirable trouble, it is recommended that an interface 

circuit be inserted at the input or output terminal, or a 

resistor with a resistance that does not exceed the 

output driving capability of the MaS IC/lSI be inserted 

between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 

supply line to absorb surges which can frequently be 

strong enough to destroy a MaS IC/lSI. 

4. Terminal connections should be made as described in the 

catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 

input or output terminals of any MaS IC/lSls, since 
destruction' of the insulation may result if they become 

electrostatically charged. 

6. Equipment cases should provide shielding from electro­

static charges for more reliable operation. When a plastic 

case is used, it is desirable to coat the inside of the case 

with conductive paint and to ground it. This is considered 

necessary even for battery-operated equipment. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

DESCRIPTION 
The MELPS8-48 LSI is a family of cost-efficient single-chip 
microcomputers in which all of such necessary compoments 
as the CPU, ROM, RAM, input/output ports, timer etc. are 
integrated. The MELPS8-48 family consists of the following 
twelve members of different kinds and ROM/RAM capaci­
ties. 

Each chip is provided with a timer and interrupt input 
and its I/O capabilities are simply expanded by use of I/O 
expanding chip M5L8243P or M5M82C43P (CMOS version), 
in addition the program memory can also be expanded to 
4K bytes. 

Each of M5L8048~XXXP, M5L8049-XXXP, M5L8049Hl­
XXXP, M5M8050H-XXXP, M5M8050L-XXXP and M5M80C49-
XXXP (CMOS version) has a built-in masked ROM and is 
suited for mass produciton. M5L8035LP has functions 
equivalent to M5L8048-XXXP, M5L8039P to M5L8049-XXXP, 
M5L8039HLP-14 to M5L8049Hl-XXXP, M5M8040HP to 
M5M8050H-XXXP, M5M8040LP to M5M8050L-XXXP and 
M5M80C39P-6 to M5M80C49-XXXP where the program 
memory (ROM) is set externally. 

The family is provided with the MELPS8-48 cross 
assembler as a support for software development. 

MELPS 8-48 single-chip microcomputer family 

Input clock 
Memory and input/output capacity 

Symbol (MHz) 

M5L8048-XXXP 6 

M5L8035LP 6 

M 5 L8049-XXXP-6 6 

M5L8049-XXXP 11 

M5L8039P-6 6 

M5L8039P-11 11 

M5L8049H1-XXXP 14 

M5L8039HLP-14 14 

M5M8050H-XXXP 11 

M5M8040HP 11 

M5M8050L-XXXP 6 

M5M8040L-XXXP 6 

M5M80C49-XXXP 6 

M5M80C39P-6 6 

ROM 
(Bytes) 

1K 

External 

2K 

2K 

External 

External 

,2K 

External 

4K 

External 

4K 

External 

2K 

External 
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RAM I/O 
(Bytes) (Port) 

64 27 

64 27 

128 27 

128 27 

128 27 

128 27 

128 27 

128 27 

256 27 

256 27 

256 27 

256 27 

128 27 

128 27 

Structure 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

ED NMOS 

CMOS 

CMOS 

E 
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MELPS 8·48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

M5L8048-XXXP Block Diagram 

(5V) Vee 

TO T, iNT RESET PROG ~A x, ALE PSEN 55 AD WR 

M5L8049-XXXP Block Diagram 

2-4 

Pl0 Ph Ph P16 
P1. Ph Ph Pb 

To T, iNT RESET PROG EA x 1 X 2 ALt" PSfN Ss AD WR 
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05C F R~O 

ROREGISTER 0 

RIREGISTER' 
R2 REGISTER 2 0 

R3REGISTER 3 '" 

R4REGISTER 4 ~ 
~ R5REGISTER5 co 
o R6REGISTER6 
8 R7REGISTER 7 

~ STACK 

~ ROREGISTERo 
UJ RIREGISTER 1 

~ R2REGISTERz 
~ R3REGISTER3 -

R4REGISTER4 ~ 

R5REGISTER~~ 
R6REGISTER6 
R7REGISTER 7 

RAM 64 BYTES 
-----------------------

~ ROREGISTERo 
UJ RIREGISTER 1 

~ RZ REGISTER 2 

~ :!:~g:~~~:: ~ 

T, 

R5REGISTERru~ . 
R6REGISTER6 
R7 REGISTER 7 

RAM 128 BYTES 
-------------------------
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MELPS 8·48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

M5L8049H1-XXXP Block Diagram 

T'I 
I 

I 
I 

I 
I 

I 

(5V) V F6 POWER SUPPLY 
DO FOR RAM 

(5V) Vee 0 

(OV) Vss 20 

I 

- RAM (128 BYTES) J 
L.----\!J-1~W-~-@-{7)-{.:1)_(}}-<QI}__{9)_(S.K'B~~10}_ - --- - --- - --- - --- - --- -

To INT PROG X, ALE SS WR 

RESET EA X2 PSEN RD 

M5M8050H-XXXP Block Diagram 

(5V) VDD 16 

(5V) Vee 

(OV) Vss 10 

PIO P12 P14 P16 PZo P22 P24 P26 
OOO,010)O.OSO,o, PI} PI3 Pis PI7 

31 r.M~~=/.~~~ 

" ToT I i'N'''T RE Sf T PROG E A x I )( Z AL l P"SfN Ss A5 WR 
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RO RE GISTE R 0 
Rl REGISTER I 
R2 REGISTER 2 0 

R3 REGISTER 3 '-!: 

R4 REGISTE R 4 ~ 
a: R5 REGISTER 5 en 
~ R6 REGISTE R 6 
o R7 REGISTER 7 

~ 
~ t::R-O--=R--::ES--::;--=1 :-=~"'"E KR=--Or--l 

~ Rl REGISTER I 

~ R2 REGISTER 2 -
o R'3 REGISTER 3 '-!: 

<l: R4 REGISTER 4 ~ 1 

R5 REGISTER 5 enu 
R6 REGISTER 6 

R7 REGISTER 7 

RAM (256 BYTESl_ 

2-5 



MITSUBISHI MICROCOMPUTERS 

MELPS 8·48 MICROCOMPUTERS 

FUNCTION OF MELPS 8·48 MICROCOMPUTERS. 

M5M8050L·XXXP Block Diagram 

I--~~~~~~~----------' 
I 

I 
I 

I 

(5V) Voo 26 

(5V) Vee 

To INT PROG Xl ALE SS WR 
Tl RESET EA X2 PSEN RD 

M5M80C49·XXXP Block Diagram 

(5V) Vee 

2-6 

PI" P12 PI 4 PI(. 
0001 o.:.!)] ()4()S (16{)1 PII PI:) Pis PI? 

STBY To TI iN"T ~ PRoe fA xl y. 2 AI E. PSErv SS AD ....vA 
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RO REGISTER 0 
Rl REGISTER 1 

R2 REGISTER 2 0 

R3 REGISTER 3 ~ 

R4 REGISTER 4 ~ 
CI: R5 REGISTER 5 CD 

~ R6 REGISTER 6 
o R7 REGISTER 7 
U 
~ STACK 
VJ RO REGISTE R 0 

t3 Rl REGISTER 1 
CI: R2 REGISTER 2 

8 R3 REGISTER 3 ~ 
« R4 REGISTER 4 ~ I 

R5 R£GISTER 5 « U 
R6 REGISTER 6 CD 

R7 REGISTE R 7 

RAM (128 BYTESl_ 



MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

BASIC FUNCTION BLOCKS 
Program Memory (ROM) 

The M5L8048-XXXP contain 1024 bytes of ROM. The 
M5L8049-XXXP contains 2048 bytes of ROM. The program 
for the users application is stored in this ROM. Addresses 0, 
3, 7 of the ROM are reserved for special functions. Table 1 
shows the meaning and function of these three special 
addresses. 

Table 1 Reserved, defined addresses and their 
meanings and functions 

Address Meaning and function 

The first instruction executed after a system reset. 

The first instruction executed after an external interrupt is 
accepted. 

The first instruction executed after a timer interrupt is accepted. 

The ROM can be used to store constants and other 8-bit 
fixed data in addition to the program. Instructions such as 

MOVP A, @A and MOVP3 A, @A can be used to access 

the c~nstants and data. The data could be in the form of 

tables, and can be easily looked up. 

Data Memory (RAM) 
The M5L8048-XXXP and M5L8748S contain 64 bytes of 

RAM. The M5L8049-XXXP contains 128 bytes of RAM. 

The RAM is used for data storage and manipulation and is 

divided into sections for more efficient processing. Ad­

dresses 0-7 and 24-31 form two banks of general purpose 

registers that can be directly addressed. Addresses 0-7 

compose bank 0 and are numbered RO-R7. Addresses 

24-31 compose bank 1 and are also numbered RO-R7. 
Orily one bank is active at a time. The instructions SEL 

RBO and SEL RB1 are used to select the working bank. 

Fig. 1 shows the division of the RAM and its mapping. 

Addresses 8-23 compose an 8-level program counter 

stack. The details for using the stack will be found in the 

"Program Counter and Stack" section. Please refer to that 
section for details. 

The remaining section, addresses 32 and above, must 
be accessed indirectly using the general-purpose registers 

RO or R 1. Of course all addresses can be indirectly ad­
dressed using the general-purpose registers RO and R1. 

A good practice to simplify programming is to reserve 

general-purpose register bank 0 for use of the main program 

and register bank 1 for interrupt programs. For example if 

register bank 0 (addressed 0-7) is reserved for processing 

data by the main program, when an interrupt is accepted 
the first instruction would be to switch the working regis­

ters from bank 0 to bank 1. This would save the data of 

the main program (addresses 0-7). The interrupt program 

can then freely use register bank1 (addresses 24-31) with­

out destroying or altering data of the main program. When 

the interrupt processing is complete and control is returned 

to the main program by the RETR instruction, register 
bank 0 (in this example) is automatically restored as the 

working register bank at the same time the main program 

counter is restored. 

Addresses 0-31 have special functions, but when not 

all of the registers are required, the ones not needed can be 

used for general storage. This includes both banks of gene­

ral-purpose registers and the stack. 

32 
31 

25 

24 

23 

USER RAM 

32x 8 

R7 
I 

! 
I 

R1 

RD 

8-LEVEL STACK 

16x 8 

R7 
I 
I 
I 

R1 
RD 

1 

]

GENERAL_PURPOSE REGISTERS 
REGISTER BANK 1 

]

GENERAL_PURPOSE REGISTERS 
REGISTER BANK 0 

Fig.4 Data memory (RAM) 

PROGRAM COUNTER (PC) AND STACK (SK) 
The ME LPS 8-48 program cou nter is composed of a 12-bit 

binary counter as shown in Fig. 5. The low-order 10 bits 

can address 1024 bytes of memory. When the high-order 2 

bits are zero, the internal, on chip memory is accessed. The 
high-order 2 bits can have the values 1-3, which allows the 

user to add up to three banks of 1024 bytes. The program 

counter can address up to 4096 bytes of memory. 
Addresses 8-23 of RAM are used for the stack (program 

counter stack). The stack provides an easy and automatic 

means of saving the program counter and other control 

information when an interrupt is accepted or a subroutine 

is called. For example, if control is with the main program 

and an interrupt is accepted, the contents of the 12-bit PC 

(program counter) is saved in the top of the stack, so it can 

be restored when control is returned to the main program. 

In addition to the PC, the high-order 4 bits of the PSW 

(program status word) are saved in the stack and restored 

along with the PC. A total of 16 bits are saved, the 12-bit 

• MITSUBISHI 
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PC and 4 bits of the PSW. A 3-bit stack pointer is associ­

ated with the stack. This pointer is a part of the PSW and 

indicates the top of tbe stack. The stack pOinter indicates 
the next empty location (top of the stack), in case of an 

empty stack the top of the stack is the bottom of the stack. 

The data memory addresses associated with the stack 

pointer along with the data storage sequence are shown in 

Fig. 6. 

Fig. 5 Program counter 

STACK POINTER 

S2 SI S a 

1 I 
, 

a I 
I 

a 1 I 
I 

a a I 
I 

1 I 
I 

I 

a a I 

I 

I 

1 a a 
I 

a PSW(4)jPCS_ll 

", " PC4-7IpCa- 3 
a 

MSB LSB 

RAM REGISTER NUMBER 
(DATA MEMORY ADDRESSI 

R23 

R22 

R21 

R2a 

R19 

R1B 

R17 

R16 

R15 

R14 

R13 

R12 

Rll 

Rla 

R9 

RB 

Fig. 6 Relation between the program counter 

PROGRAM STATUS WORD (PSW) 
The PSW (program status word) is stored in 8 bits of 

register storage. The configuration of the PSW is shown in 

Fig. 7. The high-order 4 bits of the PSW are stored in the 

stack, along with the PC, when an interrupt is accepted or 

a subroutine call executed. When control is returned to 

the main program by RETR both the PC and the high­

order"4 bits of PSW are restored. When control is returned 

by RET only the PC is restored, so care must be taken to 

assure that the contents of the PSW was not unintentional­
ly changed. 

The order and meaning of the 8 bits of the PSW are 
shown below. 

Bit 0-2: Stack pointer (So, SI, S2) 
Bit 3: Unused (always 1) 

Bit 4: Working register bank indicator 

0= Bank 0 

1 = Bank 1 

Bit 5: Flag 0 (value is set by the user and can be tested) 

Bit 6: Auxiliary carry (AC) (it is set/reset by instructions 

ADD and ADC and used by instruction DA A). 

Bit 7: Carry bit (C) (indicates an overflow after execu­
tion) 

HIGH-ORDER 4 BITS STORED 
ALONG WITH THE PC IN THE STACK 

r----....A..--______ , 

I C 1 AC 1 Fa 1 BS 11 1 S21 SI 1 So I 
C CARRY 

AC AUXILIARY CARRY (CARRY FROM THE 

FLAG 0 LOW-ORDER 4 BITS OF ALUI 

WORKING REGISTER BANK INDICATOR 

STACK POINTER 

stack and the stack pointer Fig. 7 Program status word 
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I/O PORTS 
The MELPS 8-48 has three 8-bi~ ports, which are called 

data bus, port 1 and port 2. 

Port 1 and Port 2 

Ports 1 and 2 and both 8-bit ports with identical proper­

ties. The output data of these ports are retained and do not 

change until another output is loaded into them. When 

used as inputs the input data is not retained so the input 

signals must be maintained until an input instruction is 

executed and completed. 
Ports 1 and 2 so-called quasi-bidirectional ports have 

a special circuit configuration to accomplish this. The 

special circuit is shown in Fig. 8. All terminals of ports 

1 and 2 can be used for input or output. 

CPU 
INTERNAL--+-~ 
BUS 

RESET 

WRITE 
PULSE 

Fig. 8 I/O ports 1 and 2 circuit 

Internal on chip pull-up resistors are provided for all 

the ports. Through the use of pull-up resistors, TTL stand­

ard high-level or low-level signals can be supplied. Therefore 

each terminal can be used for both input and output. To 

shorten switching time from low-level to high-level, when ls 

are output, a device of about 5kn or lower is inserted for 

a short time (about 500ns when using a 6MHz crystal oscil­

lator). 

A port used for input must output all 1 s before it reads 

the data from the input terminal. After resetting, a port is 

set to an input port and remains in this state, therefore it 

is not necessary to output all ls if it is to be used for input. 
In short a port being used for output must output 1 s before 

it can be used for input. 

The individual terminals of quasi-bidirectional ports 
can be used for input or output. Therefore some terminals 

can be in the input mode while the remaining terminals 

of a port are in the output mode. This capability of ports 

1 and 2 is convenient for inputting or outputting l-bit or 

data with few bits. The logical instructions ANL and ORL 
can easily be used to manipulate the input or output of 

these ports. 

Data Bus (Port 0) 

The data bus is an 8-bit bidirectional port, which is used 

with I/O strobed signals. When the data bus is used for 

output the output data is latched, but if it is used for input 

the data is not latched. Unlike ports 1 and 2, which can 

have individual terminals in the input or output mode, all 

terminals of the data bus are in the input or output mode. 

When the data bus is used as a static port the OUTL in­

struction can be used to output data and the INS instruc­

tion to input data. Strobe pulse RD is generated while the 

INS instruction is being executed or WR while OUTL is 

being executed. 

The data bus read/write using MOVX instructions, but 
then the data bus is a bidirectional port. To write into the 

data bus a WR signal is generated and the data is valid when 
WR goes high. When reading from the data bus, an RD sig­

nal is generated. The input levels must be maintained until 

RD goes high. When the data bus is not reading/writing, it 
is in the high-impedance state. 

CONDITIONAL JUMPS USING TERMINALS To, 
TlandlNT 
Conditional jump instructions are used to alter program 
depending on internal and external conditions (states). 

Details of the jump instructions for the ME LPS 8-48 can 

be found in the section on machine instructions. 

The input signal status of To, T 1 and I NT can be check­

ed by the conditional jump. instructions. These input 

terminals, through conditional jump instructions such as 

JTO and JNTO, can be used to control a program. Pro­

grams and processing time can be reduced by being able 

to test data in input terminal rather than reading the data 

into a register and then testing it in the register. 

Terminal To, Tl and INT have other functions and uses 

that are not related to conditional jump instructions. The 

details of these other functions and uses can be found in 

the section on terminal functions. 

• MITSUBISHI 
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INTERRUPT 
The CPU recognizes an external interrupt by a low-level 

state at the INT terminal. A ''Wired-OR'' connection can 

be used for checking multiple interrupts. 
The tNT terminal is tested for an interrupt request at the 

ALE signal output of every machine cycle. When an inter­

rupt is recognized and accepted, control is transferred to 

the interrupt handling program. Th}s is accomplished by an 
unconditional jump to address 3 of program memory, 
which is the start of the interrupt handling program, at the 

same time the program counter and 4 high-order bits of 

PSW are automatically moved to the top of the stack. 

The interrupt level is one, so the next interrupt cannot 

be accepted until the current interrupt processing has been 
completed. The RETR instruction terminates the interrupt 

processing. That is to say, the next interrupt can not be ac­

cepted until the RETR instruction is executed. The next 

interrupt can be accepted ~t the start of the second cycle of 

the RETR instruction (2-cycle instruction). Time/event 
counter overflow which causes an interupt request also will 

not be accepted. 

After the processing for an interrupt is completed con­

trol is returned to the main program. This is accomplished 

by executing RETR which restores the program counter 

and PSW automatical and checks INT and the time/event 

counter overflow for an interrupt request. If there is an 

interrupt request, the control will not be returned to the 

main program but will be transferred to the interrupt han­
dling program. 

An external interrupt has a higher priority than a timer 

interrupt. This means· that, if an external and timer inter­

rupt request are generated at the same time, the external 

interrupt has the priority and will be accepted first. 

When a second level of external interrupt is required, 

the timer interrupt" if not 'being used, can provide this. 

The procedure for this· is to first disable the timer inter­

rupt, set the timer/event counter to FF16 and put the CPU 

in the event counter mode. After this has been done, if T 1 

input is changed to low-level from high-level, an interrupt 

is generated in address 7. 

Terminal I NT can also be tested using a conditional 

jump instruction. For more details on this procedure, check 

the "Conditional Jumps Using Terminals To, T1 and INT" 
section. 

TIMER/EVENT COUNTER 
The timer/event counter for the MELPS 8-48 is an 8-bit 

counter, that is used to measure time delays or count ex­

ternal events. The same counter is used to measure time de­
lays or count external events by simply changing the input 

to the counter. 

The counter can be initialized by executing an MOV T, 
A instruction. The value of the counter can be read for 
checking by executing an MOV A, Tinstruction. Reset will 
stop the counting but the counter is not cleared, so count­

ing can be resumed. 

The largest number the counter can contain is FF16 . If 

it is incremented by 1 when it contains FF I6 ', the counter 

will be reset to 0, the overflow flag is set and a timer inter­
rupt request is generated. 

The conditional jump instruction JTF can be used to 

test the overflow flag. Care must be used in executing the 

JTF instruction because the overflow flag is cleared (reset) 

when executed. When a timer interrupt is accepted, the 
control is transferred to address 7 of program memory. 

When both a timer and external interrupt request are 

generated at the same time, the external interrupt is given 

priority and will be accepted first by automatically jump­

ing to address 3 of program memory. The timer interrupt 

request is kept and will be processed when the external 

interrupt has been completed and a PETR is executed. A 

latched timer interrupt request is cancelled when a timer 

interrupt request is generated. A timer interrupt request can 

be disabled by executing a DIS TCNTI instruction. 

The STRT CNT instruction is used to change the coun­

ter to an event counter. Then terminal Tl signal becomes 
the input to the event counter and an event is counted each 

full cycle (low-high-Iow one event). The maximum rate that 

can be counted is one time in 3 machine cycles (7.5J.ls 
when using 6MHz crystal). The high-level at T1 must be 

maintained at least 1/5 of the cycle time (500ns when 

using 6MHz crystal). 
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The STRT T instruction is used to change the counter 
to a timer. The internal clock signal becomes the input to 

the timer. The internal clock is 1/32 of 400kHz (when 
using 6MHz crystal) or 12.5kHz. The timer is therefore 
counted up every 801lS. Fig. 9 shows the timer/event 
counter. 

The counter can be initialized by executing an MOV T, 

A instruction. The timer can be used to measure 801lS""" 
20ms in multiples of 801lS. When it is necessary to measure 
over 20ms (maximum count 256x801ls) of delay time the 
number of overflows,one every 20ms, can be counted by 

the program. To measure times of less than 801ls; external 

clock pulses can b'e input through T 1 while the counter is 

in the event counter mode. Every third (or more) ALE sig­

nal can be used instead of an external clock. 

rOND':01. JUMP 

READ/WRITE ! JTF 

T1 

INTERRUPT ENABLE 

Fig. 9 Timer/event counter 

I TIMER I 
fVERFlOW, 

FLAG I 

INTERRUPT 
REQUEST 

MELPS 8-48 CYCLE TIMING 
The output of the state counter is 1/3 the input frequency 

from the oscillator. When a 6MHz crystal is used for input, 

the output would be 2MHz(500ns). A elK signal is gene­
rated every 500ns (one state cycle) which is used for the 

demarcation of each machine state. The instruction ENTO 

ClK will output the elK signal through terminal To. The 
input of the cycle counter is elK (state cycle) and the out­
put is an ALE signal which is generated every 5 state 
cycles. 

Fig. 11 Shows the relationship between clock and gene­

rated cycles. 

One machine cycle contains 5 states with a ClK sig­

nal for demarcation of each state. The MElPS 8-48 instruc­

tions are executed in one machine cycle or two machine cy­

cles. An instruction cycle can be one or two machine cycles 

as shown in Fig.12. 

Fig.10 Clocking cycle generation 

I 500ns(WHEN USING A 6MHz CRYSTAL) 

~ 52 53 54 55 5152 53 54 55 

elK LI1.1-n..Ln.~~WLWL~~fo 
(OUTPUT TO To) 

ALE r-, r-h 

P5EN 
-
RD 

WR L 

PROG I 

Flg.11 Clock and generated cycle signals 

1 MACHINE CYCLE 
2,5/.Is 

INSTRUCTION EXECUTION 

2 MACHINE CYCLES 1--+-+-___ 5 
. .....:Cl/.I_s ____ -t 

Fig.12 Instruction execution timing 
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RESET 
The reset terminal is for resetting the CPU. A Schmitt trig­

ger circuit along with a pull-up register are connected to it 

on the chip. A reset can easily be generated by attaching a 
lJ,LF as capacitor as shown in Fig. 13. An external reset 

pulse applied at RESET must remain at low-level for at 

least 50ms after power has been turned on and reached its. 

normal level. 

The reset function causes the following initialization 
within the CPU. 

1. Program counter is re'set to O. 

2. Stack pointer is reset to O. 

3. Register bank is reset to O. 

4. Memory bank is reset to o. 
5. Data bus is cleared to high-impedance state. 

6. Ports 1 and 2 are reset to input mode. 

7. External and timer interrupts are reset to disable 
state. 

8. Timer is stopped. 

9. Timer overflow flag is cleared. 

10. Flags Fo and Fl are cleared. 

11. Clock output for terminal To is disabled. 

Note 1: On the M5L8748S the RESET terminal, in addition to being used for the 

reset function, is also used when reading and writing data in the EPROM 
on the chip. Details on this will be found in the section on reading and 
writing data in the M5L8748S. 

~. "'-AA 

1 " l 1,uF 

Il0V 
Fig. 13 Example of a reset circuit 

MELPS8-48 

5V 

~ ABOUT 
200kn 

SINGLE-STEP OPERATION 
The terminal SS on the MELPS 8-48 is provided to facili­
tate single-step operation. In single-step operation, the CPU 

stops after the execution of each instruction is completed 
and the memory address (12 bits) of the next instruction 

to be fetched is output through the data bus (8 bits) plus 
the low-order 4 bits of port 2 (P20 "'P23 ). The user can 
use this to trace the' flow of this program instruction by 
instruction and will find this an aid in program debugging. 
Single-step operation is controlled through SS and ALE as 
shown in Fig. 14. 

5V 
SINGLE-STEP 
MODE 

5V 

5V 

10kQ 

CLOCK 

BUFFER 

(a) Example of single step circuit 

M5L 
8048-XXXP 

ALE 

DATA BUS ~ :: 00- 08 THE LOW-ORDER 8 BITS OF PC 
(PCer- PC 7) 

~----------~r--------~ 
THE 
LOW-ORDER 
4 BITS OF 
PORT 2 
P2o-P23 

THE HIGH-ORDER 4 BITS OF PC 
(PCg-PCll) 

(b) Single-step operation timing 

I 
EXECUTING 
Tie 

INSTRUCTION 

Fig.14 Single-step operation circuit and timing 

A type D flip-flop with preset and reset terminals, as shown 
in Fig. 11, is used to generate the signal for SS. When the 
preset terminal goes to low-level, SS goes to high-level, 

which puts the CPU in RUN mode. When the preset termi­

nal is grounded it goes to high-level. Then SS goes to low­
level. When SS goes to low-level, the CPU stops. Then when 

the push-button switch is pushed, a pulse is sent to the 

clock terminal of the type D flip-flop which turns SS to 

high-level. When SS goes to high-level the CPU fetches the 
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next instruction and begins to execute it, but then an ALE 

signal is sent to the reset terminal of the type D flip-flop 

which turns 55 to low-level. The CPU again stops as soon 

as execution of the current instruction is completed. When 

the push-button switch is again pushed, the cycle is repeat­

ed and the CPU is in single-step operation as shown in Fig. 

12. While the CPU is stopped in single-step operation, the 

data bus and the lo't'l-order 4 bits of port 2 are used to out­

put the memory address of the next instruction to be fetch­

ed. This interferes with input and output, but essential 

input/output can be latched by using the rising edge of 

ALE as clock. 

Central Processing Unit (CPU) 
Central Processing Unit (CPU) is composed of an 8-bit para­

llel arithmetic unit, accumulator, flag flip-flop and instruc­

tion decoder. The 8-bit parallel arithmetic unit has cir­

cuitry to perform the four basic arithmetic operations 

(plus, minus, multiply and divide) as well as logical opera­

tions such as AND and OR. The flag flip-flop is used to 

indicate status such as carry and zero. The accumulator 

contains one of the operations and the result is usually 

retained in the accumulator. 

WHEN SS IS LOW, THE CPU RECOGNIZES THAT 

IT IS TO STOP. 

~ 
WHEN THE NEXT INSTRUCTION IS FETCHED, 

THE CPU SETS SWITCHES SO IT WILL STOP AFTER 

THE EXECUTION OF THE INSTRUCTION IS COM-

PLETED. 

~ 
WHEN ALE IS HIGH, THE MEMORY ADDRESS OF 

THE NEXT INSTRUCTION TO BE FETCHED IS OUT-

PUT THROUGH THE DATA BUS 18 BITS) AND THE 

LOW-ORDER 4 BITS OF PORT 2. 

t 
WHEN SS IS RETURNED TO HIGH LEVEL THE 

CPU RECOGNIZES THAT IT IS IN THE RUN MODE. 

THEN THE ALE SIGNAL GOES TO LOW-LEVE L 

WHICH INDICATES THE CPU IS IN THE RUN MODE 

AND THAT IT IS EXECUTING INSTRUCTIONS. 

~ 
IF THE CPU IS IN THE SINGLE-STEP MODE IPRE-

SET TERMINAL GROUNDED). AS SOON AS ALE 

GOES TO LOW-LEVEL, SS GOES TO LOW-LEVEL 

ISTOP) IF THE CPU IS THE RUN-MODE IPRE-

SET TERMINAL NOT GROUNDED). SS WILL RE-

MAIN AT HIGH-LEVEL. 

Fig. 15 CPU operation in single-step mode 
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MACHINE INSTRUCTIONS 

i\em 

ITY~ 
Mnemonic 

MOV A, ;l:n 

MOV A, PSW 

MOV A, Rr 

MOV A. @Rr 

MOV PSW. A 

MOV Rr. A 

MOV Rr. ;1:" 

MOV @Rr.A 

MOV @Rr. #n 

MOVP A. @A 

MOVP3 A, @A 

MOVX @Rr. A 

MOVX A. i1'Rr 

XCH A. Rr 

XCH A. @Rr 

XCHD A. @Rr 

ADD A. #n 

ADD A. Rr 

ADD A. (aRr 

o 0 1 0 0 0 1 1 2,3 

"7"0"5"4 "3"2"'"0 

1 1 0 0 0 1 1 1 

1111000ro 

1 1 0 1 0 1 1 1 

1 0 1 1 1 r2 r, ro 

"7"0"5"4 "3"2"'"0 

1010000ro 

1011000ro 

"7"e"5"4 "3"2"'"0 

1 0 1 0 0 0 1 1 

1 1 1 0 0 0 1 1 

1001000ro 

1000000ro 

o 0 1 0 0 0 0 ro 

o 0 1 1 0 0 0 ro 

00000011 

0110000 r O 

C7 

F8 
+ 

FO 
+ 

07 

A8 
+ 

B8 
+ 

AO 
+ 

BO 
+ 

A3 

E 3 

90 
+ 

80 
+ 

28 
+ 

20 
+ 

30 
+ 

03 

68 
+ 

60 
+ 
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FUNCTION OF MELPS 8·48 MICROCOMPUTERS 

(A)~(PSW) 

(A)~(Rr) 

r= 0 - 7 

Function 

(A)~(M(Rr» 

r=O-l 

(PSW)~(A) 

(C)~(A7), (AO)~(A6) 

(Rr)~(A) 

r=0-7 

(M(Rr»~(A) 

r=O-l 

(M(Rr»~n 

r=0-1 

(A)~(M(page 3, A» 

(Mx(Rr»~(A) 

r=O-l 

(A)~(Mx(Rr» 

,=0-1 

(A)~(Rr) 

r=0-7 

(A)~(M(Rr» 

r=O-l 

(AO-A3)<---->(M (Rro---:Rr3» 

r=O-l 

(A)~(A)+(Rr) 

r=0-7 

(A)~(A)+(M(Rr» 

r=O-l 

Effected 
carry 

'" o AO 0 
z 

o 0 

o 0 1 

o 0 1 

001 

Description 

Transfers data n to register A. 

Transfers the contents of the program status 
word to register A. 

Transfers the contents of register R, to regis­
ter A. 

Transfers the contents of memory location, 
of the current page, whose address is in regis­
ter R, to register A. 

Transfers the contents of register A to the 
program status word. 

Transfers the contents of register A to regis­
ter R,. 

Transfers data n to register R ,. 

Transfers the contents of register A to mem­
ory location, of the current page, whose ad­
dress is in register R,. 

Transfers data n to memory location, of the 
current page, whose address is in register R,. 

Transfers the data of memory location, of 
the current page, whose address is in register 
A to register A. 

Transfers the data of memory location, of 
page 3, whose address is in register A to 
register A. 

Transfers the contents of register A to mem­
ory locatior., of the current page, whose 
address is in register R,. 

Transfers the contents of memory location, 
of the current page, whose address is in regis­
ter R, to regiswr A. 

Exchanges the contents of register R, with 
the contents of register A. 

Exchanges the contents of memory location, 
of the current page, whose address is in regis­
ter R, with the contents of register A. 

Exchanges the contents of the low-order four 
bits of register A. with the low-order four 
bits of memory location, of the current 
page, whose address is in register R,. 
Adds data n to the contents of register A 
and sets the carry flags to 1 if there is an 
overflow otherwise resets the carry flags 
to O. The resu It is stored in register A. 
Adds the conte'nts of register R, to the con­
tents of register A and sets the carry flags to 1 if 
there is an overflow otherwiseresets,the'carry 
flags to O. The result is stored in register A. 
Adds the contents ot register A and the con­
tents of memory location, of the current page, 
whose address is in register Aand sets the carry 
flags to 1 if there is an overflow otherwise resets 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rry~~mQT~ffiw~~noffidinffi~~r 
Adds the carry and data n to the contents of 
register A and sets the carry flags to 1 if 
there is an overflow otherwise resets the 
carry flags to O. The result is stored in regis­
ter A. 

00010011 
ADDC A. ;l:n 

ADDC A. Rr 

ADDC A. @Rr 
0111000r o 

1 3 

78 

+ 

70 
+ 

(A)~(A)+n+(O) 

(A)~ (A)+(Rr)+(O) 

r=0-7 

(A) ~ (A)+(M (Rr» + (0) 

r=O-l 

o 0 

001 

001 

Adds the carry and the contents of register 
R, to the contents of register A and sets the 
carry f lags to 1 if there is an overflow 
otherwise resets the carry flags to O. The 
result is stored in register A. 
Add~ the carry and the contents of memory 
location,of the current page, whose address is 
in register R, to the contents of register A and 
sets the carry flags to 1 if there is an ()verflow 
otherwise resets the carry flags to O. The resu It '---"--------'--_,..... _____ --J ___ .l-..J.._L-__________ ......L_J..-..J..---LIS stored m reglsterA. ____ ,....._....;....J 
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I\em 
ITY~ 

Mnemonic 

ANL A, "'n 

ANL A, Rr 

ANL A, (aRr 

ORL A, "'n 

ORL A, Rr 

ORL A, (aRr 

XRL A, 1:n 

u XRL A, Rr 
~ 

~ 
~ XRL A, @Rr 

INC A 

DEC A 

CLR A 

CPL A 

DA A 

Instruc'tion code 

Hexa· 
decimal 

0101001153 

"7"6"5"4 "3"2"'"0 

o 1 0 1 0 0 0 ro 

58 
+ 

50 
+ 

0100001143 

"7"6"5"4 "3"2"'"0 

o 1 0 0 0 0 0 ro 

1 1 0 1 0 0 1 1 

1 1 0 1 0 0 0 ro 

o 0 0 1 0 1 1 1 

00000111 

o 0 1 0 0 1 1 1 

o 0 1 1 0 1 1 1 

o 1 0 1 o 1 1 1 

48 
+ 

40 
+ 

03 

08 
+ 

DO 
+ 

1 7 

07 

27 

37 

57 

MITSUBISHI MICROCOMPUTERS 

MELPS 8·48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

Function 

(A)~(A)An 

(A)~(A)A(Rr) 

r=0-7 

(A)~ (A) A(M(R,» 

r=O-1 

(A)~(A)Vn 

(A)~(A)V (Rr) 

r=0-7 

(A)~(A)V (M(Rr» 

r ~0-1 

2 (A) ~ (A)Vn 

(A) ~ (AW (Rr) 

r=I-7 

(A) ~- (A)V (M(Rr» 

r=O-1 

(A)~(A)-1 

(A)~(A) 

(A) ~ (A) 10 Hexadecimal 

Effected 
carry 

'" C AC 0 
z 

o 0 1 

Description 

The logical product of the contents of regis· 
te, A and data n, is stored in register A. 

The logical product of the contents of regis· 
ter A and the contents of register R" is 
stored in register A. 

The logical product of the contents of 
register A and the contents of memory loca· 
tion, of the current page, whose address is 
in register R" is stored in register A. 

The logical sum of the contents of register 
A and data n, is stored in register A 

The logical sum of the contents of register A 
and the contents of register R, is stored in 
register A. 

The logical sum of the contents of register A 
and the contents of memory location, of 
the current page, whose address is in regis· 
ter R" is stored in register A. 

The exclusive OR of the contents of register 
A and data n, is stored in register A. 

The exclusive OR of the contents of register 
A and the contents of register R, is stored 
in register A. 

The exclusive OR of the contents of register 
A and the contents of memory location, of 
the current page, whose address is in register 
R" is stored in register A. 

I ncrements the contents of register A by 1. 
The result is stored in register A, and the car· 
ries are unchanged. 

Decrements the contents of register A by I. 
The result is stored in regist~r A, and the car· 
ries are unchanged. 

Clears the contents of register A, resets to 
O. 

Forms l's complement of register A, and 
stores it in register A. 

The contents of register A is converted to binary 
coded decimal notlon,and it is stored in register 
A.lf the contents of register A are more than 99 
the carry flags are set to 1 otherwise they are 

i--------i----------+----+--+---1!-------------+-+---+-+resettoO.----------'-------1 

SWAP A 

RL A, 

RLC A 

RR A 

RRC A 

INC Rr 

INC ([JRr 

DEC Rr 

o 1 0 0 o 1 1 1 

1 1 1 0 0 1 1 1 

1 1 1 1 0 1 1 1 

o 1 1 1 0 1 1 1 

o 1 1 0 0 1 1 1 

000 1 

000 1 o 0 0 ro 

1 1 0 0 

47 

E 7 

F 7 

77 

67 

18 
+ 

10 
+ 

C8 
+ 

(An+,)~(An) 

(Ao)~(A7) n=0-6 

(An+,)~(An) 
(Ao)~(C) 
(C)~(A7) n=0-6 

(An)~(An+') 
(A 7) ~ (Ao) n=0-6 

(An)~(An+') 
(A7)~(C) 
(C)~(Ao) n=0-6 

(Rr)~(Rr)+1 

r=0-7 

(M(Rr»~(M (Rr» + 1 

r=O-1 

(Rr)~(Rr)-1 

r= 0-7 

• MITSUBISHI 
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o 

o 

Exchanges the contents of bits 0--3 of regis· 
ter A with the contents of bits 4-7 of regis· 
ter A. 

Shifts the contents of register A left one bit. 
A7 the MSB is rotated to Ao the LSB. 

Shifts the contents of register A left one bit. 
A, the'MSB is shifted to the carry flag and 
the carry flag is shifted to Ao the LSB. 

Shifts the contents of register A right one 
bit. Ao the LSB is rotated to A7 the MSB. 

Shifts the contents of register A right one 
bit. Ao the LSB is shifted to the carry flag 
and the carry flag is sh if ted to A7 the MSB. 

Increments the contents of register Rr by 
1. The result is stored in register R, and the 
carries are unchanged. 

Increments the contents of the memory 
location, of the current page, whose address 
is in register R, by 1. Register R, uses bit 
0-5. 

Decrements the contents of register R, by 
I. The result is stored in register R, and the 
carries are unchanged. 

2-15 
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S I nstruct ion code 

Mnemonic 
Hexa-

D70s 0 s04 0 3 0 2 0 1 0 0 Type decimal 

0 1 0 
1 2 

J8b m 
b 7 be b s 1 0 + 
m7 me mS m4 m3 m 2 m 1 m O bX2 

m 

JTF m 
0 0 0 1 0 1 1 0 1 6 

m7me mS m4 m3 m2 ml mO m 

1 0 0 0 0 1 1 0 8 6 
JNlm -m7m,mSm4 m3mZml mO m 

04 
JMP m ml0 mg me O 0 1 0 0 + 

(ma- ml0) 
X2 

m7me mSm4 m3 m2 ml mO m 

JMPP @A 1 0 1 1 0 0 1 1 83 

1 1 1 0 1 r Z r 1 r O 
E8 

DJNZ Rr, m + 
r 

m7 me mS m4 m3 m2 ml mO m 

JC m 
1 1 1 1 0 1 1 0 F6 

m7me mSm4 m3 m2 ml mO m 

JNC m 
1 1 1 0 0 1 1 0 E6 

c. m7me mS m4 m3 m 2 m 1 m O m 

~ 
JZ m 

1 1 0 0 0 1 1 0 C6 

m7me mS m4 m3 m2 ml mO m 

1 0 
JNZ m 

0 1 0 1 1 0 96 

m7memS~ m3 m2 ml mO m 

JTO m 
0 0 1 1 0 1 1 0 36 

m7 me mS m4 m3 m2 ml mO m 

JNTO m 
0 0 1 0 0 1 1 0 26 

m7me mSm4 m3 m 2 m 1 m O m 

JT1 m 
0 1 0 1 0 1 1 0 56 

m7 me mSm4 m3 m2 ml mO m 

JNT1 m 
0 1 0 0 0 1 1 0 46 

m7me mS m4 m3 m2 ml mO m 

1 0 1 1 
JFO m 

0 1 1 0 86 

m7me mSm4 m3 m 2 m 1 m O m 

JF1 m 
0 1 1 1 0 1 1 0 76 

m7me mSm4 m3 m2 ml mO m 

CLR C 
1 0 0 1 0 1 1 1 

97 

CPL C 
1 0 1 0 0 1 1 1 

A7 

t----

~ CLR Fo 
1 0 0 0 0 1 0 1 

85 

8 
0> 1 0 0 1 0 1 0 1 '" CPL Fo 95 u:: 

CLR Fl 
1 0 1 0 0 1 0 1 

A5 

CPL Fl 
1 0 1 1 0 1 0 1 

85 

2-16 

~ 
co 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

? 

2 

·2 

2 

2 

2 

1 

1 

1 

1 

1 

1 
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MELPS 8-48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

ill 
U Function 
> 
U 

(Ab)=1 then (POO-P07)~m 
2 (Ab) =0 then (PO) ~ (PO) +2 

b7bSbs= 0 - 7 

(TF) = 1 then (POO-P07)+--m 
2 

(TF) = 0 then (PO)~(PO) + 2 

2 
(PCa-PC,) - m when (INT) = 0 

(PC) - (PC) + 2 when (INT) = 1 

(POa-POlo)~ma-mlO 

2 (POO-P07)~mo-m7 

(POll) ~ (MBF) 

2 (pOo-P07)~(M (A» 

(Rr)~(Rr)-1 r=0-7 
2 (Rr)*O then (POO-P07)~ m 

(Rr)=O then (PO)~(PO)+ 2 

(0)=1 then (POO-P07)~m 
2 

(0)=0 then (PO)~(PC)+2 

(C) =0 then (PCO-PC7)~m 
2 

(C)=1 then (PC)~(PC)+2 

(A)=O then (PCO-PC7)~m 
2 

(A) *0 then (PC) ~ (PC) +2 

(A)*O then (PCO-PC7)~m 
2 

(A)=O then (PC) ~ (PC) +2 

(To) = 1 then (PCO-PC7)~m 
2 

(To) =0 then (PO) ~ (PC)+2 

(To) =0 then (PCO-PC7)~m 
2 

(To) =1 then (PC)~(PC)+2 

(T I )=l then (PCO-PC7)~m 
2 

(TI)=O then (PC) ~ (PC) +2 

(TI)=O then (PCO-P07)~m 
2 

(T I )=1 then (PC) ~ (PC) +2 

(Fo) =1 then (POO-PC7)~m 
2 

(Fo) =0 then (PO)~(PO)+2 

2 
(Fll =1 then (PCo-PC,)-m 
(F 1 ) =0 then (PC) ~ (PC) + 2 

1 (C)- 0 

1 (C)-(e) 

1 (Fo)-O 

1 (Fo) - <Fo) 

1 (FIl ~O 

1 (FI)-(FI) 

• MITSUBISHI 
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Effected 
carry 

Description 
Q) 

0 AO 0 z 
Jumps to address m of the current page when 
bit b of register A is 1. Executes the next 
instruction when bit b of register A is 0. 

Jumps to address m of the current page 
when the overflow flag of the timer is 1 
otherwise the next instruction is executed. 
Flag is cleared after executing. 

This instruction causes a jump to the 

address indicated by the second byte if the 

external interrupt pin INT is low. 

Jumps to address m on page m,o m9 ma in 
the memory bank indicated by MBF. 

Jumps to the memory location, of the cur· 
rent page, whose address is in register A. 
But when the instruction executed was in 
address 255, jumps to next page. 

Decrements the contents of register Rr by 1. 
Jumps to address m of the current page 
when the result is not 0, otherwise the next 
instruction is executed. 

Jumps to address m of the current page if 
the carry flag C is 1, otherwise the next 
instruction is executed. 

Jumps to address m of the current page if 
the carry flag C is 0, otherwise the next 
instruction is executed. 

Jumps to address m of the current page 
when the contents of register A are '0, 
otherwise the next instruction is executed. 

Jumps to address m of the current page 
when the contents of register A are no.t 0, 
otherwise the next instruction is executed. 

Jumps to address m of the current page 
when flag T a is 1 otherwise the next instruc-
tion is executed. 

Jumps to address m of the current page 
when flag To is 0, otherwise the next in-
struction is executed. 

Jumps to address m of the current page 
when flag T, is 1. otherwise the next in-
struction is executed. 

Jumps to address. m of the current page 
when flag T, is 0. otherwise the next in· 
struction is executed. 

Jumps to address m of the current page 
when flag Fa is 1. 

Jumps to address m of the current page 
when flag F, is 1. 

0 Clear~ the carry flag C, resets it to 0. AC is 
not affected. 

0 Complements the carry flag C. AC is not 
affected. 

Clears the flag Fo , resets it to 0. 

Complements the flag Fo. 

Clears flag F, resets it to 0. 

Complements the flag F,. 



is I nstruction code 
Mnemonic 

Hexa-
0,06 0 5 0 4 0 3 0 2 0,0 0 Typp decimal 

CALL m ml0 m g"mS 1 0 1 0 0 14 
+-

(me m,o) 
X2 

m7 m 6 m S m 4 m3 m 2 m 1 m O m 

~ 
<l) 

c RET 1 0 0 0 0 0 1 1 83 
OJ 

~ 
1 0 

RETR 
0 1 0 0 1 1 93 

IN A, Pp 0 0 0 0 1 o p, Po 08 
+ 
P 

OUTL Pp, A 0 0 1 1 1 o P,Po 38 
+ 
P 

ANL Pp, lin 1 0 0 1 1 o p, Po 98 
+ 

"7"8"5"4 "3"2"'"0 P 
n 

ORL Pp, lin 1 0 0 0 1 o p, Po 88 
+ 

"7"8"5"4 "3"2"'"0 n 
p 

INS A, BUS 0 0 0 0 1 0 0 0 08 

OUTL BUS, A 0 0 0 0 0 0 1 0 02 

~ 
0 ANL BUS, lin 1 0 0 1 1 0 0 0 98 () 

::J "7"8"5"4 "3"2"'"0 n 
.9-
<5 ORL BUS, lin 1 0 0 0 1 0 0 0 88 
5 
~ "7"8"5"4 "3"2"'"0 n 

MOVO A, Pp 
0 0 0 0 1 1 p, Po OC I 

p:po 

MOVO Pp, A 
0 0 1 1 1 1 p, Po 3C 

+ 
P,Po 

1 0 0 1 1 1 9C 
ANLO Pp, A 

p,'Po + 
P,Po 

ORLO Pp, A 
1 0 0 0 1 1 p, Po 8C 

+ 
P,Po 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

Effected 
<l) <l) carry 

~ Function Description > <l) co U C AC 0 z 

«SP)) ~ (PC) (PSW4-PSW,) Calis subroutine from address m. The pro-
(SP) ~- (SP) , 1 gram counter and the 4 high-order bits of 

2 2 (PC o '0)-- m 
the PSW are stored in the address indicated 
by the stack pointer (SP). The SP is incre-

(PC" ) -- MBF men ted by 1 and m is transferred to PCo-
PC,o and the MBF is transferred to PC". 

The SP is decremented by 1. The program 
(SP) -- (SP)-l counter is restored to the saved setting in 

1 2 the stack indicated by the stack pointer. 
(PC) ~ «SP)) The PSW is not changed and interrupt dis-

abled is maintaineJ. 

The SP is decremented by 1. The program 

(SP) ~ (SP) - 1 counter and the 4 high-order bits of the 
PSW are restored with the saved data in the 

1 2 stack indicated by the stack pointer. The 
(PC) (PSW4- PSW')~( (SP)) interrupt becomes enabled after the execu-

tion is completed. 

1 2 
(A)~ (Pp) 
p~1-2 

Loads the contents of Pp to register A. 

(Pp) ~(A) Output latches the contents of register A to 
1 2 

P~1-2 Pp 

(Pp)~(pp)i\ n Logical ANOs the contents of Pp and data 
2 2 n. Outputs the result to Pp 

p~1-2 

2 2 
(Pp)~(Pp)Vn 

p~1-2 

Logical ORs the contents of Pp and data 
n. Outputs the result to Pp 

1 2 (A)~(BUS) 
Enters the contents of data bus (port 0) 
to register A 

1 2 (BUS)~(A) 
Output latches the contents of register A 
data to data bus (port 0) 

Logical ANOs the contents of data bus 
2 2 (BUS) ~ (BUS) i\ n (port 0) and data n. OutputS the result to 

data bus (port 0) 

Logical 0 Rs the contents of data bus (port 
2 2 (BUS) ~ (BUS) V n 0) and data n. Outputs the result to data 

bus (port 0) 

Inputs the contents of Pp 
(Ao-A3)~(PPO-PP3) to the low-order 4 bits 

1 2 of register A and inputs 0 Pp's used 
(A4-A,)~0 p=4-7 to the high-order 4 bits for multi-

of register A plying 8243 
ports are p. 

(PPo- PP3)~( Ao -A3) Outputs the low-order 4 -P7 · 
1 2 

bits of r~gister A to Pp. Correspon-p=4-7 
denceto Pl. 

Logical ANOs the 4 low-
p, isshown 

(PPO-PP3)~( PPO-PP3) i\(Ao-"-A3) order bits of register A 
below. 

1 2 and the contents of Pp. P4"'p,pz=00 
p=4-7 

Ppcontains the result. P5"'p,Pz=01 

P6"'p,pz= 10 

Logical ORs the 4 low- P7···p,pz= 11 
(PPO-PP3)~( PPo- PP3)V (Ao-A3) order bits of register A 1 2 

and the contents of Pp. p=4-7 
Pp contains the result 

• MITSUBISHI 
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MELPS 8·48 MICROCOMPUTERS 

FUNCTION OF MELPS 8·48 MICROCOMPUTERS 

~ 
I.nstruction code 

Effected 

~ 
~ carry 

Mnemonic OJ Function 
'" 

Description 
Hexa- en > 

0706 Os 0 4 D3 O2 01 Do U C AC 0 Typ decimal z 

EN I 0 0 0 0 0 1 0 1 05 1 1 (lNTF)~ 1 Enables outside interrupt. 

DIS I 0 0 0 1 0 1 0 1 15 1 1 (lNTF)~O Disables outside interrupt. 

~ SEL RBo 1 1 0 0 0 1 0 1 C5 1 1 (8S)~O Selects working register bank O. 

0 
0 

:J SEl RBl 1 1 0 1 0 1 0 1 05 1 1 (8S)~ 1 Selects working register bank 1. Cl. 
S 
0 
S 
Cl. SEl MBo 1 1 1 0 0 1 0 1 E5 1 1 (M8F)~ 0 Selects memory bank O. .E 

SEl MBl 1 1 1 1 0 1 0 1 F5 1 1 (M8F)~ 1 Selects memory bank 1. 

ENTO ClK 0 1 1 1 0 1 0 1 75 1 1 
Enables output of clock signal from terminal 
To 

MOY A, T 0 1 0 0 0 0 1 0 42 1 1 (A)~(T) Transfers the contents of timer/event coun-
ter to register A. 

MOY T, A 0 1 1 0 0 0 1 0 62 1 1 (T)~(A) Transfers the contents of register A to timer/ 
event counter. 

~ ST,RT T 0 1 0 1 0 1 0 1 55 1 1 Starts timer operation of timer/event coun-
term. Minimum count cyde is 801ls. 

8 

~ Starts operation as event counter of time/ 

STRT CNT 0 1 0 0 0 1 0 1 45 1 1 event counter. Counts up when terminated 

8 T I changes to input high-level for input low-

e level. Minimum count cycle is 7.5I1S. 

!1i 
~ STOP TCNT 0 1 1 0 0 1 0 1 65 1 1 Stops operation of timer or event counter. 
~ 
;:: 

EN TCNTI 0 0 1 0 0 1 0 1 25 1 1 (TCNTF)~ 1 Enables interrupt of timer/evtmt counter. 

Disables interrupt of timer/event counter. 

DIS TCNT! 0 0 1 1 0 1 0 1 35 1 1 (TCNTF)~ 0 Resets interrupt flip-flop of CPU which is 
set .during the CPU stands-by. Timer over-
flow flag isn't affected. 

iii NOP 0 0 0 0 0 0 0 0 00 1 1 No operation. Execution time is 1 cycle. ~ 

Note 1: Executing an instruction may produce a carry (overflow or underflow). The carry may be disregarded (lost) or it may be transferred to C/AC (saved). The saving of 

a carry is not shown in the function equations, but is instead shown in the carry columns C and AC. The detail affection of carries for instruction~ ADD ADDC and 
DA is as follows: 

2-18 

(C) +-1 at overflow of the accumulator is produced. 

(C) +- 0 at no overflow of the accumulator is produced. 

(AC) <-- 1 at overflow of the bit 3 of the accumulator. 

(AC) +- 0 at no overflow. 

• MITSUBISHI 
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Symbol 

A 

Ao-A3 

A4-A7 

Ao-An,An +1 

b 

b7 b6bS 

BS 

BUS 

AC 

C 

DBB 

Fo 

F, 

INTF 

ISF 
m 

m7m6mSm4m3m2m,mO 

mlO mg ma 

(M(A)) 

(M (Rr)) 

(Mx(Rr)) 

MBF 

n 

n 1n 6n Sn 4n 3n 2n 1 n 0 

OSF 

P 
Pp 

PIPO 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MICROCOMPUTERS 

FUNCTION OF MELPS 8-48 MICROCOMPUTERS 

Meaning Symbol 

8-bit register (accumlator) PC 

The low-order 4 bits of the register A PCO-PC7 

The high-order 4 bits of the register A PCS-PClO 
The bits of the register A PSW 

The value of the bits 5-7 of the first byte machine code 

The bits 5- 7 of the first byte machine code Rr 

Register bank select r 
Corresponds to the port 0 (bus I/O port) r 0 

r2 r , r O 
Auxiliary carry flag S2S 1S0 

Carry flag SP 

Data bus buffer ST4-ST7 

STS 
Flag 0 T 
Flag 1 To 
Interrupt flag T, 
Input buffer full flag TCNTF 
The value of the 11-bit address TF 
The second byte (low-order 8 bits) machine code of the 
11 -bit address 
The bits 5-7 of the first byte (high-order 3 blts)machine 
code of at he 11 -bit address 

j:j: 

The content of the memory location addressed by the register A @ 

The content of rhe memory location addressed by the register Rr 

The content of the external memory location addressed 
by the register Rr 

+--

Memory bank flag +-----+ 

The value of the immediate data ( ) 

The Immediate data of the second byte machine code 1\ 

Output buffer full flag V 

V 
Port number 

Port designator 

The bits of the machine code corresponding to the port number 

' .. MITSUBISHI 
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-

0 

Meaning 

Program counter 

The low-order 8 bits of the program counter 

The high-order 3 bits of the program counter 

Program status word 

Register designator 

Register number 

The value of bit 0 of the machine code 

The value of bits 0-2 of the machine code 

The value of blts.0-2 of the stack pOinter 

Stack pointer 

Bits 4- 7 of the status register 

System status 

Timer / event counter 

Test pin 0 

Test pin 1 

Timer / event counter overflow interrupt flag 

Timer flag 

Symbol to indicate the immediate data 

Symbol to indicate the cuntent of the memory location 

address by the register 

Shows direction of data flow 

Exchanges the contents of data 

Contents of register. memory location or flag 

Logical A~D 

InclUSive OR 

Exclusive OR 

Negation 

Content of flag is set or reset after execution 
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Instruction Code List 

0000 0001 0010 0011 0100 

Hexa-

decimal 0 2 3 4 

INC 
0000 0 NOP 

@RO 

INC 
0001 

0010 2 

0011 3 

0100 4 

0101 5 

0110 6 

0111 7 A A 

ORL 
1000 8 A, RO 

ORL 
1001 9 A, Rl 

ORL 
1010 A A,R, 

ORL 
1011 B A, R3 

ORL 
1100 C A, R4 

ORL 
1101 0 A, R5 

ORL 
1110 E A,R6 

ORL 
1111 F A, R7 

2-20 
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,.,ELPS,8-48 MICROCOMPUTERS 

FU"CTION OF MELPS 8-48 MICROCOMPUTERS 

0101 0110 0111 1000 

5 6 7 8 

ANL ADD 

ADD 

A A A 

ANL ADD 

A,RO A,RO 

ANL ADD 

A,Rl A,Rl 

ANL ADD 

A,R2 A,R2 

ANL ADD 

A,R3 A,R3 

ANL ADD 

A,R4 A,R4 

ANL ADD 

A,R5 A,R5 

ANL ADD 

A,R6 A,R6 

ANL ADD 

A,R7 A,R7 

• MITSUBISHI 
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1001 1010 1011 1100 1101 1110 1111 

9 A B C 0 E F 

XRL 

A,@RO 

XRL 

• 2-byte 2-cycle instruction 

1 -byte 2-cycle instruction 

0 l-byte l-cycle instruction 



MITSUBISHI MICROCOMPUTERS 

MSL8048-XXXP IMSL803SLP 

DESCRIPTION 
The MSL8048-XXXP and MSL803SLP are 8-bit parallel 
microcomputer fabricated on a single chip using high­

speed N-channel silicon-gate ED-MaS technology. 

FEATURES 
• Single SV power supply 

• Instruction cycle ................. 2.SJ,ts (min) 

• Basic machine instructions: ................ 96 
l-byte instructions: 68 

2-byte instructions: 28 

• Direct addressing .............. up to 4096 bytes 

• I nternal ROM ...............•.... 1024 bytes 
(for MSL8048-XXXP only) 

• Internal RAM ..................... 64 bytes 

• Built-in timer/event counter ............. , 8 bits 

• I/O Ports .......................... 27 lines 

• Easily expandable Memory and I/O 

• Subroutine nesting ................... 8 levels 

• External and timer/event counter interrupt. 1 level each 

• Low power standby mode 
• External RAM ..................... 2S6 bytes 

• Interchangeable with i 8048 and i 8035L in pin configura­
tion and electrical characteristics 

APPLICATION 
• Control processor or CPU for a wide variety of appli­

cations 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT 1 Xl -+ 2 

CLOCK INPUT 2 X2 -+ 3 

RESET INPUT RESET-+ 4 

SINGLE·STEP INPUT SS -+ 5 

REQ0~H~~~0t INT-+ 6 

EXTERNAL ACCESS EA -+ 7 

READ RD _ 8 

STOR~REONG:s't~ PSEN +- 9 

WRITE WR +- 10 

LATCl~/i~~c~ ALE +- 11 

DATA BUS 

Vee (5V) 

39 +- Tl TEST PIN 1 

37 *P26 
38 *P2

7
} 

36 *P2s I/O PORT 2 

35 *P24 

I/O PORT 1 

27 * P1 0 

26 Voo (5V) 

25 -+PROG F/~TERNAL 

23 * P 2 2 I/O PORT 2 

22 " P2 1 

( 0 V) Vss 

CONTROL 
24 * P2 3} OUTPUT 

"'-1'--____ ..J'2-' * P 20 

Outline 40P4 

FUNCTION 
The MSL8048-XXXP and MSL803SLP are integrated 8-bit 

CPU, with memory (ROM, RAM) and timer/event counter 

interrupt all contained on a single chip. 

BLOCK DIAGRAM 
Plu Ph P14 Pt6 PZo P22 P24 PZ6 

Pl1 Ph Ph Ph P21 P23 P2s P27 

To T, iNT RESET PROG E.A X, X, ALE. PSEN 55 AD WR 

• MITSUBISHI 
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RO REGISTE R 0 

R 1 REGISTER 1 

R2REGISTER2 o 

R3 REGISTER 3 ~ 
R4REGISTER4 ~ 

ffi RSREGISTERs co 
o R6REGISTER6 
8 R7REGISTER7 

~ STACK 

~ ROREGISTERo 
w R 1 REGISTER 1 

gs R2REGISTER2 
~ R3REGISTER3 -

R4REGISTER4 ~ 
RSREGISTER 5 65 
R6REGISTER6 
R7 REGISTER 7 

T, 

I 
RAM 64 BY.T~~ 

------------------~---
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PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Vee Power supply 

To Test pin 0 

X1 •. X2 Crystal inputs 

RESET Reset 

-
SS Single step 

-
INT Interrupt 

EA External access 

-
RO Read control 

PSEN Program store enable 

--
WR Write control 

ALE Address latch enable 

0 0-07 Data bus 

P20-P27 Port 2 

PROG Program 

Pl o-P1 7 Port 1 

T1 Test pin 1 

2-22 

Input or output 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input/output 

Input/output 

Output 

Input/output 

Output 

Input/output 

Input 

MITSUBISHI MICROCOMPUTERS 

MSL8048-XXXP IMSL803SLP 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

Function 

Normally Connected to ground (OV). 

Connected to 5V power supply. 

<DConnected t05V power supply. 

®Used for memory ,hold when Vcc is cut. 

<DControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTO/JNTO). 

®Used for outputting the internal clock signal (ENTO ClK). 

External crystal oscillator or RC circuit input for generating internal clock signals. 

An external clock signal can be input through Xl or X2• 

Control used to initialize the CPU. 

Control signal used in conjunction with ALE to stop the CPU through each instruction. in the single-step 

mode. 

<DControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JNI). 

®Used for external Interrupt to CPU. 

<DNormally maintained at OV. 

®When the level is raised to 5V, external memory will be accessed even when the address is less .than 

40016 (1024). The M5lB035lP is raised to 5V. 

Read control signal used when the CPU requests data from external data memory or external device to 

be transferred to the data bus. 

(MOVX A, @Rr, and INS A. BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CP.U sends data through the data bus to external data memory or ex-

ternal device. 

(MOVX @Rr• A and OUTl BUS. A) 

A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle. 

<DProvides true bidirectional bus transfer of instructions and data between the CPU and external mem-

ory. Synchronizing is done with signals RD/WR. The output data is latched. 

®When using external program memory. the output of the low-order B bits of the program counter are 

synchronized with ALE. After that. the transfer of the instruction code or data from ,the external program 

memory is synchronized with PSEN. 

@The output of addresses for data using the external data memory is synchronized with ALE. After that, 

the transfer of data with the external data memory is synchronized with RD/WR. 

(MOVX A. @Rr, and MOVX @Rr• A) 

. <DQuasi-bidirectional port. When used as an input port. FF16 must first be output to this port. After reset, 

when not used as an output port. nothing needs to be output. 

®P20-P23 output high-order 4 bits of the program counter when using external program memory. 

@P2o-P23 serve as a 4-bit I/O expander bus for the M5lB243P. 

Strobe signal for M5lB243P I/O expander. 

Quasi-bidirectional port. When used as an input port. FF16 must first be output to this port. After reset, 

when not used as an output port. nothing needs to be output. 

<DControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTl /JNT1). 

®When enabled. event signals are transferred to the timer/event counter (STRT CNT). 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MSL8048-XXXP IMSL803SLP 

SINGLE·CHIP a·BIT MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.5-7 

-0.5-7 

-0.5-7 

Voo Supply voltage 
I---V-=-I "---+-I-np-u-t-vo-I-ta-ge-------- -- ---- With respect to Vss 

Vo Output voltage -0.5-7 

Pd Power dissipation 1.5 

Topr Operating free-air temperature range -20-75 

T s t 9 Storage temperature range 
--c-----------

-65-150 

RECOMMENDED OPERATING CONDITIONS (Ta = -20-75°C, unless otherwise noted) 

Limits 
Symbol Parameter 1-----.------,----- Unit 

Vee 

Min Nom Max 
I--------+----------------------!-- --1----- ~- t-------

Supply voltage 4.5 5 5_5 V 

Voo Supply voltage 4.5 5 5.5 V 

Vss Su~ply voltage 0 V 

High-level input voltage, except X 1, X2 and RESET Vee V 

--------t--~ 

High-level input voltage, except X 1, X2 and RESET '3.8 Vee v 

Low-level input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta= -20-75°C, Vee=Voo=5V::I-: 10%, VSS=OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

VOL Low-level output voltage, BUS, RD, WR, J5StN, ALE IOL=2mA 

VOLI Low-level output voltage, except the above and PROG IOL=l,6mA 

VOL2 Low-level output voltage, PROG IOL = 1mA 

VOH High-level output voltage, BUS, RD, WR, PSEN, ALE IOH=-100,uA 2.4 

VOHI High-level output voltage, except the above IOH= -50,,,A 2.4 

II L Input leak current, T1, INT VSS~VIN~Vee -10 

IOL Output leak current, BUS, TO high-impedance state VSS +0.45~ VIN~ Vee -10 

I Lll Input current during low-level input, port VIL =0.8V 

ILl2 Input current during low-level input, ~,SS VIL =0.8V 

100 Supply current from Voo 

loo+lee Supply current from Voo and Vee 

TIMING REQUI REMENTS (Ta = -20-75'C. Vee=Voo=5V ± 10%. Vss=OV. unless otherwise noted) 

Alternative Symbol Parameter 
symbol Min 

tc Cycle time tey 2.5 

th (PSEN-D) Data hold time after PSEN tOR 0 

t h (R-D) Data hold time after RD tOR 0 

tsu (PSEN-D) Data setup time after J5StN t RO 

tsu (R-D) Data setup time after RD tRO 

tsu (A-D) Data setup time after address tAO 

tsu (PROG-D) Data setup time after PROG tpR 

th (PROG'D) Data hold time before PROG tpF 0 

Note 1: The input voltage level of the input voltage is VIL =0.45V and VIH=2.4V_ 

• MITSUBISHI 
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Limits I 
-1 Unit 

Typ Max 

'15.0 ,IlS 

200 ns 

200 ns 

500 ns 

500 ns 

950 ns 

81'0 ns 

150 ns 

Limits 

Typ Max 

0.45 

0.45 

0.45 

10 

10 

-0.2 

-0.05 

10 20 

65 135 

Unit 

V 
--

V 

V 

V 

W 

'C 

'C 

Unit 

V 

V 

V 

V 

V 

,uA 

/.1 A 

mA 

mA 

mA 

mA 
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MITSUBISHI MICROCOMPUTERS 

MSL8048-XXXP/MSL803SLP 

SINGLE.CHIP I·BIT MICROCOMPUTER 

SWITCHING CHARACTERISTICScTa=-20-75'c. Vcc=Voo=5V+l0%. Vss=ov. unless otherwise noted) 

Alternative Symbol Parameter symbol Min 

tw (ALE) ALE pulse width t LL 400 

td (A-ALE) Delay time, address to ALE signal tAL 120 

tV(ALE-A) Address valid time after ALE t LA 80 

t W (PSEN) ~ pulse width t CC 700 

tw (R) lID pu Ise width tcc 700 

tW(W) WR pu Ise width tcc 700 
-

td(Q-W) Delay time, data to iNA signal tow 500 
r-----

Data valid time after iNA tV(W-Q) two 120 

td(A-W) Delay time, address to W11 signal tAW 230 

td (AZ-R) Delay time, address disable to R1J signal tAFC 0 

td (AZ-PSEN) Delay time, address disable to PSEN signal t AFC 0 

td (PC-PROG) Delay time, port control to PROG signal t CP 110 

tv (PROG-PC) Port control valid time after PROG tpc 100 

tp (Q-PROG) Delay time, data to PROG signal top 250 

tv (PROG-Q) Data valid time after PROG tpo 65 
-------

tw(PROGL) PROG low pulse width tpp 1200 

td (Q-ALE) Delay time, data to ALE signal t PL 

tV(ALE-Q) Data valid time after ALE t LP 

Note 2: Conditions of measurement: control output CL =80pF 

data bus output, port output CL =150pF, tc=2.5,us 

3: Reference levels for the input/output voltages are low level=O.8V and high level =2V 

TIMING DIAGRAM 

350 

150 

Limits 
Unit 

Typ Max 

ns 

ns 

ns 

ns 

: 
ns 

I ns 

ns 

ns 
I 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
I ns 

Read from External Data Memory Write to External Data Memory 

ALE ALE 

RD ----------------,1 WR 

tv (W-O) 
th (R-O) 

BUS BUS 

I nstruction Fetch from Externa I Program Memory Port 2 

ALE 

PSEN -------#---~ 

BUS 

tsu (A-O) 

2-24 

ALE 

th(PSEN-O) 

t 
PORT CONTROL INPUT DATA 

_ v (PROG-PC) d(PC-PROG)~t II 

PROG ---------....... ----, tw (PROGL) ",~,..-------
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DESCRIPTION 
The M5L8049-XXXP, P-6 and M5L8039P-11,P-6 are 8-

bit parallel microcomputers fabricated on a single chip 

using high-speed N-channel silicon gate ED-MOS tech­
nology. 

S~e Internal ROM Type External ROM Type 

11 MHz Type M5L8049·XXXP M5L8039P·11 

6 MHz Type M5L8049·XXXP·6 M5L8039P·6 

FEATURES 
• Single 5V power supply 

• Basic machine instructions . . . . . . . . . . . . . . . .. 96 
1-byte instructions: 68 

2-byte instructions: 28 

• Direct addressing .............. up to 4096 bytes 

• Internal RAM ..................... 128 bytes 

• Built-in timer/event counter ....... . 

• I/O Ports ... : ....•.......... 
• Easily expandable Memory and I/O: 

• Subroutine nesting ........... . 

.. 8 bits 

27 lines 

8 levels 

• External and timer/event counter interrupt . 1 level each 

• External RAM ....................... 256 bytes 

• M5L8049-XXXP/M5L8039P-ll, P-6 are interchangeable 
with i 8049/i 8039, i 8039-6 in pin configuration and electric­
al characteristics. 

APPLICATION 
• Control processor or CPU for a wide variety of appli­

cations 

MITSUBISHI MICROCOMPUTERS 

MSL8049·XXXP, P·6 
MSL8039P.ll,P.6 

SINGLE-CHIP a-BIT MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT 2 X2 -+ 3 

RESET INPUT AESET-+ 4 

SINGLE·STEP INPUT SS -+ S 

REQG~~~~~~0~ INT -+ 6 

EXTERNAL ACCESS EA -+ 7 

READ AD +- 8 

STOR~R~~:B'i.~ PSEN +- 9 

WRITE WA +- 10 

ADDRESS LATCH ALE +- 11 

ENABLE 

DATA BUS 

Vee (5V) 

38 *P2 7
} 

37 *P2 . 
6 I/O PORT 2 

36 * P2s 

3S *P24 

28* P1 1 

27 *P10 

I/O PORT 1 

Voo (SV) 

2S ..... PAOG ~/~TERNAL 

OUTPUT 
23 *P22 

I/O PORT 2 
22 * P2 1 

( 0 V) Vss 

24 * P 2 3} CONTROL 

-, __________ ~-2~1 *P20 

Outline 40P4 

FUN~TION 
The M5L8049-XXXP and M5L8039P are integrated 8-bit 

CPUs, with memory (ROM, RAM) and timer/event counter 

interrupt all contained on a single chip. 

BLOCK DIAGRAM 
Pl0 Ph Pl. P16 P20 P22 P2.. P26 

Pl1 Ph Ph Ph 

To T\ iNT RESET PROG EA x 1 X 2 ALE PSEN 55 AD WR 

• MITSUBISHI 
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~ ROREGISTERO 
w RIREGISTER 1 

~ R2 REGISTER 2 

~ :!~~g:~~~~: ~ 

7\ 

RSREGISTEtJR;;3 . R6REGISTER6 
R7 REGISTER 7 

RAM 128 BYTES 
-----------------------
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PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pioO 

X1, X2 Crystal inputs 

RESET Reset 

-
SS Single step 

--
INT Interrupt 

EA External access 

-
RO Read control 

PSEN Program store enable 

WR Write control 

ALE Address latch enable 

0 0-07 Data bus 

P20-P27 Port 2 

PROG Program 

Pl o-P1 7 Port I 

T1 Test pin I 

2-26 

Input or output 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input/output 

Input/output 

Output 

Input/output 

Output 

Input/output 

Input 

MITSU81SHI MICROCOMPUTERS 

, MSL8()49·XXXP,P"6 
MSL8039p·ll,P·6 

SINGLE· CHIP a·BIT MICROCOMPUTER 

Function 

Normally connected to ground (OV): 

Connected to 5V power supply. 

Q)Connected to 5V power supply. 

~Used for memory hold when Vcc is cut. 

Q)Control signal from an external source for conditional jumping in a program. J"umping is dependent on 

external conditions (JTO/JNTO). 

~Used for outputting the internal clock signal (ENTO ClK). 

External crystal oscillator or RC circuit input for generating internal clock signals. 

An external clock signal can be input through Xl or X2. 

Control used to initialize the CPU. 

Control signal used- in conjunction with ALE to stop the CPU through each instruction, in the single-step 

mode. 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JNI). 

~Used for external interrupt to CPU. 

Q)Normally maintained at OV. 

~When the level is raised to 5V, external memory will be accessed even when the address is less than 

40016 (2048). The M5l8039P is raised t05V. 

Read control signal used when the CPU requests data from external data memory or external device to 

be transferred to the data bus. 

(MOVX A, @Rr, and INS A, BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CPU sends data through the data bus to external data memory or ex-

ternal device. 

(MOVX @Rr, A and OUTl BUS, A) 

A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle. 

Q)Provides true bidirectional bus transfer of instructions and data between the CPU and external mem-

ory. Synchronizing is done with signals RD/WR. The output data is latched. 

~When using external program memory, the output of the low-order 8 bits of the program counter are 

synchronized with ALE. After that, the transfer of the instruction code or data from the external program 
--

memory is synchronized with PSEN. 

alThe output of addresses for data using the external data memory is synchronized with ALE. After that, 
--

the transfer of data with the external data memory is synchronized with RD/WR. 

(MOVX A, @Rr, and MOVX @Rr, A) 

Q)Quasi-bidirectional port. When used as an input port, FF16 must first be output to this port. After reset, 

when not used as an output port, nothing needs to be output. 

~P2o-P23 output high-order 4 bits of the program counter when using external program memory. 

alP2o-P23 serve as a 4-bit I/O expander bus for the M5 l8243 P. 

Strobe signal for M5l8243P I/O expander. 

Quasi-bidirectional port. When used as an input port, FF16 must first be output to this port. After reset, 

when not used as an output port, nothing needs to be output. 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTI /JNTl). 

~When enabled, event signals are transferred to the timer/event counter (STRT CNT). 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

MSL8049-XXXP,P-6 
MSL8039P-ll,P-6 

SINGLE-CHIP a-BIT MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.5-7 V 
----

Voo -0.5-7 V 

-0.5-7 V 

Supply voltage 

Input voltage 
With respect to Vss 

Vo Output voltage -0.5 -7 V 

Pd Power dissipation Ta =25"C 1.5 W 

Topr Operating free-air temperature range -20-75 "C 

T S t 9 Storage temperature range - 65- 150 "C 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-75°C,unlessotherwisenoted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 
f--

Voo Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

VIHI High-level input voltage. except for X I, X2 , RESET 2 Vee V 
--.- ---~ 

VIH2 High-level input voltage, XI, X2 , fTI:-sET 3.8 Vee V 

VIL Low-level input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (Ta =-20-75°C, Vee=Voo=5V ± 1 0%, VSS~OV. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOL Low-level output voltage, BUS, RD, WR, PSEN, ALE IOL=2mA 0.45 V 

VOLI Low-level output voltage, except for the above and PROG IOL= 1.6mA 0.45 V 

VOL2 Low-level output voltage PROG IOL=lmA 0.45 V 

VOH High-level output voltage, BUS, RD, WR, PSEN, ALE IOH= -100"A 2.4 V 

VOHI High-level output voltage, except for the above IOH=-50,IIA 2.4 V 

I I L Input leak current, Tl,lNT VSS~VIN~Vee -10 10 f-/A 

IOL Output leak current, BUS, TO, high-impedance state VSS+ 0.45~VIN~Vee -10 10 f-/ A 

I Lll Input current during low-level input, port VIL =0.8V -0.2 mA 

I Ll2 Input current during low-level input, ~,~ VIL=0.8V -0.05 mA 

100 Supply current from Voo I Ta=25"C 25 50 mA 
.~ 

loo+lcc Supply current from Voo and Vee Ta=25"C 100 170 mA 

TIMING REQUIREMENTS (Ta=-20-75°C,Vee=Voo=5V ± 10%. Vss=OV. unless otherwise noted) 

Limits 

Symbol Parameter Alternative M5LB049- X XXP M5LB049-XXXP-B M5LB049-XXXP-6 
Unit 

tc Cycle time 

th (PSEN-o) Data hold time after l'StN 

th (R-o) Data hold time after RD 

tsu (PSEN-O) Data setup time after PSEN 

tsu (R-o Data setup time afwr R D 

tsu (A-D) Data setup time after address 

tsu (PROG-o) Dat~ setup time after PROG 

th (PROG-o) Data hold time before PROG 

Note 1 
2 

The input voltage are VIL =0. 45V and VIH=2. 4V. 
Ta=0-70°C 

symbol M5LB039P-ll (N~te 2 

Min Typ 

t ey 1.36 

tOR 0 

tOR 0 

t RO 

t Ro 

tAD 

tpR 

tpF 0 

•. MITSUBISHI 
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Max 

15.0 

100 

100 

250 

250 

400 

650 

150 

M5LB039P-B M5LB039P-6 

Min Typ Max Min Typ Max 

1.875 15.0 2.5 15.0 liS 

0 150 0 200 ns 

0 150 0 200 ns 

350 500 ns 

350 500 ns 

650 950 ns 

700 810 ns 

0 150 0 150 ns 
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MITSUBISHI MICROCOMPUTERS 

MSL8()49~,'-'XXP,P·6 
M5L8()39P~ 11,P·6 

SINGLE·CHIP a·BIT MICROCOMPUTER 

SWITCHING CHARACTERISTICS (Ta=-20-75"C,vcc = Voo = 5V±10%, Vss = OV, unless otherwise noted) 

Li'mits 

Alternative M5LB049-XXXP M5LB049-XXXP-B M5LB049-XXXP-6 
Symbol Parameter symbol M5LB039-11 (Note 2) M5LB039P-B M5LB039P-6 Unit 

Min Typ Max Min Typ Max Min Typ Max 

tw (ALE) ALE pulse width t LL 150 300 400 ns 

td (A-ALE) Delay time, address TO ALE signal tAL 70 120 150 ns 

tv (ALE-A) Address valid time after ALE t LA 50 70 80 ns 

tW(PSEN) PSEN pulse width too 300 500 700 ns 
tW(R) RD pulse width too 300 500 700 ns 
td (W) WR pulse width too 300 500 700 ns 

tv (Q-W) Delay time, data to WR signal tow 250 380 500 ns 

td (W-Q) Data valid time after WR two 40 80 120 ns 
td (A-W) Delay time, address to WR signal tAW 200 220 230 ns 
td (AZ-R) Delay time, address disable to RD signal tAFO -10 -5 0 ns 

td (AZ-PSEN) Delay time, address disable to PSEN signal tAFO -10 -5 0 ns 
td (PO-PROG) Delay time, port control to PROG signal top 100 105 110 ns 
tv (PROG-PO) Port control valid time after PROG tpo 60 100 130 ns 
tp (Q-PROG) Delay time, data to PROG signal top 200 210 220 ns 
tv (PROG-Q) Data valid time after PROG tpo 20 45 65 ns 
tW(PROGL) PROG low pulse width tpp 700 1150 1510 ns 
td (O-ALE) Delay time, data to ALE signal tpL 150 300 400 ns 
tv (ALE-O) Data valid time after ALE t LP 20 100 150 tiS 

Note Conditions of measurement: control output CL =BOpF 

data bus output, port output CL =150pF 

4 Reference levels for the input/output voltages are low level=O.BV and high level=2V. 

TIMING DIAGRAM 

Read from External Data Memory Write to External Data Memory 

A,LE ALE 

tW(R) 

RD ------------~r~~i~----------- WR --------'1 
tV(W'Q) 

td (AZ-R) th (R-O) 

BUS DATA BUS----~~~--r-~~~--------

Instruction Fetch from External Program Memory Port 2 

ALE 

J
pSEN ----------*-----~ 

BUS 

tsu (A-D) 

2-28 

ALE 

th(PSEN-.D) 
P2g~:~i-'·~-~~-~~-_J'~_~~~n.~~ __ ___ 

INPUT 

P ROG ----------------------.11 
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MITSUBISHI MICROCOMPUTERS 

MSL8049Hl-XXXP IMSL8039HLP-14 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

DESCRIPTION 
The M5LB049H 1-XXXP and M5LB039H LP-14 are 8-bit par­
allel microcomputers fabricated on a single chip using N­
channel silicon gate ED-MOS technology. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Single 5V power supply 
• Low power dissipation ............................ 400mW (typ.) 

• Instruction cycle· .. · 1. 07f.1s (oscillator frequency 14MHz) 

• Basic machine instructions · .... 96( 1-byte instructions: 68) 

• 4K-bytes memory addressing possible 
(direct addressing possible in 2K-bytes memory) 

• Memory capacity ROM ................................. 2K-bytes 

RAM·································: 128 bytes 
• Built-in timer/event counter" .............................. 8 bits 
• I/O ports······ .. ··· .... ···· .. ····· .. · .......... ·· .............. 27 lines 

• Easily expandable memory and I/O 
• Subroutine nesting .............................. · .......... 8 levels 

• External and timer/event counter interrupt, 1 level each 

• Low power standby mode 

APPLICATION 
Control processor or CPU for a wide variety of applications 

FUNCTION 
The M5LB049H1-XXXP and M5LB039HLP-14 are integrated 
8-bit CPUs , with memory (ROM (Except M5LB039H LP-14) , 

RAM) and timer/event counter interrupt all contained on a 
single chip. 

BLOCK DIAGRAM 

(5V) v F. POWER SUPPLY DO FOR RAM 
(5V) Vee 

(OV) Vss 20 

TEST PIN 0 To" 1 

CLOCK INPUT 1 X1- 2 

CLOCK INPUT 2 X2 - 3 
RESET INPUT RESET - 4 

SINGLE-STEP INPUT Ss - 5 

INW:~~:JT INPUTINT- 6 

EXTERNAL ACCESS EA - 7 

READ RD +- 8 
PROGRAM --

STORE ENABLE PSEN +- 9 

WRITE WR +- 10 

ADDRES~~~1t~ ALE +- 11 

Do" 12 

To 
T1 
INT 
FLAG 0 

t~~R1FLAG 
CARRY 

Outline 40P4 

Vee (5V) 

T·I 
I 

1 
I 

1 
I 

1 

~gg BIT TEST I 

RAM (128 BYTES) J 
l...--{I,H,I9}-{6}-{4}-{25}-<[7}-(Z)....(J")-.(II).....(9)-(5'),-(!I)-(IIO).- - --- - --- - --- - --- - ----

To INT PROG X1 ALE SS WR 
T1 RESET EA X2 PSEN RD 
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PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pinO 

X,. X2 Crystal inputs 

RESET Reset 

-
SS Single step 

INT Interrupt 

EA External access 

RO Read control 

PSEN Program store enable 

WR Write control 

ALE Address latch enable 

0 0-07 Data bus 

P2o-P27 Port 2 

PROG Program 

Pl o-P1 7 Port I 

T, Test pin I 

2-30 

Input or output 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input/output 

Input/output 

Output 

Input/output 

Output 

Input/output 

Input 

MITSUBISHI MICROCOMPUTERS 

·M5'L8049HI·,XXXP IMSL8039HLP·14 

SINGLE-CHIP .a-BIT MICROCOMPUTER 

~ Function 

Normally connected to ground (OV). 

Connected to 5V power supply. 

CDConnected to 5V power supply. 
®Used for memory hold when Vcc is cut 

CDControl signal from an external source for conditional jumping in a program. Jumping is dependent on 
external conditions (JTO/JNTO). 

®Used for outputting the internal clock signal (ENTO ClK). 

External crystal oscillator or RC circuit input for generating internal clock signals. 
An external clock signal can be input through Xl or X2. 

Control used to initialize the CPU. 

Control signal used in conjunction with ALE to stop the CPU through each instruction. in the single-step 
mode. 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 
external conditions (JNI). 
®Used for external interrupt to CPU. 

Q)Normally maintained at OV. 
®Whenthe level is raised to 5V. external memory will be accessed even when the address is less than 
40016 (2048). The M5l8039HlP-14 is raised t05V. 

Read control signal used when the CPU requests data from external data memory or external de~ice to 
be transferred to the data bus. 
(MOVX A. @Rr• and INS A. BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CPU sends data through the data bus to external data memory or ex-
ternal device. 
(MOVX @Rr• A and OUTl BUS. A) 

A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle. 

CDProvides true bidirectional bus transfer of instructions and data between the CPU and external mem-
ory. Synchronizing is done with signals RD/WR. The output data is latched. 

®When using external program memory, the output of the low-order 8 bits of the program counter are 
synchronized with ALE. After that, the transfer of the instruction code or data from the external program 
memory is synchronized with PSEN. 

®The output of addresses for data using the external data memory is synchronized with ALE. After that, 
the transfer of data with the external data memory is synchronized with RD/WR. 
(MOVX A, @Rr, and MOVX @Rr, A) 

Q)Quasi-bidirectional port. When used.as an input port, FF16 must first be output to this port. After reset, 
when not used as· an output port, nothing needs to be output 

®P2o-P23 output high-order 4 bits of the program counter when using external program memory. 

®P20-P23 serve as a 4-bit 1/0 expander bus for the M5l8243P. 

Strobe signal for M5l8243P 1/0 expander. 

Quasi-bidirectional port. When used as an input port, FF16 must first be output to this port.-After reset, 
when not used as an output port, nothing needs to be output 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 
external conditions (JTI/JNTI). 
®When enabled, event signals are transferred to the timer/event counter (STRT CNT) . 
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MITSUBISHI MICROCOMPUTERS 

MSL8049Hl-XXXP/MSL8039HLP-14 

SINGLE-CHIP I-BIT MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage -0.5-7 

Voo Supply voltage -0.5-7 

VI Input voltage 
With respect to vss 

-0.5-7 

Vo Output voltage -0.5-7 

Pd Power dissipation Ta = 25°C 1.5 

Topr Operating free-air temperature range 0-70 

TstQ Storage temperature range -65-150 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Voo Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V IH1 High-level input voltage. except Xl; X2 and RESET 2 Veo V 

V IH2 High-level input voltage. Xl. X2 and RESET 3.8 Vee V 

V IL1 Low-level input voltage. except Xl. X2 and RESET -0.5 0.8 V 

V IL2 Low-level input voltage. Xl. X2 and RESET -0.5 0.6 V 

ELECTRICAL CHARACTERISTICS (Ta = 0-70·C. Vee = Voo = 5V±10%. Vss = ov. unless otherwise noted) 

Symbol 

VOL 

Vou 

V OL2 

V OL3 

V OH 

V OH1 

V OH2 

II 

loz 

111 

112 

100 

100 + Icc 

Parameter Test conditions 

Low-level output voltage (BUS) IOL = 2mA 

Low-level output voltage (RD. WR. PSEN. ALE) 10L = 1.8mA 

Low-level output voltage (PROG) IOL= 1mA 

Low-level output voltage (for other outputs) IOL = 1.6mA 

High-level output voltage (BUS) IOH = -40011A 

High-level output voltage (RD. WR, PSEN. ALE) 10H = -10011A 

High-level output voltage (for other outputs) IOH = -4011A 

Input leak current (Tl • INT) Vss ;:;; VIN ;:;; Vee 

Output leak current (BUS. To). high-impedance state Vss + O. 45;:;; VIN ;:;; Vee 

Input leak current (Port) 

Input leak current (RESET, SS) 

Supply current from Voo 

Supply current from Voo and Vee 

Vss + O. 45;:;; VIN ;:;; Vee 

Vss + O. 45;:;; VIN ;:;; Vee 

• MITSUBISHI 
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Limits 

Min Typ Max 

0.45 

0.45 

0.45 

0.45 

\ 2.4 

2.4 

2.4 

-10 10 

-10 10 

-0.2 -0.6 

-0.05 

5 10 

125 

Unit 

V 

V 

V 

V 

W 
·C 

·C 

Unit 

V 

V 

V 

V 

V 

V 

V 

/-lA 
/-lA 
rnA 
rnA 
rnA 
rnA 
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MITSUBISHI MICROCOMPUTERS 

MSL8049Hl!'XXXP IMSL8039HLP-14 

SINGLE-CHIP I-BIT MICROCOMPUTER 

TIMING REQUIREMENTS (Ta = 0-70'C, Vcc = Voo = 5V±10%, Vss = ov, unless otherwise noted) 

Relationship to 
Symbol Parameter 

cycle time (tc ) 

te Cycle time 11 (tXTAL+ 15) 

th (PSEN-O) Data hold time after PSEN 1/10· tc - 30 

th (R-D) Data hold time after RD 1/10· tc - 30 

tsu (PSEN-D) Data setup time after PSEN 3/10. tc - 200 

tsu (R-D) .Data setup time after RD 2/5· tc - 200 

tSU1 (A-D) 
Data setup time after address 

7/10· tc - 220 
(external data memory read cycle) 

tSU2 (A-D) 
Data setup time after address 

1/2· tc - 200 
(external program memory read cycle) 

tsu (PROG-D) Data setup time after PROG 6/10· tc - 120 

th (PROG-O) Data hold time after PROG 1/10· tc 

The input voltage level is V1L = O. 45V and V1H = 2. 4V. Note 1 
2 fXTAL is the oscillator frequency entered at the crystal input terminals (X" X2 ). 

AI,ternative 

symbol Min 

tCY 1. 07 

tOR 0 

tOR 0 

tRD2 

tRD1 

tAD1 

.. 

tAD2 

t pR 

tpF 0 

Limits 

Typ 

SWITCHING CHARACTERISTICS (Ta = 0-70'C, Vcc = Voo = 5V±10%, Vss = ov, unless otherwise noted) 

Relationship to Alternative 
Symbol Parameter 

cycle time (tc ) symbol 

tw (ALE) ALE pulse width 7/30· tc - 170 tLL 

td (A-ALE) Address to ALE signal delay time 2/15· tc - 110 tAL 

tv (ALE-A) Address valid time after ALE 1/15· tc - 40 tLA 

tw (PSEN) PSEN pulse width 2/5· tc - 200 tCC2 

tw (R) RD pulse. width 1/2·tc -200 tCC1 

tW(w) WR pulse width 1/2· tc - 200 tCC1 

td (O-W) Data to WR signal delay time 13/30· tc - 200 tow 

tv (w-o) Data valid time after WR 1/15· tc - 50 tWD 

td (A-W) Address to WR signal delay time 1/3· tc - 150 tAW 

td (AZ-R) Address disable to RD Signal delay time 2/15· tc - 40 tAFC1 

td (AZ-W) Address disable to WR signal delay time 2/15· tc - 40 tAFC1 

td (AZ-PSEN) Address disable to PSEN signal delay time 1/30· tc - 40 tAFC2 

td (ALE-R) ALE to RD signal delay time 1/5· tc -75 tLAFC1 

td (ALE-W) ALE to WR signal delay time 1/5· tc - 75 tLAFC1 

td (ALE-PSEN) ALE to PSEN signal delay time 1/10· tc -75 tLAFC2 

td (R-ALE) RD to ALE signal delay time 1/15· tc - 40 tCA1 

td (W-ALE) . WR to ALE Signal delay time 1/15· tc - 40 tCA1 

td (PROG-ALE) PROG to ALE signal delay time 1/15· tc - 40 tCA1 

td (PSEN-ALE) PSEN to ALE signal delay time 4/15· tc - 40 tCA2 

td (PC-PROG) Port control to PROG signal delay time 2/15· tc - 80 tcp 

tv (PROG-PC) Port control valid time after PROG 4/15· tc - 200 tpc 

td (O-PROG) Data to PROG signal delay time 2/5· tc - 150 tDP 

tv (PROG-O) Data valid time after PROG 1/10· tc - 50 tpD 

tw (PROGU PROG low-level pulse width 7/10· tc - 250 tpp 

td (O-ALE) Data to ALE signal delay time 4/15·tc- 2OO tpL 

tv (ALE-O) Data valid time after ALE 1/10· tc - 100 tLP 

td (ALE-O) Delay time after ALE 3/10· tc + 100 tpv 

tw (TO) To pulse spacing 3/15· tc tOPRR 

Note 3 
4 

Conditions of measurement: control output CL = BOpF data bus output, port output CL = 150pF. 
Reference levels for input/output voltages are low-level = '0. BV high-level = 2V. 
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Limits 

Min Typ 

80 

30 

30 

225 

330 

330 

260 

20 

200 

100 

100 

5 

140 

140 

40 

30 

30 

30 

240 

60 

80 

280 

50 

500 

80 

10 

210 

Unit' 
Max 

15 /.I.S 

80 ns 

80 ns 

130 ns 

230 ns 

530 ns 

340 ns 

530 ns 

110 ns 

Unit 
Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns' 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

420 ns 

ns 



MITSUBISHI MICROCOMPUTERS 

MSL8049Hl-XXXP/MSL8039HLP-14 

SINGLE·CHIP 8·BIT MICROCOMPUTER 

TIMING DIAGRAM 

External Data Memory Read External Data Memory Write 
_----....~--;.j td (ALE-R) 

ALE ALE 

RD WR 

td (AZ-R) 

BUS DATA BUS ----~~~~--~~~-------

External Program Memory Instruction Fetch Port 2 

ALE ALE 

~-~"""t>-W-(-PS-E-;N)~ "I!--~ td (PSEN-ALE) P2o-P23 

PSEN -----+t--""""" DURING 
OUTPUT 

th (PSEN-O) 

BUS ----~~AD~D~R~ES~Sir--t---~~~~~---------
P2o-P23 

DURING 
INPUT 

tsu (PSEN-O) 

tSU2 (A-D) 

PROG ----------------------~ 

• MITSUBISHI 
"ELECTRIC 

td (PROG-ALE) 

2':"-33 

E 



·,' MITSUBISHI MICROCOM~UTERS 

" M5L8049H;·1.XXXP/MSL8039HLP.14 

SINGLE·CHIP 8 ... BIT MICROCOMPUTER 

TYPICAL CHARACTERISTICS 

2-34 

DATA BUS HIGH-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL 

OUTPUT CURRENT 
>" 3.8 
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::> 
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HIGH-LEVEL OUTPUT CURRENT IOH(rnA) 

Ph P2 LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 

" 
Vee = 5V 

~ 
Ta = 25°C 

" " ~~ 
\ 

\ 

-0. 1 -0. 15 -0.2 -0.25 -0.3 -0.35 

LOW-LEVEL INPUT CURRENT II(rnA) 

NORMARIZED SUPPLY CURRENT (I.cd 
1. 6 VS. AMBIENT TEMPERATURE 

Vee = 5V 
Voo = 5V 

1.4 

1.2 

"-~ 1.0 

0.8 

0.6 
-25 o 

............... 
~ 
~ 

25 50 75 

AMBIENT TEMPERATURE Ta(OC) 

100 

DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. LOW-lEVEL 
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...J 
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RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 

." 'Vee = 5V 
Ta = 25"C 

\ , 
~ 

\ 
\ 

o -0. 02 -0. 04 -0.06 -0.08 -0. 1 

LOW-LEVEL INPUT CURRENT II(rnA) 

NORMARIZED SUPPLY CURRENT (100) 
VS. AMBIENT TEMPERATURE 
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a: 
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MITSUBISHI MICROCOMPUTERS 

MSM80S0H-XXXP/MSM8040HP 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

DESCRIPTION 
The M5M8050H-XXXP/M5M8040HP is an 8-bit parallel mic­
rocomputer fabricated on a single chip using N-channel sili­
con gate ED-MaS technology. 

PIN CONFIGURATION (TOP VIEW) 

M5M8050H-XXXP Internal ROM Type (4K Bytes) 

M5M8040HP External ROM Type 

FEATURES 
• Single 5V power supply 
• Instruction cycle ................... 1. 36,us (min) 
• Basic machine instructions .. 96 (1-byte instructions: 68) 
• 4K-bytes memory addressing possible 

(direct addressing possible in 2K bytes memory) 
• Memory capacity: ROM. . . . . . . . . . . . . .. 4K bytes 

RAM. . . . . . . . . . . . . .. 256 bytes 
• Built-in timer/event counter ................. 8 bits 
• I/O ports .............................. 27 lines 
• Easily expandable Memory and I/O 
• Subroutine nesting ......................8 levels 
• External and timer/event counter interrupt, 1 level each 

• Low power standby mode 

APPLICATION 
Control processor or CPU for a wide variety of applications 

FUNCTION 
The M5M8050H-XXXP/M5M8040HP is an 8-bit CPU, with 
memory (ROM, RAM) and timer/event counter interrupt all 
contained a single Chip. 

BLOCK 
DIAGRAM 

1-

\~Vl Voo 

RESET INPUTAESET ..... 4 

SINGLE-STEP INPUT SS ..... 5 

REQJ~~i~~~~i INT ..... 6 

EXTERNA'L ACCESS EA ..... 7 

READ AD +- 8 

STOR~REON~RB~~ PSEN +- 9 

WRITE WA +- '0 

ADDRESSE~~~t~ ALE +- 11 

004+ '2 

DAT.A BUS 

( 0 V) Vss 

- • MITSUBISHI 
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Vee (5V) 

39 +- T1 TEST PIN 1 

37 4+ P2 6 
38 4+ P2 7

} 

I/O PORT 2 
36 4+ P25 

354+ P2 4 

I/O PORT 1 

274+ P1 0 

26 VOO (5V) 

25 -PAOG ~/3TERNAL 

24 4+ P2 3} CONTROL OUTPUT 

23 4+ P22 I/O PORT 2 
22 4+P 2 1 

'---____ r'-' 4+ P 2 0 

Outline 40P4 

RD REGISTER D 
R 1 REGISTE R 1 
R2 REGISTE R 2 0 
R3 REGISTER 3 ~ 

R4 REGISTER 4 ~ 
a: R5 REGISTER 5 co 
~ R6 REGISTER 6 
8 R7 REGISTER 7 

~ STACK 

CfJ RD REGISTER D 
~ R1 REGISTER 1 

~ R2 REGISTER 2 ~ 
o R3 REGISTER 3 ~ 
« R4 REGISTER 4 ~ , 

R5 REGISTER 5 cou 
R6 REGISTER 6 

R7 REGISTER 7 

RAM (256 BYTES). 
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PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pinO 

X" X2 Crystal inputs 

RESET Reset 

SS Single. step 

--
INT Interrupt 

EA External access 

RO Read control 

PSEN Program store enable 

-
WR Write control 

ALE Address latch enable 

0 0-07 Data bus 

P20 -P27 Port 2 

PROG Program 

Pl o-Ph Port 1 

T, Test pin 1 

2-36 

Input or output 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input/output 

Input/output 

Output 

Input/output 

Output 

Input/output 

Input 

MITSUBISHIMICROCOMPUTE~S 

. MSM80S0H-XXXP/MSM8040HP 

SINGLE-CHIP 8-BIT MICROCOMP,UTER 

Function 

Normally connected to ground (OV). 

Connected to SV power supply. 

(DConnected toSV power supply. 

~Used for memory hold when Vcc is cut. 

(DControl Signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTOIJNTO). 

~Used for outputting the internal clock Signal (ENTO ClK). 

External crystal .oscillator or RC circuit input for generating internal clock signals. 

An external clock signal can be input through X, or X2 •. 

Control used to initialize the CPU. 

Control signal used in conjunction with ALE to stop the CPU ttlrough each instruction, in the single-step 

mode. 

(DControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JNI). 

~Used for external interrupt to CPU. 

(DNormally maintained at OV. 

~When the level is raised toSV, external memory will be accessed. The MSM8040HP is raised toSV. 

Read control signal used when the CPU requests data from external data memory or external device to 

be transferred to the data bus. 

(MOVX A, @Rr, and INS A, BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CPU sends data through the data bus to external data memory or ex-

ternal device. 

(MOVX @Rr, A and OUTl BUS, A) 

A signal used for latching the' address on the data bus. An ALE signal occurs once during each cycle. 

(DProvides true bidirectional bus transfer of instructions and data between th:e CPU and external mem-

ory. Synchronizing is done with signals RO/WR. The output data is latched. 

~When using external program memory, the output of the low-order 8 bits of the program counter are 

synchronized with ALE. After that, the transfer of the instruction code or data from the external program 
--

memory is synchronized with PSEN. 

@The output of addresses for data using the external data memory is synchronized with ALE. After that, 

the transfer of data with the external data memory is synchronized with RD/WR. 

(MOVX A, @Rr, and MOVX @Rr, A) 

(DQuasi-bidirectional port. When used as an input port, FF,6 must first be output to this port. AfteJ reset, 

when not used as an output port, nothing needs to be output. 

~P2o-P23 output high-order 4 bits of the program counter when using external program memory. 

@P20-P23 serve as a 4-bit I/O expander bus for the MSl8243P. 

Strobe signal for MSl8243P I/O expander. 

Quasi-bidirectional port. When used as an input port, FF,6 must first be output to this port. After reset, 

when not used as an output port, nothing needs to be output. 

(DControl Signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTl /JNTl). 

~When enabled, event signals are transferred to the timer/event counter (STRT CNT). 
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MITSUBISHI MICROCOMPUTERS 

MSM80S0H-XXXP/MSM8040HP 

SINGLE-CHIP I-BIT MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits 

Vee Supply voltage ~0.5-7 

Voo Supply voltage ~0.5-7 

VI Input voltage 
With respect to V ss 

~0.5-7 

Vo Outp' ,t voltage ~0.5-7 

Pd Power dissipation Ta = 25l; 1.5 

Topr Operating free·air temperature range 0-70 

Tstg Storage temperature range ~65 - 150 

RECOMMENDED OPERATING CONDITIONS (Ta =0-70l;, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Voo Supply voltage 4.5 5 5.5 V 

V ss Supply voltage 0 V 

VIHl High·level input voltage. except Xl, X2 and RES E T 2 Ver:; V 

---
V I H2 High·level input voltage. Xl, X 2 and RESET 3.8 Vee V 

---
VI L 1 Low·level input voltage. except Xl, X 2 and RES E T ~0.5 0.8 V 

V I L2 Low·level input voltage. Xl, X 2 and RE SE T ~0.5 0.6 V 

ELECTRICAL CHARACTERISTICS (Ta =0-70l;, Vee =Voo =5V ± 10%, Vss = OV. unless otherwise noted) 

I 
Symbol Parameter 

VOL Low·level output voltage (B US) 

VOLl Low· level output voltage (RO, WR, PSEN, ALE) 

VOL2 Low·level output voltage (PROG) 

VOL3 Low· level output voltage (for other outputs) 

VOH High·level output voltage (BU S) 

VOHl High·level output voltage (RD, WR, PSEN, ALE) 

VOH2 . High·level output voltage (for dther outputs) 

II I nput leak current (T 1, IN T) 

IOZ Output leak current (BU S, To) high·impedance state 

111 Input leak current (PORT) 

I 12 Input leak current (RESE T, SS) 

100 Supply current from Voo 

I DO + I ec Supply current from Voo and Vee 

Test conditions 

I OL =2mA 

I OL =1.8mA 

I OL =1 mA 

I OL =1.6mA 

I OH '= ~400,uA 

I OH = ~ 100,uA 

I OH = ~40,uA 

VSS~VIN~VeC 

Vss +0.45~VI N ~Vec 

VSS +0. 45~ VI N ~Vee 

VSS +0.45~ VI N ~VCC 

• MITSUBISHI 
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Limits 

Min Typ 

2.4 

2.4 

2.4 

~ 10 

~ 10 

~ 0.2 

~0.05 

10 

70 

Unit 

V 

V 

V 

V 

W 

l; 

l; 

Unit 
Max 

0.45 V 

0.45 V 

0.45 V 

0.45 V 

V 

V 

V 

10 ,uA 

10 ,uA 

~0.5 mA 

mA 

20 mA 

140 mA 
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MITSUBISHI MICROCOMPUTERS 

,MiSM80S0H· XXXP/MSM8040HP 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

TIMING REQUIREMENTS (Ta=0-70"C, V cc =V DD =5V ± 10%, V ss =0 V, unless otherwise noted) 

Relationship to Alternative Limits 
Symbol Parameter 

cycle time(tc) symbol Min Typ Max 

te Cycle time l/(tXTAL -;'-15) tCY 1. 36 15 

t h(PSEN-D) Data hold time after P 5 E N 1/10·te-30 tDR 0 110 

th(R-D) Data hold time after RD 1/10·te-30 tDR 0 110 

tsu (PSEN-O) Data setup time after PSEN 3/10·te-200 tRD2 210 

tSU(R-D) Data setup time after RD 2/5·te -200 tRDI 350 

tSUI (A-D) 
Data setup time after address 

7/10·to-220 tADI (external data memory read cycle) 

tSU2 (A-D) 
Data setup time after address 

1/2·to-2oo tAD2 460 (external program memory read cycle) 

tSU(PROG-O) Data setup time after PROG 6/10-te- 120 tpR 700 

th(PROG-D) Data hold time after PROG 1/10·te tpF 0 140 

Note 1: The input voltages are VIL=0.45Vand VIH=2.4V 

2' f XT AL is the oscillator frequency entered at the crysial inpul terminalS (X I , X 2 ). 

SWITCHING CHARACTERISTICS (Ta=0-70"C, VCC=VDD=5V±10%, Vss=ov, unlessotherwisenoted) 

Relationship to 
Symbol Parameter 

cycle time (t e ) 

tW(ALE) ALE pulse width 7/30·te- 17O 

td (A-ALE) Delay time, address to A L. E signal 2/15- to-110 

tv (ALE-A) Address valid time after ALE 1/15·to-40 

tW(PSEN) P 5 E N pulse width 2/5·te - 200 

tW(R) RD pulse width 1/2·to-200 

tw(W) W R pulse width 1/2·te-200 

td (Q-W) Delay time. data to W R signal 13/30-te-200 

tv (W-Q) Data val id time after W R 1/15·te - 50 

td (A-W) Delay time, address to WR signal 1/3·to-150 

td (AZ-R) Delay time, address disable to RD signal 2/15·te - 40 
1---

td (AZ-W) Delay time, address disable to W R signal 2/15·te- 4O 

td (AZ-PSEN) Delay time, address disable to P 5 E N signal 1/30-te- 4O 

td (ALE-R) Delay time, ALE to RD signal 1/5·te- 75 

td (ALE-W) Delay time, ALE to W R signal _ 1/5·te -75 

td (ALE-PSEN) Delay time. ALE to P 5 E N signal 1/10·te- 75 

td (R-ALE) Delay time, R D to ALE signal 1/15- te- 4O 

td (W-ALE) Delay time, WR to A LE signal 1/15·te- 4O 

td (PROG-ALE) Delay time. PROG to ALE signal 1/15·te- 4O 

td (PSEN-ALE). Delay time. PSEN to ALE signal 4/15·te- 4O 

td (PC-PROG) Delay time. Port co~trol to PROG signal 2/15·to-80 

tv (PROG-PC) Port control valid time after PROG 4/15·te - 200 

td (Q-PROG) Delay time. Data to PROG signal 2/5·te- 15O 

tv (PROG-Q) Data valid time after PROG 1/10·te- 5O 

tW(PROGL) PROG low pulse width 7/10·te-250 

td (Q-ALE) Delay time. Data to ALE signal 4/15·te -200 

tv (ALE-Q) Data valid time after ALE 1/10·te- 1OO 

td (ALE-Q) Delay time. ALE to data 3/10·te + 100 

tW(TO) TO pulse period 3/15·te 

Note 3: Conditions of measurement: control output C L =80pF data bus output. port output CL = 150pF. 

4: Reference levels for input/output voltages are low-level=O.8V and high-level=2V. 
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Alternative Limits 

symbol Min Typ Max 

t LL 150 

tAL 70 

tLA 50 

tCC2 350 

tCCI 480 

tCCI 480 

tDw 390 

tWD 40 

tAW 300 

t AFCI 140 

t AFCI 140 

t AFC2 10 

t LAFCI 200 

t LAFCI 200 

t LAFC2 60 

tCAI 50 

tCAT 50 

tCAI 50 

tCA2 320 

tcp 100 

t pc 160 

tDP 400 

t pD 90 

tpp 700 

t pL 160 

t LP 40 

t pv 510 

t OPR.R 270 

Unit 

liS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING DIAGRAM 

Read from External Data Memory 

ALE 

MITSUBISHI MICROCOMPUTERS 

MSM80S0H-XXXP/MSM8040HP 

SINGLE-CHIP 8-BIT MICROCOMPUTER 

Write to External Data Memory 
td (ALE--W) 

ALE 

td(AZ-R) tSU(R-D) ADDRESS -1 
BUS ----~~====~--~--1l~D~AITA~~---------- BUS ----~t===~~--~~~~~~-----------

Instruction Fetch from External Program Memory Port 2 
tc 

ALE 

td( ALE-PSEN) td( PSEN-ALE) 

PSEN --------~----~ 

BUS 

tSU2(A-D) 

'.MITSUBISHI 
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td(PROG-ALE) 
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MITSUBISHI' MICROCOMPUTERS 

··M5M·:80S0'L;~XXXP/MSM8040LP 

SINGLE-CHIP I-BIT MICROCOMPUTER 

DESCRIPTION 
The M5M8050L-XXXP and M5M8040LP are 8-bit parallel 
microcomputers fabricated on a single chip using N­
channel sUicon gate EO-MOS technology. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Single 5V power supply 
• Low power dissipation ····························300mW (typ.) 
• Instruction cycle· .. ····································2.5,us (min.) 
• Basic machine instructions ·····96( l-byte instructions: 68) 
• 4K-bytes memory addressing possible 

(direct addressing possible in 2K bytes memory) 
• Memory capacity: ROM································ 4K bytes 

RAM· ................................ 256 bytes 

• , Built-in timer/event counter .................... ············8 bits 

• I/O ports······················································· 27 lines 

• Easily expandable memory and I/O 
• Subroutine nesting······································ .. · 8 levels 
• External and timer/event counter interrupt, 1 level each 

• Low power standby mode 

APPLICATION 
Control processor or CPU for a wide variety of applications 

FUNCTION 
The M5M8050L-XXXP and M5M8040LP are integrated 8 bit 
CPUs, with memory (ROM (except M5M8040LP) , RAM) 
and timer/event counter interrupt all contained on a single 
chip. 

BLOCK DIAGRAM 

TEST PIN 0 
CLOCK INPUT 1 x,-+ 2 

CLOCK INPUT 2 x 2 -+ 3 

RESET INPUT RESET -+ 4 

SINGLE-STEP INPUT SS -+ 5 

INTE~~~0~ST INPUT INT -+ 6 

EXTERNAL ACCESS EA -+ 7 

READ 
PROGRAM 

STORE ENABLE 
WRITE 

ADDRESS 
LATCH ENABLE 

DATA BUS 

Do 02 0 4 0 6 P10 P12 P14 P16 P20 P22 P24 P26 

Vee (5V) 

TEST PIN 1 

I/O PORT 2 

I/O PORT 1 

I/O PORT 2 

Outline40P4 

r--~~~~~~~----------, 
I 

I 
I 

I 
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FOR RAM 
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I 
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PIN DESCRIPTION 

Pin Name Input or output 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pin 0 
Input 

Output 

X 1• X 2 Crystal inputs Input 

RESET Reset Input 

-
SS Single step Input 

--
INT Interrupt Input 

EA External access Input 

-
RD Read control Output 

PSEN Program store enable Output 

--
WR Write control Output 

ALE Address latch enable Output 

00-D7 Data bus Input/output 

Input/output 

P20-P27 Port 2 
Output 

Input/output 

PROG Program Output 

Pl o-P1 7 Port 1 Input/output 

T1 Test pin 1 Input 

MITSUBISHI MICROCOMPUTERS 

MSM80S0L-XXXP/MSM8040LP 

SINGLE-CHIP a-BIT MICROCOMPUTER 

Function 

Normally connected to ground (OV). 

Connected t05V power supply. 

CDConnected to 5V power supply. 

®Used for memory hold when Vcc is cut. 

CDControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTO/ JNTO). 

®Used for outputting the internal clock signal (ENTO ClK). 

External crystal oscillator or RC circuit input for generating internal clock signals. 

An external clock signal can be input through X1 or X2. 

Control used to initialize the CPU. 

Control signal used in conjunction with ALE to stop the CPU through each instruction. in the single-step 

mode. 

CDControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JNI). 

®Used for external interrupt to CPU. 

CDNormally maintained at OV. 

®When the level is raised to 5V. external program memory will be access~d. 
Read control signal used when the CPU requests data from external data memory or external device to 

be transferred to the data bus. 

(MOVX A. @Rr• and INS A. BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CPU sends data through the data bus to external data memory or ex-

ternal device. 

(MOVX @Rr• A and OUTl BUS. A) 

A signal used for latching the aadress on the data bus. An ALE signal occurs once during each cycle. 

CDProvides true bidirectional bus transfer of instructions and data between the CPU and external mem-
--

ory. Synchronizing is done with signals RD/WR. The output data is latched. 

®When using external program memory. the output of the low-order 8 bits of the program counter are 

synchronized with ALE. After that. the transfer of the instruction code or data from the external program 

memory is synchronized with PSEN. 

@The output of addresses for data using the external data memory is synchronized with ALE. After that. 
--

the transfer of data with the external data memory is synchronized with RD/WR. 

(MOVX A. @Rr• and MOVX @Rr. A) 

CDQuasi-bidirectional port. When used as an input port. FF16 must first be output to this port. After reset. 

when not used as an output port. nothing needs to be output. 

®P20-P23 'output high-order 4 bits of the program counter when using external program memory. 

@P20-P23 serve as a 4-bit I/O expander bus for the M5l8243P. 

Strobe signal for M5l8243P I/O expander. 

Quasi-bidirectional port. When used as an input port. FF16 must first be output to this port. After reset. 

when not used as an output port. nothing needs to be output. 

CDControl signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTl /JNT1). 

®When enabled. event signals are transferred to the timer/event counter (STRT CNT). 

• MITSUBISHI· 
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MITSUBISHI MIC~OCOMPUTERS 

M5M80S0L-XXXP/MSM"S040LP 

SINGLE·CHIP a·BIT MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage j -0.5-7 V 

Voo Supply voltage -0.5-7 V 
V, Input voltage 

With respect to Vss 
-0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd Power dissipation Ta = 25'C 1.5 W 

Topr Operating free-air temperature range 0-70 'c 
Tsta Storage temperature range -65-150 'c 

RECOMMENDED. OPERATING CONDITIONS (Ta"; 0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Voo Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H1 High-level input voltage, except Xl, X2 and REsET 2 Vee V 

V ,H2 High-level input voltage, Xl, X2 and RESET "3.8 Vee V 

V ,L1 Low-level Input.voltage, except X" X2 and RESET -0.5 0.8 V 

V ,L2 Low-level input voltage, X"X2 and RESET -0.5 0.6 V 

ELECTRICAL CHARACTERISTICS (Ta = 0-70'C, Vee ==: Voo = 5V±10%, Vss = ov, unless otherwise noted) 

Symbol 

VOL 

V OL1 
VOL2 
VOL3 
V OH 
V OH1 
VOH2 
I, 

loz 

I'l 

1'2 
100 

100 + Icc 

2~42 

Parameter Test conditions 

Low-level output voltage (BUS) IOL = 2mA 

LOW-level output voltage (RD, WR, PSEN, ALE) IOL = 1.8mA 

LOW-level output voltage (PROG) IOL= 1mA 

Low-level output voltage (for other outputs) IOL = 1.6mA 

High-level output voltage (BUS) IOH = -400/1A 

High-level output voltage (RD, WR, PSEN, ALE) IOH = -100 /1A 

High-level output voltage (for other outputs) IOH = -40/1A 

Input leak current (T" INT) Vss ;;;; V,N ;;;; Vcc 

Output leak current (BUS, To), high-impedance state Vss + O. 45;;;; V,N ;;;; Vcc 

Input leak current (Port) 

Input leak current (RESET, SS) 

SUPflly current from Voo 

Supply current from Voo and Vec 

Vss + O. 45;;;; V'N ;;;; Vcc 

Vss + O. 45;;;; V,N ;;;; Vcc 

•. .MITSUBISHI 
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Limits 

Min Typ Max 

0.45 

0.45 

0.45 

0.45 

2.4 

2.4 

2.4 

-10 10 

-10 10 

-0.2 -0.5 

-0.05 

5 10 

90 

Unit 

V 

V 

V 

V 

V 

V 

V 

J.l.A 
J.l.A 
rnA 
rnA 
rnA 
rnA 



MITSUBISHI MICROCOMPUTERS 

MSM80S0L-XXXP/MSM8040LP 

SINGLE-CHIP I-BIT MICROCOMPUTER 

TIMING REQUIREMENTS (Ta = 0-70·C, Vcc = Voo = 5V±10%, Vss = ov, unless otherwise noted) 

Symbol 
Relationship to Alternative Limits 

Parameter 
cycle time (tc) symbol Min Typ 

te Cycle time 11 (fXTAL + 15) tey 2.5 

th (PSEN-O) Data hold time after PSEN 1/10· te - 30 tOR 0 

th (R-O) Data hold time after RD 1/10· tc - 30 tOR 0 

tsu (PSEN-O) Data setup time after PSEN 3/10· tc - 200 tR02 

tsu (R-O) Data setup time after RD 2/5· tc - 200 tRO' 

t su, (A-D) 
Data setup time after address 

(external data memory read cycle) 
7/10· Ie - 220 tAD' 

tSU2 (A-D) 
Data setup time after address 

(external program memory read cycle) 
1/2· te - 200 tA02 

tsu (PROG-O) Data setup time after PROG 6/10· tc - 120 tpR 

th (PROG-O) Data hold time after PROG 1/10· tc tpF 0 

Note The input voltage level is V1L = O. 45V and V1H = 2.4V. 
fXTAL is the oscillator frequency entered at the crystal input terminals (X" X2 ). 

SWITCHING CHARACTERISTICS (Ta = 0-70·C; Vcc = Voo = 5V±10%, Vss = ov, unless otherwise noted) 

Relations~ip to Alternative 
Symbol Parameter 

cycle time (tc ) symbol 

tw (ALE) ALE pulse width 7/30· te - 170 tLL 

td (A-ALE) Address to ALE signal delay time 2/15· te - 110 tAL 

tv (ALE-A) Address valid time after ALE 1/15· tc - 40 tLA 

tw (PSEN) PSEN pulse width 2/5· te - 200 tCC2 

tw (R) RD pulse width 1/2·tc -200 tec, 

tW(W) WR pulse width 1/2·le -200 Icc, 

td (O-W) Data to WR Signal delay time 13/30· Ic - 200 tow 

tv (w-o) Data valid time after WR 1/15· tc - 50 Iwo 

td (A-W) Address to WR signal delay time 1/3· tc -150 tAW 

Id (AZ-R) Address disable to RD signal delay time 2/15· te - 40 tAFC' 
td (AZ-W) Address disable to WR signal delay time 2/15· Ic - 40 tAFC' 
Id (AZ-PSEN) Address disable to PSEN signal delay time 1/30· te; - 40 tAFC2 

td (ALE-R) ALE to RD signal delay time 1/5·tc -75 tLAFC' 
td (ALE-W) ALE to WR signal delay time 1/5· tc -75 tLAFC' 
td (ALE-PSEN) ALE to PSEN signal delay time 1/10· Ic - 75 tLAFC2 

td (R-ALE) RD to ALE signal delay time 1/15· Ic - 40 tCA' 

td (W-ALE) WR to ALE signal delay time 1/15· tc - 40 tCA' 

Id (PROG-ALE) PROG to ALE signal delay time 1/15· tc - 40 tCA' 

td (PSEN-ALE) PSEN to ALE signal delay time 4/15· tc - 40 tCA2 

td (PC-PROG) Port control to PROG signal delay time 2/15· tc - 80 tcp 

tv (PROG-PC) Port control valid time after PROG 4/15· tc - 200 tpc 

td (O-PROG) Data to PROG signal delay time 2/5· tc -150 top 

tv (PROG-O) Data valid time after PROG 1/10· tc - 50 t po 

Iw (PROGLl PROG lOW-level pulse width 7/10· Ic - 250 tpp 

td (O-ALE) Data to ALE signal delay time 4/15· Ic - 200 tpL 

tv (ALE-O) Data valid time after ALE 1/10· tc -·100 t LP 

td (ALE-O) Delay time after ALE 3/10· tc + 100 tpv 

Iw (TO) To pulse spacing 3/15· tc tOPRR 

Note 3 
4 

Conditions of measurement: control output CL = 80p F data bus output, port output CL = 150p F. 
Reference levels for input/output voltages are lOW-level = O. BV high-level = 2V. 
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Limits 

Min Typ 

410 

220 

120 

800 

1050 

1050 

880 

120 

680 

290 

290 

40 

420 

420 

170 

120 

120 

120 

620 

250 

460 

850 

200 

1500 

460 

150 
-

500 

Unit 
Max 

15 /-is 

220 ns 

220 ns 

550 ns 

800 ns 

1530 ns 

1050 ns 

1380 ns 

250 ns 

Unit 
Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

850 ns 

ns 
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MITSUBISH·I MICROCOMPUTERS 

·M5M8050L-X'XXP/M5M8040L.P 

TIMING DIAGRAM 

External Data Memory Read 

ALE 

RD ------------~r~~'~==~-------

BUS 

External Program Memory Instruction Fetch 

ALE 

PSEN -----+1-----,1 

ALE 

P2o-P23 
l-';;;";'';;';;;';'';';';;~-- DURING 

n-----fl OUTPUT 

P20-P23 

BUS ----1~!Qffi~~-1~~t~I:~----- DURING 
INPUT 

tsu (PSEN-O) 

PROG 

SINGLE-CHIP a-BIT MICROCOMPUTER 

External Data Memory Write 

~--.~--iOf td (ALE-W) 

ALE 

l+-___ tw.:....(_W ..... )..,j Io-~ td (W-ALE) 

WR ----------~I 

tv (w-o) 

Port 2 

td (PROG-ALE) 
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MITSUBISHI MICROCOMPUTERS 

MSM80C49-XXXP IMSM80C39P-6 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M5M80C49-XXXP and M5M80C39P-6 are 8-bit parallel 
microcomputer fabricated on a single chip using silicon 
gate CMOS technology. 

FEATURES 
• Single 5V power supply 
• Instruction cycle ..................... 2.5JIs (min) 
• Basic machine instructions .................... 97 

1-byte instructions ........................ 69 
2-byte instructions ...................... " 28 

• Direct addressing ............... up to 4096 bytes 
• Internal ROM (except M5M80C39P-6) ..... 2048 bytes 
• Internal RAM ...................... 128 bytes 

• Built-in timer/event counter ................. 8 bits 
• I/O ports .............................. 27 lines 
• Easily expandable memory and I/O 
• Subroutine nesting ...................... 8 levels 
• External and time/event counter interrupt, 1 level each 
• High noise margin 
• Low power dissipation modes (Vcc = 5V) 

Operating ........................... 50mW 
HALT mode. . . . . . . . . . . . . . . . . . . . . . . .. 15mW 
Stand-by ............................ 50JIW 

APPLICATION 
Control processor for a wide variety of applications 

PIN CONFIGURATION (TOP VIEW) 

SINGLE-STEP INPUTSS .... 5 

REQ0~~i~~~G~ !NT .... 6 

EXTERNAL ACCESS EA .... 7 

READRD_ 8 

STOR:RE~~RB~~PSEN - 9 

WRITE WR +- 10 

ADDRESSE~~1I~ ALE +- " 

00* 12 

DATA BUS 

Vee (5V) 

39 .... Tl TEST PIN 1 

:: : :::}I/O PORT 2 
36 * P2 5 

35 "P24 

I/O PORT 1 

27 * P1 0 

26 - STBY STANDBY 

25 _PROGF/3TERNAL 

OUTPUT 

23 * P22 I/O PORT 2 
22 4+ P2 , 

( 0 V) Vss 

24 * P2 3} CONTROL 

L..-_____ r2-' .. P 2 0 

Outline 40P4 

FUNCTION 
The M5M80C49-XXXP and M5M80C39P-6 are integrated 
8-bit CPU, with memory (ROM, RAM) and timer/event 
counter interrupt all contained on a single chip. 

BLOCK 
DIAGRAM 

PI" Ph PI. Ph Plo P22 P2. P26 
PI 1 PI3 Pis Ph 

[--

1 

STBY To T, INT RESET PROG EA x 1 X 2 ALE PSEN 55 AD 

• MITSUBISHI 
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RO REGISTER 0 
Rl REGISTER 1 
R2 REGISTER 2 0 

R3 REGISTER 3 ~ 

R4 REGISTER 4 ~ 
cr: R5 REGISTER 5 co 
~ R6 REGISTER 6 
o R7 REGISTER 7 

~ STACK 
O~-::-:-=~--r-l 
(/) RO REGISTER 0 

~ Rl REGISTER 1 

g :~ :~~:~~~: ; -
<! R4 REGISTER 4 ~ 

R7 REGISTER 7 

R5 REGISTER 5 ;;3 U 
R6 REGISTER 6 
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PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

--
STBY Standby 

To Test pinO 

X1 • X2 Crystal inputs 

RESET Reset 

-
SS Single step 

-
INT Interrupt 

EA External access 

-
RD Read control 

PSEN Program store enable 

-
WR Write control 

ALE Address latch enable 

Do'-D7 Data bus 

P20 -P27 Port 2 

PROG Program 

Pl o-P1 7 Port I 

T1 Test pin I 

2-46 

Input or output 

Input 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Input/output 

Input/output 

Output 

Input/output 

Output 

Input/output 

Input 

MITSUBISHI MICROCOMPUTERS 

MSM80C49-XXXP/MSM80C39P-6 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Function 

Normally connected to ground (OV). 

Connected to 5V power supply. 

Q)Connected t05V power supply during normal operation. 

®Used when entering the standby mode. Power dissipation is reduced by connecting this to OV. 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTO/JNTO). 

®Used for outputting the internal clock signal (ENTO ClK). 

External crystal oscillator or RC circuit input for generating internal clock signals. 

An external clock Signal can be input through X, or X2. 

Control used to initialize the CPU. 

Control signal used in conjunction with ALE to stop the CPU through each instruction. in the single-step 

mode. 

Q)Control Signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JNI). 

®Used for external interrupt to CPU. 

Q)Normally maintained at OV. 

®When the level is raised to 5V. external memory will be accessed even when the address is less than 

400,6 (2048). The M5M80C39P is raised t05V. 

Read control signal used when the CPU requests data from external data memory or external device to 

be transferred to the data bus. 

(MOVX A. @Rr• and INS A. BUS) 

Strobe signal to fetch external program memory. 

Write control signal used when the CPU sends data through the data bus to external data memory or ex-

ternal device. 

(MOVX @Rr• A and OUTl BUS. A) 

A Signal used for latching the address on the data bus. An ALE signal occurs once during each cycle. 

Q)Provides true bidirectional bus transfer of instructions and data between the CPU. and external mem-

ory. Synchronizing is done with signals RD/WR. The output data is latched. 

®When using external program memory. the output of the low-order 8 bits of the program counter are 

synchronized with ALE. After that, the transfer of the instruction code or data from the external program 
--

memory is synchronized with PSEN. 

®The output of addresses for data using the external data memory is synchronized with ALE. After that, 
--

the transfer of data with the external data memory is synchronized with RD/WR. 

(MOVX A. @Rr• and MOVX @Rr• A) 

Q)Quasi-bidirectional port. When used as an input port, FF,6 must first be output to this port. After reset. 

when not used as an output port. nothing needs to be output. 

®P20-P23 output high-order 4 bits of the program counter when using external program memory. 

®P20-P23 serve as a 4-bit I/O expander bus for the M5M82C43P. 

Strobe signal for M5M82C43P I/O expander. 

Quasi-bidirectional port. When used as an input port. FF,6 must first be output to this port. After reset. 

when not used as an output port. nothing needs to be output. 

Q)Control signal from an external source for conditional jumping in a program. Jumping is dependent on 

external conditions (JTI/JNTI). 

®When enabled. event signals are transferred to the timer/event counter (STRT CNT). 
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MITSUBISHI MICROCOMPUTERS 

MSM80C49- XXXP IMSM80C39P-6 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Condtions Limits 

Vee Supply voltage Vss-0.3- 7 

VI Input voltage Vss - O. 3-V ec + O. 3 

Vo Output voltage V ss - 0.3 - Vee + 0.3 

Pd Power dissipation Ta~25°C 1.5 

Topr Operating free-air temperature range -40-85 

Tstg Storage temperature range -65-150 

RECOMMENDED OPERATING CONDITIONS (Ta=-40-85°C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

VIHI High-level input voltage, except EA. RESET. Xl. X2 O.7XVcc Vee V 

VIH2 High-level input voltage, EA. RESET. *1. X2 0.8xVce Vee V 

VIL Low-level input voltage, except EA. RESET. Xl. X2 VSS O.3 XVcc V 

VIL Low-level input voltage, EA. RESET. Xl. X2 VSS O. 2XVcc V 

ELECTRICAL CHARACTERISTICS (Ta = -40-85°C. Vee =5V ± 10%. Vss =OV, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

VOL Low-level output voltage I OL =2mA 

VOHI High·level output voltage, except Pl 0- P17. P2 0- P 27 I OH = -400,uA 0.75XVcc 

VOH2 High-level output voltage, P 1 0- P 1 7. P 2 0- P 2 7 IOH=-l,uA 0.75XVoO 

II Input current, Tl, INT, SS, EA, STBY VSS ~VIN ~Vee -10 
--

loz Output current, BUS, TO , high impedance state VSS~ VIN~Vee -10 

II L 1 Input current during low level, Port VIL=VSS 

II L2 Input current during low level, RES E T VIL= Vss 

Icc Supply current at 6MHz 

Icc Supply current during HALT at 6MHz (Note 1) 

Icc Supply current during ST AND BY (Note 1) 

VCe(STB) Stand by power supply voltage 2 

Note 1. BUS, To, Tl, EA, SS, STBY, RESET,INT=Vee or Vss 

TIMING REQUIREMENT (Ta=-40-85°C, Vee = 5V ± 10%, Vss =OV, unless otherwise noted) 

Symbol Parameter 

tc Cycle time 

th (PSEN- D) Data hold time after PSEN 

th (R- D) Data hold time after RD 

tsu (PSEN- D) Data setup time after P SEN 

tsu (A-D) Data setup time after R 0 

tSU(A-D) Data setup time after ADDRESS 

tsu (PROG-D) Data setup time after PROG 

th (PROG-D) Data hold time after PROG 

Alternative 

symbol Min 

teY 2.5 

tOR 0 

tOR 0 

t RO 

t RO 

tAD 

t pR 

t pF 0 

.• MITSUBISHI 
~ELECTRIC 

Limits 
Unit 

Typ Max 

15 .us 

200 ns 

200 ns 

500 ns 

500 ns 

950 ns 

810 ns 

150 ns 

Limits 

Typ 

- 50 

- 50 

Max 

0.45 

10 

10 

10 

3 

10 

Unit 

V 

V 

V 

W 

"C 

"C 

Unit 

V 

V 

V 

,uA 

,uA 

,uA 

,uA 

mA 

mA 

,uA 

V 
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MITSUBISHI MICROCOMPUTERS 

MSM80C49· XXXP IMSM80C39P·6 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS (Ta=-40-85"C. VOO=5V± 10%. VSS=OV, unless otherwise noted) 

Alternative Limits 
Symbol Parameter Unit 

symbol Min Typ Max 

tw(ALE) ALE pulse width tLL 400 ns 

td (A-ALE) Delay time, address to A LE signal tAL 150 ns 

tv (ALE-A) Address valid time after ALE tLA 80 ns 

tw(PSEN) PSEN pulse width too 700 ns 

tw(R) RD pulse width too 700 ns 

tw(W) WR pulse width too 700 ns 

td (O-W) Delay time, data to WR signal tow 500 ns 

tv (W'O) Data valid time after WR two 120 ns 

td (A-W) Delay time, address to W R signal tAw 230 ns 

td (A?-R) Delay time address floating to RD signal tAFO 0 ns 

td(AZ-PSEN) Delay time, address floating to P SEN signal tAFO 0 ns 

td(PC -PROG) Delay time, port control to PROG signal top 110 ns 

tv(PROG-PC) Port control valid time after PROG tpo 140 ns 

td(O·PROG) Delay time, data to PROG signal top 220 ns 

tv(PROG-O) Data valid time after PROG tpo 65 ns 

tw(PROGL) PROG low pulse width tpp 1510 ns 

td (O-ALE) Data ti me data to ALE tpL 400 ns 

tv (ALE-O) Data valid time after ALE tLP 100 ns 

Note: Conditions of measurement: control output CL ~ 80pF 

data bus output, port output CL ~ 150pF tc ~ 2.51-Ls 

0. 7Voo ----""' ,..----
XO.7VOO 

0.3Voo ____ ....J. _ 0. 3V OO 

TIMING DIAGRAM 

Read from External Data Memory Write to External Data Memory 

ALE ALE 

tW(R) 

WR -------_1 
td (AZ-R) 

th (R-O) 
tV(W-Q) 

BUS ----~~::::~----+---~~D~A~T~A~r-------------- BUS----~::~-1--~~~-------

Instruction Fetch from External Program 
Memory tc 

Port 2 

ALE 

ALE 

tw (PSEN) 

~_--+ ... td th (PSEN-O) 
(AZ-PSEN) 

BUS DATA 

tsu (PSEN-O) 

2-48 

PROG -------------------J~~~~~~-----
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MITSUBISHI MICROCOMPUTERS 

MSM80C49-XXXP IMSM80C39P-6 

Low power dissipation mode 
(1 ) HALT mode 

It will be in HALT mode when HALT instruction is ex­

ecuted and program execution is stopped. In HALT 
mode, only the basic clock operates and the others are 
all in the halt state. MCU keeps the contents of the reg­

isters in the state before the execution of HALT instru­

citons. 

The pin conditions are shown below. 

Table 1 

Pin Conditions 

Output mode: Data output 

Data bus Input mode: High inpedence 

(Input mode for M5M80C39P-6) 

Ports 1, 2 Port data output 

ALE L 

PSEN,RD 

WR, PROG 
H 

T</J Provided clock is continued 

T1 The first pulse input is effective. 

(counter input) After the reset of Halt mode, the count continues. 

(Timer) Halt 

HALT state 

L-+-------------_+_ 
L -----------+- 1 count up 

L ...... ----+- 1 count up 

L-+ ____ ... 
H~------------_4-

H~----.. 
H~----.. ---------+- 1 count up 

Fig. 1 Counter operation in the HALT mode 

The HALT mode can be cleared by the following 2 
methods 
(i) By RESET input 

When RESET input goes "L", an internal state is in­
itialized as same as the normal reset operation, and 

the program starts from address O. 
(ii) By INT input 

When INT input gose "L", and if it is in the interupt 

enable state, the interrupt sequence will start after 
executing the 2en instruction following HALT instruc­

tions. 
If is the interrupt disable state, the program exeution 
starts from the next address to HALT instructions. 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

(2) Standby mode 

It will be in Stnadby mode when STBY input goes "L" 

after setting RESET input to "L". In standby mode, all 
operations including clock stop, and only the contents 
of the buit-in RAM are maintained. For the standby 
mode reset, let STBY pin "H", Keeping RESET input 

low, and then let RESET input input "H". After that the 

internal state is inilialized and program excuition starts 
from address O. 
Control method of standby mode (Example) 
Place the capacitor to RESET pin, as shown in Fig 2, in 

order to make th standby mode control easier, so that 
the standby mode can be controlled by only contolling 

STBY pin. 

RESETI---~ 

M5MBOC49-XXX P 

M5MBOC39P-6 

+ 
:ltl,uF 

..,.".. 

STBY 1-----0 

Fig. 2 Control circuit example for standby mode 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

DESCRIPTION 
The MELPS 8-41 family is a general-purpose 8-bit CPU 

. peripheral LSI microcomputer series configured internally 
with a CPU, RAM, ROM. I/O ports, timer and other func­
tions. These microcomputers function independently of ex­
ternal connections but since they operate based on the in­
structions from the CPU (master CPU) that employs these 
lSls as the peripheral LSls, they are known as slave micro­
computers. 

Data is passed to and from the master CPU and slave mic­
rocomputers asynchronously through the buffer registers 
built into the MELPS 8-41 and therefore, when seen from 
the master CPU side, the LSI can be treated in every way 
like an ordinary peripheral LSI. Since the MELPS 8-41 has a 
built-in microcomputer, its functions can be changed easily 
simply by altering the program of the internal ROM. 

MELPS 8-41 SLAVE MICROCOMPUTER FAMILY 

Input clock 
Capacity 

Type name ROM RAM 
(MHz) 

(bytes) (bytes) 

M5L8041 A-XXXP 6 1024 

M5L8042-XXXP 12 2048 

BLOCK DIAGRAM OF MELPS 8-41 

DATA BUS ,..- INPUT/OUTPUT PORT 1 

Pl s P1 7 ' 

1024-WORD 
x8-im 

ROM 

64 

128 

INPUT/OUTPUT PORT2 
~ ____ ~A~ ______ ~ 

I ..... IN_S_T_R_U_CT_I_O_N_R_E_G..;...IS.;;.J_E_R.... CONTROL LOGIC 

1/0 

(ports) 

18 

18 

4 

5 

L INSTRUCTION DECODER 

_____________ ~ _ 11 2S L-__ ----.{ 

Notel: The MSL8042-XXXP has a 2048-word X 8-bit ROM. 
2 : The MSL8042-XXXP has a 128-word X 8-bit RAM. 

X1 X2 SYNC PROG 
'----..r---' SYNCHRONIZED 
CLOCK SIGNAL 

• MITSUBISHI 
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Technology used 

ED NMOS 

ED NMOS 

Vcc (5V) 

VDD (5V) 

Vss (OV) 

RESET RESET 

SS SINGLE STEP 

To TEST PIN 0 

T1 TEST PIN 1 
READ 

W WRITE 

CHIP SELECT 

ADDRESS 

EA EXTERNAL ACCESS 

3-3 

II 



MIT.SUBISHI MICROCOMPUTERS 

MELPS'8~41' SLAVE M:IC~ROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

BASIC FUNCTION' BLOCKS 
1 

Program Memory (ROM) 
The M,pL8041 A-XXXP contains a 1042-byte ROM while the 
M5L8042-XXXP has a built-in 2048-byte ROM. The program 
for the user application is stored in this ROM. Addresses 0, 
3 and 7 of the ROM are reserved for special functions. 
Table 1 shows the meaning and functions of these special 
addresses. 

Table 1 Reserved, defined addresses 
and their meanings and functions 

Address Meaning and function 

0 The first instruction executed after a system reset. 

3 
The first instruction executed after an external interrupt is 

accepted. 

i The first instruction executed after a timer interrupt, 

based on the timer/event counter, is accepted. 

Data Memory (RAM) 
The M5L8041 A-XXXP has a built-in 64-byte (128 bytes for 
M5L8042-XXXP) RAM. The RAM is used for data storage 
and manipulation and it is divided into sections for more 
efficient processing. Addresses 0 - 7 and 24 - 31 form two 
banks of general-purpose registers that can be directly 
addressed. Addresses 0-7 compose bank 0 and are num­
bered Ro"'" R7 . Addresses 24 - 31 compose bank 1 and are 
also numbered Ro"'" R7. Only one bank is active at a time. 
The instructions SEL RBO and SEL RB1 are used to select 
the working bank. Fig. 1 shows the division of the RAM and 
its mapping. The remaining sections, addresses 32 and 
above, must be accessed indirectly using the general­
purpose registers Ro or R1• Of course, all addresses can be 
indirectly accessed using the general-purpose registers Ro 
and R1. 

A good practice to simplify programming is to' reserve 
general-purpose register bank 0 for use of the main prog­
ram and register bank 1 for interrupt programs. For exam-' 
pie, if register bank 0 (addresses 0-7) is reserved for pro­
cessing data by the main program, when an interrupt is 
accepted, the first instruction would be to switch the work­
ing registers from bank 0 to bank 1. This saves the data of 
the main program (addresses 0-7). The interrupt program 
can then freely use register bank 1 (addresses 24 - 31) 
without destroying or altering data of the main program. 
When the interrupt processing is complete and control is 
returned to the main program by the RETR instruction, reg­
ister bank 0 (in this example) is automatically restored as 
the working register bank at the same time the main prog­
ram counter is restored. 
Addresses 8 - 23 comprise an 8-level program counter 
stack. More information on using the stack is found in the 
section on the program counter and stack and so reference 
should be made here for further details. 
The general-purpose registers and program counter stack 
sections may be used in exactly the same way as the other 
RAM sections. 

(Note 3) 

32 
31 

25 

24 

23 

.. 
User RAM 

32x8 
(Note 4) 

R7 
1 
I 
I 
I 
I 

R1 

R.O 

a-level stack 

16X8 

R7 
I 
I 
I 

Rl 

Ro 

Flg.1 Data memory (RAM) 

I 
~ 

) 

General-purpose 
registers/Register bank 1 

} 

General-purpose 
registers/Register bank 0 

Note 3 : The corresponding address is 127 for the M5L8042-XXXP. 
4 : The corresponding capacity is 96 X a for the M5L8042-XXXP. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Program Counter (PC) and Stack (SK) 
The M5L8041A-XXXP has a 10-bit (11 bits for the M5L8042-
XXXP) program counter which is illustrated in Fig. 2. 
When an interrupt or a subroutine call has occurred, the 
program currently being executed is interrupted and the 
execution flow transters to the interrupt program or sub­
routine. When such a condition has been encountered, the 
value currently stored in the program counter is saved for 
use when restarting execution of the original program flow. 
The place where these program counter values are stored 
is the program counter stack. In addition to the program 
counter, the high-order 4 bits of the PSW (program status 
word) , which will be described later, are saved in the 
stack. Addresses 8 - 23 of the RAM are used for this pur­
pose. 10 bits (or 11 bits for the M5L8042-XXXP) for the PC 
and 4 bits for the PSW are saved. Therefore, a RAM capac­
ity of2 bytes (16 bits) is used for each time. This means that 
it is possible to use the" program counter stack with the 
RAM 8 - 23 addresses to store both the PSW and program 
counter on top of each other up to 8 levels. This situation is 
indicated in Fig. 3. 

(Note 5) 

Fig.2 Program counter 

Note 5 : PC10 for M5LB042-XXXP 

Stack pointer 

S2 S, 

1 

S 0 : 1 : 
0 : 

I 

I 

1 I 

0 I 

I 

1 : 
I 

0 
I 

1 J ; 
0 

PSW(4)'PCS-9 

PC4-7: PCO-3 
MSB LSB 

RAM register number 

(Data memory address) 

R 23 

R22 

R 21 

R20 

R 19 

R IS 

R17 

RIB 

R 15 

R14 

RI3 

RI2 

RII 

RIO 

R9 (NoteS) 

RS 

The 3-bit stack pointer indicates at which level data is 
being stored in the stack. The stack pointer is also a part of 
the PSW but it is not stored in the program counter stack. It 
is automatically incremented by 1 whenever the program 
counter and PSW are stored in the program counter stack 
while, conversely, it is decremented by 1 every time stored 
values are taken out. The stack pointer always shows the 
positon of the program counter ~tack which is used as the 
next storage place. Consequently, when a return is made 
from a subroutine (using the RET or RETR instruction), the 
stack painter is first decremented by 1 and then the con­
tents of the program counter stack indicated by the stack 
pointer are transferred to the program counter. 

Fig.3 Relationship between program counter stack and 

stack pointer 

Note S : PCS-PC10 for M5LB042-XXXP 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAV'E'MICiROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Program Status Word (PSW) 
The PSW (program status word) is stored in 8 bits in the 
register storage. The configuration is shown in Fig. 4. The 
high-order 4 bits of the PSW are stored in the stack, along 
with the PC, when an interriJpt is accepted or a subroutin~ 
call executed. When control is returned to the main prog­
ram by RETR, both the PC and thehigh-order 4 bits of PSW 
are restored. When control is returned 'by RET, only the PC 
is restored, so care must be taken to ensure that the con­
tents of the PSW are not unintentionally changed. 
The order and meaning of the 8 PSW bits are given below. 
Bit 0 ..... Bit 2 : Stack pOinter (So, S1, S2) 
Bit 3 : Not used 
Bit 4 : Working register bank indicator 

Bit5 

Bit6 

Bit7 

0= BankO 
1 = Bank 1 

Flag 0 (value is set by user and can be 
tested with JFO conditional jump instruc­
tion.) 

: Auxiliary carry bit (AC). It is set/reset by the 
ADD and ADDC instructions and used by the 
DAA decimal compensation instruction. 

: Carry bit (CY). This indicates an overflow af-
ter an arithmetic or logic operation. 

High-order 4 bits are stored along with PC in stack. 

I Cy I AC I Fo I B5 11 152 151 I sol 

Cy : Carry 

AC : Auxiliary carry~carry from low-order 4 bits of ALU) 
Fo : Flag 0 
B 5 : Working register bank indicator 

52 } 
51 5tack pointer' 
So 

Flg.4 Program status word 

1/0 Ports 
The MELPS8-41 has two S-bit ports, called port 1 and port 2. 
(1) Port 1 and port 2 

Ports 1 and 2 are. both S-bit ports with identical prop­
erties. The output data of these ports' are retained and 
do not change until another output is loaded into them. 
When used as inputs, the input data is not retained so 
the input Signals must be maintained until an input in­
struction is executed and completed. 
Ports 1 and 2 are so-called quasi-bidirectional ports 
which have a special circuit configuration to accom­
plish this purpose. All the pins of the ports can be used 
for input or for output. 

CPU interna 
bus 

Reset-+----1 

Write pulse--+---..... ----l 

Flg.5 I/O port 1 and 2 circuit 

sv 

Port 1 
..... ~~--i IPort 2 

pins 

The special circuit i~ shown in Fig. 5. Internal on-chip 
pull-up resistors are provided for all the ports for pull­
up to 5V. The current required for setting the TTL sig­
nal high can be supplied through these pull-up resis­
tors. In addition, tile level can be pulled low by the 
standard TTL output. This means that any pin can be 
used for both input and output. 
To shorten the switching time from a low level to high 
level, when l's are output, a device with a relatively low 
impedance is turned on for a short time (approx. 500ns 
when a 6MHz crystal oscillator is used). 
To use a particular port pin as an input, a logic "1" 
must first be written to that pin. After resetting, a port is 
set to an input port and remains in this state. 
Therefore, it is not necessary to output all l's if it is to 
be used for input. In short, a port being used for output 
must output l's before it can be used for input. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

The individual terminals of the quasi-bidirectional ports 
can be used for input or output. Some termInals, there­
fore, can be in the input mode while the remaining ter­
minals of a port are in the output mode. This capability 
of ports 1 and 2 is convenient for inputting or outputting 
1-bit data with few bits. The logical instructions ANL 
and ORL can easily be used to manipulate the input or 
output of these ports. 

(2) Data bus 

The data bus (000""" 007 ) handles the data, commands 
and statuses between the master CPU and MELPS 8-4 
1. It is controlled by the following 4 control signals. 
Table 2 shows the relationship between the control sig­
nals and the data bus. 

Ao : Address input indicating data/command bus 
buffer registers and status register 

R : Read input 
W : Write input 
S : Chip select input 

Table 2 Control signals and data bus 
S R W ~ Data bus mode Data on data bus 

0 0 1 0 Read Data 

0 0 1 1 Read Status 

0 1 0 0 Write Data 

0 1 0 1 Write Command (F1 .... 1 ) 

1 X X X High impedance -

The internal configuration of the data bus is shown in Fig. 7. 
The functions of the 3 registers indicated (status register, 
output data bus buffer register and input data/command 
bus buffer register) are now described in detail. 

Flg.6 Internal configuration of data bus control 

DOc 
-007 -J.-

SoFioAc 

~ 
1 

SoW 

SoFioA(j 
8 

, 

S'W 
8 

Status 

ST7 

ST6 

STs 

ST4 

Fl 

Fa 

IBF 

OBF 

Output data 
bus buffer 

(088(0» 

Input 
data/command 

bus buffer 

(088(1» 

MOV ,STS, A 

4 

Internal 

bus 

OUT DBB, A 
8 

, 

IN A, DBB 
8 

~ 

Fig.7 Internal configuration of data bus 

• Status register 

~ 

The status register is configured with 8 bits and the high­
order 4 bits (ST 4""" ST 7) can be set as required with a soft­
ware (MOV STS, A) instructions. The low-order 4 bits (OBF, 
IBF, Fo, F1 ) are set as follows: 

OBF (output buffer full) 
The OBF flag is automatically set to "1" when the output in­
struction (OUT OBB, A) is executed inside the MELPS 8-41 
and it is cleared when the contents of the output data bus 
buffer are read by the master CPU. 

IBF (input buffer full) 
The IBF flag is automatically set to "1" when the data or 
commands are written into the input data/command bus 
buffer by the master CPU and it is cleared when the input 
instruction (IN A, OBB) is executed inside the MELPS 8-41. 

Fo (flag 0) 
The Fo flag is set by the. flag setting instructions (CPL Fo, 
CLR Fo) and it is used to inform the master CPU of the in­
ternal state of the MELPS 8-41. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8·41SLAVE-MICROCOM-PUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

F1 (flag 1) 
When the data or command is input into the input datal 
command bus buffer by the master CPU, the F1 flag is set 
to the condition of the Ao input. 
The F1 flag is also set by the flag setting instructions (CPL 
F1, CLR F1). 
• Output Data Bus Buffer Register 
The accumulator (A) contents are transferred to the DBB 
(0) output data bus buffer register by the OUT DBB, A in­
struction. Since the OBF flag is set at this time, the master 
CPU can judge whether the data has been transferred to 
the register by confirming the state of the OBF flag. 
• Input Data/Command Bus Buffer (DBB(l)) Register 
When the write request (w =0) is generated from the mas­
ter CPU, the data on the data bus is transferred to the DBB 
(1) input data/command bus buffer register. Since the IBF 
flag is set at this time, it is possible to judge whether the 
data or command has been transferred inside the MELPS 
8-41 by confirming the state of this flag. 

Conditional Jumps Using Pins To, T 1 

and Flags IBF, OBF 
The conditional jump instructions are used to alter prog­
rams, depending on the internal and external conditions 
(states) of the CPU. Details of the jump instructions can be 
found in the section on machine instructions. 
The input Signal status of pins To and T1, and the states of 
the IBF and OBF flags can be checked by the conditional 
jump instructions. These input pins, through conditional 
jump instructions such as JTO and JNTO, can be used to 
control a program. This means that programs and proces­
sing time can be reduced by being able to test data in the 
input pin rather than reading the data into a accumulator 
and then testing it. 
Pin T1 has other functions and uses which are not related to 
conditional jump instructions. Details of these other func­
tions and uses can be found on the section dealing with pin 
functions. 

Interrupt 
The CPU reco~nizes ~n external interrupt by a low-level 
Signal at the Sand W pins. When such an interrupt is 
accepted, the external interrupt pending flip-flop and IBF 
flag are set. 
Interrupt requests are sampled between the SYNC signal 
outpu~s of every machine cycle. When a request is recog­
nized, then as soon as the instruction being executed is 
terminated, a subroutine call is made to address 3 of the 
program memory. As with ordinary subroutine calls, the 
program counter and program status word (PSW) are saved 
in the program counter stack. 

The unconditional jump instructions for enabling a jump to 
be made to the address where the ordinary interrupt pro­
cessing program is stored are contained in address 3 of the 
program memory. 
The interrupt level is one so that the next interrupt cannot 
be accepted until the current interrupt processing has been 
completed. The RETR instruction terminates the interrupt 
processing. That is to say, the next interrupt cannot be 
accepted until the RETR instruction is executed. The next 
interrupt can be accepted at the start of the second cycle 
of the RETR instruction (2-cycle instruction). Timer/event 
counter overflow which causes an interrupt request will also 
not be accepted. 
Priority is given to the external interrupt when both an ex­
ternal interrupt and timer interrupt have been generated at 
the same time. 

TIMER 
OVERFLOW 

<DTIMER INTERRUPT ENABLE FF (TCNTF) 
(2)TIMER INTERRUPT REQUESTFF (TIRF) 
@EXTERNAL INTERRUPT LATCH 
®EXTERNAL INTERRUPT ENABLE FF (INTF) 
@INTERRUPT ENABLE FF (IEF) 
@INTERRUPT ACKNOWLEDGE FF 
(])EXTERNAL INTERRUPT PENDING FF (EIPF) 

Flg.S Interrupt control section configuration 
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Table 3 Acceptance of interrupts 
Item Conditions Execution details 

Internal interrupt When tCNTEF I No external interrupt Interrupt is executed and call is mode to address 7. 

(timer INT enable FF) = 1 I During external interrupt execution Interrupt is held. 

When TCNTF Interrupt is not executed or held. 

(timer INT enable FF ) = 0 TF (Timer flag)+-1 

External interrupt When I No timer interrupt Interrupt is executed and call is made to address 3. 

(external INT enable FF) = 1 J During timer interrupt execution I 
Interrupt is not executed but held. 

When (externallNT enable FF) = 0 

Timer and external interrupts 
Combination is same as conditions above 

generated simultaneously 

When a' second level of external interrupt is required, the 
timer interrupt, if not being used, can provide this. This is 
done by enabling the timer/event counter interrupt and set­
ting the timer/event counter to FF16. The CPU is placed in 
the event counter mode. The interrupt is then generated in 
address 7 by setting the T1 input from the external source 
from the high to low level. 
The IBF flag can be tested using a conditional jump in­
struction. For further details, check the section on the con­
ditional jump instructions, pins To and T1, and the IBF and 
OBF flags. 

Timer I Event Counter 
The timer/event counter for the MELPS 8-41 is an 8-bit 
counter, that is used to measure time delays or count exter­
nal events but not both. The same counter is used to mea­
sure time delays or count external events simply by chang­
ing the input to the counter. 
The counter can be initialized by executing an MOV T, A 
instruction. The value of the counter can be read for check­
ing by executing the MOV A, T instruction. Reset will stop 
the counting but the counter is not cleared, thus enabling 
counting to be resumed. 
The largest number the counter can contain is FF16. If it is 
incremented by 1 when it contains FF16, the counter will be 
reset to 0016, the overflow flag is set and a timer interrupt 
request is issued. The timer flag can be checked using the 
JTF conditional branch instruction, and it is cleared by ex­
ecuting the JTF instruction or by resetting the system. 
When the timer interrupt is accepted, a subroutine call is 
made to address 7 of the program memory. 

External interrupt takes priority and is executed. 

When both a timer and external interrupt request are 
generated at the same time, the external interrupt is given 
priority and will be accepted first by automatically calling to 
address 3 of the program memory. The timer interrupt re­
quest is kept and will be processed when the external in­
terrupt has been completed and a RETR instruction is ex­
ecuted. A latched timer interrupt request is cancelled when 
a timer interrupt request is generated. The STRT CNT in­
struction is used to change the counter to an event counter. 
Then the pin T1 sigrial becomes the input to the event· 
counter and events are counted up at the T1 fall. The max­
imum rate that can be counted is one time in 3 machine cy­
cles (7.5fJ.s when using a 6MHz crystal). The high-level at 
T1 must be maintained at least + of the cycle time (500ns 
with a 6MHz crystal). 
The STRT T instruction is used to change the counter to a 
timer. The internal clock signal becomes the input to the 
timer. The internal clock is 3~ of 400kHz (with a 6MHz 
crystal) or 12.5kHz (see Fig. 9) . The timer is therefore 
counted up every 80fJ. s. The counter can be initialized by 
executing an MOV T, A instruction. Delay times varying 
from 80fJ.s to 20ms (256 count) can be obtained by detecting 
the counter overflows. Even times of more than 20ms can 
be achieved by counting the number of overflows using the 
program. 
A resolution of less than 80fJ.s can be obtained in the event 
counter mode by supplying an external clock to pin T1. It is 
also possible to supply every third (or more) prescaled ALE 
Signal to pin T1 instead of an external clock. 

• MITSUBISHI 
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X'ial 
OSC 

T 1 0--.----« ____ 

Incremented 

EDGE DETECTOR 

MOVA,T 

Flg.9 Timer/event counter configuration 

Cycle Timing 

TIMER 
OVERFLOW 

TIMER 
FLAG (TF) 

The output of the state counter is -t the input frequency 
from the oscillator, and a ClK signal is produced which de­
termines the times of each machine state (see Fig. 10) . 
During the cycle count the ClK signal is prescaled by -t 
and a machine cycle containing 5 states is produced. The 
MElPS 8-41 instructions are executed in one or two 
machine cycles. Fig. 12 shows the internal operation with an 
instruction formed from one machine cycle. 

Flg.l0 Clock generator circuit 

Internal 
clock 

500ns(when using a 6MHz crystal) 

82 83 84 85 81 82 83 

8 YNC +--~--II-I 

Flg.ll Clock and generated cycle signals 

2.5.us (when using a 6MHz crystal) 

Instruciton cycle 

I 85 81 82 83 I 84 T 85 81 I 
Instruction 

Instruction 
decode, 
program Instruction execution 

fetch counter 
renewal 

Flg.12 Instruction execution timing 

Res~ 
-The RESET pin is for resetting the CPU. A Schmitt trigger 
circuit along with a pull-up resistor are connected to it on 
the Chip. A sufficiently long pulse can be obtained for re­
setting by attaching 11.l F capacito~ as shown in Fig. 13. An 
external reset pulse applied at RESET must remain at the 
low level for at least 10ms after the power has been turned 
on and after it has reached its normal level. 
The reset ,function causes the following initialization within 
the CPU. 
(1) The program counter is reset to O. 
(2) The stack pointer is reset to O. 
(3) The register bank 0 is selected. 
(4) Ports 1 and 2 are reset to the input mode. 
(5) External and timer interrupts are reset to disable state. 
(6) Timer is stopped. 
(7) Timer flag is cleared. 
(8) Flags Fo and Fl are cleared. 

~,~~ J- vv 

Flg.13 Example of reset circuit 

MELPS8-41 

5V 

. 
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Single-Step Operation 
The MELPS 8-41 is provided with an SS pin for facilitating 
single-step operation where the CPU stops after the ex­
ecution of each instruction is completed. The user can use 
this to trace the flow of the program, instruction by instruc­
tion, and find this to be an aid in program debugging. 
SS is used in synchronization with the timing of the SYNC 
signal output from the CPU. Fig. 14 shows the circuit used 
for single-step operation and the timing involved. 

5V 
5V Single-step mode 

Buffer 

(a) Example of single-step circuit 

SYNC 

Instruction ---It---. 
execution 

S I Instruction 
top --+-execution 

(b) Single-step timing 

Flg.14 Single-step operation circuit and timing 

A type D flip-flop with~reset and reset pins is used to 
generate the signal for SS. 
When the preset pin is kept low, SS goes to the high level, 
which puts the CPU in the run mode. 
For single-step operation the preset pin is switched to the 
high level and SS to the low level. While SS is low, the 
CPU stops. To restart the CPU, a pulse is supplied to the 
clock pin on the type D flip-flop. This sets SS to the high 
level, and the CPU fetches the next instruction and begins 
to execute it. Once the CPU starts the execution, the SYNC 
signal connected to the reset pin of the type D flip-flop is 
low and so SS also goes low. As soon as the CPU finishes 
executing the instruction, it is again stopped by SS going to 
the low level. 

The CPU is made to recognize that it is to stop 
-

when SS is set to the low level. 

j 
The CPU stops when the next instruciton is 

fetched. (If a 2-cycle instruction is being ex-

ecuted, the CPU stops after the instruciton is 

completed. ) 

~ 
The CPU advises the external equipment that 
it has entered the stop mode by setting the 

SYNC signal to high. 

+ 
By setting SS high, the CPU is made to recog-

nize that it may exit from the stop mode. 

The CPU advises the external equipment that 

it has exited from the stop mode by setting the 

SYNC level low, and it moves on to the execu-

tion of the instruction at hand. 
~ 

If the CPU is to be stopped again upon com-
-

pletion of the next instruciton, SS is set low im-

mediately after the SYNC signal goes low. 

Unless the single-step mode is required from 
-

the next instruction, SS is kept high. 

Fig.15 CPU operation in single-step mode 

Fig.15 shows the operation of the CPU in the single-step 

mode. 

Central Processing Unit (CPU) 
The CPU is composed of an 8-bit parallel arithmetic unit, 
accumulator, flag flip-flop and instruction decoder. The 8-bit 
parallel arithmetic unit has circuit to perform the four basic 
arithmetic operations (addition, subtraction, multiplication 
and division) as well as logical operations such as AND and 
OR. The carry, zero and other states generated by these 
operations· are set in the flag flip-flop. The accumulator 
supplies the operands (HIENZANSUU) to the arithmetic 
circuit, receives the results from the same circuit and 
keeps them. The flag flip-flop keeps the carry, zero and 
other states when various kinds of arithmetic operation in­
structions are executed. 

DMA Control 
Ports P2s and P27 of the MELPS 8-41 can be used not only 
as ordinary input/output ports but also for the control signal 
employed for DMA handshaking. Immediately after reset­
ting, these two ports function as ordinary ports (see 
Fig. 16). 

• MITSUBISHI 
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P26 
ORO 

M ELPS8-41 

P27 
OACK 

Flg.16 OMA control 

ORQn 

M5L..82 57P 
A OM 

OACKn 

When the EN OMA instruction is executed, P26 becomes 
the ORQ (OMA req'uest)· output. Subsequently, when P26 is 
set to "1 ", ORQ becomes "1" and OMA-based data transfer 
is requested. __ _ __ _ 
ORQ is cleared when the OACK • R, DACK • W or EN DMA 
instruction is executed. 

~(Internal Data Bus) 

EN DMA 

RESET 

OUTL 
ANL 
ORL 

~-------~DRQ 
P2.A 
P2. #n 
P2. #n 

Flg.17 Internal configuration of OM,A control 

When the EN OMA instruction is executed, P27 becomes 
the OACK (OMA acknowledge) input. The OACK input is 
used as th,e chip select input for OMA transfer. There is, 
therefore, no connection with the state of S (chip select) 
during OMA transfer. 

Interrupt' Request to Master CPU 
Ports P24 and P25 of MELPS 8-41 can be used not only as 
ordinary input/output ports but also as the outputs of the 
IBF (input buffer full) flag and OBF (output buffer full) flag. 
Immediately after resetting, both ports function as input 
ports. 

MELPS8-41 

P25 

ISF 

OSF 

jlnterrupt request 
to master CPU 

Flg.18 Interrupt request to master CPU 

When the EN FLAGS instruction is executed, P24 functions 
as the OBF pin and P25 as the IBF pin. "1" must be output 
to both pins so that the OBF and IBF flag states are output 
to each pin, respectively. These states are not output while 
"0" is output to the pins. The OBF flag output indicates that 
data~s been output to the output data bus buffer register; 
the IBF flag output indicates that the input data/command 
bus buffer register is in the data accept enable mode. 

Flg.19 Internal configuration of IBF/OBF 
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INSTRUCTION CODES 

0000 0001 

INC 
0000 NOP 

@RO 
INC 

0001 

0010 

0011 

0100 

0101 

0110 

0111 
A 

1000 

1001 9 

1010 A. 

1011 B 

1100 C 

1101 D 

1110 E 

1111 F 

MITSUBISHI MICROCOMPUTERS 

MELPS 8 .. 41 SLAVE MICROCOMPUTERS 

0010 0011 

XCH XCHD 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

0100 

ORL 

A 

0101 0110 0111 1000 

ANL ADD ADDC 

A A A 
ANL ADD 

A,RO A, RO 
ANL ADD 

A, R1 A, R1 
ANL ADD 

A, R2 A, R2 
ANL ADD 

A, R3 A, R3 
ANL ADD 

A, R4 A, R4 
ANL ADD 

A,R5 A, R5 
ANL ADD 

A, R6 A, R6 
ANL ADD 

A, R7 

• MITSUBISHI 
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1001 1010 1011 1100 1101 1110 1111 

A B C D E F 

MOV XRL MOV 

STS, A @RO,A 

II 2-byte 2-cycle instruction 

fill] /;, l-byte 2-cycle instruction 

fill] 1 -byte l-cycle instruction 
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MACHINE ·INSTRUCTIONS 

~ Mnemonic 

D7 D S D s D 4 Type 

0 0 1 0 
MOV A, # n n7 n e n S n 4 

1 1 1 1 
MOV A, Rr 

I 

1 0 1 0 
MOV Rr, A 

1 0 1 1 
MOV Rr, #n n7 n e n S n 4 

0 0 1 0 
XCH A, Rr 

1 1 1 1 
MOV A, @Rr 

1 0 1 0 
MOV @Rr, A 

~ 1 0 1 1 
MOV @Rr, #n 

~ n7 n e n S n 4 

l-
01 
c: 1 0 1 0 .~ 

MOVP A, @A ~ 
'0 
'0 « 
'0 1 1 1 0 
~ MOVP3 A, @A 
~ 

0 0 1 0 
XCH A. @Rr 

0 0 1 1 
XCHD A. @Rr 

1 1 0 0 
MOV A, PSW 

1 1 0 1 
MOV PSW. A 

1 0 0 1 
MOV STS, A 

1 0 0 1 
CLR C 

1 0 1 0 
CPL C 

1 0 0 0 
CLR Fo 

1 0 0 1 
CPL Fo 
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Instruction code 
<II 
Q) 

D3 D 2D ,D o Hexadecimal 
~ 

0 0 1 1 2 3 
n 3 n 2 n,n O n 2 

1 r2r,rO F 8 
+ 1 r 

1 r2r,rO A 8 
+ 1 r 

1 r2r,rO B 8 
n3 n 2n,nO + 2 r 

n 

1 r2r,rO 2 8 
+ 1 r 

0 0 0 r 0 F 0 
+ 1 r 

0 0 0 r 0 A 0 
+ 1 r 

0 0 0 r 0 B 0 
+ 2 n3 n 2n,nO r 

n 

0 0 1 1 A 3 
1 

0 0 1 1 E 3 
1 

0 0 0 r 0 2 0 
+ 1 r 

0 0 0 r 0 3 0 
+ 1 r 

0 1 1 1 C 7 
1 

0 1 1 1 D 7 
1 

0 0 0 0 9 0 
1 

0 1 1 1 
9 7 1 

0 1 1 1 
A 7 1 

0 1 0 1 
8 5 1 

0 1 0 1 
9 5 1 

•. MITSUBISHI 
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<II 
Q) 

0 
>-

Function 
() 

2 (A) -- n 

(A) -- (Rr) 
1 r=0-7 

(Rr) - (A) 
1 r=0-7 

(Rr) -- n 
2 r=0-7 

(A) --,(Rr) 
1 r=0-7 

(A) -- (M (Rr) ) 
1 r=O-l 

(M (Rr) ) -- (A) 
1 r=O-l 

(M (Rr»--n 
2 r= 0-1 

2 (A) -- (M (A) ) 

2 (A) -- (M (page 3. A) ) 

(A) - (M (Rr) ) 
1 r=O-l 

(Ao-A3) - (M (RrO-Rr3) ) 
1 r=O-l 

1 (A) -- (PSW) 

(pSIfoI) -- (A) 
1 (C) -- (A7). (AC) - (As) 

(STS) - (A) 
1 (ST4-ST7)- (.A4 -A7) 

1 (C) --0 

\ 

1 (C)-(6) 

1 (Fo) -- 0 

1 (Fo) - (Fo) 



Affected carry 

C AC Note 

0 0 

2 

0 

0 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Description 

Transfers data n to register A. 

Transfers contents of register Rr to register A. 

Transfers contents of register A to register Rr. 

Transfers data n to register Rr. 

Exchanges contents of register Rr with contents of register A. 

Transfers contents of memory location of current page, whose address is in register Rr, to register A. 

Transfers contents of register A to memory location of current page whose address is in register Rr. 

Transfers data n to memory location of current page whose address is in register Rr. 

Transfers data of memory location of current page whose address is in register A to register A. 

Transfers data of memory location of page 3 whose address is in register A to regsiter A. 

Exchanges contents of memory location of current page whose address is in register Rr with contents of register A. 

Exchanges contents of low-order 4 bits of register with low-order 4 bits of memory location of current page whose address is in register 

Rr. 

Transfers contents of program status word to register A. 

Transfers contents of register A to program status word. 

Transfers contents of register A to status register. 

Clears carry flag and resets it to O. 

Complements contents of carry flag. 

Clears flag Fe and resets it to O. 

Complements contents of flag Fe. 

• MITSUBISHI 
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~ Mnemonic 

Type 

E CLR F1 
15 
0 
!II 

~ CPL F1 U5 

ADD A. #" 

ADD A: Rr 

ADD A. @Rr 

ADDC A. #" 

AD DC A. Rr 

ADDC A. @Rr 

ANL A. #n 

ANL A. Rr 

ANL A. @Rr 

ORL A, #" 

ORL A, Rr 

ORL A, @Rr 

XRL A, # n 

XRL A, Rr 

XRL A, @Rr 

INC A 

DEC A 

3-16 
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D7 D 6 D 5 D 4 

1 0 1 0 

1 0 1 1 

0 0 0 0 
"7"6"5"4 

0 1 1 0 

0 1 1 0 

0 0 0 1 

"7"6 n 5"4 

0 1 1 1 

0 1 1 1 

0 1 0 1 

"7"6"5 n 4 

0 1 0 1 

0 1 0 1 

0 1 0 0 
"7"6 n 5"4 

0 1 0 0 

0 1 0 0 

1 1 0 1 
n 7 "6 n 5 n 4 

1 1 0 1 

1 1 0 1 

0 0 0 1 

0 0 0 0 

FUNCTIO"S OF MELPS 8-41 SLAVE' MICROCOMPUTERS 

Instruction code 
!II 
CD 
>. 
III 

D3 D 2D1 D O Hexadecimal 

0 1 0 1 
A 5 1 

0 1 0 1 
B 5 1 

0 0 1 1 0 3 
"3"2"l n O " 2 

1 r 2 r 1 r O 6 8 
+ 1 r 

0 0 0 r 0 6 0 
+ 1 r 

0 0 1 1 1 3 
"3 n 2 n 1 n O n 2 

1 r 2 r 1 r 0 7 8 
+ 1 r 

0 0 0 r 0 7 0 
+ 1 r 

0 0 1 1 5 3 
n 3 n 2 n 1 n O n 2 

1 r 2 r 1 r 0 5 8 
+ 1 r 

0 0 0 r 0 5 0 
+ 1 r 

0 0 1 1 4 3 
n 3 n 2 n 1"0 n 2 

1 r 2 r 1 r O 4 8 
+ 1 r 

0 0 0 r 0 4 0 
+ 1 r 

0, 0 1 1 D 3 
n 3 n 2 n 1"0 " 2 

1 r 2 r 1 r O D 8 
+ 1 r 

0 0 0 r 0 D 0 
+ 1 r 

0 1 1 1 
1 7 1 

0 1 1 1 
0 7 1 

• MITSUBISHI 
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!II 
CD 
"0 Function 
>. 
() 

1 (F1) -0 

1 (F1) - (F1) 

2 (A) - (A) + n 

(A) - (A) + (Rr) 
1 r=0-7 

(A) - (A) + (M (Rr) ) 
1 r= 0-1 

2 (A) - (A) + n + (C) 

(A) - (A) + (Rr) + (C) 
1 r=0-7 

(A) - (A) + (M (Rr) ) + (C) 
1 r=O-l 

2 (A) - (A) A" 

(A) - (A) A (Rr) 
1 r=0-7 

(A) - (A) A (M (Rr) ) 
1 r=O-l 

2 (A) - (A) V" 

(A) - (A) V (Rr) 
1 r=0-7 

(A) - (A) V (M (Rr) ) 
1 r=O-l 

2 (A)-(A)¥" 

(A) - (A)¥ (Rr) 
1 r=1-7 

(A) - (A)¥ (M (Rr» 
1 r=O-l 

1 (A) - (A) + 1 

1 (A) - (A)-1 



Affected carry 

C AC Note 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 
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FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Description 

Clears flag Fl and resets it to O. 

Complements contents of flag Fl. 

Adds data n to contents of register A and sets carry flags to 1 if there is an overflow; otherwise resets carry flags to O. The result is stored 

in register A. 

Adds contents of register Rr to contents of register A and set carry flags to 1 if there is an overflow; otherwise resets carry flags to O. The 

result is stored in register A. 

Adds contents of register A and contents of memory location of current page whose address is in register Rr and sets carry flags to 1 if 

there is an overflow; otherwise resets carry flags to O. The result is stored in register A. 

Adds carry and data n to contents of register A and sets carry flags to 1 if there is an overflow; otherwise resets carry flags to O. The result 

is stored in register A. 

Adds carry and contents of register Rr to contents of register A and sets carry flags to 1 if there is an overflow; otherwise resets carry 

flags to O. The result is stored in register A. 

Adds carry and contents of memory location of current page whose address is in register Rr to contents of register A and sets carry flags 

to 1 if there is an overflow; otherwise resets carry flags to O. The result is stored in register A. 

Logical product of contents of register A and data n is stored in register A. 

Logical product of contents of register A and contents of register Rr is stored in register A. 

Logical product of contents of register A and contents of memory location of current page whose address is in register Rr is stored in 

register A. 

Logical sum of contents of register A and data n is stored in register A. 

Logical sum of contents of register A and contents of register Rr is stored in register A. 

Logical sum of contents of register A and contents of memory location of current page whose address is in register Rr is stored in regis-

terA. 

Exclusive OR of contents of register A and data n • stored in register A. 

Exclusive OR of contents of register A and contents of register Rr is stored in register A. 

Exclusive. OR of contents of register A and contents of memory location of current page whose address is in register Rr, is stored in reg-

ister A. 

Increments contents of register A by 1. The result is stored in register A. 

Decrements contents of register A by 1. The result is stored in register A. 
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~ Mnemonic 

Type 

CLR 1\ 

0 

~ 
~ CPL 1\ 
:t:: 

< 
OA A 

SWAP A 

RL A 

= :;: RLC 1\ en 

RR A 

RRC 1\ 

0 INC Rr 
~ 

~ 
.~ 

INC @Rr 
~ 
'Iii 00, 
Q) 

a:: 
DEC Rr 

JMP m 
a. 
E 
.; 

JMPP @A 

JBb m 

JNIBF m 

a. 
E 
.; ~OBF m 
iii 

~ 
=a 
c: JTF m 
0 
0 

OJNZ Rr, m 

JC m 

3-18 

MITSUBISHI MICROCOMPUTERS 

,MELPS'S.4'1 SL.AVE'MICROCOMPUTERS 

070S 0 S04 

0 0 1 0 

0 0 1 1 

0 1 0 1 

0 1 0 0 

1 1 1 0 

1 1 1 1 

0 1 1 1 

0 1 1 0 

0 0 0 1 

0 0 0 1 

1 1 0 0 

m 10 m 9 m Bo 
m7 m Sm Sm 4 

1 0 1 1 

b.7 b s b s l 
m7 m Sm S m 4 

1 1 0 1 
m7 m Sm S m 4 

1 0 0 0 
m7 m 6 m S m 4 

0 0 0 1 
m7 m 6 m S m 4 

1 1 1 0 
m7 m 6 m Sm 4 

1 1 1 1 
m7 m 6 m S m 4 

I 

FUNCTIONS OFMELPS 8-41 SLAVE MICRO.C()MPUTERS 

Instruction code 
In 
Q) 

>. m 
03 0 2 D 10 0 Hexadecimal 

0 1 1 1 
2 7 1 

0 1 1 1 
3 7 1 

0 1 1 1 
5 7 1 

0 1 1 1 
4 7 1 

0 1 1 1 
E 7 1 

0 1 1 1 
F 7 1 

0 1 1 1 7 7 
1 

0 1 1 1 6 7 
1 

1 r 2 r 1 r O 1 8 
+ 1 r 

0 0 0 r 0 1 0 
+ 1 r 

1 r 2 r 1 r O C 8 
+ 
r 1 

0 1 0 0 0 4 
m 3m 2 m 1m O 

+ 2 mB-10 
m 

0 0 1 1 B 3 
1 

0 0 1 0 1 2 
m 3m 2 m 1m O 

+ 2 b 
m 

0 1 1 0 
m 3m 2 m 1m O 0 6 2 

0 1 1 0 8 6 
m 3m 2 m 1m O m 2 

0 1 1 0 1 6 
m 3m 2 m t m o m 2 

1 r 2 r 1 r O E 8 
m 3m 2 m 1m O 

+ 2 r 
m 

0 1 1 0 F 6 
m 3m 2 m 1m O m 2 

•. .. MITSUBISHI 
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In 
Q) 

'0 Function >-
0 

1 (A) -0 

1 (A)-(A) 

1 (A) decimal conVersion 

1 (A4-A7 ) - (Ao-A3 ) 

(An+1 ) - (An) 
1 (Ao) - (A7) n=0-6 

(An+1) - (An) 
1 (Ao)-(C) 

(C) -(A7) n=0-6 

(An) - (An+ 1) 
1 (A7) - (Ao) n=0-6 

(An) - (An+ 1) 
1 (A7)-(C) 

(C)-(Ao) n=0-6 

(Rr) - (Rr)+ 1 
1 r=0-7 

(M(Rr)) - (M(Rr))+ 1 
1 r=O-l 

(Rr) - (Rr)- 1 
1 r=0-7 

(PCB-PC10) - mB-m10 
2 (PCO-PC7) - mO-m7 

(PCO-PC7) - (M(A)) 
2 

When (Ab ) = 1, (PCO-PC7) - m 
2 When (Ab ) = 1, (PC) - (PC)+ 2 

b7bsbs = 0-7 

2 When (IBF) = 0, (PCO-PC7) - m 

2 When (OBF) = 1, (PCO-PC7) - m 

When (TF) = 1, (PCO-PC7 ) - m 
2 When (TF) = 0, (PC) - (PC)+ 2 

(Rr) - (Rr)- 1 r= 0-7 
2 When (Rr) 4= 0, (PCO-PC7) - m 

When (Rr) = 0, (PC) - (PC)+ 2 

When (C) = 1, (PCO-PC7) - m 
2 When (C) = 0, (PC) - (PC)+ 2 



Affected carry 

C AC Note 

0 0 1 

0 

0 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Description 

Clears contents of register A and resets to O. 

Forms 1 's complement of register A and stores it in register A. 

Contents of register A are converted to binary coded decimal notation and stored in register A. 

Exchanges contents of bits 0-3 of register A with contents of bits 4-7 of register A. 

Shifts contents of register A left one bit. MSB A7 is rotated to LSB Ao. 

Shifts contents of register A left one bit. MSB A7 is shifted to carry flag and carry flag is shifted to LSB ft.{;. 

Shifts contents of register A right one bit. LSB Ao is rotated to MSB A7. 

Shifts contents of register A right one bit. LSB ft.{; is shifted to carry flag and carry flag is shifted to MSB A7. 

Increments contents of register Rr by 1. The result is stored in register Rr. 

Increments contents of memory location of current page whose address is in register Rr by 1. 

Decrements contents of register Rr by 1. The result is stored in register Rr. 

Jumps unconditionally to address m. 

Jumps to memory location of current page whose address is in register A; but when instruction executed was in address 255, jumps to 

next page. 

Jumps to address m of qurrent page when bit b of register A is 1. Executes next instruction when bit b of register A Is O. 

Jumps to address m of current page when IBF is O. 

Jumps toaddress m of current page when OBF is1. 

Jumps to address moof current page when timer/counter overflow flag.is 1; flag is cleared after execution. 

Decrements contents of register Rr by 1; jumps to address m of current page when result is not O. 

jumps to address m of current page if carry flag is 1. 

• MITSUBISHI 
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I,S Mnemonic 

Type 

JNC m 

JZ m 

JNZ m 

JTO m 
a. 
E 
::l .., 
a; 
IS JNTO m 

"" :0 
IS 
() 

JT1 m 

JNT1 m 

JFO m 

JF1 m 

CALL m 

CD 

~ .c RET 
::l en 

RETR 

IN A, Pp 

OUTL Pp, A 

'5 ANL Pp,#n a. 
'5 
0 :s 
a. 

ORL Pp, #n E 

IN A,OBB 

OUT DBB, A 

3-20 
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07069s04 

1 1 1 0 
m7 m S m 5 m 4 

1 1 0 0 
m7 m S m 5 m 4 

1 0 0 1 
m7 m S m 5 m 4 

0 0 1 1 
m7 m S m S m 4 

0 0 1 0 
m7 m S m 5 m 4 

0 1 0 1 
m7 m S m 5 m 4 

0 1 0 0 
m7 m 6m S m 4 

1 0 1 1 
m7 m S m 5 m 4 

0 1 1 1 
m7 m S m 5 m 4 

ml0m9 m S 1 

m7 m S m 5 m 4 

1 0 0 0 

1 0 0 1 

0 0 0 0 

0 0 1 1 

1 0 0 1 
n7 n S n 5 n 4 

1 0 0 0 
n7 n S n 5 n 4 

0 0 1 0 

0 0 0 0 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Instruction code ., 
CD 
>. 

0 3 0 2 0 10 0 Hexadecimal 
[D 

0 1 1 0 E 6 
m 3 "'2 m l m O m 2 

0 1 1 0 C 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 9 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 3 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 2 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 5 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 4 6 
.m 3 m 2 m 1m O m 2 

0 1 1 0 B 6 
m 3 m 2 m 1m O m 2 

0 1 1 0 7 6 
m 3 m 2 m 1m O m 2 

0 1 0 0 1 4 
+ 2 m S-m 10 

m 3 m 2 m 1m O m 

0 0 1 1 
8 3 1 

0 0 1 1 
9 3 1 

1 0 PI Po 0 8 
+ 1 P 

1 0 PI Po 3 8 
+ 1 p-

1 0 PI Po 9 8 
n 3 n 2 n 1 n O 

+ 2 p 
n 

1 0 PI Po 8 8 
+ 2 n 3 n 2 n 1 n O p 

n 

0 0 1 0 2 2 
1 

0 0 1 0 0 2 
1 

•. MITSUBISHI 
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., 
CD 

Function "0 
>-
() 

When (C) = 0, (PCO-PC7) - m 
2 When (C) = 1, (PC) - (PC)+ 2 

When (A) = 0, (PCO-PC7) - m 
2 When (A) =4=- 0, (PC) - (PC)+ 2 

When (A) =4=- 0, (PCO-PC7) - m 
2 When (A) = 0, (PC) - (PC)+ 2 

When (To) = 1, (PCO-PC7) - m 
2 When (To) = 0, (PC) - (PC)+ 2 

When (To) = 0, (PCO-PC7) - m 
2 When (To) = 1, (PC)- (PC)+2 

When (T1) = 1, (PCO-PC7) +:- m 
2 When (T1) = 0, (PC) - (PC)+ 2 

When (T1) = 0, (PCO-PC7)-m 
2 When (T1) = 1, (PC) - (PC) +2 

When (Fo) = 1, (PCO-PC7) - m 
2 When (Fo) = 0, (PC) - (PC) + 2 

When (F1) = 1, (PCO-PC7) - m 
2 When (F1) = 0, (PC) - (PC) + 2 

«SP» +- (PC)(PSW4-PSW7) 
2 (SP) - (SP) + 1 

(PCO-PC10) - m 

(SP) - (SP) - 1 
2 (PC) - «SP» 

(SP) - (SP) - 1 
2 (PC)(PSW4-PSW7) - «SP» 

(A) -(Pp) 
2 p= 1-2 

(Pp)- (A) 
2 P=1-2 

(pp) +- (Pp)An 
2 p=1-2 

(Pp) - (Pp)Vn 
2 p=1-2 

1 (A) - (OBB) 

1 (OBB) - (A) 



Affected carry 

C AC Note 

MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Description 

Jumps to address m of current page if carry flag is O. 

Jumps to address m of current page when contents of register A are O. 

Jumps to address m of current page when contents of register A are not O. 

Jumps to address m of current page when flag To is 1. 

Jumps to address m of current page when flag To is O. 

Jumps to address m of current page when flag T1 is 1. 

Jumps to address m of current page when flag T1 is O. 

Jumps to address m of current page when flag Fo is 1 . 

Jumps to address m of current page when flag F1 is 1 . 

Calls subroutine from address m. The program counter and the high-order 4 bits of PSW are stored in address indicated by stack pointer 

(SP). SP is incremented by 1 and m is transferred to PCO-PC1O• 

SP is decremented by 1. Program counter is restored to saved setting in stack indicated by stack pOinter. PSW4-PSW7 are not changed 

and interrupt disable is maintained. 

SP is decremented by 1. Program counter and high-order 4 bits of PSW are restored with saved data in stack indicated by stack pointer. 

Interrupt becomes enabled after execution is completed. 

Loads contents of Pp to register A. 

Output latches contents of register A to Pp. 

Logical product of contents of Pp and data n; outputs result to Pp. 

Logical sum of contents of Pp and data n; outputs result to Pp. 

Enters contents of data bus buffer (DBB) into register A and resets IBF. 

Outputs contents of register Ato data bus buffer (DBB) and sets OBF. 

• MITSUBISHI 
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MELPS8·4'1 SLAV,E' MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

IS Instruction code 
til til 

t 
Q) 

Mnemonic '0 Function 
III >. 

D7 D 6 D 5 D 4 D3 D 2D,Do Hexadecimal U 
Type 

MOVD ,A. Pp 0 0 0 0 1 1 P, Po 0 C (Ao-A3) - (PpO-Pp3) , 
+ 1 2 (A4-A7) - 0 p = 4-7 P,Po 

i 0 0 1 1 1 1 P, Po 3 C (Ppo-Pp3) - (Ao-A3) 
MOVD Pp• A + 1 2 P=4-7, u P,Po 

:D 
"0 
c: 

1 0 0 1 1 1 P, Po 9 C (PpO-Pp3) - (PpO-Pp3) 1\ (Ao-A3) «I 
Co + ~ ANLD p p• A P,Po 1 2 P = 4-7 . 

~ 
1 0 0 0 1 1 P, Po 8 C . (PpO-Pp3) - (Ppo-Pp3)V(Ao-A3) 

ORLD pp. A + , 2 p=4-7 P,Po 

0 , 0 0 0 0 1 0 4 2 (A) -(T) 
MOV A. T , , 

MOVT. A 
0 1 , 0 0 0 1 0 6 2 , , (T) -(A) 

i STRT T 
0 1 0 1 0 1 0 , 5 5 , , 

u 
~ 

STRT CNT 
0 , 0 0 0 1 0 , 4 5 , , c: 

8 u 
-::: 
Q) 

E 
i= STOP TCNT 

0 1 1 0 0 1 0 , 6 5 , , 

EN TCNTI 
0 0 , 0 0 1 0 , 2 5 , , (TCNTF) - 1 

DIS TCNTI 
0 0 , , 0 1 0 , 3 5 , , / (TCNTF) - 0 

0 0 0 0 0 , o ., 0 5 (INTF) - 1 
EN I , , 

0 0 0 1 0 , 0 , , 5 (INTF) - 0 
DIS I , , 

~ .1 0 0 0 1 0 , C 5 (BS) -0 
SEL RBo , , 

g 
8 

(BS) +:- 1 u 1 , 0 , 0 1 0 , D 5 
SEL RB, , , 

, 1 1 0 0 1 0 , E 5 
EN DMA , , 

1 1 1 , 0 , .0 1 F 5 (P24 ) - (OBF) 
EN FLAGS , , 

(P25 ) - (IBF) 

0 0 0 0 0 0 0 0 0 0 0 
til NOP , , 
~ 

Note' Executing an instruction may produce a carry (overflow or underflow). The carry may be lost or it may be transferred to C or AC. The (0) 

3-22 

mark indicates a carry which affects C or AC. The detail affection of carries for instructions ADD. ADDC and DA is as follows: 
( C ) +-, At overflow of accumulator 
( C ) +- 0 At no overflow of accumulator 
( A C )+- , At overflow of bit 3 of accumulator 
( A C )+- 0 At no overflow 

2 : The contents of ST4-ST7 are read when host.computer reads status of MELPS 8-41. 

• MITSUBISHI 
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MELPS 8-41 SLAVE MICROCOMPUTERS 

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS 

Description 

Inputs contents of Pp to low-order 4 bits of register A and inputs 0 to high-order 4 bits of 

register A. 
Pp's used for multiplying 8243 ports are P4-

P7. 
Outputs low-order 4 bits of register A to Pp. Correspondence to P2, P1 bits is shown 

below. 

P4···P1P2 = 00 

Logical product of the low-order 4 bits of register A and contents of Pp; Pp contains result. P5···P1P2 = 01 

ps···P1P2= 10 

P7···P1P2 = 11 

Logical sum of low-order 4 bits of register A and contents of Pp; Pp contains result. 

Transfers contents of timer/event counter to register A. 

Transfers contents of register A to timer/event counter. 

Starts timer operation of timer/event counter. Count cycle is 480 times master oscillation. 

Starts operation as event counter of timer/event counter. Counts up when pin Tl changes from high to low input level. 

Stops operation of timer or event counter. 

Enables interrupt of timer/event counter. 

Disables interrupt of timer/event counter. Resets interrupt flip-flop of CPU which is set during CPU stand-by. Timer flag is not affected. 

Enables external interrupt. 

Disables external interrupt. 

Selects working register bank O. 

Selects working register bank 1. 

Enables DMA handshaking line. 

Enables master interrupt. 

No operation. Execution time is 1 machine cycle. 

• MITSUBISHI 
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MELPS'S.,41 S,LAVE M'IC,ROCOMPUTERS 

FUNCTIONS OFMELPS' 8-41 SLAVE MICROCOMPUTERS 

Item Details of execution 

TF (Timer Flag) +- 0 

TIRF (Timer INT Request FF) +- 0 

TCNTF (Timer INT Enable FF) +- 0 

RESET input low level INTF (External INT Enable FF) +- 0 

IEF (INT Enable FF) +- 1 

IBF+-O 

EIPF (External Interrupt Pending FF) +- 0 

JTF execution TF (Timer Flag) +- 0 

Timer/event Counter TF (Timer Flag) +- 1 

overflow TCNTE (Timer INT Enable FF) = 1 When TIRF (Timer INT Request FF) +- 1 

EN TNCTlexecution TCNTF (Timer INT Enable FF) +- 1 

DIS TNCTI execution TCNTF (Timer INT Enable FF) +- 0 

EN I execution 

DIS I execution 

RETR execution 

Symbol 

A 

Ao-A3 

A 4-A7 

Ao-An , An+, 

b 
b7 bab5 

BS 

AC 

C 

DBB 

Fo 

F, 

INTF 

IBF 

m 

m7memSm4m3m2m, mo 

m'OmgmS 

(M(A» 

(M(Rr) 

(Mx(Rr» 

n 

n7nenSn4n3n2n, no 

OBF 

p 

Pp 

P,Po 

3-24 

INTF (ExternallNT Enable FF) +- 1 

INTF (ExternallNT Enable FF) +- 0 

IEF (INT Enable FF) +- 1 

Contents Symbol 

8-bit register (accumulator) PC 

Low-order 4 bits 01 register A PCO-PC7 

High-order 4 bits of register A PCa-PC,o 

Bits of register A PSW 

Value of bits 5-7 of first byte machine code Rr 

Bits 5-7 of first byte machine code r 

Register bank select ro 

Auxiliary carry flag r2r,rO 

Carry flag 525 ,50 

Data bus buffer SP 

Flag 0 ST4 ST7 

Flag 1 STS 

External interrupt enable flip-flop T 

Input buffer full flag To 

Destination address T, 

Second byte (low-order 8 bits) machine code TCNTF 

corresponding to destination address TF 

Bits 5-7 of first byte (high-order 3 bits) machine code :1* 
Content of memory location addressed by register A @ 

Content of memory location addressed by register Rr 

Content of external memory location addressed by -
register Rr +-+ 

Value of immediate data ( ) 

Immediate data of second byte machine code A 

Output buffer full flag V 

Port number ¥ 

Port designator -
Bits of, machine code corresponding to port number 0 

., MITSUBISHI 
.... ELECTRIC 

Contents 

Program counter 

Low-order 8 bits of program counter 

High-order 3 bits of program counter 

Program status word 

Register designator 

Register number 

Value of bit 0 of machine code 

Value of bits 0-2 of machine code 

Value of bits 0-2 of stack pOinter 

Stack pOinter 

Bits 4-7 of status register 

System status 

Timer/event counter 

Test pin 0 

Test pin 1 

Timer/event counter interrupt flip-flop 

Timer flag 

Symbol to indicate immediate data 

Symbol to indicate content of memory location 

addressed by register 

Shows direction of data flow 

Exchanges contents of data 

Contents of register, memory location or flag 

Logical AND 

Logical OR 

Exclusive OR 

Negation 

Content of flag is set or reset after execution 



DESCRIPTION 
The M5L8041 A-XXXP is a general-purpose, programmable 
interface device deisgned for use with a variety of 8-bit 
microcomputer systems .. This device is fabricated using N­
channel sillicon-gate EO-MOS technology 

FEATURES 
• Mask ROM····································· 1024-word by 8-bit 
• Static RAM········································ 64-word by 8-bit 

• 18 programmable 1/0 pins 
• Asynchronous data register for interface to master pro­

cessor 
• 8-bit CPU, ROM, RAM, 1/0, timer, clock and low power, 

stand-by mode 

• Single 5V supply 
• Alternative to custom LSI 
• Interchangeable with i 8041 A 

APPLICATION 
Alternative to custom LSI for peripheral interface 

BLOCK DIAGRAM 

DATA BUS 

MITSUBISHI MICROCOMPUTERS 

MSL8041A-XXXP 

SLAVE MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

TEST PIN 0 

CLOCK 1 

CLOCK 2 X2 --+ 3 
RESETRESET --+ 4 

SINGLE STEP 

CHIP SELECT CS --+ 6 
EXTERNAL 

ACCESS (NOTE 1) E~ --+ 7 
READ R --+ 8 

ADDRESS Ao --+ 9 

WRITE Iii --+ 10 

SYNCHRONIZED SYNC --+ 11 
SIGNAL 

DOo- 12 

DATA BUS 

Vee (5V) 

Outline 40P4 

TEST PIN 1 

INPUT/ 
OUTPUT 
PORT 2 

INPUT/ 
OUTPUT 
PORT 1 

INPUT/ 
OUTPUT 
PORT 2 

Note 1 Connect to Vss in the operating condition. 

INPUT/OUTPUT PORT 2 

RESET RESET 

SINGLE STEP 

TEST PINO 
TEST PIN 1 

READ 

WRITE 

CHIP SELECT 
ADDRESS 

L-----i7 EA EXTERNAL ACCESS 

X, X
2 

PROG (NOTE 1 ) 
~ EXTERNAL Ii 0 CONTROL 
CLOCK SYNCHRONIZED 

SIGNAL 
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MSL8041A-XXXP 

SLAVE MICROCOMPUTER 

FUNCTION 
The M5L8041 A-XXXP is designed as an ordinary 8-bit CPU 
peripheral LSI chip and it contains a small stand-alone mic­
rocomputer. Although this microcomputer functions inde­
pendently, when it is used as a peripheral controller, it is 
called the slave microcomputer in contrast to the master 
computer. These two devices can transfer the data alterna-

tively through the buffer register between them. The 
M5L8041 A-XXXP contains the buffer register to use this LSI 
as a slave microcomputer and it can be accessed in the 
same way as other standard peripheral devices. Since the 
M5L8041 A-XXXP is a complete microcomputer, it is easy to 
develop a user-oriented mask-programmed peripheral LSI 
only by changing the control software. 

PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pinO 

X" X2 Crystal inputs 

RESET Reset 

-
SS Single step 

CS Chip select input 

EA External access 

-
R Read enable signal 

Ao Address input 

-
W Write enable signal 

SYNC Sync signal output 

DOo-D07 Data bus 

P2o-P27 Port 2 

PROG Program 

Pl o-P1 7 Port 1 

T, Test pin 1 

3-26 

Input or output 

-
-

-

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Output 

Input/output 

Input/output 

Output 

Input/output 

Input 

Function 

Connected to a OV supply (ground). 

Connected to a5V supply. 

Connected to a 5V supply. 

Used as a memory hold when Vcc is cut off. 

Provides external control of conditional program jumps (JTO/JNTO instructions). 

An internal clock circuit is provided so that by connecting an RC circuit or crystal to these Input pins the 

clock frequency can be determined. Pins Xl and X2 can also be used to input an external clock signal. 

CPU initialization input. 

Used to .halt the execution of a command by the CPU. When used in combination with the SYNC signal, 

the command execution of the CPU can be halted every instruction to enable single step operation. 

Chip select input data bus control. 

Normally maintained at OV. 

Serves as the read signal when the master CPU is accepting data on the data bus from the M5L8041A-

XXXP. 

An address input used to indicate whether the signal on the data tfus is data or a command. 

Serves as the write signal when the master CPU is outputting data from the bus to the M5L8041A-

XXXP. 

Output 1 time for each machine cycle. 

Three-state, bidirectional data bus. Data bus is used to interface the M5L8041A-XXXP to a master sys-

tem data bus. 

Quaisi-bidirectional port. When used as an input port. FF16 must first be output to this port. 

After resetting. however. when not used afterwards as an output port. this is not necessary. 

P20-P23 are used when the M5L8243P I/O port expander is used. 

Serves as the strobe signal when the M5L8243P I/O expander is used. 

Quaisi-bidirectional port. When used as an input port. FF16 must first be output to this port. 

After resetting, however. when not used afterwards as an output port, this is not necessary. 

Provides external control of conditional program jumps (JTl /JNTl instructions). 

Can serve as the input pin for the event counter (STRT CNT instructions) . 

• . MITSUBISHI 
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MSL8041A-XXXP 

SLAVE MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.5-7 V 

Voo Supply voltage -0.5-7 V 

VI Input voltage 
with respect to vss 

-0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd Power dissipation Ta = 25°C 1500 rnW 
Toor Operating temperature range -20-75 ·C 

Tsta Storage temperature range -65-150 ·C 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter 
Limits 

Unit 
Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Voo Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V IH High-level input voltage 2 V 

V IL Low-level input voltage 0.8 V 

f(l"» Operating frequency 1 6 MHz 

ELECTRICAL CHARACTERISTICS (Ta = -20-75·C, Vee = 5 V±10%, unless otherwise noted) 

Symbol 

V IL 

V IH1 

V IH2 

V OL1 

V OL2 

VOL3 

V OH1 

V OH2 

II 

lozL 

11L1 

IIL2 

100 

Icc + 100 

Parameter Test conditions 

Low-level input voltage 

High-level input voltage (all except Xl, X2, RESET) 

High-level input voltage (Xl, X2, RESET) 

Low-level output voltage (000-007, SYNC) 10L = 2mA 

Low-level output voltage (all except 000-007, SYNC, PROG) 10L = 1.6mA 

Low-level output voltage (PROG) 

High-level output voltage (000-007) 

High-level output voltage (all other outputs) 

Input leakage current (To, Tl , RO, WR, CS, ~) 

Off-state output leakage current (000-007) 

Low-level input current (Pl o-P1 7, P20-P27) 

Low-level input current (RESET, SS) 

Supply current from Voo 

Total supply current 

IOL = lmA 

IOH = -400tLA 

IOH = -50tLA 

Vss;:;;; Vl ;:;;; Vee 

Vss + O. 45 ;:;;; Vo ;:;;; Vce 

VIL = O.BV 

VIL = O.BV 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

-0.5 0.8 V 

2 Vee V 

3.8 Vee V 

0.45 V 

0.45 V 

0.45 V 

2.4 V 

2.4 V 

-10 10 /-lA 
-10 10 /-lA 

-0.5 rnA 
-0.2 rnA 

6 15 rnA 
65 125 rnA 

E 



MITSUBISHI MICROCOMPUTERS 

TIMING REQUIREMENTS (Ta = -20-75°C. Vcc = 5V±10%. unless otherwise noted) 

DBB Read 
Alternative 

Symbol Parameter Test conditions 
symbol 

tc (</» Cycle time tCY 

tw (A) Read pulse with tAA Ie (¢) = 2.5/1s 

tsu (CS-A) Chip-select setup time befor read tAA · 

th (A-CS) Chip-select hold time after read tAA 

DBB Write 
Alternative 

Symbol Parameter Test conditions 
symbol 

tw(w) Write pulse width tww 

tsu (Cs-w) -

tsu (AO-W) 
CS. Ao. setup time before write tAW 

th (w-cs) -

th (W-AO) 
CS, Ao. hold time after wirte tWA 

tsu (DQ-W) Data setup time before write tow 

th (W-DQ), Data hold time after write two 

Port 2 
Alternative 

Symbol Parameter Test conditions 
symbol 

tw (PA) PROG pulse width tpp 

tsu (PC-PR) Port control setup time before PROG tcp CL = 80pF 

th (PA-PC) Port control /lold time after PROG tpc CL = 20pF 

tsu (Q-PA) Output data setup time before PROG top CL = 80pF 

tsu (D-PA) Input data hold timer before PROG tpR CL = 80pF 

th (PA-D) Input data hold time after PROG tpF CL = 20pF 

DMA 
Alternative 

Symbol Parameter Test conditions 
symbol 

tsu (DACK-A) Data acknowledge time before read tACC 

th (A-DACK) Data hold time after read tCAC 

tsu (DACK-W) Data setup time before write tACC 

th (W-DACK) Data hold time after write tCAC 

Note1: Input voltage level V1L = o. 45V, V1H = 2.4V. 

M5L8041A·XXXP 

SLAVE MICROCOMPUTER 

Limits 
Unit 

Min Typ Max 

2.5 15 J.LS' 

250 ns 

0 ns 

0 ns 

Limits 
Unit 

Min Typ Max 

250 ns 

0 ns 

0 ns 

150 ns 

0 ns 

Limits 
Unit 

Min Typ Max 

1200 ns 

110 ns 

100 ns 

250 ns 

810 ns 

0 150 ns 

limits 
Unit 

Min Typ Max 

0 ns 

0 ns 

0 ns 

0 ns 

SWITCHING CHARACTERISTICS (Ta = -20';"'75°C, Vcc = 5V±10%, unless otherwise noted) 

DBB Read 

Symbol 
Alternative 

Parameter Test conditions 
symbol 

tpzx (CS-DQ) Data enable time after CS tAD CL = 150 pF 

tpzx (AO-DC) Data enable time after address tAD CL = 150pF 

tpzx (A-DQ) Data enable time after read tRD CL = 150pF 

tpxz (R-DQ) Data disable time after read tDF 

DMA 
Alternative 

Symbol Parameter Test conditions 
symbol 

tpzx (OACK-DQ) Data enable time after DACK tACO 150 pF Load 

tl;'HL (A-DAQ) ORO disable time after read tCAQ 150 pF Load 

tpHL (W-DRQ) ORO disable time after write tCRQ 150 pF Load 

Note 2 Output voltage discriminating levels, low and high. are O. 8V and 2. OV respectively. 

3-28 • MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

225 ns 

225 ns 

225 ns 

100 nl?: 

Limits 
Unit 

Min Typ Max 

225 ns 

200 ns 

200 ns 



TIMING DIAGRAMS 
Read 

CS, Ao 

Write 

CS, Ao 

w 

Port 2 ,. 

SYNC I 

): 
tsu (CS-R) 
tSU(Ao-R) tW(R) 

-I 

\ 
tPZX(R-OQ) 

/~r: 
~ 

tpZX(Ao-OQ) tpzx (CS-OQ) 

SU(AO-W) 
tsu (CS-W) tW(W) 

\\0..-__ ---11 
EXPANDER 
PORT OUT PUT 

P2o-P23 DATA 

EXPANDER 
PORT INPU 

PROG 

DMA 

DACK 

T 
P2o-P23 DATA 

tsu(PC-PR) 

, 

) 

~ 

tSU(OACK-R) I th (R- OACK) , 
tw(R) I 

w 

X 
t PZX ( OAC~-OQ) 

DRO \ 
k-------J 

tPHL(R-ORQ) 

MITSUBISHI MICROCOMPUTERS 

MSL8041A-XXXP 

SLAVE MICROCOMPUTER 

l( 
th (R-CS) 

j~ 
tpXZ(R-OQ) 

1& 
~ 

'~ __ ~I ''---su (Q PRJ 

PORT CONTROL K OUTPUT DA~A K 
I tsu( O-PR)---+j ~ th(PR-O) 

P~RT CONTROL)! ~ wV: INPUT DATA 

th(PR-PC) 

tW(PR) 

"' 
"I 

i 

, I 
1 

tsu (OACK- w) th(W-OACK) 

I , 'I 

tw(W) 

I I 

ut~eO) 
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MSL8041A·XXXP 

SLAVE MICROCOMPUTER 

TYPICAL CHARACTERISTICS 

3-30 

DATA BUS HIGH-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL 

OUTPUT CURRENT 
. Vee = 5V 

~ 3.8 

~ 
w 
C) 

~ 

3.6 

~ 3.4 

I-
::::> 
Q. 
I­
::::> 
o 
-I 
W 
> 
W 
-I 

± 
C) 

:c 

3.2 

3.0 

Ta = 25'C 

" '" ......... ~ """"------
-0.2 -0.4 0.6 0.8 1.0 

HIGH-LEVEL OUTPUT CURRENT IOH(mA) 

1 

0 

P1• P2 LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 

'" 
Vee = 5V 

~ 
Ta = 25'C 

'\ 
"-
\ 
~ 

\ 
- 0 . 05 - 0 . 1 - O. 1 5 - O. 2 0 . 25 

LOW-LEVEL INPUT CURRENT 1,(mA) 

NORMARIZED SUPPLY CURRENT (led 

VS. AMBIENT TEMPERATURE 
U 1.6 
.2 

I-
Z 1.4 
w 
a: 
a: 
::::> 
() 1. 2 
>-
...J 

Vee = 5V 
Voo = 5V 

Q. 
Q. 

~ 1.0 
o '" ~ 
W 
N 

~ 0.8 
~ 
a: 
o 
Z 0.6 

-25 

~ 

" 
25 50 75 

AMBIENT TEMPERATURE Ta('C) 

100 

~ 
o 

> 
w 
C) 

~ 
o 
> 
I­
::::> 

-Q. 
I­
::::> 
o 
...J 
W 
> 
W 
...J 

~ o 
...J 

w 
C) 

~ 
...J 
o 
> 
I­
::::> 
Q. 

~ 
...J 
W 
> 
W 
...J 

~ o 
...J 

0 
..E 

I-
z 
w 
a: 
a: 
::::> 
() 

>-
...J 
Q. 
Q. 
::::> 
en 
0 w 
N 
a: « 
~ 
a: 
0 
Z 

DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. LOW-LEVEL 

OUTPUT CURRENT . 
0.5 

Vee = 5V 

/ Ta = 25'C 

/' 
0.4 

0.3 

~ 
/ 

0.2 

0.1 

/' 
10 

LOW-LEVEL OUTPUT CURRENT IOL(mA) 

RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 

" 
Vee = 5V 
Ta = 25'C 

1\ , 
~ 

~\ . 
\ 

-0.02 -0.04 -0.06 -0.08 -0.1 

LOW-LEVEL INPUT CURRENT 1,(mA) 

NORMARIZED SUPPLY CURRENT (100) 

VS. AMBIENT TEMPERATURE 
1.6 

Vee = 5V 
Voo = 5V 

1.4 

1.2 

1.0 

0.8 

'" ~ ~ 
~ ...... 

-25 25 50 75 100 

AMBIENT TEMPERATURE Ta('C) 
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APPLICATION EXAMPLES 
(1) Interface with M5L8085AP 

000- 007 

M5L8085AP 

Control 

Ao- A7 

g; 
CD g; 
C/) 
C/) CD 

~ ~ "0 
"0 co 
« 0 

(2) Interface with MELPS 8-48 Microcomputer and M5L8243P 

R 

W 
W 

Port 

Port 

000- 007 8 , 

MELPS8-48 
Microcomputer 

R PROG 

w 

CS 
P2o-P23 

Ao 

\ 000- 007 

M5L8041A 
-XXXP 

II 
P24-P27 1\ 

Pl o-P1 7 K 
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4 

4, 

8 

To 

Tl 
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. 

MSL8041A-XXXP 

SLAVE MICROCOMPUTER 

M5L8041A 
-XXXP 

CS 

Ao 

R 

W 

000- 007 

PROG P4~ 
P2o-P23 P5KD 

P6KD 

M5L8243P 

K=0 P7 

PERIPHERAL 
DEVICES 

PERIPHERAL 
DEVICES 
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MSL8042·XXXP 

SLAVE MICROCOMPUTER 

DESCRIPTION 
The M5L8042-XXXP is a general-purpose programmable in­
terface device designed for use with a variety of 8-bit mic­
r~computer systems. The device is fabricated using n­
channel silicon-gate EO-MOS technology. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Mask ROM .. ··································· 2048-word by 8-bit 
• Static RAM······································ . 128-word by 8-bit 

• 18 programmable 1/0 pins 
• Asynchronous data register for interface to master pro­

cessor 
• 8-bit CPU, ROM, RAM, 1/0, timer, clock and low-power 

stand-by mode 

• Single 5V power supply 
• Alternative to custom LSI 
• Interchangeable with i 8042 

APPLICATION 
Alternative to custom LSI for peripheral interfaces 

TEST PIN 0 To-+ 1 

CLOCK 1 X, -+ 2 

CLOCK 2 X2 -+ 3 

RESET RESET -+ 4 

SINGLE STEP SS -+ 5 

CHIP SELECT CS -+ 6 

EXTERNAL -+ 
ACCESS(NOTE1)E~ 7 

. READ R -+ 8 

DATA BUS 

Outline 40P4 

Vee (5V) 

27 ... P1 0 

INPUT/ 
OUTPUT 
PORT 2 

INPUT/ 
OUTPUT 
PORT 1 

26 Voo (5V) 
25 -+ PROG ~~TERNAL 
24 ... P23 CONTROL 

INPUT/ 
OUTPUT 
PORT 2 

Note 1 Connect to Vss in the operating condition. 

BLOCK DIAGRAM 

3-32 

INPUT/ 
OUTPUT PORT 1 

INPUT/ 
OUTPUT PORT 2 

P24/OBF 
P25/IBF 
P2s/DQR 

~=-<~~"".c:.t'c::,t:<-:,rP27/DACK 

X, X2 
'----v---' 
CLOCK SYNCHRONIZED 

SIGNAL 

• ,MITSUBISHI 
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-+V= (5vl 

RESET RESET 

SINGLE STEP 

TEST PINO 
TEST PIN 1 

READ 
WRITE 
CHIP SELECT 

Ao ADDRESS 

EA EXTERNAL ACCESS 
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MSL8042-XXXP 

SLAVE MICROCOMPUTER 

FUNCTION 
The M5L8042-XXXP is designed as an ordinary 8-bit CPU 
peripheral LSI chip and it contains a small stand-alone mic­
rocomputer. Although this microcomputer functions inde­
pendently, when it is used as a peripheral controller, it is 
called the slave microcomputer in contrast to the master 
computer. These two devices can transfer the data alterna­
tively through the buffer register between them. The 

M5L8042-XXXP contains the buffer register to use this LSI 
as a slave microcomputer and it can be accessed in the 
same way as other standard peripheral devices. Since the 
M5L8042-XXXP is a complete microcomputer, it is easy to 
develop a user-oriented mask-programmed peripheral LSI 
only by changing the control software. 

PIN DESCRIPTION 

Pin Name 

Vss Ground 

Vee Main power supply 

Voo Power supply 

To Test pinO 

X1• X2 Crystal inputs 

RESET Reset 

-
SS Single step 

CS Chip select input 

EA External access 

-
R Read enable signal 

Ao Address input 

W Write enable signal 

SYNC Sync signal output 

Doo-Dor Data bus 

P20-P27 Port 2 

PROG Program 

Pl o-P1 7 Port 1 

T1 Test pin 1 

Input or output 

-
-

-

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Output 

Input/output 

Input/output 

Output 

Input/Olltput 

Input 

Function 

Connected to a OV supply (ground). 

Connected to a 5V supply. 

Connected to a 5V supply. 

Used as a memory hold when Vcc is cut off. 

Provides external control of conditional program jumps (JTO/JNTO instructions). 

An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins, the 

clock frequency can be determined. X1 and X2 can also be used to input an external clock signal. 

CPU initialization input. 

Used to halt the execution of a command by the CPU. When used in combination with the SYNC signal, 

the command execution of the CPU can be halted every instruction to enable single step operation. 

Chip select input for data bus control. 

Normally maintained at OV. 

Serves as the read signal when the master CPU is accepting data on the data bus from the M5L8042-

XXXP. 

An address input used to indicate whether the signal on the data bus is data or a command. 

Serves as the write signal when the master CPU is outputting data Irom the bus to the M5L8042-XXXP. 

Output 1 time for each machine cycle. 

Three-state, bidirectional data bus. Data bus is used to interface the M5L8042-XXXP to a master sys-

tem data bus. 

Ouasi-bidirectional port. When used as an input port, FF16 must first 'be output to this port. 

After resetting, however, when not used afterwards as an output port, this is not necessary. 

P2o-P23 are used when the M5L8243P I/O expander is used. 

Serves as the strobe signal when the M5L8243P I/O expander is used. 

Quasi-bidirectional port. When used as an input port, FF16 must first be output to this port. 

After resetting, however, when not used afterwards as an output port, this is not necessary. 

Provides external control of conditional program jumps (JTl /JNTl instructions). 

Can serve as the input pin for the event counter (STRT CNT instruction) . 

• . MITSUBISHI 
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MSL8042·XXXP 

SLAVE MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.5-7 V 

Voo Supply voltage -0.5-7 V 

VI Input voltage 
With respect to Vss 

-0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd Power dissipation Ta = 25'C 1500 rnW 
Topr Operating temperature range 0-70 ·c 
Tsta Storage temperature range -65-150 ·c 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Voo Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V IH High-level Input voltage 2.2 V 

V IL Low-level input voltage 0.8 V 

f«(II) Operating frequency 1 12 MHz 

ELECTRICAL CHARACTERISTICS (Ta =O-70'C, Vcc =5V±10%, unless otherwise noted) 

Symbol 

V IL 

V IHl 

V IH2 

Vou 

V OL2 

V OL3 

V OHl 

VOH2 

II 

lozL 

IILl 

IIL2 

100 

lee + IDe 

3-34 

Parameter Test conditions 

Low-level input voltage 

High-level Input voltage (all except Xl, X2, RESET) 

High-level input voltage (Xl, X2, RESET) 

Low-level output voltage (000-007) IOL = 2mA 

Low-level output voltage (P1o-P17, P2o-P27, SYNC) 10L = 1.6mA 

Low-level output voltage (PROG) IOL= lmA 

High-level output voltage (000-007) IOH = -400tlA 

High-level output voltage (all other outputs) IOH = -50tlA 

Input leakage current (To. r" R, W, CS, Ao, EA) Vss:;;; v l :;;; Vcc 

High-impedance state output IElakag~ cur~~nt ( OflQ-Oq.7) Vss + O. 45 :;;; Vo :;;; vcc 

Low-level Input load current (Pl o-P1 7, P20-P27) 

Low-level input load current (RESET, SS) 

Supply current from Voo 

Total supply current 

VIL = O.sv 

V1L = O.sv 

• MITSUBISHI 
.... ELECTRIC 

Limits 
Unit 

Min Typ Max 

-0.5 0.8 V 

2.2 Vee V 

3.8 Vee V 

0.45 V 

0.45 V 

0.45 V 

2.4 V 

2.4 V 

-10 10 /-lA 
-10 10 /-lA 

-0.5 rnA 
-0.2 rnA 

10 rnA 
145 rnA 



MITSUBISHI MICROCOMPUTERS 

TIMING REQUIREMENTS (Ta = 0-70·C, Vee = 5V±10%, unless otherwise noted) 

DBB Read 
Alternative 

Symbol Parameter Test conditions 
symbol 

tc (4') Cycle time tCY 

tw (R) Read pulse width tRR tc (?) = 1. 25,us 

tsu (CS-R) Chip select setup time before read tAR 

th (R-CS) Chip select hold time after read tRA 

DBB Write 
Alternative 

Symbol Parameter Test conditions 
symbol 

tw(w) Write pulse width tww 

tsu (Cs-w) -
tAW CS, Ao, setup time before write 

tsu (AO-W) 

th (W-CS) -
tWA CS, Ao, hold time after write 

th (W-AO) 

tsu (DO-W) Data setup time before write tow 

th (W-DO) Data hold time after write tWD 

Port 2 
Alternative 

Symbol Parameter Test conditions 
symbol 

tw (PR) PROG pulse width tpp 

tsu (PC-PR) Port control setup time before PROG tcp CL = 80pF 

th (PR-PC) Port control hold time after PROG tpc CL = 20pF 

tsu (O-PR) Output data setup time before PROG tDP CL = 80pF 

tsu (D-PR) Input data hold time before PROG tpR CL = 80pF 

th (PR-O) Input data hold time after PROG tpF CL = 20pF 

DMA 
Alternative 

Symbol Parameter Test conditions 
symbol 

tsu (DACK-R) DACK setup time before read tACC 

th (R-~ACK) DACK hold time after read tCAC 

tsu (DACK-W) DACK setup time before write tACC 

th (W-DACK) DACK hold time after write tCAC 

Note1: Input voltage level V1L = 0, 45V, V1H = 2.4V. 

MSL8042.XXXP 

SLAVE MICROCOMPUTER 

Limits 
Unit 

Min Typ Max 

1.25 15 I-lS 

160 ns 

0 ns 

0 ns 

Limits 
Unit 

Min Typ Max 

160 ns 

0 ns 

0 ns 

130 ns 

0 ns 

Limits 
Unit 

Min Typ Max 

700 ns 

80 ns 

60 ns 

200 ns 

650 ns 

0 150 ns 

Limits 
Unit 

Min Typ Max 

0 ns 

0 ns 

0 ns 

0 ns 

SWITCHING CHARACTERISTICS (Ta = 0-70·C, Vee = 5V±10%, unless otherwise noted) 

DBB Read 
Alternative 

Symbol Parameter Test conditions 
symbol 

tpzx (CS-DO) Data enable time after CS tAD CL = 100 pF 

tpzx (AO-DO) Data enable time after address tAD CL = 100 pF 

tpzx (R-DO) Data enable time after read tRO CL = 100 pF 

t pxz (R-DO) Data disable time after read tDF 

DMA 
Alternative 

Symbol Parameter Test conditions 
symbol 

tpzx (OACK-OQ) Data enable time after DACK tACO CL=150pF 

t pHL (R-DRO) ORO disable time after read tCRO 

t pHL (W-DRO) ORO disable time after write tCRO 

Note 2 Output voltage discriminating levels, low and high, are O. 8V and 2. OV respectively. 

• MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

130 ns 

130 ns 

130 ns 

85 ns 

Limits 
Unit 

Min Typ Max 

130 ns 

90 ns 

90 ns 
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TIMING DIAGRAMS 
Read 

): 
tsu (CS-R) 
tSU(Ao-R) tW(R) , 

tPZX(R-DQ) 

//; 

MITSUBISHI MICROCOMPUTERS 

MSL8042·XXXP 

SLAVE MICROCOMPUTER 

JK 
th (R-CS) 

j~ 
t PXZ(R-DQ) 

I 

tPZX(Ao-DQ) tpzx (CS-DQ~ 
VALID DATA ~ 

Write 

Port 2 
SYNC 

EXPANDER 
PORT OUTP UT 

EXPANDER 
PORT INPUT 

PROG 

DMA 

w 

ORO 

3-36 

\'----~/ ''--__ ----If ''---
P2o-P23 DATA 

P2o-P23 DATA 

, 
tSU(DACK-R) , 

tw(R) I 

tpZX( DACK-DQ) 

-1 
tPHL( R-DRQ) 

tsu (Q PRJ -

) PORT CONTROL ~ OUTPUT K . ~ DATA 

1 tSU( D-PR)--t +-;10 th(PR-D) 

~ PORT CONTROL I \ ~lf-INPUT DATA J 

tsU(PC-PR) 
th(PR-PC) 

tW(PR) , I( 
~ 

, I 
I th(R-DACK) 

tSU(DACK-W) th(W-DACK) 

I , ., 
tw(W) 

t~U(D-W) thcW-6) J'- ... _...i 
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TYPICAL CHARACTERISTICS 

DATA BUS HIGH-LEVEL 
OUTPUT VOLTAGE VS. HIGH-LEVEL 

OUTPUT CURRENT 
~ 3.8 

Vee = 5V 
o 

> 
UJ 
CJ 
~ 
..J 
o 
> 
I­
::J 
a. 
I­
::J 
o 
..J 
UJ 
> 
UJ 
..J 

± 
CJ 
I 

3.6 

3.4 

3.2 

3.0 

Ta = 25·C 

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

-0.2 -04 -0.6 -0.8 - 1.0 

HIGH-LEVEL OUTPUT CURRENT IOH(mA) 

UJ 
CJ 
~ 
..J 
o 
> 
I­
::J 
a. 
~ 
..J 
UJ 

(ij 
..J 

~ o 
..J 

1 

0 

P1• P2· LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 
......... 

'" 
Vee = 5V 
Ta = 25·C 

"" '" '\ l\ 
'\ 

\ 

- 0.05 - O. 1 - O. 15 - 0 . 2 - 0 . 25 

LOW-LEVEL INPUT CURRENT 1,(mA) 

NORMARIZED SUPPLY CURRENT Oed 
VS. AMBIENT TEMPERATURE 

Q 1.6 
.2 

I­
Z 
UJ 
a: 
a: 
::J 
() 

~ 
a. 
a. 

1.4 

1.2 

~ 1.0 
Cl 
UJ 
N 

~ 0.8 
:::E 
a: 
o 

Vee = 5V 
Voo = 5V 

'" ~ 
Z 0.6 

-25 

f' 
~~ 

25 50 75 

AMBIENT TEMPERATURE T a(·C) 

100 

MITSUBISHI MICROCOMPUTERS 

MSL8042-XXXP 

SLAVE MICROCOMPUTER 

DATA BUS LOW-LEVEL 
OUTPUT VOLTAGE VS. LOW-LEVEL 

OUTPUT CURRENT 
~ 0.5 
2; 

o 
> 
UJ 0.4 
CJ 
<I: 
~ 
o 0.3 
> 
I-
::J 
a. 
~ 02 
o 

Vee = 5V 

/ Ta = 25·C 

/~ 

V 
..J 
UJ 
> 
UJ 
..J 

~ 

o. lV~ 
V 

o 
..J 

2: 
:> 
UJ 
CJ 
<I: 
I-
..J 
0 
> 
I-
::J 
a. 
~ 
..J 
UJ 
> 
UJ 
..J 

~ 
0 
..J 

0 
0 

I-
Z 
UJ 
a: 
a: 
::J 
() 

>-
..J 
a. 
a. 
::J 
(J) 

Cl 
UJ 
N 
ii: 
<I: 
:::E 
a: 
0 
z 

6 10 

LOW-LEVEL OUTPUT CURRENT IOL(mA) 

~ 

RESET LOW-LEVEL INPUT 
VOLTAGE VS. LOW-LEVEL 

INPUT CURRENT 

" 
Vee = 5V 
Ta = 25·C 

~ 
" ~ 
\ 
\ 

-0.02 -0.04 -0.06 -0.08 -0.1 

LOW-LEVEL INPUT CURRENT 1,(mA) 

NORMARIZED SUPPLY CURRENT (1 00) 

VS. AMBIENT TEMPERATURE 
1.6 

Vee = 5V 
Voo = 5V 

1.4 

1.2 

1.0 

0.8 

'" ~ f' 
~~ 

25 25 50 75 100 

AMBIENT TEMPERATURE Ta(·C) 
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APPLICATION EXAMPLES 
(1) Interface with M5L8085AP 

DQo- DQ7 8 

M5L8085AP 
t-----I ~ 

Control CO 

Ao- A7 

1-------1 en 
en 
~ 
"0 
"0 
<t 

MITSUBISHI MICROCOMPUTERS 

MSL8042·XXXP 

SLAVE MICROCOMPUTER 

M5L8042 
-xxxp 

I------;~ CS 

r-----i~AO 

~ I------i~ R 

~. W 

m 
o 

DQo- DQ7 
'Ir---~ 

PERIPHERAL 
DEVICES 

(2) Interface with MELPS 8-48 Microcomputer and M5L8243P 

R 

W 

Port 

DQo- DQ7 8 

MELPS8-48 
MICRO 

COMPUTER 

3-38 

R PROG 

W 
A 

\ CS 
P2o-P23 

AO 

DQo- DQ7 

M5L8042 
-XXXP 

P2 4-P2, 

Plo-Pl, 
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MITSUBIStU MICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SP/MS0783SP 

INPUT/OUTPUT EXPANDER 

DESCRIPTION 
These devices, fabricated using the aluminum gate CMOS 
process and used for input/output port expansion, are ideal 
LSls for connection to the single-chip 4-bit microcomputer 
series. 

The M50780SP and M50782SP are housed in a 40-pin 
plastic mold D I L package wh ile the M50781 SP and 
M50783SP are housed in a 28-pin plastic mold D I L 
package_ 

FEATURES 
• Wide operating voltage range. . . . . . . . . . .. 3 ~ 14V 
• Low power dissipation 
• Interchangeable with TI's TMS1025C and TMS1024C in 

terms of pin connections and electrical characteristics 
(M50780SP and M50781SP) 

APPLICATION 
I/O expansion for the single-chip microcomputer series 

FUNCTION 
M50780SP, M50781 SP, M50782SP and M50783SP are 
configured with 4 or 7 groups of input/output ports, 1 
group of input/output ports, a port selector circuit and 
mode control circuit, and operation is possible in the latch 
or multiplexer mode. 

Table 1 Configurations 

Expander Outline CE pin Requirements for reset 
Compatible 
expanders 

MS0780SP 40-pin SO~S2 = low TMS102SC 
CE 

MS0781 SP 28-pin STD = (~I TMS1024C 

MS0782SP 40-pin 
CE 

SO~S2= low 

MS0783SP 28-pin STD = high 

PIN CONFIGURATIONS (TOP VIEW) 

Voo 
INPUT! 

OUTPUT { Rz ... • 2 
PORT R R3 .... 

(Note 11 
CHIP ENABLE INPUT CE • 4 

MODE SELECT INPUTMS --+ 5 

STROBE I~~~~ STD • G 

INPUT!{:::: ~ 
OUTPUT 
PORT 1 P1Z- 9 

P13-10 

INPUT!{ :::: :; 

~~~~U~ P4Z _ 13 

P43_ 14 

INPUT!{ ::~: :: 
~~~TU~ P 5' ... 17 

PS3"· 18 

INPUT! r Pzo .. • 19 

0p~T:TUi\ PZ l _ 20 
--,.-----~-

Outline 40P4B 

Note 1: M50782SP has a CE pin. 

Voo 
INPUT!{R 

OUTPUT Z_ 2 
PORT R R3 _ 

(Note 21 
CHIP ENABLE INPUT CE -. • 

MODE SELECT INPUTMS --+ , 

STROB,::~~{,s::~: : 
~~~~UJ P4Z- 9 

P43- 10 

28 _ Rl} INPUTI 
OUTPUT 

27 -Ro PORT R 

Vss 

2, 4-- sz} INPUT 
24 4-- SI SELECT 

23 4-- So PORT 

::::::}INPUTI 

20 - P71 ~~~~U7T 
19 -P70 

INPUT!{::~: :: :: ::::}INPUTI 

~~~~U~ PSZ- 13 16 -P61 ~~~~U; 
PS3 - .... '.-1.... ____ ~'~' -P6Q 

Outline 28P4B 

Note 2: M50783SP has a CE pin. 

• MITSUBISHI 
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Table 2 Pin Description 

Symbol Name 

M5 Mode select input 

5TD Strobe input 

CE (CE) Chip enable input 

RO-R3 Input/output port 

Pl0- P 13 Input/output ports 1-7 

P20- P 23 

P30- P 33 
P40-P43 

PSO-PS3 

P60- P 63 
P70- P 73 

M50780SP.. M50781 SP 

Table 3 Latch Modes 

Input 

M5 CE 5TD 50-52 Ro-R3 

H X t n 

H X t n 

H .x L D,n 

H X H D,n 

H X t D 

L L X D,n 

M50782SP.. M50783SP 

Table 5 Latch Modes 

Input 

H 

L 

X 

X 

X 

X 

M5 CE 5TD 50-52 Ro-R3 

H X H n H 

H X H n L 

H X t n H 

H X t n L 

H X L D,n X 

H X H D X 

L H L n X 

4-4 

Latch mode at high; multiplexer mode at low. 

MITSUBISHIMICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SP/MS0783SP 

INPUT/OUTPUT EXPANDER 

Function 

This input is valid in latch mode and data latched by the fall (~) are output to output port. 

Input data are read into latch at high level. At low level latch data are output. 

This input is valid in multiplexer mode. 

4-bit bidirectional input/output ports. Input in latch mode; output in multiplexer mode. 

4-bit bidirectional input/output ports. Output in latch mode; input in multiplexer mode. 

Table 4 Multiplexer Modes 

Output Input Output 
Latch 

o (PnO,Pnl,Pn2,Pn3) M5 CE 5TD 50-52 PnO-Pn3 Q (Ro, R1, R2, R3) 

H H (PnO-Pn3) L L X D,n X Z 

L L (PnO-Pn3) L H X n H H 

00 00 (All ports) L H X n L L 

00 Oo(AII ports) L X X D X Z 

L L (All ports) 

00 Z (All ports) 

Table 6 Multiplexer Modes 

Output Input Output 
Latch 

o (PnO, Pn 1, Pn2, Pn3) M5 CE 5TD 50-52 PnO-Pn3 Q (RO, R 1, R2, R3) 

-* H (PnO-Pn3) L H X D,n X Z 

-* L (PnO-Pn3) L L X n H H 

H H (PnO-Pn3) L L X n L L 

L L (PnO-Pn3) L X X D X Z 

00 00 (All ports) 

-* L (All ports) 

00 Z (All ports) 

* Not latched X : High or low 

• MITSUBISHI 
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BLOCK DIAGRAMS 

M50780SP 

LATCH 

PORT 
BUFFER 

(Note 1) 
CEMSSTD 

LATCH 

PORT 
BUFFER 

LATCH 

PORT 
BUFFER 

LATCH 

PORT 

PORT R 
~ 

MITSUBISHI MICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SP/MS0783SP 

INPUT/OUTPUT EXPANDER 

R3 R2 Rl RO VOO VSS 

\--~~~--~ 

LATCH LATCH LATCH 

PORT PORT PORT 
BUFFER .BUFFER BUFFER BUFFER 

Pn Pn Pl 1 P10 P63 P62 P61 P60 PS3 PS2 PSl Pso P43 P42 P41 P40 P33 P32 P31 P30 P23 P22 P 21 P20 P13 P12 Pll P 10 

'---v--------' '---y-----' '---y-----' '------v----' "---y----' '---y----' ~ 

PORT 7 PORT 6 PORT 5 PORT 4 PORT 3 PORT 2 PORT 1 

Note 1: M50782SP has a IT pin. 

M50781SP 
(Note 2) 

CE MS STD 

LATCH 

--------

PORT 
BUFFER 

Pn P12 Pll P10 

~ 
PORT 7 

Note 2: M50783SP has a IT pin. 

Voo Vss 

....----L-----,. -0B --I 

LATCH LATCH 

-------- -------

PORT PORT 
BUFFER BUFFER 

P63 P62 P61 P6Q PS3 P52 PSl Pso 

'-------v-----' '----y------' 

PORT 6 PORT 5 

'MITSUBIStil 
.... ELECTRIC 

LATCH 

-------

PORT 
I 

BUFFER 

.J 
P43 P42 P41 P40 

'----y----' 

PORT 4 

4-5 

II 



MITSUBISHI MICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SPlMS0783SP 

Table 7 Function Table 

MS0780SP, MS0782SP 

~ MS0781 SP, MS0783SP 

n S2 81 So Pl0- P 13 P20- P 23 P30- P 33 P40-P43 PSO-PS3 P60- P 63 

1 L L H 0 
2 L H L 0 
3 L H H 0 
4 H L L 0 
S H L H 0 
6 H H L 0 
7 H H H 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

VOO Supply voltage With respect to V ss 

VI Input voltage 

Vo Output voltage 

Pd Maximum power dissipation Ta =2S'C 

Topr Operating free·air temperature range 

Tstg Storage temperature range 

RECOMMENDED OPERATING CONDITIONS 

limits 
Symbol Parameter Unit 

Min Nom Max 

Voo Supply voltage 3 14 V 

VI I npu t vol tage 0 Voo V 

VIH High·level input voltage VooXO.7 Voo V 

VIL Low·level input voltage 0 VooXO.3 V 

ELECTRICAL CHARACTERISTICS (Ta=2S'C, Voo=9V, unless otherwise noted ) 

Symbol Parameter 

Port 1 - port 7 

VOH High·level output voltage 

Port R 

Port 1 - port 7 

VOLl Low·level output voltage 

Port R 

VOL2 Low·level output voltage Port 1- port 7 

Port 1 - port 7 
II Input current 

Port R 

100 Supply current 

4-6 

Test conditions 

Voo= S V, IOH=-2mA 

Voo= 9 V, IOH= -4mA 

Voo=12V, IOH= -S.SmA 

Voo=SV, IOH=-200.uA 

Voo= 9 V, IOH= -3S0.uA 

Voo=12V, IOH=-4S0.u A 

Voo= S V, IOL = 1mA 

Voo= 9 V, IOL = 1.4mA 

Voo=12V, IOL=1.7mA 

Voo= S V, IOL=2S0.u A 

Voo= 9 V, IOL =4S0.uA 

Voo=12V, IOL =SSO.uA 

Voo=SV, IOL =4mA 

Voo=9V, IOL=12mA 

VoO=12V, IOL=17mA 

VI=O-VOO 

VI=O-VOO 

Output pins open 

'MITSUBISHI 
.... ELECTRIC 

INPUT/OUTPUT EXPANDER 

P70- P 73 

0 

Limits Unit 

-0.3-1S V 

Vss-0.3- Voo+O.3 V 

VSS-0.3- Voo+0.3 V 

600 mW 

-10-70 'c 
-40-12S ·C 

Limits 
Unit 

Min Typ Max 

2.S V 

6.S V 

9.S V 

4.6 V 

8.6 V 

11.6 V 

0.4 V 

0.4 V 

0.4 V 

0.4 V 

0.4 .V 

0.4 V 

1.8 V 

2.S V 

3.9 V 

10 .u A 

1 .uA 

SO .uA 



TIMING REQUIREMENTS 

MITSUBISHI MICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SP/MS0783SP 

INPUT/OUTPUT EXPANDER 

Limits 
Symbol Parameter Test conditions Unit 

VOO= 5 V 

tsu (R-5TO) Data set-up time for STD input, port R input Voo= 9 V 

VOO=12V 

Voo= 5 V 

tsu (S-5TO) Data set-up time for STD input, SO-S2 inputs Voo= 9 V 

Voo=12V 

Voo= 5 V 

tw STD input pulse width Voo= 9 V 

VOO= 12V 

Voo= 5 V 

th (R-STO) Data hold time for STD input, port R input Voo= 9 V 

Voo=12V 

Voo= 5 V 

th (S-STO) Data hold time for STD input, SO-S2 i~puts Voo= 9 V 

VoO=12V 

SWITCHING CHARACTERISTICS 

Symbol 

t PZX(CE-P) 

t PZX(MS-P) 

t PXZ(CE-R) 

t PXZ(MS'P) 

t PHLCS'R) 

t PHLCp-R) 

t PHLCsFO-P) 

t PLH(S-R) 

t PLH(P-R) 

t PLH(STD-P) 

Parameter Test conditions 

Valid output delay time for CE input, R output 

Valid output detay time for MS input, P10 -P73 

outputs 
RL = 10kQ 

CL=50pF 

Output floating delay time for CE input, R output 

Output floating delay time for MS input, P10 -P73 

outputs 

Data output high-to-Iow delay time; S input, R output 

Data output high-to-Iow delay time; P10 -P73 inputs, 
R output 

Data output high-ta-Iow delay time; STD input, 

P output 
RL =200kQ 

CL=50pF 

Data output low-ta-high delay time; S input, R output 

Data output low-to-high delay time; P10 -:"P73 inputs, 

R output 

Data output low-to-high delay time; STD input, 

P10 - P73 outputs 

• MITSUBISHI 
;"ELECTRIC 

VOO= 5 V 

Voo= 9 V 

VOO=12V 

Voo= 5 V 

Voo= 9 V 

Voo=12V 

Voo= 5 V 

Voo= 9 V 

VOO=12V 

VOO= 5 V 

Voo= 9 V 

Voo=12V 

Voo= 5 V 

Voo= 9 V 

VoO=12V 

Voo= 5 V 

VOO= 9 V 

VOO=12V 

Voo= 5 V 

Voo= 9 V 

VOO=12V 

Voo= 5 V 

Voo= 9 V 

VOO=12V 

VOO= 5 V 

VOO= 9 V 

Voo=12V 

Voo= 5 V 

VOO= 9 V 

Voo=12V 

Min Typ Max 

0.2 

0.15 /.LS 

0.1 

1 

0.5 /.LS 

0.2 

0.5 

0.4 /.LS 

0.3 

0.4 

0.3 /.LS 

0.2 

1 

0.7 /.LS 

0.5 

Limits 
Unit 

Min Typ Max 

0.6 

0.5 /.LS 

0.4 

0.8 

0.6 /.LS 

0.5 

0.6 

0.5 /.LS 

0.4 

0.8 

0.6 /.LS 

0.5 

3 

1 /.LS 

0.7 

1.8 

0.7 /.LS 

0.5 

1.2 

0.5 /.LS 

0.4 

3 

1 /.LS 

0.7 

1.8 

0.7 /.LS 

0.5 

1.2 

0.5 /.LS 

0.4 
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TIMING DIAGRAM 
Multiplex Mode 

M5 

(Note 1) 
CE 

INPUT 

(p) 

OUTPUT 
(R) 

Latch Mode 

M5 

cs 

52-SO 

INPUT 
(R) 

STD 

OUTPUT 
(P) 

tpZX(CE-R) tPHL(S-R) 
tPLH(S-R) 

,/ 

MITSUBISHI MICROCOMPUTERS 

MS0780SP/MS0781SP 
MS0782SP/MS0783SP 

tPHL(P-R) 

tPLH(P-R) 

INPUT/OUTPUT EXPANDER 

tPXZ(CE-R) 

~~ 

---------------------- ----------

)L :K 
~ K 

tsu (R-STD) 
~ 

th (R-STD) 

tsu (S-STD) th (S-STD) 

-711 _r~ 
tw 

tPZX(MS-P) ~ 
tPHL(STD-P) ~(MS-P) 

~ (Note 3) 
t PLH( STD-P) 

)( ~,.... /1 

Note 1: M50782SP and M50783SP have a IT pin. 

2: For M50780SP and M50781SP 

4-8 

3: For M50782SP and M50783SP 
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OESCR I PTION 
This device, fabricated using the aluminum gate CMOS 
process and used for input port expansion, is an ideal LSI 
for connection to the single-chip 4-bit microcomputer 
series. 

It is housed in a 28-pin plastic mold DI L package. 

FEATURES 
• Wide operating voltage range ............. (4 "'·14V) 
• Low power dissipation 

APPLICATION 
Input port expansion in the single-chip microcomputer 
series 

FUNCTION 
M50784SP comprises 4 groups of input ports, 1 group of 
output ports and a port selector circuit. 

It is particularly attractive for implementing a multi­
plexer. 

BLOCK DIAGRAM 
CHIP ENABLE 

CE 

Pn P71 P)I P70 
'-----y---' 

PORT 7 

CHIP SELECT 
INPUT 
~ 

S2 SI So 

P63 P62 P61 P60 
'----v-----' 

PORT 6 

MITSUBISHI MICROCOMPUTERS 

MS0784SP 

INPUT EXPANDER 

PIN CONFIGURATION (TOP VIEW) 

Voo 1 

{
R2+- 2 

OUTPUT PORT R R
3

_ 

CHIP ENABLE CE - • 

NC- 5 

NC--+ • 

IP40- 1 

INPUT PORT 4t P41
--+ 8 

P42- 9 

P43--+ 10 

P52 --+ 13 

28 -RII 
J OUTPUT PORT R 

Z7 ___ Ao 

Vss 

2. +- 5 PORT SE LECT 
25 +-5 2 } 

I INPUT 
23+-50 

n +-P73} 
21 +-P72 
20 +- P

71 
INPUT PORT 7 

19 +-P70 

INPUT PORT 6 INPUT PORT 5 {:::: :: 

PS3 ~_14",--____ ~ 

PORT R 
~ 

R3 R2 Rl Ro 

PS3 Psz PSI Pso 
'-----y-----' 

PORT 5 

Outline 28P4B 

P.3 P.2 p. I Pw 
'---y-----' 

PORT 4 

J 
• MITSUBISHI 
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MITSUBISH.I MICROCOMPUTERS 

MS0784SP-

INPUT EXPANDER 

PIN DESCRIPTION 

Symbol Name Function 

CE Chip enable input When low, output transistors will be "off" state. 

Ro-R3 Output port 4·bit output ports. P-channel open drain outputs. 

P40-P43 Input ports 4 - 7 4-bit input ports 

PSO-PS3 

PSO-PS3 

P70-P73 

Function table (1) Function table (2) 

Input Output 

CE SO-S2 P no-Pn3 Q (Ro, R" R2, R3) 

L 0, n X 

H n H 

H n L 

X 0 X 

(L): Transistor"off"state 

X : High or low 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

VOO Supply voltage 

VI Input voltage 

Vo Output voltage 

Pd Maximum power di-ssipation 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

(L) 

H 

(L) 

(L) 

n S2 S, 

4 H L 

S H L 

6 H H 

7 H H 

Conditions 

With respect to Vss 

Ta =2S·C 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter 

Min Nom Max 

Voo Supply voltage 4 14 

VI Input voltage 0 Voo 

VIH High-level input voltage VooXO.7 Voo 

VIL Low-level input voltage 0 VooXO.3 

So 

L 

H 

L 

H 

Unit 

V 

V 

V 

V 

ELECTRICAL CHARACTERISTICS (Ta=2S·C, Voo=9V, unlessotherwisenoted) 

Symbol Parameter 

lOH High-level output current 

II I nput current 

100 Supply current 

4-10 

Port R 

Port 4- Port 7 

Test condition 

VOO=SV, VOH=3.SV 

Voo=9V, VOH=7 .5V 

Voo=12V, VOH=10.5V 

VI=O-VOO 

Output pins open 

• MITSUBISHI 
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P40- P43 PSO-PS3 PSO-P63 P70-P73 

0 

0 

0 

0 

Limits Unit 

-0.3-15 V 

Vss-O .3-Voo+0.3 V 

VSS-O .3-Voo+0.3 V 

600 mW 

-10-70 ·C 

-40 -125 ·C 

Limits 
Unit 

Min Typ Max 

1.S rnA 

2.5 rnA 

3.5 rnA 

1 /-lA 

SO /-lA 



DESCRIPTION 
The M50786SP is an input/output expander fabricated using 
aluminum-gate CMOS technology. It is designed especially 
for connection with the single-chip 4-bit microcomputer se­
ries, and it comes in a 40-pin plastic molded OIL package. 

FEATURES 
• Wide operating voltage range .......................... · 4-14V 

• Low power dissipation 

APPLICATION 
1/0 expansion for the single-chip 4-bit microcomputer se­
ries 

FUNCTION 
The M507B6SP is composed of seven groups of 1/0 ports, 
one 1/0 port group, a port selector circuit and a mode con­
trol circuit. It can be used in the latch or multiplexer mode. 
P-channel open-drain output buffers are featured. 

BLOCK DIAGRAM 

MITSUBISHI MICROCOMPUTERS 

MS0786SP 

INPUT/OUTPUT EXPANDER 

PIN CONFIGURATION (TOP VIEW) 

(4-14V) Voo 1 

INPUT/OUTPUT { R2 - 2 
PORT R R _ 3 

CHIP ENABLE CE
3 

4 
INPUT --

MODE SEI~~~\ MS -- 5 

STROBE DATA STD -- 6 

INPUT {P1 0 - 7 

INPUT/OUTPUT P1 1 - 8 
PORT 1 P1 2- 9 

P1 3 - 10 

{

P40 - 11 

INPUT/OUTPUT P41 - 12 
PORT 4 P4

2 
_ 13 

P43 - 14 

Outline 40P4B 

CHIP MODE STROBE PORT 
ENABLE SELECT DATA SELECT 

INPUT INPUT INPUT ~ (4-14V)(OV) 

Voo Vss 

LATCH 

PORT 
BUFFER 

CE MS STD S2 S1 So 

LATCH 

PORT' 
BUFFER 

LATCH 

PORT 
BUFFER 

LATCH 

PORT 
BUFFER 

LATCH 

PORT 
BUFFER 

-I 

LATCH 

PORT 
BUFFER 

LATCH 

PORT 
BUFFER 

P73 P71 P63 P61 P53 P51 P43 P41 P33 P31 P23 P21 
~~~ P42 P40~~,--___ -, 

PORT 7 PORT 6 PORT 5 PORT 4 PORT 3 PORT 2 PORT 1 

• MITSUBISHI 4-11 
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MITSUBISHI MICROCOMPUTERS 

MS0786SP 

INPUT/OUTPUT EXPANDER 

PIN DESCRIPTION 

Symbol Name Function 

MS Mode select input Latch mode when high; multiplexer mode when low. 

STD Strobe Input 
Valid In latch mode; data latched by fall (t) are supplied to output port. 
When high, input data are read into latch; when low, latch data are output. 

CE Chip enable Input Input Is valid in multiplexer mode. 

Ro-R3 Input/output port 4-blt bidirectional input/output port. Functions as input in latch mode and output in multiplexer mode. 

Pl o- P1 3 
P2o-P23 
P30-P33 
P40-P43 Input! output port 1-7 4-bit bidirectional Input/output ports that function as output In latch mode and Input in multiplexer mode. 

P50 -P53 
PGO-PG3 
P7o-P73 

LATCH MODE 

Input 

MS CE STD So-52 
H X H n 

H X H n 

H X + n 

H X + n 

H X L 0, n 

H X H 0 

L H L n 

FUNCTION TABLE 

n S2 Sl So 

1 L L H 

2 L H L 

3 L H H 

4 H L L 

5 H L H 

6 H H L 

7 H H H 

4-12 

MULTIPLEXER MODE 

latch 
Output Input Output 

Ro-Ra o (Pno, Pnl, Pn2, Pna) MS CE STD So-52 Pno-Pna Q (Ro, Rl , R2, Ra) 

H -* H (PnO-Pn3) L H X 

L -* (L) (Pno-Pna) L L X 

H H H (Pno-Pna) L L X 

L L (L) (Pno""" Pna) L X X 

X 0 0 00 (all ports) 

X -* (L) (all ports) 

X 0 0 (L) (all ports) 

* Not latched 

P1 0 -P1 a 

0 
P2o-P23 P30-P3a P40-P4a 

0 
0 

• MITSUBISHI 
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0 

0, n X Z 

n H H 

n L L 

0 X Z 

X : Irrelevant 
Z : High impedance 

(L): Output transistor off-state 

P50-P5a P60 -P63 P70-P73 

0 
0 

0 



MITSUBISHI MICROCOMPUTERS 

MS0786SP 

INPUT /OUTPUT EXPANDER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Voo Supply voltage With respectto Vss -0.3-15 V 

VI Input voltage Vss -0. 3-Voo +0. 3 V 

Va Output voltage Vss -0. 3-Voo +0.3 V 

Pd Power dissipation Ta = 25'C 600 mW 

Topr Operating temperature -10-70 'c 
Tsta Storage temperature -40-125 'c 

RECOMMENDED OPERATING CONDITIONS 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Voo Supply voltage 4 14 V 

VI Input voltage 0 Voo V 

V IH High-level input voltage VooXO.7 Voo V 

V IL Low~level input voltage 0 VooXO.3 V 

ELECTRICAL CHARACTERISTICS (Voo = 9V. Ta = 25'C. unless otherwise noted) 

Symbol Parameter 

Ports 1-7 

V OH High-level output voltage 

Port R 

VOL Low-level output voltage Port R 

Ports 1-7 
II Input current 

Except ports 1-7 

100 Supply current 

Test conditions 

Voo = 5V. IOH = -1 mA 

Voo = 9V. IOH = -3mA 

Voo = 12V. IOH = -5.5mA 

Voo = 5V. IOH = -lOOILA 

Voo = 9V. IOH = -2501LA 

Voo = 12V. IOH = -4501LA 

Voo = 5V. IOL = 1301LA 

Voo = 9V. IOL = 350ILA 

Voo = 12V. IOL = 550ILA 

VI = O-Voo 

VI = O-Voo 

Output pins open 

• MITSUBISHI 
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limits ------ Unit 
Min Typ Max 

_.-.-

2.5 V --
6.5 V 

9.5 V 

4.6 V 

8.6 V 

11.6 V 

0.4 V 

0.4 V 

0.4 V 

10 /-LA 

1 /-LA 

50 /-LA 

4-13 



TIMING REQUIREMENTS 

Symbol Parameter 

Data setup tim~ for STO input, 
t5U (R-STC) 

port R Input 

Data setup time for STO input, 
t5U (S-STO) 

Inputs So-S2 

tw STO input pulse width 

Data hold time for STD input, 
th (R-STO) 

port R input 

Data hold time for STO input, 
th (S-STO) 

port S input 

SWITCHING CHARACTERISTICS 

Symbol Parameter 

tpzx (CE-R) 
Valid output delay time for CE input, 

R output 

tpzx (MS-P) 
Valid output delay time for MS input, 

P1o-P73 output 

t pxz (CE-R) 
Output floating delay time for CE input, 

R output 

t pxz (MS-P) 
Output floating delay time for MS input, 

P1o-P73 output 

t pHL (S-R) 
Data output high-to-Iow delay time, 

S input, R output 

t pHL (P-R) 
Data output high-to-Iow delay time, 

P1o-P73 input, R output 

t pHL (STO-P) 
Data output low-to-high delay time, 

STD input, R output 

t pLH (S-R) 
Data output low-to-high delay time, 

S input, R output 

t pLH (P-R) 
Data output low-to-high delay time, 

P1o-P73 input, R output 

t pLH (STO-P) 
Data output low-to-high delay.time, 

STD input, P1o-P73 output 

4-14 
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Test conditions 

Voe = 5V 

Vee = 9V 

Vee = 12V 

Vee = 5V 

Veo = 9V. 

Vee = 12V 

Vee = 5V 

Vee = 9V 

Veo= 12V 

Vee = 5V 

Vee = 9V 

Vee = 12V 

Voo= 5V 

Voo = 9V 

Vee = 12V 

Test conditions 

RL = 10kO 

CL = 50pF 

RL = 2kO 

CL = 50pF 

RL = 10kO 

CL = 50pF 

RL = 2kO 

CL = 50pF 

RL = 200kO 

CL = 50pF 

RL = 2kO 

CL = 50pF 

RL = 200kO 

CL = 50pF 

RL = 2kO 

CL = 50pF 

• MITSUBISHI 
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Voe = 5V 

Vee = 9V 

Voe= 12V 

Vee = 5V 

Vee = 9V 

Vee = 12V 

Vee = 5V 

Voe= 9V 

Voo= 12V 

Vee = 5V 

Vee = 9V 

Voe = 12V 

Voo = 5V 

Voo = 9V 

Voe= 12V 

Veo = 5V 

Vee = 9V 

Vee = 12V 

Voe = 5V 

Vee= 9V 

Vee = 12V 

Vee = 5V 

Vee = 9V 

Vee = 12V 

Vee = 5V 

Veo = 9V 

Voe= 12V 

Vee = 5V 

Vee = 9V 

Vee = 12V 

MS0786SP 

INPUT /OUTPUT EXPANDER 

Limits 
Unit 

Min Typ Max 

0.4 
0.4 /.1.5 

0.4 

1 
0.7 /.1.5 

0.5 
1.5 
0.5 /.1.5 

0.3 
0.5 
0.5 /.1.5 

0.5 

1 
0.7 /.1.5 

0.5 

limits 
Unit 

Min Typ Max 

1.5 
1 /.1.5 

0.8 
2.4 
1.8 /.1.5 

1.2 
1.5 

1 /.1.5 

0.8 
2.4 
1.8 /.1.5 

1.2 
1.2 
2.5 /.1.5 

2 

3.5 
1.8 /.1.5 

1.2 
2.4 
1.8 /.1.5 

1.2 
4.2 
2.5 /.1.5 

2 
3.5 
1.8 /.1.5 

1.2 
2.8 
1.8 /.1.5 

1.2 



TIMING DIAGRAM 

Multiplexer Mode 

MS 

Input (p) 

Output (R) 

Latch Mode 

MS 

CE 

Input (R) 

STD 

Output (p) 

MITSUBISHI MICROCOMPUTERS 

tPZX(CE-R) tPHL(S-R) 

tPLH(S-R) 

~I£ 

tPHL(P-R) 

tPLH(P-R) 

MS0786SP 

INPUT /OUTPUT EXPANDER 

tPXZ(CE-R) 

~ ot'"" 

---------------------- ----------

)L. :K 
~~ .,~ 

tsu (R-STO) th (R-STD) 

I-----
tsu (S-STO) th (S-STD) 

tPZX(MS-P') 

~ 

7-
.3.-

I 
1- -~~ 

tw 

t PLH( STOoP) 
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DESCRIPTION 
The M50790SP is an input/output expander LSI fabricated 
using aluminum-gate CMOS technology. It is designed 
especially for connection with the single-chip 8-bit micro­
computer series, and it comes in a 52-pin. shrink plastic 
molded OIL package. 

FEATURES 
• Wide operating voltage range ........ · .... · ............ · 4-14V 

• Voltage level convertable thanks to n-channel open-
drain configuration at I/O port (port R) 

• Input/output ports (ports P45-P49) ............... 4 bits X 5 
• Output ports (ports P40-P44 ) ....................... 4 bits X 5 

• High current output 
• Output latch data can be read 
• Input/output setting possible for each bit individually 

with 20bits I/O ports 

APPLICATION 
I/O expansion for single-chip 8-bit microcomputer M50740-
XXXSP 

CHIP R/W 
BLOCK DIAGRAM ENABLE CONTROL 

INPUT INPUT 

RESET INPUT RES CE R/W ¢ CL9~~UT 

24 23 22 21 - 8 7 6 5 - 4 3 2 51 

P483 P481 P4 7 3 P471 P463 . P461 
, P48~ P480, , P47~ P47o, , P462

y 
P460, 

PORT P48 PORT P47 PORT P46 

MITSUBISHI MICROCOMPUTERS 

MS0790SP 

INPUT/OUTPUT EXPANDER 

PIN CONFIGURATION (TOP VIEW) 

INPUT/OUTPUT 
PORT P47 

RESET INPUT 
CHIP ENABLE 

INPUT 
READ/WRITE R/W -+ 11 
CONTROL INPUT 

CLOCK INPUT 

INPUT/OUTPUT I 
PORT R 

OUTPUT 
PORT P44 

INPUT/OUTPUT 
PORT P48 

INPUT/OUTPUT 
PO~T P49 

NC 
INPUT/ 
OUTPUT 
PORT P46 

INPUT/ 
OUTPUT 
PORT P45 

OUTPUT 
PORT P42 

33 -+ P402 OUTPUT 
34 -+ P403 1 
32 -+ P40

1 
PORT P40 

31 -+ P400 

30 - P493 !INPUT/ 
29 - P492 OUTPUT 
28 _ P49

1 
PORT P49 

Vss (OV) 

Outline 52P4B 

(4-14V) (OV) 
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MS0790SP 

INPUT/OUTPUT EXPANDER 

FUNCTION 
The M50790SP enables expansion from one 4-bit 1/0 port 
(port R) group to five 4~bit output port groups and five 4-bit 
1/0 port (port p) groups. The ports are selected as follows: 
when the clock input ifJ is high, the address is input from 
port R and when it is low, the data are input (or output) by 
the same port (port R). 
Each 1/0 port (ports P45 - P49) has a direction register 
(045- 049) and the input or output can be set for each bit 
individually. 
The contents of all output latches can be read from port R. 

PIN DESCRIPTION 

Symbol Name Input or output Function 

<P Clock input In 
When the input is high, the address of the port to be accessed from port R is designated. The address 

is latched at the <p fall. Conversely, when the input is low, the R port data are input or output. 

-
Chip enable input 

If this input is high when <p is high, the internal mode is prevented from being changed by external 
CE In 

equipment. 

R/W Read/write control input In The port R input/output is controlled by the highllow level of this input when <p is falling. 

Ali the outputs are put into the high-impedance state when this input is low. This means that the open-
--
RES Reset input In drain output port latches and direction registers are reset. The CMOS input/output port data latches re-

main unchanged (see table below). ... ~.----.------
Data is sent and received at this 4-bit bidirectional port by the microcomputer's transfer Instrucltons. 

R Port R In/out When <p is high, the address is read through this port; when low, the data are sent or received through 

this port. .._ ....•.. - ... 

P40 Output ports 40 

P41 Output ports 41 
These 4-bit output ports have output latches for each individual bit. The output configuration is n-channel 

P42 Output ports 42 Out 
open-drains for P40i-P43i and p-channel open-drains for P44i. 

P43 Output ports 43 

P44 Output ports 44 

P45 Input/output ports 45 

P46 Input/output ports 46 These 4-bit bidirectional input/output ports have an output latch and direction register for each individual 

P47 Input/output ports 47 In/out bit and input or output can be designated for each bit. The output configuration is a 3-state CMOS struc-

P48 Input/output ports 48 ture. 

P49 Input/output ports 49 

PORT MODES AFTER RESET INPUT 

Port Direction register 

P40-P43 -

P44 -

P45 ...... P49 
ALL low 

(in'put) 

Data latch 

ALL "H" 

ALL "L" 

No change 

Output transistor 

N-channel open-drain 

OFF 

P-channel open-drain 

OFF 

High-impedance 

•. MITSUBISHI 
.... ELECTRIC 
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OPERATION 

Address Designation 
The address is designated by port R while the clock rp 
signal is high and the address data are latched to the 
address latch by the rp fall (t). The relationship between 
each port or address register and the addresses is shown 

below. 

Address and data signs 

Address (r/>= high) Data (r/> = low) 

R3 R2 Rl Ro R3 R2 Rl Ro 

L L L L blank 

L L L H P403 P402 P401 P400 

L L H L P41 3 P41 2 P41 1 P41 0 

.L L H H P423 P422 P421 P420 

L H L L P433 P432 P431 P430 

L H L H P443 P442 P441 P440 

L H H L P453 P452 P451 P450 

L H H H 0453 0452 0451 0450 

H L L L P463 P462 P461 P460 

H L L H 0463 0462 0461 0460 

H L H L P473 P472 P471 P470 

H L H H 0473 0472 0471 0 470 

H H L L P483 P482 P481 P480 

H H L H 0483 0482 0481 0480 

H H H L P493 P492 P491 P490 

H H H H 0493 0492 0491 0490 

Note: 045-049 are the direction registers of ports P45-49. When 0 is 
low, the output is set to the high-impedance state and when 
high, the CMOS output ON state is established. Designation for 
each bit in this way is possible. The contents of the direction 
registers, however, cannot be read out. 

Direction Register Setting 
For each bit the input/output ports have corresponding 
direction registers (see table below). When a register is 
low, the output is set to the high-impedance state and 
when high, the CMOS output ON mode is established. 

Correspondence between 
1/0 ports and direction registers 

Output port/input port Direction register 

P400 P401 P402 P403 

P41 0 P41 1 P41 2 P41 3 
None 

P420 P421 P422 P423 

P430 P431 P432 P433 

(Outputs only) 

P440 P441 P442 P443 

P450 P451 P452 P453 0450 0451 0452 0453 

P460 P461 P462 P463 0460 0461 0462 0463 

P470 P471 P472 P473 0470 0471 0472 0473 
P480 P481 P482 P483 0480 0481 0482 0483 

P490 P491 P492 P493 0490 0491 0492 0493 

MITSUBISHI MICROCOMPUTERS 

MS0790SP 

INPUT/OUTPUT EXPANDER 

Output Operation 

Output Ports (P40-P44) 
In order for the data to be output to the P40 - P44 output 
ports, the address must be designated from port R when ¢ 

is high. Whenrp is low, the output data must be deSignated 
in the same way from port R. In this case, the R/W input is 
set low with the rp fall (t ). 

Input/Output Ports (P45-P49) 
In the case of the I/O ports the direction register corres­
ponding to the bits must be set high beforehand. As long as 
the level is high, the output operation can be conducted in 
exactly the same way as for the P40-P44 ports. 

Input Operation 
For input the direciton register corresponding to the bits 
must be set low beforehand. The actual operation consists 
in designating the input port address from port R when the 
rp input is high and reading the R port data when rp is low. In 
this case, the R/W input is set high with the ¢ fall (t ). 

Latch Read Operation 

Output Ports (P40-P44) 
In order to read the P40-P44 output port latches, the P40-
P44 port address is deSignated when the rp input is high 
and, as soon as R/W is high during the rp fa 1.1 , the data can 

be read from port R when rp is low. 

1/0 Ports (P45-P49) 
In order to read the I/O port latches, the direction register 
corresponding to the bits must be set high beforehand. 
(This sets the CMOS outputs ON.) If the direction register 
is high, then the latch reading operation can be conducted 
in exactly the same way as with the P40-P44 ports. 

Direction Registers (045-049) 
The contents of the direction registers cannot be read out. 

4-18 • MITSUBISHI 
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INPUT /OUTPUT EXPANDER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Voo Supply voltage -0.3-15 V 

VI Input voltage With respect to Vss Vss-O. 3-Voo+0. 3 V 

Vo Output voltage Vss-O. 3-Voo+0. 3 V 

Pd Power dissipation Ta = 25'C 600 rnW 
Topr Operating temperature -10-70' ·C 

Tstg Storage temperature -40-125 ·C 

RECOMMENDED OPERATING CONDITIONS (voo = 9V±10%, Ta = -10-70·C, unless otherwise noted) 

Symbol Parameter Test conditions 
Min 

Voo Supply voltage 4 

VI Input voltage 0 

V IHP High-level input voltage, P45, P46, P47, P4B, P49 Voo = 7-l4V VooXO.7 

V ILP Low-level input voltage, P45, P46, P47, P48, P49 Voo = 7-l4V 0 

V IHR High-level input voltage, R, <p, R/W, CE, RES Voo=7-l4V VooXO.4 

V ILR Low-level input voltage, R, <p, R/W, CE, RES Voo = 7-l4V 0 

IOL(aVQl Low-level output average current (R) 

IOL(aVQl Low-level output average current, P40, P4l, P42, P43 

IOH(avgl High-level output average current, (P44) -10 

IOH(aVgl High-level output average current, P45, P46, P47, P48, P49 -2 

IOL(aVQl Low-level output average current, P45, P46, P47, P48, P49 

f(¢l M50740-XXXSP internal clock oscillation frequency Voo = 9V 

ELECTRICAL CHARACTERISTICS (voo = 9V±10%, Ta = -1O-70·C, unless otherwise noted) 

Symbol Parameter 

II Input current, <p, R/W, CE, RES 

II Input current, R 

II Input current, P45, P46, P47, P4B, P49 

V OH High-level output voltage, P44 

V OH High-level output voltage, P45, P46, P47, P48, P49 

VOL Low-level output voltage, R 

VOL Low-level. output voltage, P40, P4l, P42, P43 

VOL Low-level output voltage, P45, P46, P47, P4B, P49 

IOD Supply current 

Test conditions 

VI = O-Voo 

IOH = -lamA 

10H = -2mA 

IOL = 5mA 

IOL = 20m A 

IOL = 2mA 

Output pins open 

• MITSUBISHI 
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Min 

Voo-2 

Voo-2 

0 

0 

0 

Limits 
Unit 

Nom Max 

14 V 

Voo V 

Voo V 

VooXO.3 V 

Voo V 

VooXO.l V 

5 rnA 
20 rnA 

rnA ----... __ ._-
rnA 

2 rnA .. 

2.5 MHz 

Limits 
Unit 

Typ Max 

1 /-LA 
1 /-LA 

10 /-LA 
Voo V 

Voo V 

0.4 V 

2 V 

2 V 

50 /-LA 
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TIMING REQUIREMENTS (Ta = -IO-70·C, Voo±IO%, unless otherwise noted) 

Symbol Parameter 

tSU(A-<fo} Address input set-up time 

tsu(o-<fo) Data input set-up time 

th(<,6-A) Address hold time after'" fall 

th(<,6-o) Data hold time after'" rise 

tSUCCE-<fo} Chip enable set-up time before'" fall 

th(<,6-CE) Chip enable hold time after'" fall 

tSU(R/W-<fo) Read/write set-up time before'" fall 

th(<,6-R/W) Read/write hold time after'" fall 

tsu(p-<fo} P Input set-up time before'" fall 

th(<,6-p) P input data hold time after'" rise 

tW(RES) Reset pulse width 

4-20 

Test conditions 

Voo = 9V 

Voo = 12V 

Voo = 9V 

Voo = 12V 

Voo= 9V 

Voo = 12V 

Voo = 9V 

Voo = 12V 

Voo = 9V 

Voo = 12V 

Voo = 9V 

Voo =.12V 

Voo = 9V 

Voo = 12V 

Voo= 9V 

Voo = 12V 

Voo = 9V 

Voo = 12V 

Voo = 9V 

Voo= 12V 

Voo = 9V 

Voo = 12V 

'. ·MITSUBISHI 
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Limits 
Unit 

Min Typ Max 

750 ns 

600 ns 

700 ns 

550 ns 

a ns 

a ns 

0 ns 

0 ns 

550 ns 

400 ns 

400 ns 

300 ns 

650 ns 

500 ns 

400 ns 

300 ns 

750 ns 

600 ns 

300 ns 

200 ns 

400 ns 

300 ns 
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INPUT/OUTPUT EXPANDER 

SWITCHING CHARACTERISTICS (Ta = -10-70'C, Voo±10%, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

(During output) 
Ports P40-P43 

Voo = 9V 

Voo = 12V 

P port output propagation Voo = 9V 
tpc¢-P) 

time after ¢> fall (Note 1 ) 
Port P44 

Voo = 2V 

Potrs P45-P49 
Voo = 9V 

Voo = 12V 

(During input) Voo = 9V 

tPXL( ¢-o) 
R port output propagation time after ¢> rise 

Voo= 12V 

Voo = 9V 0 
tvc¢-o) R port data valid time after ¢> rise 

Voo= 12V 0 

Voo = 9V 
tpcP-O) Output propagation time, from P input to R port 

Voo = 12V 

(When direction registers are changed) Voo = 9V 0 

tvc¢-p) P port output data valid time after ¢> fall Voo = 12V 0 

Voo = 9V 0 
tVZ(¢-p) P port high-impedance state valid time after ¢> fall 

Voo = 12V 0 

tpXZ(O-P) P port high-impedance state propagation time after ¢> fall 
Voo = 9V 

Voo = 12V 

tpXV(O-P) P port valid output propagation time after ¢> fall 
Voo = 9V 

Voo = 12V 

(During reset) Voo = 9V 
P port output high-impedance propagation time after reset 

tPVZ(RES-P) Voo= 12V 

tPVZ(RES-R) R port output high-impedance propagation time after reset 
Voo = 9V 

Voo = 12V 

Voo = 9V 0 
tVZ(RES-R) P port output high-impedance valid time after reset rise 

Voo ,= 12V 0 

Note The P port output high-impedance state propagation time after ¢> rise is indicated for the open-drain output ports_ 
Ro: Port R pull-up resistor (to Vee = 5V) 
R1 : Port P40-P43 pull-up resistor (to Voo) 
R2: Port P44 pull-down resistor (to Vss) 
R3: Port p45-P49 load resistor (to Voo) 

• MITSUBISHI 
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Unit 
Max 

550 ns 

400 ns 

700 ns 

550 ns 

900 ns 

700 ns 

1000 ns 

800 ns 

ns 

ns 

900 ns 

700 ns 

ns 

ns 

ns 

ns 

1200 ns 

900 ns 

1200 ns 

900 ns ------
800 ns --_ . . .. -
600 ns ----- f-- . . -
700 ns 

------

500 ns 

ns 

ns 
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TIMING DIAGRAM (With reference voltage of 0.9 X Vee for high level and 0.1 X Vee for low level) 

For R/W, CE, rp and RES, Ro-R3, high level is 0.9 X Vee and low level is 0.1 X Vee. 

During output 

RO-R3(input)------<I'11io-___ -+~ 

CE------...... 

tsU(R/W-~) th(~-R!W) 

R/W-----__. 

P (output) _____________________ ...Jf '!\.... _____ --. ____ _ 

During input 

4-22 

Ro-R3 -----~~---\_JT 
( 

Address:lnput ) 
Data:Output 

P (input) -- - - - - - - - - -- - -- ~-I-_________ .....;;i'I 

R/W------' 

CE----__. 

tsU(R/W-~) th(~-R/W) 

• MITSUBISHI 
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During direction register changing 

RO-3 Address 

CE 

tSU(R/W-¢) th(¢-R/W) 

R/W-----~ 

routPut~-----------+-- _-+-.....z;~t+-----High impedance state-----

P --High impedance state --~< (output) "---"------'1-- ""110-________________ _ 

Undefined area 

During resetting 

RES 

P 
(output) _____ .....,_.....oi!II~_:,~-+--------High impedance state---------

R 
(output) ______ .zr:.~ 

• MITSUBISHI 
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tPXL(¢-O) 
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APPLICATION EXAMPLES 

Connection with M50740SP 
Fig. 1 shows the connections between the M50790SP I/O 
expander and the M50740-XXXSP. The addresses listed in 
Table 1 are reserved for the M50790SP, and data read and 
writ~ operations are possible in the same way as for the il)­
ternal ports of the M50740.;.XXXSP. (Only the low-order 4 
bits of the data are valid.) The timing and control signals 
are generated automatically at the M50740-XXXSP end. 
The operation is now described. The output ports are set 
OFF state and the input/output ports are placed in the 
high-impedance state by the RESET OUT signal from the 
M50740-XXXSP. 
Port inputting or outputting is conducted by the same in­
structions as those to the M50740-XXXSP's other zero page 

5V 

Vee 
INT 

CNTR </> 
31 

R/W 32 

P3 
CE 33 

RESETouT 

P2 

8X4 

R3 
27 

Pl 
R2 

28 

RI 
29 

PO 
Ro 

30 

Vss 

M50740-XXXSP 

MITSUBISHI MICROCOMPUTERS 

MS0790SP 

INPUT/OUTPUT EXPANDER 

memory. With output port P40 ...... P44 read operations the 
contents of the respective output latches can be read out. 
With input/output ports P45 ...... P49 the contents of the direc­
tion register can determine iwhether the read data come 

. from the output latches or input ports. "l's" for each direc­
tion register bit signifies output and "O's" signifies input. 
The contents of the direction registers cannot be read out. 
They must be set using the store instruction. Table 2 shows 
the codes written into the direction registers and the states 
of the input/output bits of the ports; 
Fig. 2 shows the construction of each of the output ports. 
When an address shown in Table 1 is accessed, double the 
normal instruction execution time is required and so care 
must be taken when calculating the processing time. 
This. precaution must be taken since a margin is provided 
for interfacing with the I/O expander. 

7 ..... 14V 

Voo 

P49 
12 

</> 
P48 

" R/W 

10 ' CE 
P47 

P46 
RES 

P45 
lKSJ 4X1O 
X4 P44 16 

R3 

15 
R2 

P43 

14 P42 
RI 

P41 13 
Ro 

Vss P40 

M50790SP 

Flg.l Example of connections between I/O expander (M50790SP) and microcomputer (M50740-XXXSP) 
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Table 1 Addresses reserved for 1/0 expander 

Address (hexadecimal) Data bit 

in zero page 0 7 * I 0 6 * I 0 5* I 0 4 * I 0 3 I O2 I 0 1 I Do 

OF P49 Direction Register 

DE P49 

DO P48 Direction Register 

DC P48 

DB P47 Direction Register 

DA P47 

09 P46 Direction Register 

08 P46 

07 P45 Direction Register 

06 P4'5 

05 P44 

04 P43 

03 P42 

02 P41 

01 P40 

DO * * Bits 0 4-07 are ignored when the M50790SP is accessed, 

Table 2 Port setting examples 

Direction register (low-order 4 bits) Port P4i bit 

D3 O2 0 1 Do P4 i3 P4 i2 P4 i1 P4 io 

0 0 0 0 Input Input Input Input 

0 0 0 1 Input Input Input Output 

0 0 1 0 Input Input Output Input 

0 0 1 1 Input Input Output Output 

0 1 0 0 Input Output Input Input 

0 1 0 1 Input Output Input Output 

0 1 1 0 Input Output Output Input 

0 1 1 1 Input Output Output Output 

1 0 0 0 Output Input Input Input 

1 0 0 1 Output Input Input Output 

1 0 1 0 Output Input Output Input 

1 0 1 1 Output Input Output Output 

1 1 0 0 Output Output Input Input 

1 1 0 1 Output Output Input Output 

1 1 1 0 Output Output Output Input 

1 1 1 1 Output Output Output Output 

lVOO 
O"'p", '0';"0'---1 ~ 

Output I G' "-register I . 0 - ON 

Vss 

'" "=ON 

(a) P40- P43 (n-channel open drain) (b) P44 (p-channel open drain) 

Flg.2 Output port format 
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Remarks 

0: Input, 1: Output 

CMOS 3state I/O 

0: Input, 1: Output 

CMOS 3state I/O 

0: Input, 1: Output 

CMOS 3state I/O 

0: Input; 1: Output 

CMOS 3state I/O 

0: Input, 1: Output 

CMOS 3state I/O 

Pch, Open Drain Output 

Nch OPen Drain Output 
~ 

~ 

~ 

(c) P45-P49 (C-MOS) 

3state 
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DESCRIPTION 
The M5L8243P is an input/output expander fabricated using 
N-channel silicon-gate EO-MOS technology. This device is 
designed specifically to provide a low-cost means of I/O 
expansion for the MELPS 8-48 single-chip microcomputers 
and MELPS 8-41 slave microcomputers. 

FEATURES 
• 16 Input/output pins (IOL = 5.0mA( max.)) 
• Simple interface to MELPS 8-48, MELPS 8-41 
• Single 5V power supply 
• Low power dissipation······························ 50mW( typ.) 
• Interchangeable with i8243 in pin configuration and elec­

trical characteristics 

APPLICATION 
I/O expansion for the MELPS 8-48 single-chip microcom­
puters and MElPS 8-41 slave microcomputers. 

FUNCTION 
The M5l8243P is designed to provide a low-cost means of 
I/O expansion for the MElPS 8-41 and the MELPS 8-48. 
The M5L8243P consists of four 4-bit bidirectional static I/O 
ports and one 4-bit port which serves as an interface to the 
MELPS 8-41 and MELPS 8-48. Thus multiple M5l8243Ps can 
be added to a single master. Using the original instruction 
set of the master, the M5l8243P serves as the in resident 1/ 

o facility. Its I/O ports are accessed by instructions MOVO, 
ANLO and ORlO. 

MITSUBISHI MICROCOMPUTERS 

MSL8243P 

INPUT/OUTPUT EXPANDER 

PIN CONFIGURATION (TOP VIEW) 
INPUTI 

°pUJ~~~ P50 - 1 

INPUTI I P4
o

- 2 
OUTPUT P41 "" 3 

PORT 4 P42 - 4 

P43 - 5 

CHIP SELECT CS --+ 6 

PROGRAM PROG --+ 7 

Outline 24P4 

Vee (5V) 

INPUTI 
OUTPUT 
PORT 6 

BLOCK DIAGRAM PORT 2 
CHIP SELECT PROGRAM ~ 
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CS PROG 1------- 6 7 

I 

1 , 

1 , 

L_ 
LATCH 

P70 P71 P72 P73 

'---v------/ 
PORT 7 

ANDIOR 
LOGIC 

. LATCH 

BUS 

P60 P61 P62 P63 

'---v----/ 
PORT 6 

ANDIOR 
LOGIC 

LATCH 

PORT5 
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INPUT !OUTPUT EXPANDER 

PIN DESCRIPTION 

Symbol Name Input or output Function 

-
Chip select 

Chip select input. A high on CS causes PROG input to be regarded high inside the M5L8243P, then this 
CS In 

inhibits any change of output or internal status. 

A high-ta-Iow transition on PROG s.ignifies that address (PORT 4·7) and control are available on PORT 2, 

PROG Program In and a low-ta-high transition signifies that the designated data is available on the disignated port through 

PORT 2. The designation is shown in Table 1. 

P2o-P23 Input/output port 2 In/out 
The 4-bit bidirectional port contains the address and control bits shown in Table 1 on a high-ta-Iow tran-

sition of PROG. During a low-ta-high transition it contains the input (output) data on this port. 

P4o-P43 Input/output port 4 The 4-bit bidirectional I/O port. May be programmed to be input, low-impedance latched output or a 

P50-P53 Input/output port 5 
In/out 

three-state. This port is automatically set output mode when it is written. AN Led or ORLed then con-

P60 -P63 Input/output port 6 tinues its mode until next read operation. After reset on a read operation, this port is in high-impedance 

P7o-P73 Input/output port 7 and input mode. 

OPERATION 
The M5L8243P is an input/output expander designed spe­
cifically for the MELPS 8-41 and MELPS 8-48. The MELPS 
8-41 and MELPS 8-48 already have instructions and PROG 
pin to communicate with the M5L8243P. 
An example of the M5L8243P and the MELPS 8-41 or 
MELPS 8-48 is shown in Fig. 1. The following description of 
the M5L8243P basic operation is made according to Fig. 1. 
Upon initial application of power supply to the device, and 
then about 500,u s after, resident bias circuits become stable 
and each device is ready to operate. And each port of the 
M5L8243P is set input mode (high-impedance) by means of 
a resident power-on initialization circuit. 
When the microcomputer begins to execute a transfer in­
struction 

MQVO A,Pi i = 4, 5, 6, 7 
which means the value on the port Pi is transferred to the 
accumulator, then the signals are sent out on the pins 
PROG and P2o-P23 as shown in Timing Diagram. 
On the high-to-Iow transition of the pin PROG, the 
M5L8243P latches the instructions (ex. 0000) into itself from 
pins P2o""" P23 and transfers them to the instruction register 
(CD in Timing Diagram). During the low-level of PROG, the 
M5L8243P continuously outputs the contents of the speci­
fied input (output) port (in this case port P4) to pins P2o""" 

P23 (C2) in Timing Diagram). The microcomputer, at an 
appropriate time, latches the level of pins P2o-P23 and re­
sumes high-level of PROG. 
The next example is the case in which the microcomputer 
executes 

MOVO Pi , A i = 4, 5, 6, 7 
the transfer (output) instruction. 

In this case, as in the previous case, on the high-to-Iow II 
transition of the pin PROG, the M5L8243P latches the in- • 
structions (ex. 0110) into itself from pins P2o""" P23 and trans-
fers them to the instruction register (CD in Timing Diagram). 
After this, the microcomputer sends out high to the pin 
PROG, transferring the data to pin P20 - P23 · which is an 
output data to input/output port. Then the. M5L8243P trans-
fers the data of pins P2o"'" P23 to the port latch of the deSig-
nated input/output port (in this case P6 ). In a few seconds 
after a low-to-high transition on the PROG, the deSignated 
port (P6 ) becomes in an output mode and the data of the 
port latch are transferred to the port pins (@ in Timing 
Diagram). 

When instructions 
ANlO 
ORlO 

Pi,A 
Pi,A i = 4,5,6,7 

are executed, the microcomputer generally operates as 
same function as MOVD Pi, A. 
It only differs in that the data of port latch after ® in the 
Timing Diagram is ANDed or ORed with the data of port 

latch before ® and the data of pins P2o"'" P23 . 

When instructions 
MOVO Pi, A 
ANlO Pi,A 
ORlO Pi, A i = 4, 5, 6, 7 

are executed toward the port in an output mode, the out­
puts are generated on the port as soon as low-to-high tran­
sition on the PROG occurs. 
When the mode of the output port is going to be changed 
during the execution and the instruction 

MOVO A , Pi i = 4, 5, 6, 7 
is executed, it is preferable to execute one dummy instruc':' 
tion. Because it takes a little time to turn the designated 
port into a high-impedance state after high-to-Iow transition 
on the PROG, the result may be that the first instruction is 
not read correctly. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vee Supply voltage -0.5-7 V 

V, Input voltage With respect to Vss -0.5-7 V 

Vo Output voltage -0.5-7 V 

Pd Maximum power dissipation Ta = 2S'C 600 rnW 

Topr Operating free-air temperature range -20-75 ·C 

Tsm Storage temperature range -65 .... 150 'c 

RECOMMENDED OPERATING CONDITIONS (Ta = -20-75'C, Vee = 5V±10%, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H High-level input voltage 2 Vee+O. S V 

V ,L Low-level input voltage -0.5 0.8 V 

ELECTRICAL CHARACTERISTICS (T a = -20-75'C, Vee = 5 V±1 0%, unless otherwise noted) 

Symbol Parameter 

Vou Low-level output voltage, ports 4-7 

VOL2 Low-level output voltage, port 7 

VOL3 Low-level output voltage, port 2 

V OH1 High-level output voltage, ports 4-7 

VOH2 High-level output voltage, port 2 

1'1 Input leakage current, ports 4-7 

1'2 Input leakage current, port 2, CS, PROG 

Icc Supply current from Vcc 

IOL SUm of all 10L from 16 outputs 

Table 1 Instruction and address codes 

Instruction code P23 P22 Address code 

Read 0 0 port 4 

Write 0 1 port 5 

ORLO 1 0 port 6 

ANLO 1 1 pon7 
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P21 

0 

0 

1 

1 

Test conditions 

IOL = SmA 

IOL = 20mA 

IOL = O.6mA 

IOH = -240,uA 

10H = -100,uA 

OV ;;;; Vin ;;;; Vcc 

OV;;;; Vin ;;;; Vcc 

IOL = SmA (VOL = O.4SV) Eaeh pin 

P20 

0 

1 

0 

MELPS 8-48 or 

MELPS8-41 

Min 

2.4 

2.4 

-10 

-10 

5V 

1 P2ot------... 
P2,t------... 
P22t-----~ 
P2 3t------... 

Flg.l Basic connection 
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Limits 
Unit 

Typ Max 

0.45 V 

1 V 

0.45 V 

V 

V 

20 /-tA 

10 /-tA 

10 20 rnA 

80 rnA I 

]
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INPUT/OUTPUT EXPANDER 

TIMING REQUIREMENTS (Ta = -20-75·C, Vee = 5V±10%, unless otherwise noted) 

Alternative 
Symbol Parameter Test conditions 

symbol Min 

tSU(INST-PR) Instruction code setup time before PROG tA 80pF Load 100 

th(PR-INST) Instruction code hold time after PROG te 20pF Load 60 

tSU(DO-PR) Data setup time before PROG tc BOpF Load 200 

th(PR-DO) Data hold time after PROG tD 20pF Load 20 

tW(PR) PROG pulse width tK 700 

tSU(CS-PR) Chip-select setup time before PROG tcs 50 

th(PR-CS) Chip-select hold time after PROG tcs 50 

tSU(PORT-PR) Port setup time before PROG tiP 100 

th(PR-PORT) Port hold time after PROG tiP 100 

SWITCHING CHARACTERISTICS (Ta= -20-75·C, Vee = 5V±10%, unless otherwise noted) 

Symbol Parameter 

ta(PR) Data access time after PROG 

tdV(PR) Data valid time after PROG 

tpHL(PR) 
Output valid time after PROG 

tpLH(PR) 

tpZX(PR) 
Input(output switching time 

tpXZ(PR) 

Alternative 
Test conditions 

symbol 

tACC 80pF Load 

tH 20pF Load 

tpo 100pF Load 

-
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Min 

a 
a 

Limits 
Unit 

Typ Max 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Limits 
Unit 

Typ Max 

650 ns 
150 ns 

700 ns 

800 ns 
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TIMING DIAGRAM 
tsu(CS PRJ th(PR CS) 

"'""'" 

CS 

tW(PR) 

PROG 

~ 

1/" ~l 
tsu (INST PRJ th(PRINST) tSU(DQ PRJ t..h( PR DQ) 

PORT 2 ): CD 

PORT 2 

PORTS 4-7 

PORTS 4-7 

PORTS 4-7 

t su ( PORT PRJ 

PORTS 4-7 

Note 1 AC test conditions 

Input pulse level ........ ······· .. ····· .. ········ 0.45-2.4V 

Input pulse rise time tr (10%-90%) ............ 20ns 

Input pulse fall time If (10%-90%)·············· 20ns 

Current Sinking Capability 

'< 
-5 

100 oJ 

.2 93 
W 
C 
~ 75 
5 
0 

-0 
60 Q) 

~ 50 c: 
'iii 
(ij 
15 
I- 25 

2 10 11 12 13 

Maximum sinked current at ea,ch pin 
(VOL = O.45V max) (mA) 

.1 1 

ta(PR) l~dV<;R) 

f 
(2) 

-\ 
\: '1 

tpZX(PR) 
~ 

(J) J '-

tPHL( PRJ \-
I~LH(:R) 

""' K (4) 

1 

tpXZ( PRJ 

'~ 
jF-

th(PR PORT) ... 

:K 
Reference voltage for switching characteristic measurement. 

Output VOH ································································2V 

VOL .................... : ........................................ 0.8V 

Each of the 16 I/O lines of the M5L8243P is capable of sink­
ing 5mA simultaneously (VOL = 0.45V max). However, the 
drive capacity of each line depends upon whether all lines 
are sinking current simultaneously and on the degree of 
loading. This is illustrated in the curve shown. 
Example 
Assuming that the remaining pins are not loaded, how many 
pins would be able to accommodate 20LSTTL loads 
(O.4mA) ? 

IOL = O.4mA X 20 = 8mA (sink current for each pin) 
~ IOL = 60mA from curve (POINT A) 

(total sinking current) 
Number of pins = 60mA + 8mA = 7.5> 7 

For this case, each of the 7 lines could sink 8mA for a- total 
of 56mA. Since 4mA reserve sinking capability exists, 9 of 
thfil 1/0 lines of the M5L8243P can be divided arbitrarily. 

4~30 
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Example 
To use 20mA sinking capability at port 7, find the effects on 
the sinking capabilities of the other liD lines. 
Assume the M5L8243P is driving loads as shown below. 

3 lines: -20mA (VOL = 1.0V max, port 7 only) 
4 lines: -4mA (VOL = 0.45V max) 
9 lines: -1.6mA (VOL = 0.45V max) 

Is this within the allowable limit? 
~ IOL = (20mA X 3) + (4mA X 4) + (1.6mA X 9) = 
90AmA 

Fig.2 Expansion interface example 

MITSUBISHI MICROCOMPUTERS 

MSL8243P 

INPUT/OUTPUT EXPANDER 

From the curve we see that with respect to IOL = 4mA, IOL 
is 93mA (Point B) and that the above load of 90.4mA is with­
in the limit of 93mA. 
Note: The sinking current of ports 4 -- 7 must not exceed 
30mA regardless of the value of VOL. 
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INPUT !OUTPUT EXPANDER 

DESCRIPTION 
The MSM82C43P is an input/output expander fabricated us­
ing CMOS silicon-gate technology. This device is designed 
specifically to provide a low-cost means of 1/0 expansion 
for the MELPSS-4S single-chip S-bit ~icrocomputers and 
the MELPSS-41 slave microcomputers. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• 16 inputloutput pins (loL = S.OmA (max.)) 
• Simple interface to MELPSS-4S, MELPSS-41 
• Single 5V power supply 
• Interchangeable with i8243 in pin configuration 

APPLICATION 
1/0 expansion for the MElPSS-48 single-chip microcompu­
ters and the MElPSS-41 slave microcomputers. 

FUNCTION 
The MSM82C43P is designed to provide a low-cost means 
of 1/0 expansion for the MElPS8-41 slave microcomputers 
and the MElPSS-4S single-chip' microcomp~ters. The 
MSM82C43P consists of four 4-bit bidirectional static 1/0 

ports and one 4-bit port which serves as an interface to the 
MElPS8-41 and MElPSS-48. Thus multiple MSM82C43Ps 
can be added to a single master. 
Using the original instruction set of the master, the 
MSM82C43P serves as the in-resident 1/0 facility. Its 1/0 

ports are accessed by instructions MOVO, ANlO and 
ORlO. 

~~~I~OUTPUT P50 ++ 1 

I 
P4o++ 2 

INPUT/OUTPUT P4l ++ 3 
PORT 4 P42++4 

P43 ++ 5 

CHIP SELECT CS --+ 6 

flROGRAM PROG --+ 7 

BLOCK DIAGRAM PORT 2 
CHIP SELECT PROGRAM~ 

CS PROG P2op2l P22P23 

,----------- 6 1110 9 8 

I 

I 
I 

I 
INTERNAL BUS 

I 

Outline 24P4 

4 

I 

ANDIOR 
LOGIC 

ANDIOR 
'!-9.§.19_ 

LATCH 

I 

L_ 
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INPUT/OUTPUT EXPANDER 

PIN DESCRIPTION 

Symbol Name Input or output Function 

-
Chip select 

Chip select input. A high on CS causes PROG input to be regarded high inside the M5M82C43P. This 
CS In 

then inhibits any change of output or internal status. 

A high-ta-Iow transition on PROG signifies that. address (ports 4-7) and control are available on port 2, 
PROG Program In and a low-to-high transition signifies that the designated data is available on the designated port through 

port 2. The designation is shown in Table 1. 

P20 -P23 Input/output port 2 In/out 
This 4-bidirectional port contains the address and control bits shown in Table 1 on a high-to-Iow transi-

tion of PROG. During a low-to-high transition, it contains the input (output) data on this port. 

P40 -P43 Input/output port 4 4-bit bidirectional I/O ports. May be programmed to be input, low-impedance latched or 3-state. These 

P50 -P53 Input/output port 5 
In/out 

ports are automatically set to the output mode when written, ANLed or ORLed and this mode continues 

P60 -P63 Input/output port 6 until the next read operation. After reset on a read operation, this port is placed in the high impedance 

P70 -P73 Input/output port 7 and input mode. 

OPERATION 
The M5M82C43P is an input/output expander designed 
specifically for the MELPSS-41 and MELPSS-4S. The 
MELPS8-41 and MELPSS-4S already have instructions and 
PROG pin to communicate with the M5MS2C43P. 
An example of the M5MS2C43P and the M5M80C49-XXXP is 
shown in Fig. 1. The following description of the 
M5MS2C43P basic operation is made according to Fig. 1. 
Upon initial application of the power supply to the device, 
each port of the M5M82C43P is set to the input mode (high­
impedance) by means of the resident power-on initializa­
tion circuit. 
When the microcomputer begins to execute a transfer in­
struction 

MOVO A, Pi i = 4, 5, 6, 7 
which means the value on the port Pi is transfer~d to the 
accumulator, then the signals are sent out on the pins 
PROG and P2o"'P23 , as shown in the timing diagram. 
On the high-to-Iow transition of pin PROG, the M5MS2C43P 
latches the instructions (e.g. 0000) into itself from pins P2o'" 
P23 and transfers them to the instruction register (CD in the 
timing diagram). During the lOW-level of PROG, the 
M5MS2C43P continuously outputs the contents of the speci­
fied input (output) port (in this case, port P4) to pins P2o'" 
P23 (~ in the timing diagram). The microcomputer, at the 

appropriate time, latches the level of pins P2o'" P23 and re­
sumes the high level of PROG. 
The next example is the case in which the microcomputer 
executes 

MOVO Pi, A i = 4, 5, 6, 7 
the transfer (output) instruction. 
In this case, as in the previous case, on the high-to-Iow 
transition of pin PROG, the M5MS2C43P latches the instruc­
tions (e.g.0110) into itself from pins P2o"'P23 and transfers 
them·to .the instruction register (CD in the timing diagram). 
After this the microcomputer sends out high to pin PROG, 
transferring the data to pins P2o'" P23 which is an output 
data to the input/output port. Then the M5MS2C43P trans­
fers the data of pins P2o'" P23 to the port latch of the desig­
nated input/output port (in this case P6). In a few seconds 
after a low-to-high transition on the PROG, the designated 
port (P6) is set to the output mode and the data of the port 
latch is transferred to the port pins (@ in the timing 
diagram). 
When instructions 

ANlO Pi, A 
ORlO Pi, A i = 4, 5, 6, 7 

are executed, the microcomputer generally operates as the 

same function as MOVD Pi, A. 
It only differs in that the data of the port latch after ® in the 
timing diagram is ANDed or ORed with the data of the port 
latch before ® and the data of pins P2o"'P23. 

When instructions 
MOVO Pi, A 
ANlO 
ORlO 

Pi, A 
Pi,A i = 4, 5, 6, 7 

are executed toward the port in an output mode, the out­
puts are generat~d on the port as soon as low-to-high tran­
sition on the PROG occurs. 
When the mode of the output port is going to be changed 
during the execution and the instruction 

MOVO A, Pi i = 4, 5, 6, 7 
is executed, it is preferable to execute one dummy instruc~ 
tion. Because it takes a little time to turn the designated 
port into a high-impedance state after the high-to-Iow tran­
sition on the PROG, the result may be that the first instruc­

tion is not read correctly. 
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INPUT /OUTPUTEXPANDER 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions Limits Unit 

Vcc Supply voltage Vss-0.3-7 V 

V, Input voltage Vss-O. 3-Vee+0. 3 V 

Vo Output voltage Vss-O. 3~Vec+0. 3 V 

Pd Maximum power dissipation Ta = 2S'C 1000 rnW 

Topr Operating free·alr temperature range -40-85 ·c 
Tsta Storage tempera\ure range -65-150 'c 

RECOMMENDED OPERATING CONDITIONS (Ta = -40-85'C, Vee = 5V±10%, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vcc Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H High-level input voltage O,]XVce Vee V 

V ,L Low-level input voltage Vss O. 3XVee V 

ELECTRICAL CHARACTERISTICS (Ta = -40-85'C, Vee = 5V±10%, unless otherwise noted) 

Symbol Parameter 

V O'L1 Low-level output voltage, ports 4-7 

VOL2 Low-level output voltage, port 7 

V OL3 Low-level output voltage, port 2 

VOH1 High-level output voltage, ports 4-7 

VOH2 High-level output voltage, port 2 

'1'1 Input leakage current, ports 4-7 

1'2 Input leakage current port 2. CS. PRO.G 

Icc1 Supply current(l) 

Icc2 Supply current(2) 

IOL Sum of all 10L from 16 outputs 

Table 1 Instruction and address codes 

Instruction code P23 P22 Address code 

Read 0 0 Port 4 

Write 0 1 Port 5 

ORLO 1 0 Port 6 

ANLO 1 1 Port 7 
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P21 

0 

0 

1 

1 

Test conditions 

IOL = 5mA 

IOL'= 20mA 

IOL = O.6mA 

IOH = -240,uA 

IOH = -100,uA 

Vss ;;;; Vin ;;;; Vee 

Vss ;;;; Vin ;;;; Vcc 

Vcc = 5. 5V, V,N = Vcc or Vss 

PRO.G input pulse period = S,us 

Vee = 5. 5V, V,N = Vee or Vss 

PRO.G = Vcc 

10L = SmA (VOL = O. 45V) each pin 

P20 

0 

1 

0 

1 

MELPSS-4S or MELPSS-41 

PROGt------~ 

P2oi-----... 
P2,i-----... 
P2 2i-----... 
P2 3i-----... 

Min 

O. 75XVec 

O.75XVec 
-10 

-10 

'--*~::::II 

Fig.l Basic connection 

'. MITSUBISHI 
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Limits 
Unit 

Typ Max 

0.45 V 

1 V 

0.45 V 

V 

V 

20 J-lA 

10 J-lA 

2 rnA 

10 J-lA 

80 rnA 
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MSM82C43P 

INPUT/OUTPUT EXPANDER 

TIMING REQUIREMENTS (T a = -40-85·C, Vee = 5v±io%, Vss = ov, unless otherwise noted) 

Alternative Limits 
Symbol Parameter Test conditions 

symbol Min Typ 

tSU(INST-PR) Instruction code setup time belor PROG tA CL = BOpF 100 

th(PR-INST) Instruction code hold time after PROG te CL = 20pF 60 

tSU(OQ-PR) Data setup time belore PROG tc CL = BOpF 200 

th(PR-OQ) Data hold time after PROG to CL = 20pF 20 

tW(PR) PROG pulse with tK 700 

tSU(CS-PR) Chip select setup time belore PROG tcs 50 

th(PR-CS) Chip select hold time after PROG tcs 50 

tSU(PORT-PR) Port setup time before PROG tiP 100 

th(PR-PORT) Port hold time after PROG tiP 100 

SWITCHING CHARACTERISTICS (Ta = -40-85·C, Vee = 5V±10%, Vss = ov, unless otherwise noted) 

Symbol Parameter 

ta(PR) Data access time after PROG 

tdV(PR) Data valid time after PROG 

tpHL<PR) 
Output valid time after PROG 

tpLH(PR) 

tpZX(PR) 
Input/output switching time 

tpXZ(PR) 

Alternative 
Test conditions 

symbol 

tACC CL = 80pF 

tH CL = 20pF 

tpo CL = lOOpF 

-

• MITSUBISHI· 
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Limits 

Min Typ 

0 

0 

Unit 
Max 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 
Max 

650 ns 
150 ns 

700 ns 

800 ns 
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TIMING DIAGRAM 

cs tSU(CS PRJ - th{PR CS) 

tW(PR) 

~~ ~'f-
~ 

PROG 

tSU(INST PRJ th(PR INST) tSU(DQ PRJ th(PR DQ) 

r .1 

): CD )( Port 2 

ta(PR) ~R) 

j, 'f-
® ~ 

~ j' 
Port 2 

tpZX(PR) 

-
@J'" 

tPHL( PRJ 
, 

It 
~~R) 

Port 4-7 

II K @ 

"1 
Port 4-7 

tpXZ( PRJ 

Port 4-7 

t SU ( PORT PRJ 

Port 4-7 

Note 1 : Input pulse level .. ······ .. ······················ 0.3 X Vee-O'? X Vee 
Input pulse rise time tr ............................................... 20ns 
Input pulse fall time tf ................................................ 20ns 

Reference voltage for switching characteristic measurement 

O.7XVee ------'"'\ ~-----x: O.7XV~ 
O. 3XV

cc 
______ ~. _ O. 3XVee 

Current Sinking Capability 

125 

~ 
E 

...J 100 
0 93 

~ .... 
75 c 

~ 
::l 
0 

'0 60 
Q) 50 .l<: 
C 
'0 
iii 
15 25 I-

9 10 11 12 13 

Maximum sinked current at each pin (V OL O.45Vmax) (mA) 

"I-~ 
Jr 

th(PR PORT) 

:K 

Each of the 16 I/O lines of the M5M82C43P is capable of 
sinking 5mA simultaneously (VOL = 0.45V max). However, 
the drive capacity of each line depends upon whether all 
lines are sinking current simultaneously and on the degree 
of loading. This is illustrated in the curve shown. 
Example: 
Assuming that the remaining pins are not loaded, how many 
pins would be able to accommodate 20LSTTL loads 
(O.4mA) ? 

IOL = O.4mA X 20 = 8mA (sink current for each pin) 
~ IOL = 60mA from curve (point A) 

(total sinking current) 
Number of pins = 60mA + 8mA = 7.5>7 

For this case, each of the 7 lines could sink 8mA for a total 
of 56mA. Since a 4mA reserve sinking capability exists, 9 of 
the I/O lines of the M5M82C43P can be divided arbitrarily. 
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Example: 
To use the 20mA sinking capability at port 7, find the effects 
on the sinking capabilities of the other I/O lines. Assume 
the M5M82C43P is driving loads as shown below: 

3 lines: 20mA (Val = 1.OV max, port 7 only) 
4 lines: 4mA (Val = OA5V max) 
9 lines: 1.6mA (Val = OA5V max) 

Is this within the allowable limit? 
k IOl = (20mA X 3) + (4mA X 4) + (1.6mA X 9) 
90AmA 

M5M80C49-XXXP 

MITSUBISHI MICROCOMPUTERS 

"MSM82C43P 

INPUT !OUTPUT EXPANDER 

From the curve it is seen that with respect to IOl = 4mA, IOl 
is 93mA (point B) and that the above load of 90AmA is with­

in the limit of 93mA. 
Note: The sinking current of port 4 - 7 must not exceed 

30mA regardless of the value of Val' 

PROG~----------~------------~------------+-----------~ 

Flg.2 Expansion interface example 

• MITSUBISHI 
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INPUT/OUTPUT EXPANDER 
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MSL81SSP 

2048-BIT STATIC RAM WITH I/O PORTS AND TIMER 

DESCRIPTION 
The M5L8155P is a 2K-bit RAM (256-word by 8-bit) fabri­

cated with the Nchannel silicon-gate ED-MOS technology. 
This IC has 3 1/0 ports and a 14-bit counterltimer which 
make it a good choice to extend the functions of an 8-bit 
microcomputer. It is incased in a 40-pin plastic DIL package 

and operates with a single 5V power supply. 

PIN CONFIGURATION (TOP VIEW) 

FEATU.RES 
• Compatible with MELPS 85 devices 

• Static RAM: 256 words by 8 bits 

• Programmable 8-bit 1/0 port: 2 
• Programmable 6-bit 1/0 port: 1 

• Programmable counter/timer: 14 bits 

• Multiplexed addressldata bus 
•. Single 5V power supply 

• Configuration and electrical characteristics 

APPLICATION 
Extension of 1/0 ports and timer function for MELPS 85 and 
MELPS 8-48 devices 

FUNCTION 
The M5L8155P is composed of RAM, 1/0 ports and counterl 

1/0 PORT C 1\ PC3 ...... 21 
PC4 ...... 

TIMER INPUT TIMER IN - 3 

RESET INPUT RESET - 4 

1/0 PORT C PC5 ...... 5 
TIMER OUTPUT TIMER OUT - 6 

SELEC~E~~nt 10 M - 7 
CHIP ENABLE INPUT CE - 8 

WRITE INPUl WR -10 

ADEDN~~lSE l~~b~ ALE - 11 
ADo""" 12 

BIDIRECTIONAL 
ADDRESS/DATA BUS 

AD1 ...... 13 

(OV)Vss 

Vcd5V) 

1/0 
PORT B 

1/0 .w 
PORT A IIIIIiIIIII 

timer. The RAM is a 2K-bit static RAM organized as 256 bits that can be used to count down (events or time) and it 

words by 8 bits. The 1/0 ports consist of 2 programmable 8- can generate square wave pulses that .can be used for 
bit ports and 1 programmable 6-bit port. The terminals of the counting and timing. 
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated 

in a handshake mode. The counterltimer is composed of 14 

BLOCK DIAGRAM (5V)V
cc 

@ ---- ------------ ---- -
(OV)Vss ~ 

BIDIRECTIONAL 
ADDRESSIDATA BUS 

RESET INPUT RESET 4 
MEMORY SELECT INPUT 10iM 

CHIP ENABLE INPUT CE 

READ INPUT RD 
WRITE INPUT 

ADDRESS LATCH 
ENABLE INPUT 

I 

DATA BUS 
BUFFER 

READI 
WRITE 

CONTROL 
CIRCUIT 

STATIC RAM 

(256 WORDS X 8 BITS) 

8-BIT INTERNAL 
DATA BUS 

~---

• MITSUBISHI 
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1/0 
PORT A 

1/0 
PORT B 

1/0 
PORT C 
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2048.;BIT . STATIC RAM WITH I/O PORTS AND TIMER 

OPERATION 
Data Bus Buffer 
This 3-state bidirectional 8-bit buffer is used to transfer the 
data while input or output instructions are being executed by 
the CPU. Command and address information is also transfer­
red through the data bus buffer. 
ReadlWrlte Control Logic 
The read/write control logic controls the transfer of data by 
interpreting I/O control bus output signals (RD, WR, 10/M 
and ALE) along .with CPU signal (CE). RESET signal is also 
used to control the transfer of data and commands. 
Bidirectional Address/Data Bus (ADo-AD7) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fail­
ing edge of ALE. Then if 10/M input signal is at high-level, 
the address of I/O port, counter/timer, or command register 
is selected. If it is at low-level, memory address is selected. 

The 8-bit address data' is transferred by read input (RD) 
or write input (WR). 
Chip Enable Input (CE) 
When CE is at low-level, the address information on 
address/data bus is stored in the M5L8155P 
Read Input (RD) 
When RD is at low-level the data bus buffer is active. If 10/ 
M input signal is at low-level, the contents of RAM are read 
through the address/data bus. If 10/M input is at high-level, 
the selected contents of I/O port or counter/timer are read 
through the address/data bus. 
Write Input (WR) 
When WR is at low-level, the data on the address/data bus 
are written into RAM if 10/M is at low-level, or if 10/M is at 
high-level they are written into i/o port, counter/timer or 
command register. 
Address Latch Enable Input (ALE) 
An address on the address/data bus along with the levels of 
CE and 10iM are latched in the M5L8155P on the falling 
edge of ALE. 
10/Memory Input (IO/M) 
When 10/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. 
110 Port A (PAo-PA1) 

Port A is an 8-bit general-purpose 110 port. Input/output set­
ting is controlled by the system software. 
110 Port B (PBo-PB7) 

Port B is an 8-bit general-purpose I/O port. Input/output set­
ting is controlled by the system software. 

110 Port C (PC~-PCs) 
Port C is a 6-bit I/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port C 
is used to output control signals of ports A or B the assign­
ment of the signals to the pins is as shown in Table 1. 

Table 1 Pin assignment of control signals of port C 

Pin Function 

PC5 B STB (port B strObe) 

PC4 B BF (port B buffer full) 

PC3 BINTR (port B interrupt) 

PC2 A STB (port A strobe) 

PC, A BF (port A buffer full) 

PCo AINTR (port A interrupt) 

Timer Input (TIMER IN) 
The signal at this input terminal is used by the counter/timer 
for counting events or time. (3MHz max.) 

Timer Output (TIMER OUT) 
A square wave signal or pulse from the counter/timer is out­
put through this pin when in the operation mode. 
Command Register (8 bits) 
The command register is an 8-bit latched register. The 
loworder 4 bits (bits 0 ...... 3) are used for controlling and de­
termination of mode of the ports. Bits 4 and 5 are used as in­
terrupt enable flags for ports A and B when port C is used 
as a control port. Bits 6 and 7 are used for controlling the 
counter/timer. The contents of the command register are re­
written by output instructions (address I/O XXXXXOOO). 

Details of the functions of the individual bits of the com­
mand register are shown in "[able 2. 

Table 2 Bit functions of the command register 

Bit Symbol Function 

0 
PORT A I/O FLAG 1: OUTPUT PORT A 

PA 
0: INPUT PORT A 

1 
PORT B I/O FLAG 1: OUTPUT PORT B 

PB 
0: INPUT PORT B 

2 PC, 
PORT C FLAG 00: ALT1 

11: ALT2 

01: ALT3 
3 PC2 10: ALT4 

4 
PORT A INTERRUPT 1: ENABLE INTERRUPT 

lEA 
ENABLE FLAG 0: DISABLE INTERRUPT 

5 
PORT B INTERRUPT 1: ENABLE INTERRUPT 

IEB 
ENABLE FLAG 0: DISABLE INTERRUPT 

COUNTERITIMER CONTROL 

6 TMl 00: NO INFLUENCE ON COUNTER/TIMER OPERATION 

01: COUNTER/TIMER OPERATION DISCONTINUED (IF 

NOT ALREADY STOPPED) 

10: COUNTER/TIMER OPERATION DISCONTINUED AF-

7 TM2 TER THE CURRENT COUNTERITIMER OPERATION 

IS COMPLETED 

11: COUNTER/TIMER OPERATION STARTED 
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2048-BIT STATIC RAM WITH I/O PORTS AND TIMER 

Status Register (7 bits) 
The status register is a 7-bit latched register. The loworder 5 
bits (bits 0-4) are used as status flags for the I/O ports. Bit 

6 is as a status flag for the counter/timer. The contents of 

Table 3 Bit functions ·of the status register 

Bit Symbol Function 

0 INTR A PORT A INTERRUPT REQUEST 

1 A BF PORT A BUFFER FULL FLAG 

2 INTE A PORT A INTERRUPT ENABLE 

3 INTR B PORT B INTERRUPT REQUEST 

4 B BF PORT B BUFFER FULL FLAG 

5 INTEB PORT B INTERRUPT ENABLE 

the status register are transferred into the CPU by reading 
(INPUT instruction, address I/O XXXXXOOO). Details of the 
functions of the individual bits of the status register are 

shown in Table 3. 

6 TIMER COUNTER/TIMER INTERRUPT (SET TO 1 WHEN THE FINAL LIMIT 

OF THE COUNTER/TIMER IS REACHED 

AND IS RESET TO 0 WHEN THE 

STATUS IS READ) 

7 - THIS BIT IS NOT USED 

1/0 Ports 
Command/status registers (8 bitsl7 bits) 
These registers are assigned address XXXXXOOO. When ex­
ecuting an OUTPUT instruction, the contents of the com­
mand register are rewritten. When executing an INPUT in­
struction the contents of the status register are read. 

Port A Register (8 bits) 
Port A Register is assign~d address XXXXX001. This register 
can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2. 

Port A can be operated in basic or strobe mode and is 
assigned I/O terminal PAa-PA7. 

Table 4 Functions of port C 

State ALT 1 ALT 2 ALT 3 Terminal 

PC5 Input Output Output 

PC4 Input Output Output 

PC3 Input Output Output 

PC2 Input Output A STB (port A strobe) 

PC l Input Output A BF (port A buffer full) 

PCo Input Output A INTR (port A interrupt) 

Port B Register (8 bits) 
Port B register is assigned address XXXXX010. As with Port 
A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command regis­
ter as shown in Table 2. Port B can be operated in basic or 
strobe mode and is assigned 1/0 terminals PBa-PB7. 

Port C Register (6 bits) 
Port C register is assigned address XXXXX011. This port is 
used for controlling input/output operations of ports A and B 
by selectively setting bits 2 and 3 of the command register 
as shown in Table 2. Details of the functions of the various 
setting of bits 2 and 3 are shown in Table 4. Port C is 
assigned I/O terminals PCa - PC5 and when used as port 
control signals, the 3 low-order bits are assigned for port A 
while the 3 high-order bits are assigned for port B. 

ALT 4 

B STB (port B strobe) 

B BF (port buffer full) 

B It>JTR (port B interrupt) 

ASTB (port A strobe) 

A BF (port A buffer full) 

A INTR (port A interrupt) 

• MITSUBISHI 
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Configuration of ports 
A block diagram of 1 bit of ports A and B is shown in Fig. 1. 
While port A or B is programmed as an output port, if the 
port is addressed by an input instruction, the contents of the 
selected port can be read. When a port is put in input mode, 
the output latch is cleared and writing into the output latch is 

M5L8155P 

INTERNAL 
DATA BUS 

WR PORT 

RD PORT 

Fig. 1 Configuration for 1 bit of port A or B 

Table 5 Basic functions of 1/0 ports 

Address RD WR Function 

0 1 AD bus - status register 
XXXXXOOO 

1 0 Command register - AD bus 

0 1 AD bus- port A 
XXXXXOOl 

1 0 Port A-AD bus 

0 1 AD bus- port 8 
XXXXX010 

1 0 Port B-AD bus 

0 1 AD bus +- port C 
XXXXXOll 

1 0 Port C -AD bus 

MD 

Table 6 Port control signal levels at ALT3 and AL T4 

Control Signal Output mode Input mode 

STB Input Input 

BF "L." "L" 

INTR "H" "L" 

disabled. Therefore when a port is changed to output mode 
from input mode, low-level signals are output through the 
port. When a reset signal is applied, all 3 ports (PA, PB, and 
PC) will be input ports and their output latches are cleared, 
Port C has the same configuration as ports A and B in mod­
es AL T1 and AL T2. 

EXTERNAL PIN 

(
PORT A OR) 
PORT B 

1. WR PORT=IO/M'WR'CE' 
(PORT ADDRESS SELECTED) 

2. RD PORT=IO/M'RD'CE' 
(PORT ADDRESS SELECTED) 

3. MULTIPLEX CONTROL * 1 STROBE INPUT MODE * 2 INPUT MODE * 3 OUTPUT MODE 
4. MD= 1 : OUTPUT MODE 

o : INPUT MODE 

The basic functions of the 110 ports are shown in Table 5. 
The control signal levels to ports A and B, when port C is 
programmed as a control port, are shown in Table 6. 

CounterlTimer 
The counterltimer is a 14-bit counting register plus 2 mode 
flags. The register has two sections: address 1/0 XXXXX100 
is assigned to the low-order 8 bits and address 1/0 

XXXXX101 is assigned to the high-order 8 bits. The low­
order bits 0-13 are used for counting or timing, The counter 
is initialized by the program and then counted down ,to zero. 
The initial setting can range from 216 to 3FFF16• Bits 14 and 
15 are used as mode flags. 

The mode flags select 1 of 4 modes with functions as 
follow: 
Mode 0: Outputs high-level signal during the former 

half of the counter operation 
Outputs lOW-level signal during the latter half 
of the counter operation 

4-42 • MITSUBISHI 
..... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MSL81SSP 

2048-BIT STATIC RAM WITH I/O PORTS AND TIMER 

Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode ° 
Mode 2: Outputs a low-level pulse during the final 

count down Bit Number 
Address 

7 6 5 4 3 2 

XXXXX100 T7 T6 T5 T4 T3 T2 

XXXXX101 M2 M1 Tn T12 T11 TlO 

1 0 

T1 To 

T9 T8 

Function 

THE LOW-ORDER 8 BITS 

OF THE COUNTER REGISTER 

M1.M2: TIMER MODE 

THE HIGH-ORDER 6 BITS 
T 8-Tl3: OF THE COUNTER REGISTER 

Mode 3: Outputs a low-level pulse during each final 

count down 
Starting and stopping the counter/timer is controlled by 

bits 6 and 7 of the command register (see Table 2 for 
details) . The format and timer modes of the counter/timer 

register are shown in Table 7 and Table 8. 

Table 8 Timer mode 
The counter/timer is not influenced by a reset, but counting 
is discontinued. To resume counting, a start command must 
be written into the command register as shown in Table 2. 
While operating 2n+ 1 count down in mode 0, a high-level 

M1 Timer operation 

Outputs high-level signal during the former half of the counter operation 

o 

o 

o Outputs low-level signal during the latter half of the counter operation 
(mode D) 

Outputs square wave signals in mode 0 (mode 1) 

signal is output during the n+ 1 counting and a low-level sig­
nal is output during the n counting. 

o Outputs a low-level pulse during the final count dowm 

(mode 2) 

Outputs a low-level pulse during each final count down 

(mode 3) 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vcc Supply voltage 

VI Input voltage With respect to vss 

Va Output voltage 
'----' 

Pd Maximum power dissipation Ta=25"C 

I- T opr Operating free-air temperature range 

T5t9 Storage temperature range 

RECOMMENDED OPERATING CONDITIONS (Ta=O-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vcc Supply voltage 4.75 5 5.25 V 

Vss Power-supply voltage 0 V 

V IL Low-level input voltage -0.5 0.8 V 

V IH High-level input voltage 2 Vce+O. 5 V 

ELECTRICAL CHARACTERISTICS (T a=O-70·C • Vce=5V±5%. unless otherwise noted) 

Symbol Parameter Test conditions 

V OH High-level output voltage Vss=OV,loH=-400"A 

VOL Low-level output voltage Vss=OV, 10l =2mA 

II Input leak current Vss=Ov.v,=O-Vce 

II(CE) Input leak current, CE pin Vss=OV. VI=O-Vee 

loz Output floating leak current Vss=OV, V,=O. 45-Vee 

Ci Input capacitance V'l =OV, f=1 MHz. 25mVrms, Ta=25·C 

Ci/o Input/output terminal capacitance VI/0l =OV, f=1 MHz, 25mVrms, T a=25"C 

Icc Supply current from Vce Vss=OV 

.. 
Note 1 • Current flowing Into an IC IS POSitive, out IS negative . 

• MITSUBISHI 
"ELECTRIC 

Min 

2.4 

-10 

-100 

-10 

Limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

l.5 W 

0-70 ·C 

-65-150 "C 

Limits 
Unit 

Typ Max 

V 

0.45 V 

10 J.LA 

100 J.LA 

10 J.LA 

10 pF 

20 pF 

180 rnA 
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TIMING REQUIREMENTS (T a=O-70·C • Vcc=5V±5%. unless otherwise noted) 

Alternative 
Symbol Parameter Test conditions 

symbol 

tSU(A-U Address setup time before latch tAL 

th(L-A) Address hold time after latch tLA 

th(L-RWH) Read/write hold time after latch tLC 

tw(U Latch pulse width tLL 

th(RW-U Latch hold time after read/write tCL 

tW(RWU Read/write low-level pulse width tcc 

tSU(D-W) Data setup time before write tow 

th(W-D) Data hold time after write two 

tW(RWH) Read/write high-level pulse width tRY 

tSU(P-R) Port setup time before read tpR 

th(R-P) Port hold time after read tRP 

tW(STB) Strobe pulse width tss 

tSU(P-STB) Port setup time before strobe tpss 

th(STB-P) Port hold time after strobe tpHS 

tW({>H) Timer input high-level pulse width .. t2 

tw({>U Timer input low-level pulse width t1 

tc ({» Timer input cycl~ time tCYC 

t r ( (» Timer input rise time tr 

tf( (> ) Timer input fall time tf 

SWITCHING CHARACTERISTICS (Ta=O-70·C. Vcc=5V±5%. unless otherwise noted.) 

Alternative 
Symbol Parameter 

symbol 

tPXV(R-OQ) Propagation time from read to data output tRD 

tpZX(A-OQ) Propagation time from address to data output tAD 

tpVZ(R-OQ) Propagation time from read to d~ta floating (Note 2) tRDF 

tPHL(W-P) 
Propagation time from write to data output 

tPLH(W-P) 

tPLH(STB-BF) Propagation time from strobe to BF flag 

tPHL(R-BF) PropagatiOn time from read to BF flag 

tPLH(STB-INTR) Propagation time from strobe to interrupt 

tpHu R-INTR) Propagation time from read to interrupt 

tpHu STB-BF) Propagation time from strobe to BF flag 

tPLH(W-BF) Propagation time from write to BF flag 

tPHUW-INTR) Propagation time from write to interrupt 

tpHu ~-OUT) 
Propagation time from timer input to timer output 

tpLH( ~ -OUT) 

tpZX(R-OQ) propagation time from read to data enable 

Note 1 
2 

Measurement conditions C=150pF 
Measurement conditions of note 1 are not applied. 
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twp 

twp 

tSBF 

tRBE 

tSI 

tRDI 

tSBE 

tWBF 

tWI 

hL 

hH 

tRDE 
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Test conditions 

i 

Limits 
Unit 

Min Typ Max 

50 ns 

80 ns 

100 ns 

100 ns 

20 ns 

250 ns 

150 ns 

0 ns 

300 ns 

70 ns 

50 ns 

200 ns 

50 ns 

120 ns 

120 ns 

80 ns 

320 ns 

30 ns 

30 ns 

Limits 
Unit 

Min Typ Max 

170 ns 

400 ns 

100 ns 

400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

10 ns 
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TIMING DIAGRAM (reference level, high-level=2V, low-level=O.8V) 

Basic output 

PORT 

IOlM \ 

\ 

) 

ALE 

Basic input 

PORT 

101M '\~ 

" ~ 
)f-

ALE 

I 

~fi 

l IW(RWLl 

th(L-RWH) 

~V 

~V 

ADDRESS J( )k-
tSUlA-Ll th(L-A) tSU(o-w) 

1~k-
tWlLl 

)~ 

tSUlP-R) 

~I\-

tW(RwLl 

tClL-RW) tpxvlR-OO) 

tpzxlR-OO) 

t---

~f 

V 
tpzxlA-O) 

ADDRESS 
k- n 1~ ~ "Ik:. 

tSUlA-Ll thlL-A) 

Kir 
tWlLl 
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)( 
IpHL<w-p) 

IpLH(W-P) 

~~ ~L 

IW(RWH) 

th(w-o) 

\ 

" 
DATA V-
-.l th(Rw-Ll 

I 

K 
--r--- th(R-P) 

~>- ~~ 

J tWlRWH) 

tClRW-Ll 

t-----
tpxzlR-OO) 

\ 

~ 

DATA ~ k= 
I( 
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Strobed output 

Strobed input 

PORT 

SF 

INTR 

Timer (Note 1) 

Note 1 
2 

4-46 

TIMER IN 

TIMER OUT 
PULSE MODE 

TIMER OUT I SQUARE WAVE MODE ___________ J (Note2) 

The wave form is shown counting down from 5 to 1. 
As long as the M1 mode flag of the timer register is at 
high-level, pulses are continuously output. 

• ·MITSUBISHI 
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2048-BIT STATIC RAM WITH I/O PORTS AND TIMER 

DESCRIPTION 
The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri­
cated with the N-channel silicon-gate ED-MOS technology. 

This Ie has 3 I/O ports and a 14-bit counter/timer which 
make it a good choice to extend the functions of an 8-bit 

microcomputer. It is incased in a 40-pin plastic OIL package 
and operates with a single 5V power supply. 

FEATURES 
• Compatible with MELPS 85 devices 
• Static RAM: 256 words by 8 bits 

• Programmable 8-bit I/O port: 2 
• Programmable 6-bit I/O port: 1 

• Programmable counter/timer: 14 bits 

• Multiplexed address/data bus 
• Single 5V power supply 
• Configuration and electrical characteristics 

APPLICATION 
Extension of I/O ports and timer function for MELPS 85 and 
M ELPS 8-48 devices 

FUNCTION 
The M5L8156P is composed of RAM, I/O ports and counter/ 
timer. The RAM is a 2K-bit static RAM organized as 256 

words by 8 bits. The I/O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the 

6-bit port can be programmed to function as control termin­
als for the 8-bit ports, so that the 8-bit ports can be operated 

in a handshake mode. The counter/timer is composed of 14 

PIN CONFIGURATION (TOP VIEW) 

1/0 PORT C 1 
PC3+--+ 1 
PC4+--+ 

TIMER INPUT TIMER IN - 3 

RESET INPUT RESET - 4 

1/0 PORT C PC5 +--+ 5 
TIMER OUTPUT TIMER OUT +-- 6 

SELEC~E~~5t 10 M - 7 

CHIP ENABLE INPUT CE - 8 
READ INPUT RD - 9 

WRITE INPUl WR -10 

AD8J1EBlSE l~~n~ ALE - 11 

BIDIRECTIONAL 
ADDRESS/DATA BUS 

ADo+--+ 12 
AD1 +--+ 13 

(OV)Vss 

Outline 40P4 

1

110 
PORT C 

1/0 
PORT B 

1/0 
PORT A 

bits that can be used to count down (events or time) and it 

can generate square wave pulses that can be used for 

counting and timing. 

BLOCK DIAGRAM 
(5V) vee r

o 
- --- - --- - --- - ---­

(OV) Vss 20 

STATIC RAM 

BIDIRECTIONAL 
ADDRESSIDATA BUS 

RESET INPUT RESET 4 
MEMORY SELECT INPUT 

CHIP ENABLE INPUT 

READ INPUT RD 

WRITE INPUT 
ADDRESS LATCH 

ENABLE INPUT 

DATA BUS 
BUFFER 

READI 
WRITE 

CONTROL 
CIRCUIT 

(256 WORDS X 8 BITS) 

• MITSUBISHI 
"ELECTRIC 

1/0 
PORT A 

1/0 
PORT B 

1/0 
PORT C 
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OPERATION 
Data Bus Buffer 
This 3-state bidirectional 8-bit buffer is used to transfer the 
data while input or output instructions are being executed by 
the CPU. Command and address information is also transfer­
red through the data bus buffer. 
ReadlWrite Control Logic 
The read/write control logic controls the transfer of data by 
interpreting I/O control bus output signals (RD, WR, 10/M 
and ALE) along with CPU signal (CE). RESET signal is also 
used to control the transfer of data and commands. 
B,idirectlonal Address/Data Bus (ADo-AD7) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fail­
ing edge of ALE. Then if 10/M input signal is at high-level, 
the address of I/O port, counter/timer, or command register 
is selected. If it is at low-level, memory address is selected. 

The 8-bit address data is transferred by read input (RD) 
or write input (WR). 

Chip Enable Input (CE) 
When CE is at high-level, the address information on 
address/data bus is stored in the M5L8156P 
Read Input (RD) 
When RD is at low-level the data bus buffer is active. If 10/ 
M input signal is at low-level, the contents of RAM are read 
through the address/data bus. If 10/M input is at high-level, 
the selected contents of I/O port or counter/timer are read 
through the address/data bus. 
Write Input (WR) 
When XR is at low-level, the data on the address/data bus 
are written into RAM if 10/M is at low-level, or if 10/M is at 
high-level they are written into I/O port, counter/timer or 
command register. 
Address Latch Enable Input (ALE) 
An address on the address/data bus along with the levels of 
CE and 10/M are latched in the M5L8156P on the falling 
edge of ALE. 
10/Memory Input (IOiM) 
When 10/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. 
I/O Port A (PAo-PA1) 

Port A is an 8-bit general-purpose I/O port. Input/output set­
ting is controlled by the system software. 
I/O Port B (PBo-PB7) 

Port.B is an a-bit general-purpose I/O port. Input/output set­
ting is controlled by the system software. 
I/O Port C (PCo-PCs) 
Port C is a 6-bit I/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port C 
is used to output control signals of ports A or B the assign­
ment of the signals to the pins is as shown in Table 1. 

Table 1 Pin assignment of control signals of p()rt C 

Pin Function 

PCs B STB (port B strobe) 

PC4 B BF (port B buffer full) 

PC3 BINTR (port B interrupt) 
--

PC2 A STB (port A strobe) 

PCI A BF (port A buffer full) 

PCa AINTR (port A interrupt) 

Timer Input (TIMER IN) 
The signal at this input terminal is used by the counter/timer 
for counting events or time. (3MHz max.) 
Timer Output (TIMER OUT) 
A square wave signal or pulse from the counter/timer is out­
put through this pin when in the operation mode. 
Command Register (8 bits) 
The command register is an 8-bit latched register. The 
loworder 4 bits (bits 0--3) are used for controlling and de­
termination of the mode of the ports. Bits 4 and 5 are used 
as interrupt enable flags for ports A and B when port C is 
used as a control port. Bits 6 and 7 are used for controlling 
the counter/timer. The contents of the command register are 
rewritten by output instructions (address I/O XXXXXOOO). 

Details of the functions of the individual bits of the com­
mand register are shown in Table 2. 

Table 2 Bit functions of the command register 

Bit Symbol Function 
------------------- --- ---- .. _-

PORT A I/O FLAG 1: OUTPUT PORT A 
0 PA 

0: INPUT PORT A 

PORT B I/O FLAG 1: OUTPUT PORT B 
1 PB 

0: INPUT PORT B 
.---

2 PCI 
PORT C FLAG 00: ALT1 

11: ALT2 

01: ALT3 
3 PC2 10:ALT4 

PORT A INTERRUPT 1: ENABLE INTERRUPT 
4 lEA 

ENABLE FLAG 0: DISABLE INTERRUPT 
~----

PORT B INTERRUPT 1: ENABLE INTERRUPT 
5 IEB 

ENABLE FLAG 0: DISABLE INTERRUPT 

COUNTER/TIMER CONTROL 

6 TMl 00: NO INFLUENCE ON COUNTER/TIMER OPERATION 

01 : COUNTER/TIMER OPERATION DISCONTINUED (IF 

I--1----- NOT ALREADY STOPPED) 

10: COUNTER/TIMER OPERATION DISCONTINUED AF-

7 TM2 TER THE CURRENT COUNTER/TIMER OPERATION 

IS COMPLETED 

11: COUNTER/TIMER OPERATION STARTED 

4-48 • MITSOBISHI 
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Status Register (7 bits) 
The status register is a 7-bit latched register. The loworder 5 
bits (bits 0-4) are used as status flags for the I/O ports. Bit 
6 is as a status flag for the counter/timer. The contents of 

Table 3 Bit functions of the status register 

Bit Symbol Function 

0 INTR A PORT A INTERRUPT REQUEST 

1 A BF PORT A BUFFER FULL FLAG 

2 INTE A PORT A INTERRUPT ENABLE 

3 INTR B PORT B INTERRUPT REQUEST 

4 B BF PORT B BUFFER FULL FLAG 

5 INTE B PORT B INTERRUPT ENABLE 

the status register are transferred into the CPU by reading 
(INPUT instructiori, address 1/0 ~XXXXOOO). Details of the 
functions of the individual bits of the status register are 
shown in Table 3. 

(SET TO 1 WHEN THE FINAL LIMIT 

6 
OF THE COUNTER/TIMER IS REACHED 

TIMER COUNTER/TIMER INTERRUPT 
AND IS RESET TO 0 WHEN THE 

STATUS IS READ) 

7 - THIS BIT IS NOT USED 

I/O Ports 
Command/status registers (8 bits/7 bits) 
These registers are assigned address XXXXXOOO. When ex­
ecuting an OUTPUT instruction, the contents of the com­
mand register are rewritten. When executing an INPUT in­
struction the contents of the status register are read. 
Port A Register (8 bits) 
Port A Register is assigned address XXXXX001. This register 
can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2. 

Port A can be operated in basic or strobe made and is 
assigned 1/0 terminal PAo-PA7. 

Table 4 Functions of port C 

State ALT 1 ALT 2 ALT 3 Terminal 
~-I--- .. ~--1---------

PC5 Input Output Output 

PC4 Input Output Output 

PC3 Input Output Output 

PC2 Input Output ASTB (port A strobe) 

PCl Input Output A BF (port A buffer full) 

PCa Input Output A INTR (port A interrupt) 

Port B Register (8 bits) 
Port B register is assigned address XXXXX010. As with Port 
A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command regis­
ter as shown in Table 2. Port B can be operated in basic or 

strobe mode and is assigned 1/0 terminals PBo-PB7. 

Port C Register (6 bits) 
Port C register is assigned address XXXXXOll. This port is 
used for controlling input/output operations of ports A and B 
by selectively setting bits 2 and 3 of the command register 
as shown in Table 2. Details of the functions of the various 
setting of bits 2 and 3 are shown in Table 4. Port C is 
assigned 1/0 terminals PCo""'" PC5 and when used as port 
control signals, the 3 low-order bits are assigned for port A 
while the 3 high-order bits are assigned for port B. 

ALT 4 

B STB (port B strobe) 

B BF (port buffer full) 

B INTR (port B interrupt) 

A STB (port A strobe) 

A BF (port A buffer full) 

A INTR (port A interrupt) 

• MITSUBISHI 
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Configuration of ports 
A block diagram of 1 bit of portsA and B is shown in Fig. l. 
While port A orB is programmed as an output port, if the 
port is addressed by an input instruction, the contents of the 
selected port can be read. When a port is put in input mode, 
the output latch is cleared and writing into the output latch is 

M5L8156P 

r-l 
Q D 

INTERNAL 
DATA BUS 

ClK 

STB 
I 1*1 
I 

RD PORT 

r-------.,---------..; .... D Q 

WR PORT 

Fig. 1 Configuration for 1 bit of port A or B 

Table 5 Basic functions of I/O ports 

Address RD WR Function 

0 
XXXXXOOO 

1 AD bus +- status register 

1 0 Command register +- AD bus 

0 
XXXXXOO1 

1 AD bus +- port A 

1 0 Port A +- AD bus 

0 1 AD bus +- port B 
XXXXX010 

1 {) Port B +- AD bus 

0 1 AD bus +- port C 
XXXXX011 

1 0 Port C +- AD bus 

disabled. Therefore when a port is changed to output mode 
from input mode, low-level signals are output through the 
port. When a reset signal is applied, all 3 ports (PA, PB, and 
PC) will be input ports and their output latches are cleared. 
Port C has the same configuration as ports A and B in mod­
es AL T1 and AL T2. 

MD 

EXTERNAL PIN 

(
PORT A OR) 
PORT B 

1. WR PORT=IO/M'WR'CE' 
(PORT ADDRESS SELECTED) 

2. RD PORT=IO/M'RD'CE' 
(PORT ADDRESS SELECTED) 

3. MULTIPLEX CONTROL * 1 STROBE INPUT MODE * 2 INPUT MODE * 3 OUTPUT MODE 
4. MD= 1 : OUTPUT MODE 

o : INPUT MODE 

. The basic functions of the I/O ports are shown in Table' 5. 
The control signal levels to ports A· and B, when port C is 
programmed as a control port, are shown in Table 6. 

CounterlTimer 
The counter/timer is a 14-bit counting register plus 2 mode 
flags. The register has two sections:· address I/O XXXXX100 
is assigned to the low-order 8 bits and address I/O 
XXXXX101 is assigned to the high-order 8 bits. The low­
order bits 0-13 are used for counting or timing. The counter 
is initialized by the program and then counted down to zero. 
The initial setting can range from 216 to 3FF16. Bits 14 and 15 

. are used as mode flags. 

Table 6 Port control signal levels at ALT3 and AL T4 The mode flags select 1 of 4 modes with functions as 

Control Signal Output mode 

STB Input 

SF "L" 

INTR "H" 

Input mode 

Input 

"L" 

"L" 

follow: 
Mode 0: Outputs high-level signal during the former 

half of the counter operation 
Outputs low-level signal during the latter half 
of the counter operation 
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Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode 0 

Mode 2: Outputs a low-level pulse during the final 

count down Bit Number 
Address ---!r-76543210 
~ ------r--- ------

XXXXX100 T7 T6 T5 T4 T3 T2 Tl To 

- --- -- -- - - --'-r-~ 

XXXXX10l M2 Ml T13T12TllITlO Tg Ts 

Function 

--

THE LOW-ORDER 8 BITS 

OF THE COUNTER REGISTER 
--

M1,M2 TIMER MODE 

THE HIGH-ORDER 6 BITS 
Ts-T13 OF THE COUNTER REGISTER 

Mode 3: Outputs a. low-level pulse during each final 

count down 
Starting and stopping the counter/timer is controlled by 

bits 6 and 7 of the command register (see Table 2 for 

details). The format and timer modes of the counter/timer 

register are shown in Table 7 and Table 8. 

Table 8 Timer mode 
The counter/timer is not influenced by a reset, but counting 

is discontinued. To resume counting, a start command must 

be written into the command register as shown in Table 2. 
While operating 2n + 1 count down in mode 0, '8- high-level 

signal is output during the n+ 1 counting and a low-level sig­

nal is output during the n counting. 

o 

o 

Timer operation 

Outputs high-level signal during the tormer half of the counter operation 
Outputs low-level signal during the latter half of the counter operation 

(mode 0) 
-- --.- --_._-_._--_._ .. _._._._._---_ .. _---_._-----------j 

Outputs square wave signals as in mode 0 (mode 1) 

-_._-------- -- --------~---------

Outputs a low-level pulse during the final count dowm 

(mode 2) 
--- -----.---------.---~-----------.--

Outputs a low-level pulse during each final count down 

(mode 3) 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Conditions 

Vee Supply voltage 

VI Input voltage With respect to vss 

Vo Output voltage 

Pd Maximum power dissipation Ta=25°C 

Topr Operating free-air temperature range 

Tstg Storage temperature range 

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

Limits 
Symbol Parameter Unit 

Min Nom Max 

Vee Supply voltage 4.75 5 5.25 ' V 

Vss Power-supply voltage 0 V 

V IL Low-level input voltage -0.5 0.8 V 

V IH High-level input voltage 2 Vcc+O. 5 V 

ELECTRICAL CHARACTERISTICS (Ta=O-70°C, Vcc=5V+5%, unless otherwise noted) 

Symbol Parameter Test conditions 

V OH High-level output voltage Vss=OV, IOH=-400"A 

VOL Low-level output voltage Vss=OV, 10L =2mA 

II Input leak current VsS=OV,VI=O-VCC 

II(CE) Input leak current, CE pin Vss=OV, VI=O-Vee 

loz Output floating leak current Vss=OV, VI=O. 45-Vee 

Ci Input capacitance VIL =OV, f=1 MHz, 25mVrms, Ta=25°C 

Ci/o Input/output terminal capacitance VI/0L=OV, f=1MHz, 2SmVrms, Ta=25°C 

lec Supply current from Vee Vss=OV 

Note 1 Current flowing into an IC is positive, out is negative. 

• MITSUBISHI 
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Min 

2.4 

-10 

-100 

-10 

Limits Unit 

-0.5-7 V 

-0.5-7 V 

-0.5-7 V 

1.5 W 

0-70 ·C 

-65-150 ·C 

Limits 
Unit 

Typ Max 

V 

0.45 V 

10 /-LA 

100 /-LA 

10 /-LA 

10 pF 

20 pF 

180 rnA 
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TIMING REQUIREMENTS (Ta=O-70·C, Vcc=SV±S%, unless otherwise noted) . 

Alternative 
Symbol Parameter Test conditions 

symbol 

tSU(A-Ll Address setup time before latch tAL 

th(L-A) Address hold time after latch tLA 

th(L-RWH) Read/write hold time after latch tLC 

tw(L) Latch pulse width tLL 

th(RW-L) Latch hold time after read/write tCL 

tW(RWL) Read/write lOW-level pulse width tcc 

tSU(O-w) Data setup time before write tow 

th(w-o) Data hold time after write two 

tW(RWH) Read/write high-level pulse width tRY 

tSU(P-R) Port setup time before read t pR 

th(R-P) Port hold time after read tRP 

tW(STB) Strobe pulse width tss 

tSU(P-STB) Port setup time before strobe tpss 

th(STB-P) Port hold time after strobe tpHS 

tW(1)H) Timer input high-level pulse width t2 

tw ( 1> L) Timer input lOW-level pulse width t1 

tC( 1» Timer input cycle time tCYC 

t r ( 1> ) Timer input rise time tr 

tf(1)) Timer input fall time tf 

SWITCHING CHARACTERISTICS (Ta=O-70·C, Vcc=SV±S%, unless otherwise noted.) 

Symbol Parameter 
Alternative 

symbol 

tPXV(R-DQ) 'Propagation time from read to data output tRD 

tPZX(A-DQ) Propagation time from address to data output tAD 

tPVZ(R-DQ) Propagation time from read to data floating (Note 7) tROF 

tPHL(W-P) 

tPLH(W-P) 
Propagation time from write to data output 

tPLH(STB-BF) Propagation time from strobe to BF flag 

tPHL(R-BF) Propagation time from read to BF flag 

IpLH(STB-INTR) Propagation time from strobe to interrupt 

tPHL(R-INTR) Propagation time fro~ read to interrupt 

tPHL(STB-BF) Propagation time from strobe to BF flab 

tPLH(W-BF) , Propagation time from write to BF flag 

tPHL(W-INTR) Propagation time from write to interrupt 

tpHL( ~-OUT) 

tpLH( ~ -OUT) 
Propagation time from timer input to timer output 

tPZX(R-DQ) propagation time from read to data enable 

Note .. 
Measurement conditions C= 150pF 
Measurement conditions of note 6 are not applied. 

4-52 

twp 

twp 

tSBF 

tRBE 

tSI 

tRDI 

tSBE 

tWBF 

tWI 

hL 

hH 

tROE 
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Test conditions 

I 

Limits 
Unit 

Min Typ Max 

50 ns 

80 ns 

100 ns 

100 ns 

20 ns 

250 ns 

150 ns 

0 ns 

300 ns 

70 ns 

50 ns 

200 ns 

50 ns 

120 ns 

120 ns 
/ 

80 ns 

320 ns 

30 ns 

30 ns 

Limits 
Unit 

Min Typ Max 

170 ns 

4.00 ns 

100 ns 

400 ns 

400 ns 

400 ns 

400 ns· 

400 ns 

400 ns 

400, ns 

400 ns 

400 ns 

10 ns 
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TIMING DIAGRAM (reference level, high-level=2V, low-level=O.8V) 

Basic output 

PORT 

101M \ 

CE J~ 

) 

ALE 

Basic input 

PORT 

101M '\l-

'CE If-

)~ 

ALE 

I 

~~ 

I twlRWLl 

thll-RWH) 

~V 

-l~ 

ADDRESS K )t 
tSUIA-Ll thll-A) tsuIO-W) 

1~k-
twill 

)~ 
tSUIP-R) 

-'~Ir 

tWIRWLl 

tCll-RW) tpxvIR-OO) 

tpzxIR-OO) 
t---

,k' 

r\. 
tpZXIA-O) 

ADDRESS 
~ ~ ): ~ ,,~ 

tSUIA-Ll thll-A) 

K .... 
twill 
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)( 
tPHUW-p) 

tPlHIW-p) 

~~ ~L 

twIRWH) 

thlw-o) 

\ 

J 

DATA ~ 
thIRW-Ll _I 

I 

~K 

--r--r-- thIR-P) 

Jlf- ~~ 

I tWIRWH) 

tCIRW-Ll 

~ 

tpXZIR-OO) 

~ 

/ 
DATA ~ K= 

k'" 
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Strobed output 

PORT ____________________ ~~ ________________ ~------------

INTR 

BF 

Strobed input 

PORT 

BF 

INTR 

Timer (Note 1 ) 

Note 

4-54 

TIMER IN 

TIMER OUT 
PULSE MODE 

TIMER OUT , 
SQUARE WAVE MODE -------____ J (Note 2) 

1 : The wave form is shown counting down from 5 to 1 . 
2 : As long as the Ml mode flag of the timer register is at 

high-level, pulses are continuously output. 
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DESCR IPTION 
The PC4000 is a debugging machine for use with single-chip 

microcomputers. It is intended for use as a general purpose 

debugging machine for support of single-chip micro­

computer hardware and software. 

FEATURES 
• Usable for RAM-based program debugging 

• Connectable to the user system via a 0 I L socket or 

connector 

• Built-in EPROM (2716,2732) writer function 

• Uses serial data transfer for two-way data transfer with 

the host machine (e.g. PC9000 cross assembler machine) 

• Usable with a variety of single-chip microcomputers by 

simply replacing a single board 

• Print out of internal memory contents is possible by 

means of an external printer 

• Easy-to-carry-about in its compact case, provided with 

an angle stand 

APPLICATIONS 
Hardware and software development and program debug­

ging for single-chip microcomputer systems. 

\"-. 

MITSUBISHI MICROCOMPUTERS 

PC4000 

DEBUGGING MACHINE 

CONFIGURATION 
The PC4000, as shown in the block diagram, consists of the 

following hardware elements. 

(1) M5L8085AP monitor CPU 

(2) Serial data input/output interface circuit 

(3) EPROM writer circuit 

(4) Program RAM (10 bits x 4K) 

(5) Keyboard and LED display circuits 

(6) Power supply 

The PC4000 is used in conjunction with a dedicated 

board which allows interface of the PC4000 with the object 

microcomputer under development. The dedicated board 

insertion access window is located on the right side of the 

PC4000. In addition, each dedicated board stores the 

control program for the monitor CPU. Therefore, when the 

microcomputer type is changed, the PC4000 can be 

modified to suit the new type by merely changing the single 

dedicated board. 

•. MITSUBISHI 
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DEBUGGING MACHINE 

FUNCTIONAL DESCRIPTION 
Object programs developed on such devices as the PC9000 

cross assembler machine are sent to the PC4000 via the 

serial input/output .interface. The serial data transmission 
rate can be selected from 1200bps to 9600bps and the 

interface is a 20mA current loop type. The transmission 

format is Intel-compatible hexadecimal. 

memory contents can be written into 2716 or 2732 

EPROM devices or data can be read out <?f such devices via 

a 24-pin D I L socket. 

The data in the program memory is executed by the 

evaluation CPU on the dedicated board. In addition, this 

The keyboard consists of 12 function keys and 16 
numerical keys as well as a single entry key. The LED 

display is an 8-digit display of 7-segment LED elements 

used to display data for reference while processing is 

performed. 

BLOCK DIAGRAM 

5-4 

EPROM 
2716 
2732 

PROM WRITER 

INTERFACE 

M5L804IA-006P 

PROGRAM 
MEMORY 

M5T4044PX 10 

KEYBOARD 

DISPLAY 

M5L8279P-S 

SERIAL I/O 
INTERFACE 

M5L8251 AP-5 

rn 
KEYBOARD 

r~---- ---, 
I I 
I I 

I : 
i DEDICATED BOARD : 

I I 
I I 
I I 
L------------I------------~ 

I 
I 

USER SYSTEM 
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MITSUBISHI MICROCOMPUTERS 

PC4000 

DEBUGGING MACHINE 

KEY FUNCTIONS (BASIC FUNCTIONS ONLY) SPECIFICATIONS 

Symbol Name 

SEND Data transmit key 

/ 

ReV Data receive key 

PROG 
(EPROM) 

Program key 

LOAD 
(EPROM) 

Load key 

PRT Print key 

EXM Examine program 

P memory key 

EXM 

R 
Examine register key 

EXM 

M 
Examine memory key 

RES Reset key 

RUN Run (execute) key 

BRK Break point set key 

STEP Single step key 

O-F Numerical keys 

ENT Entry key 

Function Item 

Converts program memory data to serial 

data and transmits to an external device 
Method 

I 

Receives serial data and writes this data 
into program memory 

Applicable 

Writes program memory data into the microcomputers 
EPROM inserted in the socket 

Sends data from the EPROM inserted 
in the socket to program memory Program RAM 

Control CPU 
Data transmit to the optional printer Built-in .EPROM 

writer circuit 

Verification/correction of program Display 

memory contents 

Verification/correction of register Input 

contents 

Verification/correction of RAM contents 

Reset of program counter 
Interface 

Re-start of program execution at the 

specified address (real time) 

Sets the break POint address 

Excutes the program one step at a time 
Monitor function 

Used for input of address and data 

Effectively enters input numerical data 

User system 
connection 

Dimensions 

Power supply 

Operating 
temperature 
Storage 
temperature 

•. MITSUBISHI 
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Specification 

The system is used with a dedicated board which 

includes the evaluation chip to perform in-circuit 

emulation 

M58840-XXXP 

M58494-XXXP 

M58496-XXXP 

M5L8048-XXXP 

M5L8049-XXXP 

and all other Mitsubishi single-chip microcomputers 

Built-in, 4K x 10 bits (250ns access time) 

M5L8085AP 

Usable with 2716 or 2732 devices 

7-segment LED, 8 digits 

Key switches: Commands: 12 keys 

Numerical: 16 keys 

Entry: 1 key 

CD 20mA current loop serial input/output interface 
4800bps, full deplex, one line 
(Selectable from 1200 to 9600bps) 

® Centronix-compatible parallel interface, one line 

Monitor programs for the appropriate object 
microcomputers are written into the two M5L2732K 

devices mounted on the dedicated board. 

Basic Functions 

· Transfer of RAM data with an external system 

· Read and write of EPROM data 

· Verification/correction of the built-in program 

memory (RAM) contents 

· Execution and halt at any arbitrary program address 

· Single-step execution of programs 

· Verification/correction of internal registers, memory, 
flags 

Input/output connections to the dedicated board by 

means of a cable 

364 X 257 X 85 mm (excluding handle and key switch tops 

AC 100V 100VA 

5-40·C 

-20-60·C 
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PC4000 CONFIGURATION 

20mA 
CURRENT 
LOOP 

TO PC9000 4800 bps 
CROSS -..------, 
ASSEMBLER 

POWER SUPPLY 

PC 4000 
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DESCRIPTION 
The PC900D is a cross assembler mach ine. It is capable of 

converting programs for the Mitsubishisingle-chip micro­

computers written in assembler languag~ to machine lan­

guage. In addition, it can perform such debugging functions 

as disassembly and act as an EPROM writer. 

FEATURES 
• Input of the source program from the keyboard 

• An efficient screen editor allows editing of source 

programs 

• Program dump and load to the mini-floppy disk 

• Object data write/read for 2708, 2716 and 2732 

EPROM devices 

• Listing using a Centronix-compatible printer is possible 

• Data transmission is possible to the PC4000 debugging 

machine 

• Usable with all types of Mitsubishi single-chip micro­

computers 

• Compact, desk-top design 

APPLICATION 
Software development support for Mitsubishi single-chip 

microcomputers. 

MITSUBISHI MICROCOMPUTERS 

PC9000 

CROSS ASSEMBLER MACHINE 

FUNCTION 
The PC9000 as shown in the configuration diagram consists 

of the following hardware 

(1) Control CPU and bootstrap ROM 

(2) 48K byte RAM 

(3) 2K byte display screen RAM 

(4) g-inch CRT display circuit 

(5) EPROM writer circuit 

(6) ASCII keyboard 

(7) Hardcopy output by means of an internal mini-printer 

circuit or an external printer interface circuit 

(8) Floppy disk controller (two mini floppy disk drives) 

(g) Parallel input/output interface circuit (two lines) 

(10) Power supply 

An M5L8085AP is used as the control CPU. The 

keyboard, CRT, mini-floppy disk drives, and printer inter­

faces are connected by means of a bus line. The keyboard is 

used for input of commands to the monitor and source 

program data verification. The g-inch green CRT display 

screen is capable of displaying 24 lines of 80 characters. As 

a printer a 20 column mini-printer is built-in to the PC9000 

in addition to the ability to use an 80 column printer 

having Centronix compatibility via an interface which is 

available. The built-in mini-printer may be used to output 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PC9000 

CROSS ASSEMBLER MACHINE 

the disassembly results while the external printer may be 
used to output the assembly listing as well as disassembly 
listing. 

FUNCTIONAL DESCRIPTION 
The PC9000 contains the assembler, disassembler, source 
editor, and EPROM writer: functions required for software 
support of microcomputers. These functions are sum­
marized in the Tabre. 

Function 

Assemble 

Disassemble 

Source editor 

·PROM writer 

Effect 

Sou rce input: keyboard 
output: printer, EPROM, data transfer (with debugging 

unit) 

Disassembly of the specified file 
Output: 20 column printer, externa! printer 

Deletion, insertion, modification, character search, and 
screen editing 

EPROM erase check, write, verification, read 

PC9000 CONFIGURATION 

5-8 

AC 
100V 

CENTRONI X-COMPATIBLE 
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Applicable devices 

All 4-bit single-chip PMOS, and CMOS microcomputers 
M5LB04B, M5LB049 and M5LB041 A B-bit single-chip 
microcomputers 

Same as above 

Same as above 

M5L2708K, M5L2716K, M5L2732K 

!V-RAM! 

CRT 
CONT~OLLER 



MITSUBISHI MICROCOMPUTERS 

PC9000 

CROSS ASSEMBLER MACHINE 

SPECI FICATIONS 
Item 'Specification 

Structure Desktop-type, single cabinet 

CPU Mitsubishi M5L8085AP (2.45 MHz clock) 

IC memory 2K byte ROM (bootstrap area), 48K-byte DRAM, 2K-byte VRAM 

Memory device Mini floppy disk x 2 drives, double-sided, double-density 

Display 9-inch green CRT display, 80 lines x 25 characters 

Keyboard Modified ASCII specifications, 2-key lockout 

Dedicated printer 5 x 7 dot Matrix thermal printer, 20 columns, 2 lines/s, Paper width: 60mm, 

Printer interface Centronix, parallel interface 
Interface connector: 36-pin DDK Amphenol 

Serial input/output interface 20mA current loop (2 lines) 

Data transfer format MELPS 85 Hexadecimal (equivalent to Intel Hexadecimal) 

MELPS 8-48 (M5L8048-XXXP, M5 L8049- X X X P and others) 

Applicable microcomputers 
MELPS 4 (M58840- X X X P and others) 

MELPS 41 (M58494- XXX p) 

MELPS 42 (M?8496- X X X P and others) 

Outer dimensions and weight Desk top-type 470(W) x 290(H) x 490(0), 17kg 

Power supply AC 100V±10% 50/60 Hz 

KEYBOARD ARRANGEMENT 

: ,,2708L~ °0 I F1 I F'IF' I F. I F51 F61· I j I t I-I 101 m:; 

(SPACE) 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PC9100 

IS-BIT CPU SOFTWARE DEVELOPMENT SYSTEM 

DESCRIPTION 
The PC9100 is a software development support for the 
MELPS S6 and PCAS600 series. As this has floppy disk 
drives and a built-in EPROM programmer, a software devel­
opment support for the MELPS S6 is performed by only 
connecting a CRT terminal on the market. 

The operation system (OS) adopts the propagated 
@CP/M-S6T .M• and CP/M-SO®, therefore many softwares 
programmed for CP/M are usable. 

In addition, with a use of M5LSOS6S in-circuit emulator 
PC9110, the operation from a source programming of 
MELPS S6 to a hardware debugging is executed continu­
ously. 

FEATURES 
• Compatible with PCAS601 monitor program 
• Adoption of CP/M-S6, CP/M-SO for OS. Select any OS 

by a monitor program. 
• Capability of executing a developed software for SOSOA/ 

SOS5A and of developing an SOS5A software when the 
CP/M-SO is selected. 

• Easy system expansion caused by system bus which 
adopts IEEE-796 bus and 4 opened card cages. 

• Standard 2 drives for double-sided double-density floppy 
disk (Capacity of 1.2M bytes). 

• Applicable drive for double-sided double..cJensity, 
double-sided single-density, single-sided· single-density 
disks by the switch on the rear panel. 

• Capability of programming 2 of 16-bit data at a time by 
a built-in EPROM programmer (corresponds to 
M5L2716K, M5L2732K, M5L2764K) 

• Usable CRT device, which contains RS232C serial 
interface, on the market 

• Capability of connecting a centronics printer 
• Capability of connecting the M5LSOS6S in-circuit 

emulator PC9110 
• One built-in RS232C serial interface for general purpose 
• RAM size ........................... 12K bytes 

• AC.l00V 
• Compact, light weight 

APPLICATION 
• Software development support for ME LPS S6 
• Software development support for MELPS S5 
• Personal computer 
• Device for data analysis and management 
• Base machine for each dedicated system 
Note 1. ® CP 1M is a registered trade-mark of Degital Research Inc. 

2. lEE E-796 bus is a system bus for microcomputers which are the 

standardized Intel ® multi bus by IEEE. 

® multi bus is a registered trad~-mark of Intel. 

5-10 
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MITSUBISHI MICROCOMPUTERS 

PC9100 

IS-BIT CPU SOFTWARE DEVELOPMENT SYSTEM 

FUNCTION 
The PC9100 adopts multi bus as a system and mounts a 
PCAS601 CPU board, PCAS602 64K RAM board, 
PCAS603 floppy disk controller board (including 
MSLSOS5A) of PCA S600 series and an I/O board for 
PC9100. 4 multi bus compatible boards are in the card cage 
slot for easy system's expansion and exclusive. 

2 built-in double-sided double-density floppy disks are 
provided. The second drive (Drive B:) can select either 
double-sided single-density or single-sided single-density by 
the switch on the rear panel. After selecting either single 
density, the CP/M lets the BIOS work automatically by 
accessing each Drive as C:, D:. 

The EPROM programmer consists of 2 DI L sockets for 
2S-pin and 2 EPROMs are programmed in a 16-bit 
microcomputer object. Programmable EPROMs are 
MSL2716K, MSL2732K, MSL2732A type and MSL2764K. 

I/O functions are: (1) CRT interface (RS232C standard, 
Serial operation, 2S-pin connector) (2) Printer interface 
(TTL level, Centronics 36-pin champ connector) (3) 

BLOCK DIAGRAM 

LTI BUS I CPU I SERIAL 
PORT 

M5L8086S M5L8251AP 

If~TERRUPTIO~11 PARALLEL ONTROLLER PORT I 
M5L8259AP M5L8255AP-5 

PCA8601 

MEMORY I REFRESH I 64K 
CONT- BYTES (WITH 

ROLLER PARITY BIT) 
M5K4116P 

PCA8602 

PC9110 interface (RS232C standard, Serial operation, 
2S-pin connector) (4) General purpose serial interface (RS 
232C standard, Assignation to RDR: PUN: In CP/M, 2S-pin 
connector) 

After turning on the PC91 00, the MSLSOS6S on the 
PCAS601 will be a bus master and executes a monitor 
program written in the ROM on the PCAS601. After this, if 
the G(GO) command is executed, the system will be in 
CP/M-S6 or CP/M-SO mode. When it is the CP/M-S6 mode, 
the system works considering the MSLSOS6S as master, and 
commands consist of the CP/M-S6, SOS6 assembler, SOS6 
debugger and application software for CP/M-S6 which is on 
the market are able to execute. 

When it is the CP/M-SO mode, the commands consist of 
the CP/M-SO, SOSO assembler, SOSO debugger and applica­
tion software for the CP/M-SO which is on the market are 
able to execute. 

The operation from the OS to the monitor is executed 
by the reset switch. 

I 

INTERFACE FOR CRT 

CENTRONICS 
PRINTER INTERFACE 

"SW:~;.02P I ~ 
FDD DOUBLE- J 

SIDED DOUBLE-

I CPU I DENSITY NO.1 
M5L8085AP DRIVE 

EX 
CA 

IDMA CONTAOLLE1A MEMORY J 
M5L8257P-5 EPROM, SRAM FDD DOUBLE- '-

SIDED DOUBLE I 
PCA8603 DENSITY NO.2 

II SERIAL PARALLEL 
PORT PORT 

II M5L8251AP M5L8255AP 

x 2 Xl 

I/O BOARD FOR pe9! 00 B PANSION 
RD CAGE 

(4) 

c=J c=J DC/DC 
CONVER-

ROM H ROM L TER 
SOCKET SOCKET etc 

PROM PROGRAMMER MODULE -------
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SELECTION SWITCH 
OF FLOPPY DISK TYPE 

PC9110 INTERFACE 

GENERAL PURPOSE 
SERIAL INTERFACE 
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MITSUBISHI MICROCOMPUTERS 

PC9100 

IS·BIT CPU SOFTWARE DEVELOPMENT SYSTEM 

FUNCTION EXPLANATION (According to CP/M, CP/M86, Mitsubishi original utilitySIW) 

Function Effects 

Assembler 
Source input: Source file created by key board input 

output: List, EPROM, Data communication with emulator 

Software debugger: Supporter in CP/M-86 

For Application S/W in CP/M-86 
Debugger 

- Software debugger: Supporter in CP/M-80 

For Application SIW in CP/M-85 

Write, read, verification of EPROM 
RPOM programmer 

(Capability of programming upper bytes and lower bytes at the same time for 8086) 

Data communication Bi-directional data communiGation with an external device in file base 

Editor Supporter in CP/M 

Rich applicable S/W which on the market 

Execution of ego "CIS COBOL86", "PASCAL!M-86" etc. which are on the market as the high quality language for 8086 can be 
application S/W executed in the PC91 00. Likewise, the high quality editor (Word star etc.) on the market can be used beside the 

standard editor_ 

SPECIFICATION 
Hardware Specification 

Item Specification 

Structure Desk top, single cabinet (External CRT, Keyboard, printer) 

CPU 
Mitsubishi M5L8086S 4.9152MHz 
Mitsubishi M5L8085AP 2.4576MHz 

PCA8601 Program memory 16K bytes 

RAM 16K bytes 

IC memory PCA8602 RAM 64K bytes 

PCA8603 Program fT''lmory 4K bytes 

RAM 2K bytes 

Application devices 

• 8086 

• 8085A 

• 8086 

• 8085A 

M5L2716K 

M5L2732K 

M5L2764K 

RS232C standard 

Appl icable for all uses 

• 8086 

• 8085A 

Memory device 2 double-sided double-density floppy disks (Single-sided single density is also used by setting the switch on the rear panel) 

CRT interface 

Printer interface 

Interface for pe9110 in-circuit 

emulator controller 

General purpose serial 1/0 interface 

PROM programming device 

Applicable microcomputer 

Capable expansion area 

Outer dimensions 

Operating temperature 

5-12 

Serial interface (The electrical characteristics and connector are compatible with the RS232C standard) 

Transmit speed ... . 9600BPS standard 

Centronics parallel interface (The DDK unphenol 36-pin is used for a connector) 

Serial interface (The electrical characteristics and .connector are compatible with the RS232C standard) 

Transmit speed ..... 9600BPS 

One port (The electrical characteristics and connector are compatible with the RS232C standard) 
Transmit speed ..... Selectable from 1200/2400/4800/9600BPS 9600 BPS standard 

2 multi devices 
Programmable into M5L2764K, M5L2732A type, M5L2732K, M5L2716K 

ME LPS 86, ME LPS 85 

4 of multi bus boards 

Desk top type 420(W) x 450(0) x 260(H) mm 

5°C -40°C 
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Software Specification 
Item 

Monitor program 

Operation system 

Utility software 
(8086 base) 

Utility software 
(8080 base) 

Library 

Memory Map 

MITSUBISHI MICROCOMPUTERS 

PC9100 

IS·BIT CPU SOFTWARE DEVELOPMENT SYSTEM 

Specification 

Monitor for 8086 which is compatible with the one on the PCA8081 

CP/M-86 General purpose O.S. for 8086 of Degital Research Inc. 

CP/M-SO General purpo.se O.S. for 8080 of Degital Research Inc. 

ASMS6. CMD 8086 Assembler 

DDTS6. CMD CP/M86 Debugger 

STAT. CMD File status utility 

SUBMIT. CMD Batch management utility 

PIP. CMD File exchange utility 

GENCMD. CM,D CMD file generating utility 

ED. CMD Editor for program generator 

PROM. CMD PROM programmer controller program 

DDFMT Disk initial ization and disk copy 

ASM.COM 8080 Assembler 

DDT. COM CP/M80 Debugger 

STAT. COM File status utility 

SUBMIT. COM Batch management utility 

XSUB.COM Expansion of SUBMIT. COM utility 

PIP. COM 'File exchange utility 

LOAD. COM COM file generating utility 

ED. COM Editor for program generator 

DUMP. COM Hex dump utility 

MOVCPM.COM 

BIOS .AS6, DEBLOCK. LIB, BIOS.ASM, DUMP .ASM 

System map 8086 map 

FFFFF 16 L-___ --I FFFFF16 111ii •• iI 

I 
I 
I 
I 
I 

8085 map 

L _____ .J 

~ SYSTEM AREA 1:·:::::.::::1 INHIBITED AREA • LOCAL MEMORY AREA 0 BLANK 

Note 1. Broken line means that addresses are the same between each area. 
Solid linp. means that each area has the different address from others. 

2. The area marked with • will be changed by an installation of a control register. 
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DESCRIPTION 
The PC9001CPM is an option board to turn the cross 
assemble machine PC9000 to a CP/M@machine. 

This is capable of developing the 8085 software and 
executions of a software for a CP/M and a user program 
with the PC9000. The CP/M of PC9001 is designed for 48K 
bytes CP/M Version 2.2. 

This software must be used following the software 
contract. 
Note: ® CP/M is a registered trade-mark of Digital Research Inc. 

FEATURES 
• Execution of a CP/M on the PC9000 
• Functions of a debugger and an assembler of 8080A 
• Application program which operates on a CP/M of whi~h 

memory capacitor is below 48K 
• Developing and operating of a user program on the 

PC9000 
• Opened internal miniprinter ~s a user list device 
• Selectable letters (CAPITAL/small) by F3 key 
• Usable internal serial interface as RDA:, ·PUN: 

MITSUBISHI MICROCOMPUTERS 

PC900ICPM 

CP/M SOFTWARE FOR PC.OOO 

• Functions of a standard CP/M editor and a PC9000 
original screen editor 

• Used for a high quality EPROM programmer by an 
internal EPROM programmer and an option control 
program 

APPLICATIONS 
• Supporting develop machine for MELPS 85 
• Personal computer 
• Data communication t~rminal 

FUNCTIONS 
The PC9001CPM contains the EPROM (M5L2716K or 
M5L2732K) that programs a boot strap program and a 
basic operation system (BIOS) for CP/M. A floppy disk 
programmed of a CP/M and an application software, and 
manuals are also packed in the PC9001 CP/M carton. 

Following the manual, exchange the EPROM on the 
PC9000 main board. The CP/M then initiates when a 
system starts by the disk. The PC9000 original disk and 
prescribed disk are compatible after changing a ROM. 

5-14 
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MITSUBISHI MICROCOMPUTERS 

PC9001CPM 

CP/M SOFTWARE, FOR PC9000 

SPECIFICATION 

Item Specification 

CPIM Version Version 2.2 

RAM size 48K bytes 

Console (CON:) Built-in CRT device and keyboard of the PC9000 

Paper tape reader (RDR:) Built-in MELCOM 70 interface of the PC9000 

(Hand shaking operation using a data terminal ready. DTR) 

Paper tape punch (PUN:) Built-in PC4000 interface of the PC9000 

(Hand shaking operation using a data set ready, DSR) 

List device (LST:) Centronics external printer (LPT:) Built-in miniprinter of the PC9000 (UL 1:) LPT: = standard assign 

Floppy disk storage 2 x 320K bytes (A: and B:) 

Key board • Capitallsmall letter selection by [£l] key 

PROM programmer • File load, file save, edit, PROM program, PROM read, verify, padding, block moving 

• 8K bytes work area 

• Target ROM (2708/2716/2732) 

Miscellaneous • Time-out detector for printer ready 

• Automatical warm boot operation by a key input when a programming is begun in the write protected disk 

• Automatically effected DTR output of the ME LCOM 70 interface by a warm boot 

APPLICATION SOFTWARE LIST IN THE PC9001CPM 

Program Function Supplement 

EDIT Screen Editor PC9000 original editor 

ED* Line Editor 

ASM* Assembler for 8080 

LOAD* Modification of execution style 

DDT* Debugger for 8080 

PROM Programming control The program to transfer an assemble result to a PROM by a built-in PROM programmer of PC9000. (Functions 

for 2708/16/32 of padding and block transfer are programmed.) 

DUMP* Hex Dump Source program is attached 

PIP* File handling 

STAT * System status indicator 

SUBMIT* Submit file management 

XSUB* Optional SUBMIT 

CMNA 1 MELCOM 70 communication The communication of object codes by the ME LCOM 70 in the Intel HEX format 

CMNA 2 PC4000 commllnication The communication of object codes by the PC4000 in the Intel HEX format 

MSS General purpose file The communication of file data with another CP/M machine 
communication 

DISKCOPY Copy of disk,contents Copy the disk contents from A to B 

DDBI Disk initialize Initialization of PC9000 formatting for a disk in the market 

The program marked with * is the utility program for CP/M. 
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..... ELECTRIC 5-15 

I 



MITSUBISHI MICROCOMPUTERS 

PC9004 

INTERFACE CABLE BETWEEN PC9000 AND PC4000 

DESCRIPTION 
The PC9004 is an interface cable to connect the cross 
assemble PC9000 and the debugging machine PC4000 by 
serial interface. 

FEATURES 
• High speed data communication for object codes of 

assembled and debugged results by connecting the 
PC9000 and the PC4000 with the serial interface. 

• File communication by a serial interface 'between two 
PC9000s (when CP/M@ option is used) 

Note: ® CP/M is a registered trade-mark of D'igital Research Inc. 

FUNCTIONS 
The PC9004 makes it possible to execute a data com­
munication used with built-in current loop interface of the 
PC9000 and the PC4000. For example, to send a 4K bytes 
object code in Intel HEX format (at 9600 baud), it takes 
approximately 17 seconds. 

SPECIFICATION 

Item 

Connector 

Line 

Pin connection 

5-16 
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Specification 

RS232C type connector 

7 lines 

Connector A ----Connector B 

................... 10 

10 ................... 9 

11 ................... 12 

12 ................... 11 

13 ................... 14 

14 ................... 13 

22 ................... 22 



MITSUBISHI MICROCOMPUTERS 

PC900S 

PRINTER INTERFACE CABLE 

DESCRIPTION SPECIFICATION 
The PC9005 is an interface cable to connect the cross 
assemble machine PC9000 or the debugging machine 
PC4000 and a centronics printer. 

FEATURES 
• Capability of outputting an assembled list or a dis­

assembled list by connecting the PC9000 and a printer. 
• Capability of outputting a disassembled list or a traced 

result at the 8080 software debugging by DDT when a 
CP/M is converted to the PC9000. 

• Capability of outputting a disassembled list which 
corresponds to each microcomputer, an internal memory 
dump list etc. by connecting the PC4000 and a printer. 

FUNCTIONS 
The PC9005 is designed based on the centronics specifica­
tion and is used as an interface cable between the PC9000 

or the PC4000 and a centronics printer. 

Pin. No. 

1 

2-9 

10 

11 

12 

31 

32 

19-29 

• MITSUBISHI 
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Signal Content 

STB Strobe output signal of data 

00-0 7 Data output signal to a printer 

ACK Input signai of data acknowledgement 

BUSY BUSY input signal from a printer 

P.EMP Input signal notifying a printer paper empty 

RST Output signal to initiate a printer 

FAULT Input signal to notify printer errors 

GNO Ground 
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DESCRIPTION 
The PCA8400 is a dedicated MELPS 8-48 board for use 

with the PC4000 debugging machine for the 8-bit single­

chip microcomputers and is used by inserting the board in 
the PC4000 cabinet. 

FEATURES 
• Connection to user's system by means of a 40-pin 01 L 

plug 

• Control circuits and connectors for the i 8748 writing 
adaptor (PC41 00) 

APPLICATIONS 
The development of hardware and software for systems 

using the MELPS 8-48 8-bit single-chip microcomputers. 

ADDRESS 

INSTRUCTION 
DATA 

I 

~ 

I 

PC4000 
MONITOR ROM 
M5L2732KX 2 

M5L8155P 

8 J 

i 8748 INTERFACE PORT 
-

MITSUBISHI MICROCOMPUTERS 

PCA8400 

MELPS 8·48 DEDICATED BOARD 

CONFIGURATION 
As can be seen in the block diagram, the PCA8400 consists 
of the following hardware: 

(1) Evaluation chip (M5L8039P-6) and peripheral circuitry 

(2) ROM with the PC4000 monitor program 

(3) Single-step and breakpoint control circuit 

(4) Program memory interface circuit 

(5) Input/output buffer/latch circuit 

,The PC4000 is connected to this board using a card 

edge connector and this board is connected to the user 

system by means of an accessory cable. 
FUNCTION 
The debugging machine PC4000 operates as a debugging 

machine for the MELPS 8-48 using the contents of the 
monitor ROM mounted on the dedicated board. The 

evaluation chip (M5L8039P-6) loaded on the board ex­

ecutes the program stored in the program memory in the 

PC4000 debugging machine. 
The internal status of the evaluation chip is read out 

under monitor CPU control when single-step operation and 

breakpoint operation are halted. 

An interface and connector to enable connection to the 

M5L8748S writing adaptor PC4100 has been provided, 

allowing programs to be written and read from the 

i8748. 

- - .-
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SPECI FICATIONS 

Item 

Applicable 
microcomputers 

Clock I Package 

frequency I Variable 
,range 

Applicable debugging 
machine 

Power supply 

Connection to user's 
system 

Debugging functions 
(contents o'f monitor 
EPROM) 

Other 

Specification 

M5L8048-XXXP 
M5L8049-XXXP 
M5M8050H-XXXP 
M5M8050L-XXXP 

6.144MHz 

1-6.144MHz (By changing the oscillator crystal) 

PC4000 (connected by a card edge connector) 

Supplied from the PC4000 when inserted into the 
debugging machine 

By an accessory cable 

• Program execution from any address and halt 

• Data writing to EPROM and reading 
• Confirmation and change of the contents of program 

RAM 
• Serial data transfer to an external device 
• Confirmation and modification of the RAM data in 

the evaluation chip 

• (M5L8039p·6) and the contents of the following, 
registers an,d flags: 

• Program counter 

• Accumulator 

• PSW 

By connecting the PC4100, read and write operations 
to the i8748 can be performed, 

.,MITSUBISHI 
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DESCRIPTION 
The PCA8403 evaluation board is used as an evaluation 
board for MELPS 8-488-bit microcomputers. 

This board consists basically of the external ROM chip 
(M5L8039P-l1) and EPROM (M5L2732K), possessing 
equivalent functions to the masked ROM M5L8048-XXXP 
and M5L8049-XXXP. When creating the mask for a 
developed program, this board is suitable for program 
verification and running tests. 

FEATURES 
• Board computer equivalent to the M5L8048-XXXP, 

M5L8049-XXXP. 
• Simple program modification using an EPROM 
• Connection to user's system socket by means of a 40-pin 

DIL plug 

• Built-in clock generator 
• Speed up of a CPU using the M5L2764K 

APPLICATioNS 
Program and applications equipment development for 
MELPS 8-48 8·bit single-chip microcomputers. 

FUNCTION 
The evaluation chip (M5L8039P-11) outputs the value of 
the program counter and reads in instructions from 
ERROM and executes them. 

The board is equivalent in operation to a single-chip 
microcomputer. 

BLOCK DIAGRAM 

PSEN 
+5V- EA 

1- M5L8039P-II 

I 

MITSUBISHI MICROCOMPUTERS· 

PCA8403 

MELPS 8-48 EV ALUTION BOARD 

CONFIGURATION 
As can be seen in the block diagram, the PCA8403 consists 
of the following hardware: 
(1) Evaluation chip and peripheral circuitry 
(2) Program EPROM·socket 
(3) EPROM power supply circuit 

The board and user system can be connected by means 
of an accessory cable. 

SPECI FICATIONS 

Item Specification 

Type 8-bit parallel processor 

CPU M5 L8039 P-II (equivalent to Intel 8039) 

Cycle time Clock supplied by user system (maximum 11 MHz) 

Memory 
Program memory: 4K bytes (M5L2732K) 

Data memory: 128 bytes (built-in M5L8039P-11) 

I/O 
8-bit parallel port x3 

Test pin x2 

Interrupts INT pin 

Power supply 5V ±5%, 600mA (max) 

Connector used 40-pin DI L accessary plag 

Outer dimensions 50 (L) x 170 (W) x 35 (H) mm 

~ 
I 

OE 
2 

~~ 
ADDRESS 

Xl, X2 DB ~ ~A 
CLOCK 

8 
Pl 

I 4 
P2 UPPER ORDER 4 BITS 

TEST PIN T 1 

TEST PIN TO 
I 

m PORT 2 
INPUT BUFFER 

I . 

l ~T2 OUTP:T LATCH I 

P2 LOWER ORDER 4 BITS 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MASK ROM 
ORDERING METHOD 

MASK ROM ORDERING METHOD 
Described below is the ordering method applicable when 
programs submitted by the customer are written into the 
mask ROMs. 

An automatic mask ROM design program is prepared 
for writing programs into mask ROMs, and (1) the drafting 
data for mask ROM generation, (2) the reference list for 
mask ROM preparation error checks and (3) an automatic 
test protram for the large-scale tester designed to test the 
mask ROMs are all automatically generated. 

When the object program is stored in the MELPS8-48 
single-chip microcomputer mask ROM, the order for the 
object program medium is received as an EPROM form. 
Consequently, the EPROM or EPROMs which have stored 
the object program equivalent to one single-chip micro­
computer chip should be submitted accompanied by the 
prescribed confirmation sheets for 3 sets of EPROMs re­
spectively. 

EPROM SPECIRICATIONS 
1. Usable EPROMs include Mitsubishi's M5L2732K or In­

tel's 2732, 8748, 8749 or their equivalent. The M5L2732 
and Intel's 8748, 8749 are the standard EPROMs. 

2. "High" is treated as 1 for the EPROM data and 
address. 

3. All the data from the head address to the final address 
are treated as the EPROM's effective data. 

CHECKPOINTS 
1. Cleary indicate the type number of EPROM. 

MELPS 8-48 MASK ROM DEVELOPMENT CAD SYSTEM 

FROM CUSTOMER 

"C7 7 \/vVWWVVV 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8·48 MASK ROM 
ORDERING METHOD 

MELPS8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL 
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5L8048-XXXP, M5L8049-XXXP, P-6, M5L8049H1-XXXP, M5M8050H-XXXP, 
M5M8050L-XXXP, M5M80C49-XXXP 

MITSUBISHI ELECTRIC 

Signature 

Customer 

Company name 
Prepared 

Company address Tel 

Company contact Date 
Approved 

The single-chip microcomputer type number to order and 
the type of EPROMs to be supplied should be specified by 

checking V in the boxes. Three sets of EPROMs should be 
supplied. 

~er 
microcomputer type number 

02732 

OM5LB04B-XXXP OA (OOO,s - 3FF,s) 0874B 

OM5LB049-XXXP 
OA (OOO,s - 7FF,s) OB749 

OM5LB049-XXXP-6 

OM5LB049H1-XXXP OA (OOO,s - 7FF,s) 08749 

OM5MB050H-XXXP 
OA (OOO,s - FFF,s) -

OM5MB050L-XXXP 

Note1: The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as '1', and 
low-level as '0'. 

2 : Cleary indicate the type number of EPROMs and address designation I,etter symbols A and B on the supplied 
'EPROMs. 

3 : The data of the addresses in parentheses on the EPROM are programmed onto the ROM. 
4 : The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed 

into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The 
error report will show the address and data. 

CUSTOMER'S IDENTIFICATION MARK 
If you require a special identification mark, please specify in the following format. 

COMMENTS 

6-4 

I 

Mitsubishi IC type number 

Note 5 : A mark field should start with the box at the extreme right. 
6: The identification mard should be no more than 12 characters consisting of alphanumeric 

characters (except J.I. and 0) or dashes. 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-48 MASK ROM 
ORDERING METHOD 

MELPS8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL 
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5M80C49-XXXP 

MITSUBISHI ELECTRIC 

Customer 

Company name 
Prepared 

Company address Tel 

Company contact Date 
Approved 

Signature 

The single-chip microcomputer type number to order and 
the type of EPROMs to be supplied should be specified by 

checking V in the boxes. Three sets of EPROMs should be 
supplied. 

~r 
microcomputer type number 

02732 

o M5M80C49P-XXXP OA (00016 - FFF;6) 08749 

Note 1: The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as '1', and 
low-level as '0'. 

2 : Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied 
EPROMs. 

3 : The data of the addresses in parentheses on the EPROM are programmed onto the ROM. 
4 : The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed 

into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The 
error report will show the address and data. 

CUSTOMER'S IDENTIFICATION MARK 
If you require a special identification mark, please specify in the following format. 

COMMENTS 

Mitsubishi IC type number 

Note 5 : A mark field should start with the box at the extreme right. 
6 : The identification mard should be no more than 12 characters consisting of alphanumeric 

characters (except J.I. and 0) or dashes. 
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MITSUBISHI MICROCOMPUTERS 

. MELPS 8-41 MASK ROM 
ORDERING METHOD 

MASK ROM ORDERING METHOD 
Described below is the ordering method applicable when 
programs submitted by the customer are written into the 
mask ROMs. 

An automatic mask ROM design program is prepared 
for writing programs into mask ROMs, and (1) the drafting 
data for mask ROM generation, (2) the reference list for 
mask ROM preparation error checks and (3) an automatic 
test protram for the large-scale tester designed to test the 
mask ROMs are all automatically generated. 

When the object program is stored in the MELPSS-48 
single-chip microcomputer mask ROM, the order for the 
object program medium is received as an EPROM form. 
Consequently, the EPROM or EPROMs which have stored 
the object program equivalent to one single-chip micro­
computer chip should be submitted accompanied by the 
prescribed confirmation sheets for 3 sets of EPROMs re­
spectively. 

EPROM SPECIRICATIONS 
1. Usable EPROMs include Mitsubishi's M5L2732K, or In­

tel's 2732, 8741, 8741 A, 8742 or their equivalent. The 
M5L2732K are the standard EPROMs. 

2. "High" is treated as 1 for the EPROM data and 
address. 

3. All the data from the head address to the final address_ 
are treated as the EPROM's effective data. 

CHECKPOINTS 
1. Cleary indicate the type number of EPROM. 

MELPS 8-41 MASK ROM DEVELOPMENT CAD SYSTEM· 

FROM CUSTOMER 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN 
Electronics Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 

HONG KONG 
Ryoden Electric Engineering Co., Ltd. 
22nd fl., Leighton Centre 
77, Leighton Road 
Causeway Bay, Hong Kong 
Telex: 73411 RYODEN HX 
Telephone: (5) 7907021 
Facsimile: (852) 123-4344 

TAIWAN 
MELCO TAIWAN Co., Ltd. 
6th fl., Chung-Ling Bldg., 
363, Sec. 2, Fu-Hsing S. Road 
Taipei, R.O.C. 
Telephone: (704) 0247 
Facsimile: (704) 4244 

U.S.A. 
NORTHWEST 
Mitsubishi Electronics America, Inc. 
1050 East Arques Ave. 
Sunnyvale, Ca 94086, U.S.A. 
Telex: 172296 MELA SUVL 
Twx: 910-339-9549 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
991 Knox St. 
Torrance, CA 90502, U.S.A. 
Telex: 664787 MELA TRNC 
Telephone: (213) 515-3993 
Facsimile: (213) 324-6578 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc. 
2105 Luna Road, Suite 320 
Canollton, TX 75006, U.S.A. 
Telephone: (214) 484-1919 
Facsimile: (214)' 243-0207 

NORTHERN 
Mitsubishi Electronics America, Inc. 
15612 HWY 7 #243 
Minnetonka, MN 55345, U.S.A. 
Telex: 291115 MELA MTKA 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsubishi Electronics America, Inc. 
799 North Bierman Circle, 
Mt. Prospect, IL 60056, U.S.A. 
Telex: 270636 MESA CHIMPCT 
Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 

NORTHEAST 
Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 
Woburn, MA 01801, U.S.A. 
Telex: 951796 MELA WOBN 
Twx: 710-348-1229 
Telephone: (617) 938-1220 
Facsimile: (6H) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc. 
Two University Plaza 
Hackensack, NJ 07601, U.S.A. 
Telex: 132205 MELA HAKI 
Twx: 710-991-0080 
Telephone: (201) 488-1001 
Facsimile: (201) 488-0059 

SOUTH-ATLANTIC 
Mitsubishi Electronics America, Inc. 
6575 The Carners Parkway. 
Suite 100 
Norcross, GA 30092, U.S.A. 
Twx: 910-380-9555 
Telephone: (404) 662-0813 
Facsimile: (404) 662-5208 

SOUTHEAST 
Mitsubishi Electronics America, Inc. 
Town Ex. CTR. 6100 Glades Rd. # 210 
Boca Raton, FL 33433, U.S.A. 
Twx: 510-953-7608 
Telephone: (305) 487-7747 
Facsimile: (305) 487-2046 

• MITSUBISHI 
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FRANCE 
Mitsubishi Electric Europe GmbH 
65 Avenue de Colmar Tour Albert 1 er 
F-92507 Rueil Malmaison Cedex, 
France 
Telex: 202267 (MELCAM F) 
Telephone: (01) 7329234 
Facsimile: (01) 7080405 

ITALY 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 

SWEDEN 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 

WEST GERMANY 
Mitsubishi Electric Europe GmbH 
Head Quater Gothear Str. 6 
4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 

U.K. 
Mitsubishi Electric (U.K.) Ltd. 
Centre Point, (18th Floor) 
103 New Oxford st., 
London WC1, England, U.K. 
Telex: 296195 MELCO G 
Telephone: (01) 379-7160 
Facsimile: (01) 836-0699 

AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
N.S.W. 2113 Australia 
P.O. Box 1567 Macquarie Centre 
N.S.W. 2113 Australia 
Telex: MESYD AA 26614 
Telephone: (02) 888-5777 
Facsimile: (02) 887-3635 
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MITSUBISHI MICROCOMPUTERS 

MELPS 8-41 MASK ROM 
ORDERING METHOD 

MELPS8-41 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL 
SLAVE COMPUTERS M5L8041A·XXXP, M5L8042-XXXP 

MITSUBISHI ELECTRIC 

Customer 

Company name 
Prepared 

Company address Tel 

Company contact Date 
Approved 

Signature 

The Slave computer type number to order and the type of 
EPROMs to be supplied should be specified by checking 

V in the boxes. Three sets of EPROMs should be supplied. 

~er 
microcomputer type number 

02732 

OM5L8041A·XXXP OA (000,6 - 3FF,6) 
08741 

08741A 

OM5L8042·XXXP OA (000,6 - 7FF,6) 08742 

Note 1 The high·level data of both data outputs and address inputs of the supplied EPROM will be programmed as '1', and 
low-level as '0'. 

2 Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied 
EPROMs. 

3 The data of the addresses in parentheses on the EPROM are programmed onto the ROM. 
4 The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed 

into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The 
error report will show the address and data. 

CUSTOMER'S IDENTIFICATION MARK 
If you require a special identification mark, please specify in the following format. 

COMMENTS 

Mitsubishi IC type number 

Note 5 : A mark field should start with the box at the extreme right. 
6 : The identification mard should be no more than 12 characters consisting of alphanumeric 

characters (except J.I. and 0) or dashes. 
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