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INDEX BY FUNCTION

Electrical characteristics
Supply | Typ | Max. | Min | Max.
Type Circuit function and organization Structure | voltage | pwr cycle | fre- | Package | 'Merchangeable | p, .o
e ) ! products
(v) time | time |quency
(mW)| (ns) | (ns) |(MHz)
EMELPS 760 Microcomputers
M50760-XXXP 1K-Byte Mask-Prog. ROM C,Si 5+10%| 2| — |[10us| 0.4 | 20P4 — 2—3
M50761-XXXP 0.5K-Byte Mask-Prog. ROM C,Si 5+10%| 2| — |10us| 0.4 | 20P4 — 2—3
EMELPS 740 Microcomputers )
| M50740-XxXxSP [ 3K-Byte Mask-Prog. ROM CsSi |5+10%] 20 — [2us] 4 [52PaB — [3—3 ]
HEMELPS 8-48 Microcomputers
M5L8048-XXXP 1K-Byte Mask-Prog. ROM N,SILED|5+10%| 325 | — |2500| 6 | 40P4 |i8048 4—21
M5L8035LP External ROM Type,64-Byte RAM | N,Si,ED|5+10% | 325 | — [2500| 6 | 40P4 |i8035L 4—21
M5L8049-XXXP 500 | — |1360( 11 8049
M5L8049-XXXP-8 | 2K-Byte Mask-Prog. ROM N,Si,ED|5+10% | 500 | — |1875| 8 | 40P4 — 4—25
M5L8049-XXXP-6 500 | — | 2500 6 —
M5L8039P-11 500 | — [1360] 11 8039
M5LB8039P-8 External ROM Type,128-Byte RAM | N,Si,ED [5+10% | 500 | — [1875| 8 | 40P4 — 4—25
M5L8039P-6 500 | — |2500| 6 i8039-6
M5L8049H-XXXP #| 2K-Byte Mask-Prog. ROM N,Si,ED|5%10% | 250 | — [1360| 11 | 40P4 |i8049H 4—29
M5L8039HLP 1| External ROM Type,128-Byte RAM |N,Si,ED |5£10% | 250 | — [1360| 11 | 40P4 | i8039HL 4—29
M5MB80C49-XXXP*| 2K-Byte Mask-Prog. ROM c,Si 5+10%| 25| — |2500| 6 | 40P4 — 4—44
M5M80C39P-6  *| External ROM Type,128-Byte RAM | C,Si 5+10%| 25 | — [2500| 6 | 40P4 — 4—44
M5M8050H-XXXP | 4K-Byte Mask-Prog. ROM N,Si,ED|5%+10%| 350 | — |1360| 11 | 40P4 — 4—34
M5M8040HP *| External ROM Type,256-Byte RAM | N,Si,ED [5+10% | 350 | — | 1360 11 | 40P4 — 4—34
M5MB8050L-XXXP *| 4K-Byte Mask-Prog. ROM N,SI,ED|5+10% [ 250 | — [2500| 6 | 40P4 — 4—39
M5M8040LP *| External ROM Type,256-Byte RAM |N,Si,ED|5+10% | 250 | — [2500| 6 | 40P4 — 4—39
HEMELPS 8-41 Slave Microcomputers )
M5L8041A-XXXP | 1K-Byte Mask-Prog. ROM N,Si,ED|5+10%| 300 | — |2500| 6 | 40P4 |i8041A 5—25
M5L8042-XXXP *| 2K-Byte Mask-Prog. ROM N,Si,ED|5+10% | 300 | — [1250| 12 | 40P4 |i8042 5—32
HLSIs for Peripheral Circuits
M50780SP 1/0 Expander (CE=“H" active) |G,Al 3~14 | — | — | — | — | 40P4B | TMS1025C |6—3
M50781SP 1/0 Expander (CE="H" active) |C,Al 3~14 | — | — | — | — | 28PaB | TMS1024C | 6—3
M50782SP 1/0 Expander.(CE="L" active) |C Al 3~14 | — | — | — | — | 40PaB — 6—3
M50783SP 1/0 Expander (CE="“L" active) C,Al 3~14 | — | — | — | — | 28P4B — 6—3
M50784SP Input Expander C.Al 4~14 | — | — | — | — | 28PaB — 6—9
M50786SP 1/0 Expander (CE="L" active) C Al 4~14 | — — — — | 40P4B — 6—11
M50790SP 1/O Expander C.Al 4~14 | — | — — — | 52P4B — 6—16
M5L8243P 1/0 Expander . NSLEDsVE10% — | — | — | — | 24P4 |i8243 6—26
M5M82C43P *| 170 Expander CSi [sVvE10% — | — | — | — | 24pa — 6—32
2048-Bit Static RAM with 1/0
M5L8155P i Static RAM wi N,SIED|5 +5% |50 | — | — | — | 4op4a |is155 6—39
Ports and Timer (CE=*“L” active) | '
2048-Bit Static RAM with 1/0
M5L8156P atic w  IN,SLED|5 +5%| 500 | — | — | — | 40P4 |is156 6—47
Ports and Timer (CE="H" active)

Note : Al=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. N=N-channel. P=P-channel. Si=Silicon gate.
* . New product ¥ { Under development

: MITSUBISHI \ 1-3
ELECTRIC



MITSUBISHI MICROCOMPUTERS

e . DEVELOPMENT SUPPORT SYSTEMS

Development Support Systems

Type

Development Support unit

Cross-assembler unit

Debugging unit

Hardware

Software

Main unit

Special boards

Evaluation boards

M50760-XXXP
MELPS %0

760 .
M50761-XXXP

CMOS
8-bit

M50740-XXXSP

MELPS
740
M50741-XXXSP

NMOS
8-bit

M5MB0C49-XXXP

M5M80C39P-6

M5L8048-XXXP

M5L8035LP

M5L8049-XXXP

M5L8049-XXXP-8

M5L8049-XXXP-6
MELPS

8-48
M5L8039P-11

MS5L8039P-8

M5L8039P-6

M5MBO50H-XXXP

M5MB050L-XXXP

' M5L8049H-XXXP

M5L8039HLP

M5L8041A-XX
MELPS xP

8-41
M5L8042-XXXP

MITSUBISHI
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ORDERING INFORMATION

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

For Mitsubishi Original Products
Example: M 5 _Oz_ 60 - 001 _PT- 2

T
M : Mitsubishi integrated prefix
Temperature range
5 . Standard industrial/commercial (0 to 70/75C or —20 to 86C).
9 ! High reliability
Series designation using 1 or 2 alphanumeric characters.
01~09 : CMOS
1 . Linear circuit
3 CTTL
, 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
S0~82 : Schottky TTL (equivalent to Texas Instruments’ SN74S

series) ‘

Circuit function identification code using 2 digits.

Mask ROM number.

Package style

K : Glass-sealed ceramic
P [ Molded plastic

S ! Metal-sealed ceramic

Electrical characteristic identification code using 1 or 2 digits.

MITSUBISHI 1=5
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ORDERING INFORMATION

For Second Source Products

Example : M
. T

5 L 8041A - 001 P -1

"M : Mitsubishi integrated circuit prefix

Temperature range
5 . Standard industrial/commercial (0 to 70/75C or —20 to 857C)
9 ! High reliability

Series designation of original source ‘using 1 or 2 alphabetical
characters. : )

.. Motorola’s MC series

. General Instrument's series

. Mostek’s MK series

. Intel's series

. Texas Instruments’ TMS series

- Western Digital's series

sHArxoeo0

Circuit function identification code of the original source type name

Mask ROM number

PACKAGE CODE

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

Package style
. . Glass-sealed ceramic
P Molded plastic

$ ! Metal-sealed ceramic

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

Example | 42 _P 4 _B
L Number of pins
Package structure
K ! Glass-sealed ceramic
P . Molded plastic
S ' Metal-sealed ceramic
Package outline
4 : DIL without fin (improved)
10 ! DIL without fin and with quartz lid
——Other package outline

B : Shrink DIL package

1—6 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS
PACKAGE OUTLINES
TYPE 20P4 20-PIN MOLDED PLASTIC DIL ‘ Dimension in mm
o 2053
F 1 3 1 ) 1t
O IJ T ITC T T CT LT T T
7.62+0.3
— AR =
4 5MAX y
4 . | [
]
0.5MIN | 3MIN | 027735 |
] N
0.5+0.1 .
2.54+0.25 R R L 7.6~10
TYPE 24P4 24-PIN MOLDED PLASTIC DIL Dimension in mm
311193
oo OdnoQaQ[n
uoutugouggygug 15.24 +0.3
5.5MAX H T )
+0.07
N | 2-8MIN ‘iﬂ,o_us
2.54 £0.25 12_3:31 15.2 <17

MITSUBISHI 1=7
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PACKAGE OUTLINES

Dimension in mm

TYPE 28P4B 28-PIN MOLDED PLASTIC DIL(LEAD PITCH 1.78mm)

+0.5
28 4’5

misinininiainininininininial

RO O

8.9+0.15

oooooOooaatuUu o

10.16+0.3
(T
5.5MAX ===
2.8MIN
_ +0.1
0.27 _gl0s
Y =005
10~ 14

Dimension in mm

TYPE 40P4 40-PIN MOLDED PLASTIC DIL

+0.5

51572

g

lnnnnﬂnnmnnnnmnnmnm’

) O ) o | :

TUUoDoUoUoDUUUoUoDoUooOgg

15.24£0.3
5.5MAX T T
L T0.1 |
2.8MIN i %25 005
2.54+0.25 0.5+0.1 15.2~17
’ T +0.3
1.2 o3
1-8 ) - MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 40P4B 40-PIN MOLDED PLASTIC DIL (LEAD PITCH 1.78mm) Dimension in mm n

+0.5

36.7_ 55

ialsisisinisininininiainluininininial

O O

13+0.15

guuououugaoauugouuud

— 15.241&1 7

== } AR W
5.5MAX 7
.07
0.5MIN | 2-8MIN >4 _—0.05

3 0.2770
|
0.5£0.1 sz |
4+0.3
—0.1
TYPE 52P4B 52-PIN MOLDED PLASTIC DIL (LEAD PITCH 1.78mm) Pimension in mm
4585753

O O

ugoudouoououoodguuodogudou

15.24 +0.3
13£0.15
\ 5.5MAX , :
:}——JL : 0.27+3- 91
0.5MIN_y2-8MIN e =0
1.778+0.25 0.1°03 | |
.778+0. . 0.5+0.1 - -
. " 15.2~17
/ - MITSUBISHI 1—9
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISHI MICROCOMPUTERS

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 LSIs for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
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 LS| data book for the
new products only. Future editions of this data book
will be applied this system. The |EC 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 IEC document are applied to timing
requirements and switéhing 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:-

TABC=DCIF et (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 D indicates the name of the signal or terminal
for which a change of state or level (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 time 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 D 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 occuring to signal
event D occuring, and it is important to note that this convention is used
for all dynamic barameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form J

The general symbol given above may -be abbreviated
when no misunderstanding is likely to arise. For example
to:

tA(B-D)
or ta)
or  ta(p) — often used for hold times
or tar — no brackets are used in this case
or ’tA

or tec—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 those 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 termmals 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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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory. Erasure ER
The letter symbols so far proposed for memory circuits Output enable G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q
Read R
3.1. Timing Requirements Row address , RA
Row address strobe RAS

The letter symbols for the timing requirements of semi-

conductor memories are as follows : Refresh . RF
Read/Write RW

Term Subscript Chip select S

Cycle time c Write (write enable) w

Ti . I be . | d Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-

rlme interval between two signal events ample CAS, should not be used. ‘

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

HO'd time h script should not end with H, K, V, X, or Z. (See clause 5)

. R 3: If the same terminal, or signal, can be used for two functions (for example
Precharging time pc Data input/output, Read/Write) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recove ry time rec should include only that part of the subscript relevant to the parameter.
Refresh time interval rf 5. SUBSCRIPTS C AND E
Setup time su : (For T . £ Si 1)

Transition time t or Transition of Signa
Pulse duration (width) w The following symbols are used to represent the level or
state of a signal :

3.2. Characteristics Transition of signal Subscript
The letter symbols for the dynamic characteristics of High logic level H
semiconductor memories are as follows : Low logic level : L

. ) Valid steady-state level (either low or high) 2
Characteristic Subscript . yn .
Unknown, changing, or ‘don‘t care’ level X
Access time a ‘High-impedance state of three-state output Z
Disable time dis L e

R The direction of transition is expressed by two letters,
Enable time en L . :

. . the direction being from the state represented by the
Propagation time . p § X

. first letter to that represented by the second letter, with
Recovery time rec the letters bei ] b
L . e letters being as given above.
Transition time t . gasg . .
L When no misunderstanding can occur, the first letter
Valid time v

may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.
All subscripts C and E should be in upper-case.

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

4. SUBSCRIPTS B AND D

(For Signal Name or Terminal Name) Subscript
The letter symbols for the signal name or the name of Examples - Full Abbreviated
the terminal are as given below. Transition from high level to
All subscripts B and D should be in upper-case. low ievel HL L
Transition from low level to
Signal or terminal Subscript high level LH H
Transition from unknown or
Address A changing state to valid state XV \%
Clock c Transition from valid state to
Column address CA unknown or changing state VX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state zv \
. Note:  Since subscripts C and E may be abbreviated, and since subscripts B and D
Da_ta mDUt/OUtPUt DQ may contain an indeterminate number of letters, it is necessary to put the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
. V, X, or Z, so as to avoid possible confusion.
MITSUBISHI ' -1
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' LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

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 F should be in upper-case.

Modes of operation Subscript

Power-down : PD

Page-mode read PGR
Page-mode write PGW
Read R

Refresh RF

Read-modify-write RMW
Read-write RW

Write w

S1—12 X MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol [Former symbol] Parameter—definition

Ci Input capacitance

Co Qutput capacitance

Ciso Input/output terminal capacitance

Ci(g) Input capacitance of clock input

f Frequency

f (¢) 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

[I-1:] Supply current from Vag

IsB(AV) Average supply current from Vgg

lee Supply current from Ve

lccav) Avarage supply current from Vce

lco( PD) Power-down supply current from Ve .

lop Supply current from Vpp

| pD(AV) Average supply current from Vpp

lgg Supply current from Vgg

lga(Av) A\{erage supply current from Vgg

1 Input current

Lin ’ High-level input current—the value of the input current when Vg is applied to the input considered

[ATH Low-level input current—the value of the input current when Vg is applied to the input considered

lon High-level output current—the value of the output current when Vg is applied to the output considered

loL Low-level output current—the value of the output current when Vg is applied to the output considered

loz Off-state (high-impedance state} output current—the current into an output having a thre&stqte capabillty with input condition so applied that
it will establish according to the product specification, the off (high-impedance) state at the output

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

lozL Off-state ihigh-impedance state) output current, with low-level voltage applied to the output

los Short-circuit output current

lss ° Supply current from Vgg

Pd Power dissipation

New Number of erase/write cycles

NRa Number of read access unrefreshed

Ri Input resistance

RL External load resistance

RorFF Off-state output resistance

Ron On-state output resistance

ta Access time—the time interval between the application of a specified input pulse dur‘ing a read cycle and the availability of valid data signal at an output

ta (A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output

ta(cas) Column address strobe access time

tace) ta(cE) Chip enable access time

ta(a) ta(oE) Output enable access time

ta (PR) Data access time after program

ta (RAS) Row address strobe access time

tacs) ta(cs) Chip select access time

tc Cycle time

tc R lc (RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle

tcrF vtC (REF) . Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell toits original fevel

terPc te(Pa) Page-mode cycle time

tcrRMw te(RMR) 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 next cycle

tew tc (WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
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SYMBOLOGY

New symbol |Former symbol Parameter—definition
td Delay time—the time between the specified reference points on two pulses
td (8) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1
td(cas-raS) Delay time, column address strobe to row address strobe
td (cas-w) |ld(casswR)| Delay time, column address strobe to write .
td (Ras-cAS) " Delay time, row addre.ss strobe to column address strobe )
td(ras-w) {ld(Ras-wRr)| Delay time, row address strobe to write ‘
tdis(r-Q) |ldis(R-pa) | Outputdisable time after read
tdis ( s) tPXZ(CS) Output disable time after chip select
tdis (w) tPxz(WR) Qutput disable time after write
toHL High-level to low-level delay time | the time interval between specified reference points on the input and on the output pulses, when the
toLH Low-level to high-level delay time output is going to the low (high) level and when the device is driven and loaded by specified networks.
ten (A-Q) tpzv(a-DQ)| Outputenable time after address
ten(r-Q) . |tPzV(R-DQ) Output enable time after read
ten(s-q) [tPzx(cs-pg) OQutput enable time after chip select
i Fall time
th Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal
tha) th(ap) Address hold time
th(a-E) th(ap-cE) Chip enable hold time after address
th(a-pr) |th(ap-pRo)| Program hold time after address
th(cas-ca) Column address hold time after column address strobe
th(cas-0) |th (cAs-pa)| Datain hold time after column address strobe
th(cas-q) |th(cas-our) | Date-outhold time after column address strobe
th (CAS-RAS) Row address strobe hold time after column address strobe
th(cas-w) |th(cas-wr) Write hold time after t;olumn address strobe
th(o) th(pa) Data-in hold time
th(p-PR) {th(DA-PRO)| Program hold time after data-in
th(e) th(ce) Chip enable hold time
th(e-p) th(ce-pa) Data-in hold time after chip enable
th(e-6) th(ce-oE) Output enable hold time after chip enable
th(r) th(rRD) Read hold time
th(rAs-cA) Column address hold time after row address strobe
th(ras-cas) Column address strobe hold time after row address strobe
th(ras-D) |th(ras-pa)| Date-in hold time after row address strobe
th(ras-w) |th (RAS-wR)| Write hold time after row address strobe
th(s) th(cs) Chip select hold time
th(w) 1h(WRj Write hold time
th(w-cas) [th(wR-cas)| Column address strobe hold time after write
th(w-b) [th(wR-pa) | Datain hold time after write
th(w-Ras) |th(wR-ras)| Row address hold time after write
tPHL 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
tPLH Low-level to high-level propagation time of stated type ¢
tr . Rise time
trec(w) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
tre c(PD) iR (PD) Power-down recovery time )
tsu ’ 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 in_put_ terminal
Tsu(a) tsu(aD) Address setup time ’ “
tsu(a-g) |tsu(ap-cg)| Chipenable setup time before address
tsuca-w) {Ysu(ap-wRr)| Writesetup time before address

tsu (ca-RAS)

Row address strobe setup time before tolumn address

1—14
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o ~ SYMBOLOGY

New symbol [Former symbol Parameter—definition .

tsu(p) tsu(pa) Datarin setup time

tsu (p-E)- |tsu (DA-CE)| Chip enable setup time before data-in

tsu(o-w) |[!su(pa-wr*| Writesetup time before data-in '
tsu(e) tsu(ce) Chip enable setup time

tsu(e-p) " |tsu(ce-P) Precharge setup time before chip enable

tsu (G-E) tsu (0E-CE)| Chip enable setup time before output enable L
tsu (P-E) tsy (P-CE) Chip enable setup time before precharge

tsu(PD) Power-down setup time

tsu(R) tsu (RD) Read setup time

tsu (R-CAS)|tsu (Ra-cAS) Column address strobe setup time before read

Tsu (ra-cas)
tsu(s)
tsu(s-w)
tsu(w)
tTTHL
tTeH
tv(a)
tvee)
tv(e)Pr
tv(a)
tv(pr)
tv(s)
tw
tw(e)
[ tw (EH)
tw(eL)
tw(pR)
tw(r)
tw(s)
twow)
tw(g)
Ta
Topr
Tstg
Ves
Vee
Vop
Vae
Vi

v]H
ViL
Vo
VoH
VoL
Vss

tsu(cs)
tsu(cs-wR)
tsu(wr)

tdv (ap)
tdv (cE)
tv (ce)PR
tv (oE)

tv(cs)

tw(cE)
twcen)
tw(ew)

tw(rD)
tw(cs)
tw(wr)

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

Low-evel- to high-leve! transition time the output is loaded by another specified network

Data valid time after address

Data valid lim/e 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 pulse width

Chip select puise width

Wrtie pulse width

Clock pulse width

Ambient temperature

Operating temperature

Storage temperature

Vgg supply voltage

Vce supply voltage

Vpp supply vottage

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 vaiue of the permitted low-state voltage at the inpqt

Output voltage

High-level output voltage—the vatue 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

Vgs supply voltage
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QUALITY ASSURANCE AND RELIABILITY. TESTING

MITSUBISHI MICROCOMPUTERS

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
%dd up to increased demand.

We at Mitsubishi foresaw this- increased demand and
organized our production facilities to meet it. We also
realized 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 equipmen‘t. 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
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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 componenfs. Reliability‘ test methods and
procedures are developed to mainly meet MIL-STD-883
and JIS C 7022 specifications. Details of typical tests used
on Mitsubishi 1Cs are shown in Table 1. )

Table 1 Typical reliability test items and conditions

Group ltem Test condition i
;'g"r‘a:?n'gpﬁ‘}?'“w Maximum operating ambien} temperature 1000h
1 O oa """ Maximum storage temperature 1000h
Humidity (steady 65°C 95%RH 500h

state) life

260°C 10s
0~100°C 15 cycles. 10min/cycle

Soldering heat
Therma! shock

Minimum to maximum storage temperature.

'Temperature cycle|
10 cycles of Th/cycle

Soldering 230°C. 5s. use rosin flux

Tension: 340g 30s
Bending stress: 2269, +30°, 3 times

3 . 20G. X, Y, Z each direction, 4 times
Vibration 100~2000Hz—4 min/cycle

15006, 0.5ms in X1, Y1 and Z1 direction. b times.
20000G. Y, drection, 1 min

Lead integrity

Shock

Constant
acceleration
e

3.2 Failure Analysis
Devices that have failed during !'eliability 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 analysus
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step Description

O Inspection of leads. plating. soldering and welding

O Inspection of materials, sealing, package and marking

1. External O Visual inspection of other items of the specifications

examination | o yse of stereo microscopes, metallurgical microscopes, X-fay
photographic equipment, fine leakage and gross leakage

testers in the examination

O Checking for open circuits. short circuits and parametric
degradation by electrical parameter measurement

g

) O Observation of characteristics by a synchroscope or a curve

2. Electrical tests .

- tracer and checking of important physical characteristics
by electrical characteristics - : ’

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 O Checking of the silicon chip surface
examination | o pr.aqument of 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
O Shicing for cross-sectional inspection

4. Chip analysis*
O Analysis of oxide film defects

O Analysis of diffusion defects

MITSUBISHI
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QUALITY ASSURANCE AND RELIABILITY TESTING

Fig. 1 Quality assurance system
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'

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the.conductance g, )’ between source and drain-to

control mobile charges m 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 MOS IC/LSIs 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
MOS 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 MOS 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 MOS 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, MOS IC/LSIs 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 maklng sure that there is no potent|a|
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1M €2 resistor. Be sure that
the grounding meets national regulations on personnel
safety.

. Current leakage from electric equipment must be

prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. ltems such as testers, curve-tracers and synchro-
scopes must be checked for current leakage before being
grounded.

. PRECAUTIONS FOR MOUNTING OF MOS

IC/LSIs

. The printed wiring lines to input and output terminals

of MOS IC/LS!s 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.

. When input/output, or input and/or output, terminals

of MOS IC/LSIs (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 MOS IC/LSI be inserted
between 'the power supply and the ground.

. A filter circuit should be inserted in the AC power

supply line to absorb surges which can frequently bg
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

éatalog while being careful to meet specifications.

. Ungrounded metal plates should not be placed near

input or output terminals of any MOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. 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

M50760-XXXP/ MS50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

DESCRIPTION
The M50760-XXXP and M50761-XXXP are single-chip 4-bit PIN CONFIGURATION (TOP VIEW) .
microcomputers fabricated using CMOS technology. They INPUT/ —
come in a 20-pin plastic molded DIL package. OUT;UT D3 “E E Voo (5V)
Differences between M50760-XXXP and M50761-XXXP. OUTPUT {04 E i :l« D; NPUT/
Name ROM capacity | RAM capacity PORT D Ds ,_E j» D1y OUTPUT
M50760-XXXP | 1024 word 48 word z =2 PORT
M50761-XXXP 512 word 32 word ’ o) CNVSS—'% 8 8 7+ 0
The details given below relate to the M50760-XXXP. : vvss [5] 3 § 16+ s SENSING INPUT
Ds—[6] % % [l xm cLock INPUT
FEATURES . PLALCIRY TR F X X 1]+ Xour GLOCK OUTPUT
® Basic machine inStructions =<+« - +eeeersrrrasieiiiii, 37 T 0 o
® Instruction execution time (1-word instruction at a ' 01 ‘_E :I‘_ RESET RESET INPUT
Clock frequency of 400KHzZ) -+ w-sssrersersserees 10us c;ﬁwa{r{ﬂ ~[3] [12] Fs} iﬁpga/T
® Memory capacity ROM - 1024 words X 8 bits PORT F L F »[: [T}, J PORTF
RAM ...................... 48 words x 4 b“s |
® Single 5V power supply : Outline 20P4
® Timer (7-bit timer) ‘
® Input/output ports (pOft F)oeeermerrennonmnnianeriniinnninn 4
® Output ports (port D) --=---+++o+ 9 (including 4 1/0 ports)
® Sensing input (port S)
APPLICATIONS
® VTRs, audio equipment and TVs
@ Air conditioners, refrigerators, rice cookers
® Remote-controlled receivers/transmitters
® Electronic toys
® Input/output circuits as sub-microcomputers
BLOCK DIAGRAM _ .
RESET INPUT JINPUT OUTPUT
RESET CNVes(OV) Xov  Xour Voo(5V) Vss(0V)
RAM ROM
(Note 2) . . (Note1) |,
48 WORDS X 4 BITS 1024 WORDS X 8 BITS
| stack reaistER(0 |
46 8
DATA | POINTER PROGRAM | COUNTER H
a . [reaisteraw)] [xc2)] v ]|, [rowe] Poce) | [controL]f®
CIRCUIT
| 4 N N 1
4 19
PORT F PORT D ~
L. ® 4)
SENSING INPUT Fo P F2 F Dy D1 D; D3 Dy Ds Dg D7 Dy
\_-—V_/ % A
INPUT/OUTPUT PORT F INPUT/OUTPUT = OUTPUT PORT D
Note 1 : The M50761-XXXP has a ROM capacity of 512 words X 8 bits. 'PORT D
2 . The M50761-XXXP has a RAM capacity of 32 words X 4 bits.
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; M50760fXXXP/ M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

'PERFORMANCE SPECIFICATIONS

¢ - Parameter Performence - -
M50760-XXXP M50761-XXXP
Number of basic instructions 37 37 .
Execution time of basic instruction (1-word instruction) | 10xs (with 400kHz clock frequency) 1048 { with 400kHz clock frequency)
Clock frequency 200kHz~400kHz 200kHz~400kHz

Memory y ROM
RAM g
F' Input 4 bits X 1 4bits X 1
Input/output ports Output 4 bits X 1 4 bits X 1
(14 pins) D | Output (input) | 1bit X 9 (input4 bits X 1) 1 bit X 9 (input4 bits X 1)
S Input 1bit X1 1bitX 1
Timer 7-bit timer 7-bit timer
Subroutine nesting 1 level 1level
Clock generator Built-in (Externally connected resistor or ceramic resonator) Built-in (Externally connected resistor or ceramic resonator)
Port D4y~D3y Output current 12mA (n-channel open drain) Output current 12mA (n-channel open drain)
Poﬁ'outpu! characteristics | Port Dg~Dj Output current 5mA (n-channel open drain) Output current 5mA (n-channel open drain)
Port F Output current 5mA (n-channel open drain) Output current 5mA (n-channel open drain)
Supply voltage 5V (typ) 5V (typ)
Device structure CMOS silicon gate CMOS silicon gate
Package 20¥pin plastic molded DIL package 20-pin plastic molded DIL package
Power dissipation (excluding ports) 2mW (typ) 2mW (typ)
PIN DESCRIPTION
Pin Name Input or output Function
Voo Supply voitage In Positive power supply pin.
Vss Ground In Ground pin.
Port F is a 4-bit output-latched input/output port. N-channel transistor open-drain circuits are featured for
Fo~F3 Input/output port F in/out the outputs. When the port F output latch is programmed to(1), the output floats (High-impedance state),
' thereby enabling use of the port for input.
Dog~D3 In/out Port D consists of 9 bits, each of which is individually latched. N-channel transistor open-drain circuits
Input/output port D are featured for the outputs. Port D ¢ —D 3 pins have a 4-bit input function and when the output latch is
D4~D3 Out programmed to(1), the output floats (high-impedance state) thereby enabling use of the port for input.
This pin has an active rising edge. When the S pin signal changes from low to high, the flag is set(1).
s Sensing input § In Not only in case that the flag is set {1}, whennever you want to, you can test it. This enables testing and
flag clearing using an instruction. You can test and clear it by using an instruction. The pin can be mod-
ified to a level active input pin with a mask option. .
Xin Clock input In These are the clock input and output pins to which an external resistor is connected for RC oscillation of
= the clock generator or a ceramic resonator is connected. When an external clock is used, connect the
Xour Clock output " Out source to Xy and leave Xoyr open.
RESET Reset input In The device is reset when a low-level singnal is applied for 2 or more machine cycles.
CNVS_S CNVgs input In This pin is connected to Vss and must have a low-level input applied to it (OV).
2—4
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MS50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

Program Memory (ROM)
This 1024-word X 8-bit mark programmable ROM can be
programmed with machine instruction codes in accordance
with the customer's specifications.

0 address(00) 15 Reset start

)
(0
)

LS

1023 address(3FF) 15

Fig.1 ROM address map

Program Counter (PC)

This counter is to specify ROM addresses and the sequ-
ence of read-out of instructions stored in the ROM. It is a
~10-bit polynomial counter.

d

Data Memory (RAM)

This 48-word X 4-bit (192-bit) RAM is used to store both
processing and control data. One RAM word consists of 4
bits with bit manipulation possible over the entire storage
area.

X 0 1 2 3
Bil

0
1

10

11

Pslpzlmlpo as a4 a3 a a A

Fig.2 Program counter configuration

Note : 10-bit configuration is also featured for the program counter in the
M50761-XXXP.

Stack Register (SK)

This is used to temporarily store the contents of the PC
while executing subroutines until the program returns to its
main routine.

Fig.3 RAM address map
Note : Y = 0~7 for the M50761-XXXP.

Data Pointer (DP)

These registers are used to designate RAM addresses and
bit positions for output port D. Register X (the 2 most signi-
ficant bits of the DP) designates the RAM file: register Y
(the 4 least significant bits) designates the digit position of
the RAM file.

4-Bit Arithmetic Logic Unit
This unit executes 4-bit arithmetic and logic operations. It
performs subtraction, addition and logical comparisons.

Register A and Carry Frag CY

Register A is a 4-bit accumulator that constitutes the basis
for arithmetic operations. The carry flag CY is used to store
carry or overflow after execution of arithmetic and logical
operations by the arithmetic unit. It may also be used as a
1-bit flag.

Register B
Register B is composed of 4 bits and can be used as a 4-
bit temporary storage register.

Timer

The timer is implemented using a 7-bit counter which, after
release of reset, starts counting and divides the machine
cycle by 100. It also sets the flag. Counting starts again af-
ter the flag has-been set.

The skip instruction (SNZT) can be used to test the flag.
Both the timer and the flag can be reset using the system
reset and reset instruction (RSTM).

MITSUBISHI ' 2-5
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MITSUBISHI MICROCOMPUTERS

'M50760-XXXP/M50761-XXXP

‘SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Input/Output Ports

(1) PortF ‘ :
This 4-bit port is controlled for output and- input by the OFA
and IAF instructions respectively. When using a bit for in-
put, that bit output latch must first be set to (1) to achieve
the high-impedance mode. '

(2) Port D

This port consists of 9 bits which can be used for both out-
put and input functions by using the SD/RD and IAD in-
structions respectively. The output section provides indi-
vidual bit latching and the contents of register Y can be
used to designate a single bit of port D for output.

D¢ ~D 3 pins have a 4-bit input function. When using the
- port for input, the D g ~D 3 output latch must first be set to
(1)to achieve the high-impedance mode.

The outputs are n-channel open-drain circuits.

(3) PortS

This is a rising edge active sensing port. The flag is set (1)
when the S pin signal changes from low to high. The skip
instruction (SNZS) may be used for flag testing, and the
flag is reset by the execution of this instruction. The flag is
also reset with system resetting.

The port can also be used as a level active input pin with a
mask option, in which case the flag (S) is ineffective.

Pin S can be tested using the skip instruction (SNZS) and
skipping occurs when the pin is in the high-level mode.

Reset

When the RESET pin is kept low for at least 2 machine cy-

cles, the reset state is enabled. After resetting,when the in-

put is driven high, the program execution will begin at

address 0.

When the reset state is enable, the following operations are

performed.

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

(2) The two flags (timer flag, sensing input flag) are reset.

(3) All output latchs of port D are set to (1) (high

impedance) .

(4) AN output latchs of port F are set to (1) (high
" impedance)

Fig.4 shows an example of the power-on resetting circuit

M50760-XXXP | Voo

RESET Vg

) :w ov:

';“ oV

Vie .
2 or more machine cycles

Flg.4 Power-on resetting circuit

Clock Generator Circuit

A clock generator circuit has been built in to allow control
of the frequency by means of an externally connected re-
sistor or ceramic resonator. In addition, an external clock
signal may be applied at the Xy pin, leaving the Xoyr pin
open. External connection of the resister or ceramic re-
sonater should be specified as a mask option.

Circuit examples are shown in Fig.5

M50760-XXXP M50760-XXXP M50760-XXXP

XIN XDUT XIN XOUT xlN >(OUT
Open
0 P
g ; External signal

External clock
input circuit

External registor -Externally connected
circuit ceramic resonator circuit

Fig.5 Clock generator circuits

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

(1) M50760-XXXP mask confirmation sheet

{2) ROM data EPROM 3 sets

Mask Options

The following mask options are available, specifiable at the

time of initial ordering. :

(1) Specify whether a resistor or ceramic resonator is to be
used for the clock generator circuit.

(2) Specify whether edge sensing or level sensing is to be
provided for port S.
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M50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

INSTRUCTION CODE TABLE

3~Dy
SRy | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 [ 1000 | 1001 | 1010 | 1017 | 1100 | 1101 | 1110 | 1111
6,
oof,fg)q, 1
Dé,~ “l o 1 2 3 4 5 6 7 8 9 A B c D E F
0
RB | LY LA | A
0000 | 0 | NOP BL TAM | IAF
0 0 0 0
RB | LY | LA | A ,
0001 | 1| — BL — | oFA
1 1 1 1
RB | LY LA | A
o010 | 2 | szc BL e
2 2 2 2
RB | LY LA | A
0011 | 3 [sNzs BL — | =
3 3 3 3
SB | LY LA | A
0100 | 4 [sNzT BL XAMI | INY
0 4 4 4
SB | LY LA | A
0101 | 5 |RST™M BL — | TBA
1 5 5 5
1 sB | Ly LA | A , .
0110 6 RC BL i TYA BM BM BM BM B B B B
2 6 6 6
sB | LY LA | A
o | 7 | sc *BL — | RAR
3 7 7 7
‘ LX | szB | LY LA | A
1000 | 8 BML — | cMA
0 0 8 8 8
Lx | szB | LY LA | A
1001 | 9 | - BML — | 1AD
1 1 9 9 9
X | szB | LY LA | A
1010 | A BML — | TAY
2 2 10 10 10
Lx | szB | LY LA | A
1011 | B BML — | TAB
3 3 1 1 1
LY LA | A
1Mo | ¢ | — | rRD BML XAM | AMC
12 12 12
‘ LY LA | A
1ot [o| — | sp BML — | =
13 13 13
LY LA | A
mo |e | — | — BML | — | SEA
, 14 14 14
LY LA | A
1im F — RT *BML — SEAM
15 15 15

Note 1 ! An instruction may cosist of one or two word but only the first word is listed.
2 © The BL and BML codes marked with an asterisk are not available with the M50761-XXXP.
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M50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS

Para- 8|8
Jimeter Instruction code 5 -g .
M — - - 2.5 Functions
Type A
of inst- ) D7 Dg Ds Dy D3 D D1 Dg 16mal notation s|g
8 TAB ot 11 1011 7B 1| 1.](A)~(B)
G558 |TBA 111 01011 75 11 (B)—=(A)
-g,.gE TAY 01 11 1010 7 A 111 | (A)—=(Y)
82| TYA 0111 0110 76 111 en«—(a)
g |LYy 0010 YVYVYY 2y 1] 1 [ (Y)—y, y=0~15
173
o
3 |Xx 0000 10 x x 08 1] 1 | (X)+=x, x=0~3
s x .
g |INy 0111 0100 7 4 11 [ (VD=(Y)+1
5 TAM 0110 0000 6 0 1.1 | (A)—(M(DP))
s
2
E | XAM 0110 1100 6 C 1|1 | (A)—(M(DP))
8e :
G 0 . .
=2 | XAMI 0110 0100 6 4 111 | (A)—(M(DP)), (Y)—(Y)+1
=2
LA n 0100 nnonon 4 n 1|1 | (A)en, n=0~15
An 0101 nononon 5 n 1|1 | (A)=(A)+n, n=0~15
w” .
& | AmMC 0111 1100 7¢ 111 [ (A)—(A)+(M(DP))+(CY)
s (CY)+carry
& |sc 0000 0111 07 111 ](cY)—
2 |RrC 00006 0110 06 111 ]|(cYy)~o
E |szc 0000 0010 0 2 111 [(ev)=0 2
T |[cMa 0111 1000 7 8 11 | (A)—(A)
RAR 0111 0111 77 11I—~I
SB | 0001 o1 ] 1 i 1| 1| (Mj(DP))+1, j=0~3
- .
5 ]
% |RB] 0001 00 j | 10 1|1 | (Mj(DP))+0, =0~3
3
. |
g SZB | 0001 10 ) | 1 g 111 | (Mi(DP))=0? j=0~3
. i )
2 SEAM o111 1111 7 F 111 | (A)=(M(DP))?
K4 - \
g |SEA N 01 11 1110 7 E 2] 2| (A)=n?
g : +
o 0100 nnnn 4 n
Ba 1 1 aga, aja;aj ag g a 111 | (PC+ag~ay
a
BL p,a 0011 0P2PPy 39 212 | (PCh)epj~py
P
0 P; ag a; ajz a; ay ay g a (PCL)‘_35~80
a
£2d
% BM a 1 0 asa; aza; aj aj i a 1 1 | (SK)+—PC, (PCy)+0
3 a (PCL)+~ajz~ay
BML p,a 00 11 1 P Py Py 3 § 2| 2| (SK)+~PC,
P
0 P; as a; a3 a; ay ag E a (PCH)+—p3~Py
a (PC)+az~a,
RT 0001 11 11 1 F 1|1 | (PC)+—(SK) -
‘.g SN2T . 0000 0100 0 4 111 | (M=12
58 ’ v After skip (T)+0
Eg | RsTM 0000 0101 05 1| 1 | Timer reset, (T)+=0
2—8 MITSUBISHI
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- M50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip conditions

Flag GY

Description of operation

Transfers contents of resister B to register A.
Transfers contents of register A to register B.
Transfers contents of register Y to register A.
Transfers contents of register A to resister Y.

Written successively |
Wiritten successively

(v)=0

Loads value of “y" into register Y.

When LY is written successively the first is executed and successive ones are skipped.

Loads value of “x” into register X.

When LX is written successively the first is executed and successive ones are skipped.

Increments contents of register Y by 1; Skips next instruction when new contents of register Y are “0”.

(v)=0

Transfers the RAM contents addressed by the active DP to register A.
Exchanges the contents of the RAM and register A.

Exchanges the contents of the RAM and register A.
The contents of register Y are incremented by 1 and when the resuit is “0”, the next instruction is skipped.

Written successively

carry =0

0/1

poy

Ao

Loads the value n in the instruction into register A. X

When LA is written successively, the first is executed and successive ones are skipped.
Adds value of n to register A. The contents of flag CY remain unchanged.

The next instruction is skipped unless any carry is produced.

Adds the contents of the RAM and flag CY to register A.

The result is stored in register A and the carry in the active flag CY.

Sets active flag CY.

Resets active flag CY.

Skips next instruction when the contents of the active flag CY are “0”.

Stores complement of register A in register A.

Rotates contents of register A and flag CY to right.

(Mj(DP))=10

Sets the jth bit of the RAM addressed by the active DP.

Resets the jth bit of the RAM addressed by the active DP.

Skips next instruction when the contents of the jth bit of the RAM addressed by active DP are “0".

(A)=(M(DP))

Skips next instruction when the contents of register A are equal to the RAM contents addressed by the active DP.

(A)=n Skips next instruction when the contents of register A are equal to the value n in the instruction.
—_ Jumps to the address indicated by (35—30 ), while PCy remains unchanged.
— Jumps to the address indicated by (p3—pg, ag—ag).
- Calls subroutine starting from the address indicated by (0,a5—a ), replaced by 0 and PC, has been replaced by (ag—a).
- Calls subroutine starting from the address indicated by (p3—p 0y a5—2ag ).
— Returns from subroutine to main routine.
(T)=1 Skips the next instruction if timer flag (T) is “1”.

Timer flag is reset when the instruction is skipped.
Resets timer and timer flag (T)

49 MITSUBISHI
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A M50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MACHINE INSTRUCTIONS

Para- ) g18
meter . Instruction code 5|9
s Mnemonic ; fé Functions
of inst- Di Dg Ds Dy D3 D2 Dy Do 16mal notation | 6 | &
ruction : zZ|=z
« | SP 0001 11 01 1D 1 (D)1
3 |RD 0001 1100 1¢C i1 | (D(y)—o
" g |AF 01 1 1 000 0" 70 111 | (A)—(F)
3% | OFA 01 11 0001 71 1] 1] (F)«(A)
E SNZs 0000 00 11 03 111 [(8)=17
3 After skipping (S)+<0
= IAD 0111 1001 709 11§ (A)~(D)
£ |nNop 0000 0000 00 1] 1| (PC)=(PC)+1
Symbol Contents Symbol Contents
A 4-bit register (accumulator) D 9-bit port
B 4-bit register F 4-bit port
X 2-bit register - Shows direction of data flow
Y 4-bit register ( ) Indicates contents of register, memory, etc.
DP 6-bit data pointer, combination of register XY XX 2-bit binary variable
PCy The high-order 4 bits of the program counter yyyy - 4-bit binary variable
PC, The low-order 6 bits of the program counter nnnn 4-bit binary constant
PC 10-bit program counter, combination of PCy, PCL ji 2-bit binary constant
SK " 10-bit stack register —
CY 1-bit carry flag aaaaad Label used to indicate address
T 1-bit timer overflow flag PPPP Label used to indicate address
S 1-bit port
Note :  When a skip has occurred, the next instruction only is ignored and the program counter is not incremented by 2. Therefore, the number of cy-
cles does not change in accordance with the exist or non: e of skip.
2—10 ‘@ MITSUBISH
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M50760-XXXP/M50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

Skip conditions

Flag CY

Description of operation

(8)=1

Sets the bit of port D that is designated by register Y.

Resets the bit of port D that is designated by register Y.

Transfers port F input to register A.

Outputs contents of register A to port F.

The next instruction is skipped when port S flag (S) is “1”. Flag (S) is reset when the Instruction is skipped.

Transfers port D¢~D 3 input to register A.

No operation.

BASIC TIMING DIAGRAM

Machine cycle Mj Mi+1
Signal Bin Nams State Ty T T2 Ty T4
Clock input Xin J l l l ___I
Port D output Dg~D3
Port D input Dyo~D3 / / /
Port F output Fo~F3
Port F input Fo~F3 /
Port S input S / W / / / /

Note 1 ; The crosshatch area indicates invalid input.

‘ MITSUBISHI
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M50760-XXXP/ MS50761-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol " Parameter Conditions . Limits Unit

Voo Supply voltage —0.3~7 v
vV, Input voltage, Xy, RESET —0.3~ Vpp+ 0.3 v
Vi Input voitage, ports F, Dg~D3, S - —0.3~11 \%
Vo Output voltage, Xour ) . —0.3~ Vpp 4+ 0.3 \
Vo - Output voitage, ports F, D .| Output transistors cut-off —0.3~11 \"
Pd Power dissipation - | Ta=25'C ) 400 mw
Topr Operating temperature —10~ 70 C
Tstg | Storage teriiperature —40~125 °C

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

Symbol | Parameter Conditions Limits Unit
Min Nom Max
Voo Supply voltage 4 6 \")
Vss Supply voltage 0 \'
Vin High-level input voltage, port.F, Dg~D3, S 0.7XVpp 10 \"
Viu High-fevel input voltage, RESET, Xin ) 0.7XVpo Voo Vv
Vio Low-level input voltage 0 0.3XVpp \")
loL(peak)] Low-lével peak output current, port Dy~D3 24 mA
low(peak)| Low-level peak output current, ports F, Do~ 3 7 10 mA
loLcavg) Low-level average output current, ports Dy ~D3 (Note 1) 12 mA
loLcavg) | Low-level average outpitt current, ports F, Dg~Dj3 (Note 1) 5 mA
| Internal clock oscillation frequency 200 ) 400 kHz
Note 1 : The low-level average output currents lo, (avg)are average values in 100ms period.
ELECTRICAL CHARACTERISTICS (7a=—10~70C, Voo = 5V£10%, = 200~400kHz)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Voo Low-level output voltage, port F, Dg~D3 lo. = 1.6mA 0.4 \
VoL Low-level output voltage, ports D4~D3 lo. = 12mA 2 \'
Iy High-level input current, ports F, Dg~D3g, S Vy=10v 10 #A
[’ High-level input current, Xoyr, RESET Vi= Voo 10 ~A
lin(g) High-level input current, Xy Vi= Voo 10 #A
e Low-level input current, F, Dg~D3, S, Xour, RESET vi=0vV —10 77,3
(o) Low-level input current, Xin vi=0V ) -—10 A
Ci Clock input capacitance =1MHz ) 7 10 pF
lop Supply current f = 400kHz 400 900 rA

2—12 : ¢ MITSUBISHI
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SINGLE-CHIP 8-BIT CMO§ MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M50740-XXXSP

DESCRIPTION

The M50740-XXXSP is a single-chip 8-bit microcomputer PIN CONFIGURATION (TOP VIEW)
fabricated using CMOS technology and housed in a 52-pin
shrink plastic molded DIL package. It is designed to suit for gz: \h:((;; (&)
controlling home electrical appliances and consumer P2, 3] 5]+ P3,
equipment with a simple instruction where the ROM and INPUT/OUTPUT p2, ~ [} @]« P3, N
RAM use the same memory area. PORT P2 | p2, «» [] 58] + P3,
) P2, + 6] > P33 INPUT/QUTPUT
FEATURES P2« 7] + p3, | PORT P3
@ Basic machine instructions +----=+=+rrrrrresreameaneiienennan, 70 P2, + 8] 45] > P3;
® Memory capacity ROM NC 3] 4]+ P3g
RAM PO, « [ig] z [43] «> P3,
@ Instruction execution time (with shortest instruction, :g:: E § g : :::’
.................................................. H
° ;t,:gf: erc)awer SUPPy +++rvvvesserrssssssernssss INPUT/QUTPUT :g‘: g 2 g ¢ ::2 :
] 3| INPUT/QUTPUT
® Low power dissipation - 15mW during operation (4MHz) P0, ++ [i3} § %]« P1, | PORT P1
® Subroutine nesting «««rerrrrrereeeeeees 48 levels (max.) TIMER INPUT/ | POy +[18] e - Pl
@ Interrupts «roeeeeeesessnnes 5 sources, 32 levels (max.) OUTRUTAN 1 POy« [36] «> P1g
® 8-bit timers:-- "INPUT CE"’ 18] [35] +~ P1, RESET
® Programmable input/output (ports PO, P1, P2, P3) INTERRURL 7 INT— — RESETour OUTRUT
N — CE CETS/ENABLE
0V) CNVgg ~ [32] - R/W
APPLICATION cese? e RESES — T
VTRs, tuners and audio equipment CLOCKINPUT X — B 50 «> Ro
CLOCK Xourr + [ <+ R, | INPUT/OUTPUT
OUTPUT { Xouts + B3] 78] «» R, TR
(0V) Vg - ﬁs
Outline 52P4B .
NC : NO CONNECTION
BLOCK DIAGRAM
reser oureut NERBUPT AESET QLO0KSLO0K SLOCK JMNS v v (v
INT RESET X Xourr  Xours ) Vss  CNVgs

RESETour
D -

| ?‘ "f'

CLOCK GENERATOR

5 —

i |

g8 \ R : ‘ ROM
ARITHMETIC s
» | 106ic ont %BYTES | I™ npEx INDEX STACK PROGRAM | _PROGRAM AL
REGISTER X(8)] | Reaisen vis) | | POINTER Si6) COUNTER PC,,(8)| COUNTER PC (6 -

T

L Ly Y d

(84 <

ACCUMUY
LATOR A(8)

s 5 >~ =
| E r I :
7
. TIMER 1 T1(8)
A A p—_
. U 4 4 4 1y b)) I DECODER
PREIZ IMER 2 T2(8) \
r P28 —I P1(8) PO(8)
LR
PRECCAVER T-rmer x Tx(s
9 ) 0.0,0,0,0.,02m¢ COC=C 000,060 - =9 - - -J
CE P37 P3s P3 P2; P25 P23 P2 Plz P1 Pl PO;
ce  Rw ) ;'36 ?’34 %’32 ‘P30 ;’25 %24 ?’22 F1’20 '7"6 5plflamﬁu 1’0:0 05’0:,0 :“’0;0 00 CNTR
CHIP - READ/  INPUT/_ INPUT/ INPUT/ INPUT/ INPUT/ TIMER
ENABLE WRITE  QUTPUT OUTPUT OUTPUT OUTPUT QUTPUT INPUT/QOUTPUT AND
OUTPUT PORT R PORT P3 PORT P2 PORT Pl PORT P0 INTERRUPT INPUT
MITSUBISHI 3-3
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PERFORMANCE SPECIFICATIONS

Parameter - Performance

Number of basic instructions 70
Execution time of basic instruction 2us (with shortest instructions, 4MHz clock frequency)
Clock frequency 4MHz
Merﬁory capacity ROM 3072 bytes

RAM 96 bytes

INT, Input 1bitX 1

' PO, P1, P2, P3 Input/output 8 bits X 4

input/output ports

R Input/output 4 bits X 1

CNTR Input/output 1bit X1
Timers 8-bit prescalers x 2 + 8-bit timers x3 -
Subroutine nesting Max. 48 level
Interrupts E I pts (2), i | timer interrupts (3)

Clock generator

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

Supply voltage During operation

5V £10%

High-speed operation

15 mW (at 4MHz clock frequency)

Power dissipation
Low-speed operation

100 W (at 20kHz clock frequency)

Input/output withstanding voltage

12V (Ports PO, P1, P2, INT, CNTR)

P 9 P

Input/output ch isti

P P " 1 Output current 10mA (Ports PO, P1, P2, P3)
Memory expansion Possible ’
Ambi i ture —10~70C

Device structure

CMOS silicon gate process

Package

52-pin shrink plastic molded DIL

PIN DESCRIPTION

Pin Name Input or output Function
z:: Supply voltage In 5V +10% supplied to Vcc, OV supplied to Vss
CNVss CNVss input In To be connected to Vss.
RESET Reset input In When this input is kept low for at least 2us, the reset state is enabled.
The clock generator circuit is built-in. For setting the oscillation frequency, either connect the external
Xin Clock input in RC circui.t to Xiv and Xouts or Xoute OF connect a ceramic or quartz resonator across )-(m and Xourts.
When using an external clock source connect the clock generator source to X, leaving Xourr and
Xouts open. For details, refer to the section on the clock generator circuit.
Internal clock generator output. An RC circuit or or quartz r tor is cof ted bety this
XouTs Clock output Out output and Xy to control the oscillation frequency. For details, refer to the section on the clock generator
circuit.
Xours Clock output out internal clock generator outpu't. An RC circuit is 'connected between this outputv and Xy to control the
oscillation frequency. For details, refer to the section on the clock generator circuit.
'3 Timing output Out Timing output
ACNTR ::::::s:;o:::r In/out Timer X input/output pin and interrupt input pin.
INT ‘Interrupt input .In Interrupt input pin.
. This 8-bit input/output port has a direction register and for each bit the port is programmed to serve for
POo~P0; | Input/output port PO in/out input or output. The input mode is established during resetting. N-channel open-drain circuits are used
for the outputs. For details, refer to the section on the input/output pins.
Plo~P1; | Input/output port P1 In/out This is an 8-bit input/output port with virtually the same functions as those of port P0.
P2¢~P2; | Input/output port P2 In/out This is an 8-bit input/output port with virtually the same functions as those.of port P0.
P3y~P3, | Input/output port P3 in/out This. is an B,-.bit input/output port with virtually the same functions as those of port P0, but p-channel
. open-drain circuits are used for the outputs.
Ro~R3 Input/output port R in/out This 4-bit input/output port is used for connection with the 170 expander.
R/W Read/write output Out Read/write signal output for I/0 expander. ’
CE | Chip enable output Out Chip enable signal output for I/O expander.
RESETour | Reset output Qut Reset signal output for I/0 expander.
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

Memory

Fig. 1 shows the memory map. The 3072-byte ROM extends
from 1400, to 1FFF,. The area from 1F00; to 1FFF,g in-
cludes special addresses, and when the special page
addressing mode is used with the JSR instruction, sub-
routines on these pages can be called with two bytes. The
area from 1FF4,¢ to 1FFF includes the reset and interrupt
vector addresses. For details, refer to the section on inter-
rupts.

The addresses from 00006 to 00FF,s are own as the zero
page and access to this page can be achieved with two
bytes by using the zero page addressing mode, which re-
duces the number of programming steps. The memories
used frequently, such as the RAM, input/output ports and
timers, are allocated to the zero page.

From 0000, to 005F,¢ is the RAM space and the size is 96
bytes. Apart from storing data, the RAM is also used as a
stack for subroutine calls or interrupts.

Decimal

r 0000

RAM
(96 bytes)

005F 5

0 7 00E 0efPort0

’ 00E 116 Data direction register of port0
4 00E 2is}Port 1
95 , 0O0E 315] Data direction register of port t

Zero page Not used

00D 0,

, 00E 4,6|Port 2
, : 00E 5:6] Data direction registef of port2

000F g 1/0 expander

’ 00E 616

timers, etc.

00E 0
1/0, { 6

00F Fig

00E 71

255 00E 8s|Port3

Not used

00E 9| Data ditecion register of port3

\ 00E Arg
\ 00E B
\ 00ECHs

\ 00E D1
00EEs

¢ 14006

1F 005

\ 00EF ¢
\ 0O0F Oy
\ 00F 1y

\ 00F 2

\ " 00F 36

ROM (3072 bytes)

Special '

\ 00F 46
\ 00F 556
\ 00F 61
\ 00F 7

\ 00F 8¢

\ 00F 9y6] Prescaler for Timer 1,2

page for
subroutine} 1FF 41

— \

call Address L/address H INT \ 00F AwsfTimer1

Address L/address H Timer2 ) 0OF Bio[Timer2 ,

Address L/address H Timer1 \  OOF Cis|Prescaler for Timer X
\ "

Address L/address H Timer X \ ~0O0FDis Timer X

Address L/address H ) \\ 00F E | Interrupt control register

CNTR
IFER Address L/address H | g191 reset vector

\ 00F Fis| Timer control register
\

Details of /0, timer address

/ Fig.1 Memory Iayoui
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MS50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

{
CPU _
Six registers, as shown in Fig. 2, are contained inside the
CPU. Each of these register is now described in turn.

Accumulator A

The accumulator is the 8-bit register and is heart of the
microcomputer. Arithmetic and logic operations, transfers
and processing of input/output and other data are per-
formed centering on this register. ' '

Index Register X

This is an 8-bit register. In the index addressing mode
where this register serves as the index register, the con-
tents of this register and the contents of the program coun-
ter is added and the result is actual address. When flag T
in the program status register is “1,” the contents of index
register X become the other operand address.

Index Register Y ,

This is also an 8-bit register. In the index addressing mode
where this register serves as the index register, the con-
tents of this register and the contents of the program coun-
ter is added and the result is actual address.

7 0
A Accumulator
7 0
X Index register X .
7 0
Y Index register Y
7 0
S Stack pointer
15 7 0
PCy PCL Program counter

Processor status register

Carry flag

Zero flag

¢ L—  — Interrupt disable flag

Decimal mode flag

Break flag

X-modified arithmetic
mode flag

-Overtlow flag

Negative flag

Fig.2 Register configuration
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Stack Pointer S

The stack pointer is an 8-bit register used for calling sub-
routines and for interrupts. When an interrupt is acknowl-
edged, the high-order contents of the program counter are
saved in the address where the low-order address are the
contents of the stack pointer and the high-order address
are “0,” the contents of the stack pointer are then de-
cremented by 1, the low-order contents of the program
counter are saved in the address where the low-order
address are the contents of the stack pointer and the high-
order address are “0,” the contents of the stack pointer are
then further decremented by 1, and the contents of the

program status register are saved in the address where the-

low-order address are the contents of the stack pointer and
the high-order address are “0.”

This operation is performed automatically when an interrupt
is acknowledged. The RTI instruction is used to return from
the interrupt routine, and when it is executed, the stack
ponnter is incremented by 1 and returned in the reverse
sequence to that described above. Since the contents of
accumulator are not saved automatically, the PHA instruc-
tion must be used for this purpose. When the PHA instruc-
tion is executed, the contents of the accumulator are saved
in the address where the low-order address are the con-
tents of the stack pointer and the high-order address are
“0,” and the contents of the stack pointer are decremented
by 1. The accumulator is returned by the PLA instruction.
When this instruction is executed, the contents of the stack
pointer are incremented by 1 and the contents of the
address where the low-order address are the stack pointer
contents and the high-order address are “0” enter the
accumulator.

Similarly, the contents of the program status register are
saved and returned by the PHP and PLP instructions re-
spectively. With a subroutine call, program counter saving
only is performed and this necessitates saving on the pro-
gram for registers which must not be destroyed. The RTS
instruction is employed to return from the subroutine.

Program Counter PC

This is a 16-bit counter consisting of PCy and PC,, both is 8
bit register. PCy, is 8 bit register, but only 5 bits are actually
used. The program counter specifies the address of the
program memory which is to be executed next.

Processor Status Register PS

This 8-bit register consists of the flags that hold the status
immediately after arithmetic and logic operations. The C, Z,
V and N flags can be tested and branched using the
branch instructions. Each bit of the register is described in
detail below.

1. Carry Flag C

The carry flag C is used to store carry or overflow after ex-
ecution of arithmetic and logic operations by the arithmetic
logic unit. It also undergoes change with the shift and rotate
instructions. It can be set or reset directly using the SEC
and CLC instructions.

2. Zero Flag Z

This flag is set when the results of data transfer or arithme-
tic and logic operations are “0” and reset when they are
not “0.”

3. Interrupt Disable Flag |

This flag disables all interrupts when its contents are
When an interrupt is acknowiedged, its contents are auto-
matically made “1.” The flag can be set or reset by the
program using the SEI and CLI instructions.

u-l ‘n

4. Decimal Mode Flag D

This flag determines whether additions and subtractions are
to be undertaken by the binary or decimal mode. The
ordinary binary mode is used when its contents are “0”,
while 1 word is processed as a 2-digit decimal number
when its contents are “1.” Decimal corrections are per-
formed automatically. The SED and CLD instructions are
used for setting and resetting.

5. Break Flag B

Operation is the same for interrupts when the BRK instruc-
tion is executed. This instruction is used for debugging
programs. The BRK instruction interrupt vector and the in-
terrupt vector of the lowest order of priority are located in
the same address. In order to discriminate whether or not

-an interrupt has occurred with the BRK instruction, the con-

tents of flag B are set to “1” when interrupted by the BRK
instruction; at all other times, the contents are set to “0”
and saved. It is possible to ascertain whether an interrupt
has occurred with BRK by mvest:gatlng the bit saved in the
interrupt routine.

6. X-modified Arithmetic Mode Flag

Arithmetic and logic operations are performed between the
accumulator and memory when the flag T contents is “0.”
When this bit is “1,” the accumulator is bypassed and op-
erations are performed directly between the memories. The
results of such operations between memory 1 and memory 2
enter memory 1. The memory 1 address is specified by the
contents of index register X; the memory 2 address is spe-
cified by the ordinary addressing mode. The SET and CLT
instructions are used for setting and resetting flag T.

MITSUBISHI ‘ 3—7
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7. Overflow Flag V

This flag is significant when in the addition and subtruction
a single word is treated as a signed binary number. It is set
when the results of an addition or subtraction exceed +127
or —128. Apart from this, the 6th bit of the memory subject
to the execution of the BIT instruction enters the overflow
flag when this instruction is executed. The CLV instruction
is used to clear the overflow flag. A setting instruction is not
provided. ' :

8. Negative Flag N .
This flag is set when the results of an arithmetic or logic
operation or of data transfer are negative (7th bit is “1”). In
addition, the 7th bit of the memory subject to the BIT in-
struction enters the negative flag when this instruction is
executed. Instructions to set and reset this flag are not pro-
vided.

Table 1 interrupt vector addresses and priority
Interrupt source Priority Vector address
RESET 1 1FFF, 1FFE
CNTR 2 1FFD, 1FFC
Timer X 3 1FFB, 1FFA
Timer 1 4 1FF9, 1FF8
Timer 2 5 1FF7, 1FF6
INT (BRK) ;6 1FF5, 1FF4

INTERRUPTS

Interrupts include the interrupt from pin CNTR, the timer X
interrupts, timer 1 interrupt, timer 2 interrupt, the interrupt
from pin INT and the interrupt based on the BRK instruc-
tion. The interrupts are vector interrupts and Table 1 shows
the vector table and priority. Resetting take the same ac-
tion as interrupt and so it is descried here.

When an interrupt is acknowledged, the registers are
saved, as described in the above section on stack pointer
S, the interrupt disable flag | is set and a jump is made to
the address indicated by the contents of the vector table.
The interrupt request bit is automatically cleared. Resetting
is not disabled by any condition. Interrupts (exclusive of
resetting) are not acknowledged when the interrupt disable
flag has been set. The interrupts from pin CNTR, timer X,
timer 1, timer 2 and INT can be controlled individually by
the interrupt control and timer control registers. This is
shown in Fig. 3. When the interrupt enable bit is “1,” when
the interrupt request bit is “1” and when the interrupt dis-
able flag | is “0,” the interrupt is acknowledged. When the
level of pins CNTR and INT change from high to low or
when the contents of timer X, timer 1 or timer 2 reach to “0,”
the corresponding interrupt request bits are set.

These bits can be reset by programming but cannot be set.
The interrupt enable bit can be set and reset by program-
ming. Whether interrupt is caused by the BRK instruction,
can be verified by checking break flag B which has been
saved, as mentioned in the section on the break flag B.

Interrupt control register (FE address)

Bit 7: CNTR interrupt request bit
Bit6: CNTR interrupt enable bit
Bit 5: Timer 1 interrupt request bit
Bit 4: Timer 1 interrupt enable bit
Bit 3: Timer 2 interrupt request bit

Bit 2: Timer 2 interrupt enable bit

Bit 1: INT interrupt request bit

Bit0: INT interrupt enable bit

Timer control register (FF address)

Interrupt
request

Interrupt disable flag |

Reset

Bit7: Timer X interrupt request bit
Bit6: Timer X interrupt enable bit
Bit5: Timer X count stop bit

Bit4: Not used

Bit 3/Bit 2: Timer X mode bits

Bit 1/Bit 0: Processor mode bits

Fig.3 Interrupt control
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Timers

There are 3 timers: timer X, timer 1 and timer 2. Timer X has
four modes which are selected by the value of the timer X
mode bits (bit 2 and bit 3) in the timer control register.
When the timer count stop bit (bit 5) is set to “1,” all four
timer X modes stop. Fig. 4 is a block diagram of timers X, 1
and 2. Timer 1 and timer 2 have a common prescaler com-
posed of 8 bits. The frequency division ratio is determined
by the prescaler contents. This ratio is 1/(n+2) when the
prescaler latch contents are made n decimally. All the tim-
ers have 8-bit timer latches. The countdown system is fea-
tured for the timers, and the timer latch contents are re-
loaded into the timer at the following cycle when the coun-
ter contents reach to “0.” -

When the timer contents reach to “0,” the interrupt request
bit (on the interrupt control register or on the timer control
register located in the FE,s or FFys address respectively)
corresponding to the timer is set to “1.” Any number except
“0” should be entered in the prescaler latch and timer
latch.

Refer to the section on interrupts for details. The four
modes of timer X are now described.

(1) Timer mode (00)
In this mode the frequency produced by dividing the
oscillation frequency by 16, is counted. When the timer
contents reach to “0,” the interrupt request bit is set to
“1,” the timer latch contents are re-loaded and the
count is continued.

(2) Pulse output mode (01)
Every time the timer contents reach to “0,” the signal
on the pin CNTR changes the polarity.

(3) Event counter mode (10)
Operation is the same as in the timer mode except for
counting the signal from pin CNTR.

|
Pulse width

4 measurment mode'
/ Event counter mode

CNTR pin

O

I Data bus I
- P
Frequency Forcibly L
Oscillator divider connected

Counter here with the IPrescaler latch (8‘)I

ITimer ;( latch (8)]

mode_ execution of the
STP instruction

7 I i ﬂ
To timer X interrupt

<
Prescaler (8) |—]  Timer X (8) request bit

Timer X count stop bit

[Toggte fip-flop |

—O
’ Pulse output mode

| Toggle flip-flop =

FF.SE___ﬂIGneset '
and STP instruction

(5th bit of FF,s address)

| Data

bus j

‘;

4

h’rescaler latch (8)]

Iﬂeﬂ latch (8) l

[Timer 2 latch (Bﬂ

</ J

To timer J

>

- 1 interrupt " i i
\____,I Prescaler(B)JT-L Timer1(8) requestp Timer2 (8) ‘:ce);:re\:trg,i;nterrupt
bit ’ I———-—l

Fig.4 Block diagram of timer X, timer 1, timer 2
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(4)

Pulse width measurment mode (11)

The frequency, produced by dividing the oscillation fre-
quency by 16, is counted only while the pin CNTR level
is low. When the counter contents reach to “0,” the in-
terrupt request bit is set to “1,” the timer latch contents
are re-loaded and the count is continued.

Fig. 5 shows the relationship between the timer control
register contents and the timer modes.

Also shown are the processor mode and other bits.
When reset or the STP instruction is executed, the tim-
er X prescaler is set in FF,g and the timer X latch is set
in 01,6. When the STP instruction is executed, the fre-
quency produced by dividing the oscillation frequency

by 16 serves as the timer X prescaler input, regardiess

of the timer X mode bit. This mode is released either
when the timer X interrupt request bit is set to “1” or

. when resetting is accomplished and resume the mode

determined by the timer X mode bit. For details on the
operation of the STP instruction, reference should be
made to the section on the oscillator circuit.

'

7 0

| I l R’ I l | Timer control register (FF,s address)

L—l——— Processor mode bits

00: Single chip mode.
01: Memory expansion mode
10: Microprocessor mode
11: Evaluation chip mode
(forcibly established when
CNVgs pin is set high)

Timer X mode bits
00: Timer mode
01: Pulse output mode
10: Event counter mode
11: Pulse width measurment mode

Timer X count stop bit
0: Count start
1: Count stop

Timer X interrupt enable bit

0: |Interrupt disable
11 Interrupt enable

Timer X interrupt request bit
0. No interrupt request
1. Interrupt request present

Fig.5 Configuration of timer control re'glster

f(g) -J.”m-r---- --mmw”w

) [EEIPE PR,

SRS I I I O I O

AESET

RESETour
»
‘SYNC | l
D AP CD D XD 6D (), o
: Reset address
Data :XZ) 2 m m E m m brought from vector table

8 clock cycle~15 clock cycle:
depends on internal state of
microcomputer when resetting
is undertaken. :

Note 1

The relationship between ¢ and f(¢) is normally f(8) = 4. ¢,
but when the address is the 1/0O expander address (D06~
DFye), itis f(¢) =8. ¢.

Note 2 : The question mark (?) indicates something which is un-

known because of the previous state.

Fig.6 Timing diagram d}uring resetting
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Reset Circuit

When a supply voltage of 5V £10% is being supplied to the,
M50740-XXXSP and the RESET pin is returned to the high
level after being kept at the low level for 2us or more, the
reset is released in accordance with the sequence shown
in Fig. 6, and the program starts from the address which is
derived from the contents of the address 1FFF,g and 1FFE,g
,high-order address is the contents of address 1FFF;5 and
low-order address is the contents of address 1FFE,s. When
resetting is accomplished, the internal state of the micro-
computer is as shown in Fig. 7.

Fig. 8 shows an example of the reset circuit.

The reset input voltage should be set to less than 0.6V at
that point when the supply voltage is passing through 4.5V.

. Address
(1) Data direction ( Ete ) 0046
register of port0
(2) Data direction ( E3w. )
register of port1
(3) Data direction ( ES4 )
register of port 2
(4) Data direction ( E9w )
register of port3 .
(5) Prescaler X ( FCy ) FFie
(6) Timer X ( FDyw )

(7) " Interrupt control register ( FE.5 ) - 0046

(8) Timer control register ( FFi ) 00,6

(9) Interrupt disable flag ( PS ).

" on the processor status
register

(100 Program counter ( PCy ) °°“'ea"(}§,‘gs‘sh?,:,:pm
contents of the
( PCL ) address 1FFEg
(1) The oscillator output is

connected to pin Xoute as
with the state established
after the FST instruction
has been executed.

B0 bl

Fig.7 Internal state of microcomputer after resetting

Power on
M50740-XXXSP -
4.5V
RESET Vee
22 2 ov

I 0.6V
. ov

[ M50740-xxxSP

Supply voltage
detection circuit

Fig.8 Example of reset circuit

Input/Output Pins
(1) Port PO

This port is an 8-bit input/output port with n-channel
open-drain outputs. As shown in thelmemory map of
Fig. 1, port PO is treated as the memory of address EQ,¢
on the zero page. Port PO has a data direction register
(address El,¢ on zero page) and programming can be
undertaken for individual bit to use the port for input or
output. The pins where the data direction register is
programmed to “1” are for output and those where the
register is programmed to “0” are for input. The data
written into the pin programmed as an output pin are
written into the port latch and supplied direct to the
output pin. When reading the data from a pin pro-
grammed as an output pin, it is not the output pin con-
tents which are read but the port latch contents. Con-
sequently, since the LED or other similar part is driven
directly, the value output previously can be read cor-
rectly even if the low-level output voltage rises. The
pin programmed as an input pin remains floating, so
external signal can be read. When data are written,
they are written into the port latch only and the pin re-
mains floating.

MITSUBISHI
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Port P1

This has the same functions as port PO.

Port P2

This has the same functions as port P0.

Port P3 .

Apart from the fact that this port has p-channel open-
drain outputs, its functions are the same as those for
port P0. Fig. 9is a block diagram of port PO~P3.

Also indicated are the output structure of port R, CNTR,

#, R/W, CE and RESETour
Port R '

‘This port is for exchanging data with the 1/0 expander.

When ¢ is high, the port address of the 1/0 expander is
sent; when it is low, data are sent to or-received from
the expander. The above data and addresses are
effective only when pin CE is low. Fig. 10 is a timing di-
agram.

CE

This pin is set low when the address becomes the 1/0
expander address {D0,s~DFg). It is used to inform the
1/0 expander that the port R address or data is effec-
tive.

R/W

This is set low while writing is being executed, and it is
used to inform the 1/0 expander that either writing or
reading is being undertaken.

¢

Normally output to this pin is a signal with a frequency
produced by dividing the clock frequency by 4. Howev-
er, when pin CE is low, an output with a frequency
which is one-eighth of the clock frequency is output.
The pin is used to provide synchronization with the 1/0
expander.

RESEToyr

When the RESET pin is set low, this pin also goes low.
When the RESET pin is set high, the pin also goes high
after between 8 and 15 clock cycles (this depends on
the internal state of the microcomputer). The RESET-
5 pin itself is used to reset the 1/0 expander.

INT

When an input which changes the level from high to
low is applied to this interrupt input pin, the INT inter-
rupt request bit (bit 1 of address FE,q) is set to “1.”
CNTR

This pin serves both as the timer X input/output pin
and as the interrupt input pin. When an input which
changes its level from high to low is applied, the CNTR
interrupt request bit (bjt 7 of address FEg) is set to “1.”
The pin serves as the external pulse input pin in the
event counter mode. In the pulse output mode a pulse
which reverses its polarity is output every time the tim-
er X contents are reach to “0.” In the. pulse width
measument mode, the pulse to be measured is sup-
plied to this pin.

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

N-channel
open-drain output

Ports PO, P1, P2

P-channel
open-drain eutput

Data bus—

Port P3

N-channel open-drain output
| Port R, CNTR

CMOS output

—£

4, R/W, CE, RESETour

Fig.9 Block diagram of port PO~P3 (single chip mode)
and output formats of port R, CNTR, R/W,
CE and RESETour

Port R__X_Address X_Data_ X X X .
GE N/

Fig.10 Timing diagram of port R
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Clock Generator Circuit

The clock generator circuit is built-in, as shown in Fig. 11.
When the STP instruction is executed, oscillation is stopped
with the internal clock ¢ in the high-level. Furthermore, FF g
is set in prescaler X and 01,5 in timer X, and the output,
one-sixteenth of the oscillator output, is forcibly connected
to the prescaler X input. This connection is released when,
as mentioned in the timer section, timer X overflows or
when resetting is accomplished. Oscillation re-starts when
an interrupt is acknowledged but the internal clock ¢
remains high until timer X: overflows. Only when timer X
overflows is the internal clock ¢ supplied. This is because
time is required for the oscillation to rise when a ceramic
resonator or similar part is employed.

When the FST instruction is executed, SWosc closes and
when the SLW instruction is executed, it opens. These in-
structions are used when RC oscillation is emploied and
the oscillation frequency is changed. SWogc is closed dur-
ing resetting.

Interrupt request

Interrupt disable flag | s Q
RESET

STP instruction — 4R

Overfiow
% % Prescaler X Timer X
SWose CE=1
% % SWy
& .
Xin Xouts  Xourr
CE=0

:D—)lntemal clock ¢
Lo s !
‘ RESET

Rp————————STP instruction

Fig.11 Block diagram of clock generator circuit
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When the address becomes the 1/0 expander address
(D0, ~ DF;g) , SW¢ is connected to the output (CE=1)
which is one-eighth of the oscillation frequency and at all
other times it is connected to the output (CE=0) which is
one-fourth of the same frequency. This is because a margin
in terms of time is given to the signal exchange with the 1/
. O expander.

M50740-XXXSP

X Xours
23 Me 25
A ———4

-

==0n’ ==Cour

I 30pF 30pF

Fig.12 Externally connected ceramic resonator circuit

M50740-XXXSP

Xin
23

External oscillator circuit

Fig.13 External clock input circuit

M50740-XXXSP

X Xoutr_ Xouts
23 24 25

Fig.14 External RC circuit

Figs. 12~14 give examples of clock generator circuits. The

clock signal is produced if a ceramic resonator (or quartz

crystal) is externally connected. Xoyurr is left open. The
capacitance and other constants depend on. the resonator

itself and the values recommended by the manufacturer in

question should be used. ' .

When the external clock source is used it should be ap-

plied to the Xy pin with pins Xours and Xoutr left open.

An inverter is required externally for RC oscillation.

3—-14.
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Addressing Modes
The M50740-XXXSP has 17 addressing modes and an ex-
tremely powerful memory access capability.
When extracting data required for arithmetic and logic op-
erations from the memory or when storing the results of
such operations in a memory using the appropriate instruc-
tions for this purpose, the memory address must be speci-
fied. Even when jumping to an address during a program,
that particular address must be specified. The specification
of the memory address is called addressing. The data re-
quired for addressing and the registers involved are now
described. The M50740-XXXSP's instructions can be classi-
fied into three kinds, as shown in Fig. 15, by the byte num-
ber in the program memory required for configuring the in-
struction: 1-byte, 2-byte and 3-byte instructions. In each
case, the first byte is known as the “operation code” which
forms the basis of the instruction. The second or third byte
is called the “operand” which affects the addressing. The
contents of index registers X and Y also effect the addres-
sing.
However many the addressing modes, there is no differ-
ence in the sense that a particular memory is specified.
What differs is whether the operand or the index register
contents or a combination of both should be used to specify
the memory or jump destination. Based on these 3 methods,
the range of variation is increased and the M50740-XXXSP's
operation is enhanced by combinations of the bit operation
instructions, jump instruction and arithmetic - instructions.
The accumulator or register is specified with a 1-byte in-
struction and so there is no operand byte, which is the part
specifying the memory.
Actual addressing modes are now described by type.

1-byte instruction 2-byte instruction 3-byte instruction Index register
— T ———— T ———
]
Opcode Opcode Opcode
[Operand T | Operand 1
— =g Operand I
et

Fig.15 Instruction byte configuration
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Name : Immediate addressing mode
Function : Operand follow immediate after
opcode.
Instructions : ADC, AND, CMP, CPX, CPY, Memory
EOR, LDA, LDX, LDY, ORA, T
~ SBC
Example : Mnemonic Machine code

-ADC #$A5 69,6 A5y

% This symbol designates the im-

mediate addressing mode. _Opoode (69:)

A—A+C+ | ASy -— Operand (A5,q)

Name . Accumulator addressing mode
Function  : Operation is performed on ac-

cumulator. :
Instructions : ASL, DEC, INC, LSR, ROL, Bit7 8it0

ROR
Example : Mnemonic Machine code l l l l l l ]

ROL A 2As¢ Carry flag Accumulator

N
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Name
Function

Instructions

Example

Name
Function

Instructions .

Example

. Mnemonic

. Mnemonic

. Zero page addressing mode
. Operation is performed on the

zero page memory {00,5~FF;)
ADC, AND, ASL, BIT, CMP,
COM, CPX, CPY, DEC, EOR,
INC, LDA, LDM, LDX, LDY,
LSR, ORA, ROL, ROR, RRF,
SBC, STA, STX, STY, TST

Machine code

ADC $02 6515 02,

. Zero page X addressing mode
: Operation is performed on the

memory which address is spe-
cified by adding the operand
and contents of index register
X.

ADD, AND, ASL, CMP, DEC,
EOR, INC, LDA, LDY, LSR,
ORA, ROL, ROR, SBC, STA,
STY

ADC $1E,X 7546 1E4g

Machine code .

A-A+C+|[ Paa ]

Memory
0046
Zero page
A~—A+C+[ Data lo— 02,:%
o o - - - oy FF“
T specification
Opcode (654)
Operand (02¢)
Memory
0015
Zero page
Data 04,6
R —
Zero page X
specification
J S o~
s -
( Contents of
index register X
Opcode (754¢)

Operand (1E;)

+ [Eﬁ,,]=

/-\_

o]
b

Ignored

MITSUBISHI
ELECTRIC
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Name
Function

. Zero page Y addressing mode
. Operation is performed on the

memory which address is spe-

cified by adding the operand Memory
and contents of index register 0046
Y.
Instructions . LDX, STX L Data ]‘_ Data E8,, €——x—— Zero
Example . Mnemonic Machine code ' . page
LDX $02,Y B64s 0246 FFg
,; ——————— L - Zero page Y
1 specification
Contents of
index register Y
Opcode (B6,g)
Operand (02,¢) + LEG,, ] = I E8,¢ l
\_‘
Name . Absolute addressing mode
Function [ Operation is performed on the
memory which address is spe- Memory
cified by first and second
operand. _ T ~—"
Instructions : ADC, AND, ASL, BIT, CMP,
CPX, CPY, DEC, EOR, INC, Opcode (6Dy)
JMP, JSR, LDA, LDX, LDY, Operand I (12;6)
LSR, ORA, ROL, ROR, SBC, OperandIl (ADyq)
STA, STX, STY
Exampie . Mnemonic Machine code
ADC $AD12 6Dy 1246 ADyg Absolute )
: i J specification
A~A+C+| Data |<€— Data AD12,, <—
/_\/
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Name
Function

Instructions :

Example

Name
Function

Instructions

-Exémple

. Mnemonic

. Mnemonic

 Absolute X addressing mode
. Operation is performed on the

memory which address is spe-
cified by adding the contents of
index register X and value indi-
cated first and second operand.
ADC, AND, ASL, CMP, DEC,
EOR, INC, LDA, LDY, LSR,
ORA, ROL, ROR, SBC, STA

Machine code
ADC $AD12X 7D;g 1246 ADyg

. Absolute Y addressing mode
. Operation is performed on the

memory which address is spe-
cified by adding the contents of
index register Y and value indi-
cated first and second operand.

:ADC, AND, CMP, EOR, LDA,

LDX, ORA, SBC, STA
Machine code
ADC $AD12,Y 79,5 12,5 ADyg

A-A+C+ -

A-A+c+<——

Memory

N

Opcode (7Dyg)

Operand I (12,¢)

OperandIl (ADyq)

AN

W

Data

Memory

—

Opcode (7946)

Operand 1 (1246)

OperandIl (ADqg)

W
0

Data

Contents of
index register X

Absolute X
specification

AE00,; €—————

Contents of
index register Y

bl )

Absolute Y
specification

AE00;; €——

MITSUBISHI
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Name . Implied addressing mode
Function ! Implied addressing mode need
no operand.
Instructions : BRK, CLC, CLD, CLI, CLT, c
CLV, DEX, DEY, FST, INX, INY,
NOP, PHA, PHP, PLA, PLP, PS : ?
RTI, RTS, SEC, SED, SEI, SET,
. SLW, STP, TAX, TSX, TAY,
TXA, TYA
Example : Mnemonic . Machine code
CLC 184 ' '
PS 0
Carry flag reset
Name . Relative addressing mode Jumps to — 12 address when Proceed to next address when
Function  : Jumps to address which is pro- carry flag(c) is cleared. carry flag(c) is set.
duced by adding the contents
of program counter and the
contents of operand. Memory Memory
Instructions : BCC, BCS, BEQ, BMI, BNE, e ——— T —]
BPL, BRA, BVC, BVS
. . Address to be
Example : Mnemonic Machine code executed nextf *—12
BCC *—12 9018 F41e ’ Opcode (9013)
Operand (F4,q)
Address to be *
executed next.|
Opcode (904)
Operand (Fdq)
* ~
N i
3—20 MITSUBISHI
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Name
Function

Instructions :

Example

Name
Function

Instructions :

Exarhple

. Mnemonic

+ Mnemonic

. Indirect X addressing mode
. Operation is performed on the

memory at address indicated
by contents of consecutive 2
byte memory which first
address is formed by adding
operand and contents of index
register X.

ADC, AND, CMP, EOR, LDA,
ORA, SBC, STA

Machine code
ADC ($1E,X) 61, 1Eg

¢ Indirect Y addressing mode -
. Operation is performed on the

memory addressed by adding
the contents of index register Y
and contents of consecutive 2
byte zero page memory which
first address is specified by
operand.

ADC, AND, CMP, EOR, LDA,
ORA, SBC, STA

Machine code
ADC ($1E),Y 714 1E¢

Memory

uoneoyoads oInjosqy

Opcode (614¢)

Datal (00‘3) 04,¢ )
Datall (14,¢) 05,6
~ |+ Zero page X
. ‘FFyq indirect
e o - - - - -

Zero page

specification

Contents of
index register X

Operand (1Eqg)

A

;'f T'

A'-A+C+l Dataj<—

Data

In this example, 00, as data I and 14,5 as data II have been

—_

stored beforehand.

IH-I ]
!

Ignore

140046

Zero page

Zero page
indirect
specification

Memory
oo‘lG
1E.
Data I (0110) e
Datall (124¢)
1F¢
FFy¢

L .
[~ r

i

Opcode (714¢)
Operand (1E,q)

1201, |+| E6y¢ H 1257,,]

Contents of
index register Y

Absolute Y specification

A+—A+C+ | Data |e Data 12€7,y €——r--—I
In this example, 00,6 as data I and 12,¢ as Data II have been
stored beforehand.
MITSUBISHI
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Name . Indirect absolute addressing
mode
Function : Specifies consecutive 2-byte Memory

memories by contents of first /‘\’

and second operand and jumps
to address indicated by con-

Opcode (FC13)

tents of these memories.
Instructions : JMP, JSR Operand I (0046)
Example . Mnemonic Machine code OperandIl (14,6 Jump

JMP $1400 6C16 0046 144¢
Indirect
specification

Datal (FFye) 1406, }

Datall (1Eyg)
Absolute
specification

Address to be 1EFFyq

wq

In this example, FF.c as data I and 1E,¢ as data II have been
stored beforehand.

Name . Zero page indirect absolute
addressing mode
Function ' Specifies consecutive 2-byte

. Memory
memories in zero page area by 00,¢
operand contents and jumps to )
adddress indicated by contents me—r— 05,6
of these memories. ata hid SN
Instructions : JMP, JSR , Datall (1E:e) 06,6
Example . Mnemonic Machine code
JMP $05 B2, 056 000l b e
Zero page - L
indirect T
specification Absolute
spec;ﬂcatnon
Opcode (B24g)
Operand (05g)
*
Jump
Address to be
executed next| 1EFF;y w—u-—J
/\—
In this example, FF;g as data ] and 1E,g as data Il have been
stored beforehand.
3~22 .4 MITSUBISHI
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Name . Special page addressing mode
Function :Jumps to address in special
page area. 8 high-order

address and 8 low-order Memory
address of jump distination is T ——
1F6 and contents of operand
respectively. Opcode (22,4)
Instruction : JSR ‘ Operand (E0zg)
Example . Mnemonic Machine code
JSR ¥$1FE0 22,4 EOy¢ *
] Special page
*This symbol denotes special T T specification
page mode.
—————————— 1F00,¢
Address to b P—
ress gxe?:uted next 1FEDss
1FFF¢
Name :Zero page bit addressing
mode
Function ' Operation is performed on the Memory
bit specified by 3 high-order 0046
bits of opcode, memory ‘
address containing this bit is B';5 0
specified by operand. [’] 1
Instructions . CLB, SEB
Example  : Mnemonic Machine code : _______ { FFe
CLB 5,504 BFy¢ 04,4 7 -
Zero page
specification Bit
specification Opcode
101 ] 10011
Operand. (044¢)
Bit5
] 0] 0446
MITSUBISHI . 3—23

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Name . Accumulator bit addressing
mode
Function  : Specifies bit in.accumulator by ‘
3 high-order bits of opcode. BitS
Instructions : CLB, SEB Acoumuiator | 2] ]
Example . Mnemonic Machine code " '
CLB 5,A BB, omory
O —
Bit
specification Opcode
101 [ 11111
Name . Zero page bit addressing
mode
Function . Operation is performed on the
bit specified by 3 high-order When accumulator bit5 is When accumulator bit 5 is set
bits of opcode, memory cleared
address containing this bit is Bit5 Bit5-

specified by operand.  nccumor T acoumunr I

Instructions : CLB, SEB
Example  : Mnemonic Machine code Jump to * —12 address Advance to *address

CLB 5,%04 BFyg 044 Memory Memory
/\ e ——

Bit

specification Opcode
A ss to be -

ddre executed next | * 12 * *

101 ] 10111
Operand (Fd,q)

. Address to be -
Bit executed nest

specification Opcode
¥ N
101 | 10111

Operand (Fd,q)

Jump

-2 MITSUBISHI
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Name . Zero page bit relative address- Jump to * — 12 address when Advance to * address when 04¢
ing mode 04,6 address bit 5 is cleared. address bit 5 is set.
Function  : Operation is performed on the
bit specified by 3 high-order Memory Memory
bits of opcode, memory 0046 00,6
address containing this bit is Bit5 Bit5
specified by first operand and, I 0 I 0445 » Zero page —mmi Jil 04,¢
depending on the state of this
special bit, jumps to the ; L FFie FFye
address indicated by the value § se=s=s=="=21 J" T T &= j
produced by adding the é T T f:;gigca;fon TBit T
second operand contents to the ¢ [iddressobs .12 specification  Opcode
contents of the program ° executed next
counter. g 101 | 11011
Instructions . BBC, BBS g L Operand (04,g)
Example . Mnemonic Machine code Nt Operand (Fa,5)
" BBCS5$04,—12 B74s 046 Fds specification * Opcode Address to be
* v executed next} *
101 10011 s
Operand (04,¢)
' Operand (Fd,¢)
*
m
Documentation Required for Orderin Programming Precautions -
a Custom Mask ' (1) The frequency division ratio of the timers and prescal-
The following information should be provided when order- ers is not 1/(n+1) but 1/(n+2).
ing a custom mask: (2) Select any numerical value except 0 for the set values
(1)  M50740-XXXSP mask confirmation sheet of the timers and prescalers.

(2) ROM data EPROM 3 sets (3) Even when the BBC or BBS instruction is executed im-
’ mediately after the contents of the interrupt request bit
has been changed by the program, the execution is
still valid for the contents prior to the change. This
means that for execution keyed to the contents subse-
quent to the change, the instruction should be ex-
ecuted after one of more instructions.
(4) Data should be read from the timers and prescalers
while there is no change in the prescaler input.
(5) The decimal mode flag D is set to “1” and the ADC or
SBC instruction is executed with decimal arithmetic
and logic operations. In this case, the SEC or CLC in-
struction should be executed after one or more instruc-
tions from the ADC or SBC instruction.

MITSUBISHI 3—25
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MACHINE INSTRUCTIONS

Addressing mode
Symbol Function Detalls IMP IMM - A BIT,A ZP BIT,ZP
OP| n |# |OP(n [# (OP/ n # (OP n (# (OP| n # |OP n |
ADC When T=0 Adds the carry, accumulator and memory con- 69| 2 65(3|2
(Note 1) | A~A+M+C tents. The results are entered into the accumu-
lator. : :
When T=1 Adds the contents of the memory in the address in-
M (X) M (X)+M-+C | dicated by index register X, the contents of the
memory specified by the addressing modes in the
columns on the right, and the contents of the carry.
The results are entered into the memory at the
address indicated by index register X.
AND When T=0 “AND-s” the accumulator and memory con- 29| 2 25|32
(Note 1) | A~AAM tents. The results are entered into the accumu-
lator.
When T=1 “AND-s” the contents of the memory of the address
M(X) ~M(X) AM indicated by index register X and the contents of the
memory specified by the addressing modes in the
columns on the right. The results are entered into the
memory at the address indicated by index register X.
ASL 7 O 1-bit shifts the contents of accumulator or con- 0A| 2 |1 06|52
c—[__J+0 tents of memory to the left. “0” enters Oth bit of
memory or accumulator and the contents of the
7th bit enter carry flag.
BBC Ap or Mp=0? Branches when the contents of the bit specified 13 a2 17 5|3
(Note 4) . in the accumulator or memory are “0". 3. gi
BBS Ap or Mp=17? Branches when the contents of the bit specified 03 412 (17 53
(Note 4)° in the accumulator or memory are “1”. 5i 2i
BCC c=0? Branches when the contents of carry flag are
(Note 4) “0".
BCS c=17? Branches when the contents of carry flag are
(Note 4) “”,
BEQ Z=17 Branches when the contents of zero flag are T
(Note 4) “”, )
BIT AAM “AND-s” the contents of accumulator and mem- 24(3 |2
ory. The results are not entered anywhere.
BMI N=1? Branches when the contents of negative flag
(Note 4) are “17.
BNE Z=07? Branches when the contents of zero flag are
(Note 4) “0".
BPL N=07?" Branches when the tents of negative flag
(Note 4) are “0”.
BRA PC+—PC=offset Jumps to address where offset has been added
. 1o the prograni counter.
BRK B+—1 Executes software interrupt. 00| 7
M(S) +PCy )
S+8—1
M(S)+—PC_
S+8—1
M(s)+PS
S+s—1
PCL+—AD_
PCy+—ADy ~
3—26 MITSUBISHI
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Addressing mode Processor status register
ZP, X ZPY ABS ABS,X | ABS)Y IND ZP,IND' | IND,X IND,Y REL SP 7{6{51413)2i110
OP| n OP| n | # [OP| n OP| n | # |OP #10PIn|#|OP|n|H#H|OP n|#|OPin|H#[OP n #|OP|n|H#|[N|V|T|B|D|I|Z{C
75] 4 6D| 4 7D| 5| 3|79 3 61(6|2|71|6|2 ) Ni{V|felelelelZ|C
354 2D| 4 3D( 5 | 3 [39 3 2116|2316 |2 Njeo|fefeoloje]Z]|e
16| 6 OE| 6 1E| 7|3 Nje|lefele]|eiZIC
90l 22 e|o|e|e|ale|e]e
BOl 2|2 efo]|e|e|eale|e]e
Fol2]2 eiof|e|e|le|le|ele
2C| 4 M7Mg| ® | e | |*|Z]~
30{2]2 el efoele|ejo]e]e
DOl 2 2 . . . . . . . .
10|22 elefe|e|e|ofe]e
80| 4| 2 e[efe]elele|e]e
eflele|1]e|1|e]e
MITSUBISHI =2
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Addressing mode
Symbol Function Detalls IMP IMM A BIT.A ZP BIT,ZP
OP| n|#|OP|n|#|OP| n|# OP| n|#|OP| n|#|OP| n|#
BVC v=0? Branches when the contents of overflow flag
(Note 4) are “0.”
BVS v=1? Branches ‘when the contents of overflow flag
(Note 4) are “1” i
cLB Ap or Mp+—0 Clears the contents of the bit specified in the 1B| 2|1 1F|5 (2
accumulator or memory'to “0.” f é.—i
CcLC C+0 Clears the contents of the carry flag to “0.” 18(2 (1
CLD D+0 Clears the contents of decimal mode flag to |D8 2 | 1
wn
CLl 10 Clears the contents of interrupt disable flag to 58| 2 | 1
“n
CLT T<0 Clears the contents of X-modified arithmetic (12| 2 | 1
mode flag to “0.”
CcLv V+—0 Clears the contents overflow flag to “0.” B8 2|1
CMP When T=0 Compares the contents of accumulator and C9| 2|2 C5( 3|2
(Note 3) | A—M memory.
When T=1 Compares the contents of the memory speci-
M(X)—M fied by addressing modes in the columns on
the right with the contents of the address indi-
cated by index register X.
cOoM M+—M Formes one's complement of contents of mem- ' 44|52
ory, and store it into memory.
CcPX X—Mm Compares the contents of index register X and EO[ 2|2 E4/3(2
memory.
CPY Y—M Compares the contents of index register Y and CO| 2|2 C4/ 3|2
memory.
DEC A—A—1 or Decrements the contents of accumulator or 1Al 2 |1 C6| 5 | 2
M+—M-—1 memory by 1. :
DEX X+X—1 Decrements the contents of index register X by [CA| 2 | 1
1.
DEY Y—=Y—1 Decrements the contents of index register Y by (88| 2 | 1
1.
EOR When T=0 “Exclusive-ORs” the contents of accumulator 49122 451312
(Note 1) | A—A¥M and memory. The results are stored into the
X accumulator.
When T=1 “Exclusive-ORs” the contents of the memory
M(X) —~M(X)¥M specified by the addressing modes in the col-
umns on the right and the contents of the mem-
ory at the address indicated by index register
X. The results are stored into the memory at the
address indicated by index register X.
FST Connects oscillator output to Xoyre. | E2{2 |1
INC A—A+1 or Increments the contents of accumulator or 3A|2(1 E6| 5|2
M+—M-+1 memory by 1.
INX X+=X+1 Increments the contents of index register X by |[E8| 2 | 1
1.
INY Y—=Y+1 Increments the contents of index register Y by {C8| 2 | 1
1. :
3—28 MITSUBISHI
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Addressing mode Processor status register
ZP,X ZPY ABS ABS,X | ABS,Y IND ZP,IND | IND,X IND,Y REL SP 7/6(54 (3 2(1(0
OP| n | #|OP| n |#|OP| n|#|OP| n |# |OP| n [#[OP| n | #|OP| n |#|OPIn |#|OP n|# |OP|n|#[OP/n |[#|N|V|T|B|D|1 Z|C
50(2}2 eloefelololeiele
70/ 212 e e|ealefe]|ealele
elofejele]|e]|e]0
e|elolefO]ele]e
e || e e | e |[Q]e]|e
e|lo|Oe|e|e]e]e
elQ[o|e|[e]e]e]e
D5/ 4|2 CD(4 (3 (DD|5 3|D9(5|3 C1)6|2|D1/6 |2 Njelels|=|elZ]|C
N|o|le|eo|e]e|Z]e
Ecl 4|3 N|leleoloele|e]|z]C
cCl'4 |3 Njs|[e]]|*|Z|C
D6| 6 | 2 CE| 6 |3 |DE| 7|3 N|e|ofe|ole|Z]e
Nle|le|eo|[ele]|Z!le
Nie|elo|oalelz]e
55|42 4D| 4|3 |5D| 53|59/ 5(3 41625162 Njefeo|eo|elelZ]
F6(6 |2 EE(6 |3 [FE| 7|3 N|e : elelelZzle
"V INje|e|eleje]|Z]e
Nle|e|oe]e|e|Z]e
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Addressing mode
Symbol Function Details IMP IMM A BIT,A ZP BIT,ZP
OP[n #|OP| n|#|OP| n|#|OP n|#|0P|n|# 0P| n|#
JMP If addressing mode is ABS Jumps to new address.
PCL+—AD_"
PCnw+ADy
\f addressing mode is IND
PC.+ (ADy, AD,)
PCn+(ADy, AD +1) |
If addressing mode Is ZP, IND
PC_+ (00, AD,)
PCu+ (00, AD 1)
JSR M(S)+—PCy After storing contents of program counter in
S+—8—1 stack, and jumps to new address.
M(8) +-PC, ) ’
§+-S—1
After executing the above,
if addressing mode is ABS,
PC_+—AD_
PCH‘_ADH
If addressing mode is SP,
PCL+AD_ .
PCy+—FF
If addressing mode Is ZP, IND,
PC_+ (00, AD,)
PCy+ (00, AD 1)
LDA When T=0 . Load accumulator with contents of memory. A9l 2|2 A5( 3|2
(Note 2) | A—M
When T=1 Load memory indicated by index register X with
M(X)+—M contents of memory specified by addressing
mode shown in right column.
LDM M+—IMM Load memory with immediate value. 3C| 413
LDX X+—M Load index register X with contents of memory. A2( 2|2 A6 3|2
LDY Y+—M Load index register Y with contents of memory. A0l 2.2 A4 3|2
LSR 7 0 Shift the contents of accumulator or memory to 4A( 2 | 1 46/ 5| 2
o—~J—c the right by one bit. -
Oth bit of accumulator or memory is stored in
carry, 7th bit is cleared.
NOP PC+PC+1 No operation. EA| 2|1
ORA When T=0 Produce the logical OR of the contents of mem- 09|22 0532
(Note 1) | A—AVM ory and accumulator. The result is stored in
accumulator. .
When T=1 produce the logical OR of contents of memory
M(X) M (X)VM indicated by index register X and contents of
memory specified by addressing mode shown
in right column. The result is stored in memory
"of address specified by index register X.
4
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Addressing mode Processor status register

ZP.X ZPY ABS -| ABS,X | ABS)Y IND ZP,IND | IND,X IND,Y REL sSP 7|6 5/4|13|2|1]|0

0P n OP n|#|OP/ n|#|OP|n|# [OP| n (#|OP| n |#|OP n|#[OP|n |(#|OP/ n |#|OP|n|#(OPjn #|N|V|T|B|D|I|Z|C

4C| 3|3 6C|53|B2[4]|2 B EREEES RN N RN R

20/6|3 02]7]2 22(5 |2 ||| ]~"

B5| 4 AD| 4 |3|BD|5|3[B9|5 |3 All6(2[B1]6 |2 ’ TIIN{ el elolele]z]e

B6| 4 AE| 4 |3 BE[5 |3 Nis|e|e|e|elz]|e

B4| 4 AC| 4|3 [BC{5|3 Nfe|eo]e|[e]|e|z]e

56| 6 4E| 6 | 3 |5E| 7 | 3 Ole|ele]elsizlC

15| 4 OD! 4 |3|1D{5|3|19|5|3 or|6(2(116]|2 ’:_N_--o,,- e|Z) -
L3
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ELECTRIC

Addressing mode
Symbol Function Details IMP iMM A BIT,A P BIT,ZP
. OP{n [#[OP| n |# |OP| n |# |OP| n |# [OP| n | # |OP| n | #
PHA M(S) <A Saves the contents of the accumulator in the memory |48 1
§+8S—1 at the address indicated by the stack pointer and |.
] decrements the contents of stack pointer by 1.
PHP M(S)—PS: Saves the contents of processor status register |08 1
S+8—1 in the memory at the address indicated by the
stack pointer and decrements the contents of
stack pointer by 1.
PLA S+S-+1 Increments the contents of stack pointer by 1 and |68 1
A—M(S) pulls from the memory at the address indicated by
the stack poainter, and store it in accumulator.
PLP S+S+1 Increments the contents of stack pointer by 1 |28 1
PS+—M(S) and pulls from the memory at the address indi-
cated by the stack pointer, and store it in pro-
cessor status register.
ROL 70 Connects the carry flag and the accumulator or 2A| 2|1 26|5(2
|‘__|::}‘—’_‘| memory and rotates the contents to the left by 1
bit. '
ROR 70 Connects the carry flag and the accumulator or 6A| 2| 1 66|52
' E"(:j memory and rotates the contents to the right by
1 bit.
RRF 70 Rotates the contents of memory to the right by 4 82|82
i bits.
RTI S+—8s+1 Returns from the interrupt routine to the main |40| 6 | 1
PS+—M(S) routine.
S+—s+1
PCL—M(S)
S+S+1
PCy+—M (s)
RTS S+—S+1 Returns from the subroutine to the main routine. |60 1
PC_+M(S)
S+~8+1
PC+—M(S)
sSBC When T=0 Subtracts the contents of memory and carry flag E9| 2 E5(3 2
| (Note 1) | A~A—M—C from the contents of accumulator. The results
are stored into the accumulator. o
When T=1 Subtracts contents of carry flag and contents of
M(X) <M (X) —M—C | the memory indicated by the addressing modes
shown in the columns on the right from the
memory at the address indicated by index reg-
ister X. The results are stored into.the memory
of the address indicated by index register X.
SEB Ap or Mp+1 Sets the specified bit contents of accumulator Q'_B 2|1 Qf 512
or memory to “1.” 2i 2i
SEC C+1 Sets the contents of carry flag to “1.” 38 1 :
SED D+1 Sets the contents of decimal mode flag to “1.” |F8 1
SEI I+—1 Sets the contents of interrupt disable flag to |78 1
“n
SET T+1 Sets the contents of X-modified arithmetic |32 1
) mode flag to-“1.”
sSLw Releases the connection between the oscillator [C2| 2 | 1
output and pin Xoyre.
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Addressing mode Processor status register

ZP,X ZP,Y. ABS ABS,X | ABS)Y IND ZP,IND | IND,X IND,Y REL SP 71615431210

OP| n|$# |OP| n|# [OP| n |#|OP\ n |#|OP| n | # |OP| n |# |OP| n | # [OP| n |#|OP| n |#|OP|n |#|OP{n|# N |V |T|B|D| I |Z|C

e | e |o|o|e|e]|e]|e

(Value saved in stack)

(Value saved in stack)

MITSUBISHI 3-3%
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

. Addressing mode
Symbot Function Details IMP MM A BIT,A ZP BIT,ZP
OP| n OP| n [# [OP| n | [OP| n | # |OP| n | # [OP| n | #
STA M+A - Stores the contents of accumulator in the ) 854 |2
. memory. ’

STP Stops the oscillation of the oscillator. 42| 2

STX M+—X Stores the contents of index register X in the 8642
memory.

STY MY Stores the contents of index register Y in the 84142
memory. .

TAX X+—A Transfers the contents of accumulator to index |AA| 2
register X.

TAY YA Transfers the contents of accumulator to index [A8| 2
register Y.

TST M=0? Tests whether the contents of memory are “0” 64|32
or not.

TSX XS Transfers the contents of stack pointer to index [BA| 2

. register X. :

TXA A+~X Transters the contents of index register X to the |8A| 2’

X accumulator.

XS S+X Transfers the contents of index register X to the [9A| 2
stack pointer.

TYA A=Y Transfers the contents of index register Y to the (98| 2
accumulator.

Note 1 : The number of cycles “n” is added by 3when Tis 1. 3 ! The number of cycles “n” is added by 1 when Tis 1.

2 I The number of cycles “n” is added by 2when T is 1.

4 © The number of cycles “n

is added by 2 when branching has occurred.

Symbol Contents Symbol Contents

iMP Implied,addressing mode + Addition
IMM Immediate addreséing mode - Subtraction
A Accumulator or accumulator addressing mode A AND

v OR
BIT, A Accumulator bit relative addressing mode L3 Exclusive-OR

— Negation
zP Zero page addressing mode -— Shows direction of data flow
BIT, ZP Zero page bit relative addressing mode X Index register X

Y Index register Y
ZP, X Zero page X addressing mode ) Stack pointer
ZP, Y Zero page Y addressing mode PC Program counter
ABS Absolute addressing mode PS Processor status register
ABS, X Absolute X addressing mode PCy 8 high-order bits of program counter
ABS, Y Absolute Y addressing mode PC_ 8 low-order bits of program counter
IND Indirect absolute addressing mode ADy 8 high-order bits of address

. AD_ . 8 low-order bits of address
ZP, IND Zero page indirect absolute addressing mode (ADy, AD) Contents of memory at address indicated by ADy and
- , ADy, in ADy, is 8 high-order bits and AD, is low-order bits.
IND, X Indirect X addressing mode (00, AD,) Contents of address indicated by zero page AD,
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL ' Relative addressing mode M Memory specified by address ‘ designation of any
sp Special page addressing mode addressing mode .
(o] Carry flag M (X) Memory of address indicated by contents of index
z Zero flag register X
| Interrupt disable flag M (S) Memory of address indicated by contents of stack pointer
D Decimal mode flag Ab 1 bit of accumutator ‘
B Break flag Mp 1 bit of memory
T X-modified arithmetic mode flag oP Opcode
\" Overfiow flag n Number of cycles
N Negative flag # Number of bytes
3-34 ¢ MITSUBISHI \
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Addressing mode Processor status register

ZP.X ZPY ABS ABS,X | ABS)Y IND ZP,IND | IND,X IND,Y REL SP 7/6/51413;2|110
OP/ n |#[OP| n|# (OP/n |#|OP| n|#|OP| n [# (0P| n|{#|OP| n |#|OP|n |#[OP|n | |OP|n|#|OP/n|# N|V|T(B|D|I |Z|C
95|52 8D|5|3|9D|6|3(|99|6|3 81{7|2({9(7}|2 L I R A I L
96|5| 21853 efef[efe]|e|e|e]e

94|52 8C| 5|3 cfefe]e]|e]e]f]|"

. 4 MITSUBISHI ‘ 3—35
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRIC

Dy~Do | 0000 | 0001 | 0010 | 0011 [ 0100 | 0101 | 0110 | 0117 | 1000 | 1001 | 1010 | 1011 | 1100 | 1100 | 1110 | 1111
D/~Ds 8 9: | A B c D E F
ASL | sEB ;
0000 PHP -
A | 0A
DEC | CLB f
0001 oLc - :
A _|0A 0.zP
ROL | SEB
0010 PLP
A | 1A
INC | CLB clB.
0om SEC o
A | 1A 120
LSR | SEB ‘
0100 PHA
A | 2A
ciB oLB
o101 cul - - e
2,A 2,28
ROR | SEB
0110 PLA
A | 3A
cLe
o SEl - -
3,A
SEB ¢
1000 DEY TXA .
4A 4
cLB L
1001 TYA XS - -
4A 4
SEB
1010 TAY TAX :
5 A
cLs
101 cLv TSX
5 A
SEB
1100 INY DEX
. 6 A
‘cLB
10 cLp - - -
6, A s
SEB ‘
1110 INX NoP
7.A
cLs
m SED -
7.A
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.3~7 \"
v, Input voltage, Ro~Ra, CNVgs, RESET, Xy —0.3~7 v
Vi Input voltage, P3p~P3; —3.0~Vgc+0. 3 \%

Input voltage, INT POg~P07, P1o~P1,
v, nput vollage o Flom —0.3~13 v

P2o~P2;, CNTR .
With respect to VSS;

Vo Output voltage, Ro~R3 . —0.3~7 v

Output voltage, Plo~P3, X x 3 output transistors cut-off
Vo P » P307=P37. Xourr, Xours, ¢, —0.3~Vgo+0.3 v

R/W, CE, RESETour

Output voltage, POg~P07, P1o~Pl7, P2y~P2 :

Vo utput voltage, Fg 7, Plg 7. P2y 7 20.3~13 v
CNTR
Pdq Power dissipation Ta=25C 1000 mw
Topr Operating temperature —10~70 jel
Tstg Storage temperature —40~125 C
RECOMMENDED OPERATING CONDITIONS (Ta= —10~70C, Vo = 5V£10%, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min Typ Max

Vo Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 v

High-level input voitage, POg~P0;, P1g~P17,
V : 0.8V, V. v

" P2y~P27, P3g~P3;, Ry~Ry, CNVss ce e

Viu High-level input voitage, CNTR, INT 0.8Vee Voo \
Vin High-level input voltage, RESET 0. 48Vcd Vece \"
Vi High-level input voltage, Xy 0.8Vee Vce \%
Low-level input voltage, POp~ P07, P1o~P1
Vi pul vollage, Mo Flo~Flr 0 0.2Vee| V
P2g~P2;, P3p~P3;, Ro~R3, CNVsg
Vi ‘Low-level input voltage, CNTR, INT 0 0.2Vge v .
Vie Low-level input voltage, RESET 0 0. 12V v
Vo Low-level input voltage, Xy 0 0.2Vee| -V
f(g) Internal clock oscillation frequency 4 MHz
Note 1 : A high-level input voltage for ports PO, P1, P2, CNTR and INT of up to +12V may be supplied.
ELECTRICAL CHARACTERISTICS (Ve =5V£10%, Vss = OV, f(5) = 4MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
| : Ve =5V, Ta=25C
Von High-level output voitage, P3p~P3; « a 3 v
lon = —10mA
[ Vec =5V, Ta=25C
Von High-level output voltage, ¢, R/W, CE, RESETour e a 3 v
lon = —2.5mA .
v Low-level output voltage, POo~ P07, P1g~Pl7, P2g~P2; | Voc =5V, Ta=25T 2 v
o Ro~Ra, CNTR lo. = 10mA
i, Voo =5V, Ta=25¢C
VoL Low-level output voltage, ¢, R/W, CE, RESETour ee a 2 v
. loL = 5mA
Vr+—Vr_ | Hysteresis, CNTR, INT Voo =5V, Ta=25C 0.3 1 \"
Vi+—Vr— | Hysteresis, RESET Vec =5V, Ta=25C 0.5 0.7 \%
Vr4+~—Vy— | Hysteresis, Xy Vee =5V, Ta=25C 0.1 0.5 v
Input leakage current, POp~P07, P1g~P1;, P25~P2; Veg =5V, Ta=25C .
he — —12 12 rA
INT, CNTR osVvisiav
Input leakage current, P3g~P37, Ro~R3, Voe = 5V, Ta= 25T
he —5 5 KA
CNVgg, RESET, Xin 0=V, =5V
P3y~P37: Ve, output pins open
Vg for all input Vee =5V
1 Supply current 3 6 mA
ce PRy and output pins Ta=25C
except P3o~P3;
'MITSUBISHI 3-37
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o : M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS
SINGLE CHIP MODE (Voo =5V+10%, Vss = 0V, Ta= 25T, f (5 = 4MHz, unless otherwise noted)

X Limits i

Symbol P.arame!er Test conditions i Tvp Mo Unit
tsu (pop-#) | Port PO input setup time : 270 ns
tsu (p1p-#) | Port Pl input setup time 270 ns
tsu (p2p.#) | Port P2 input setup time 270 ns
tsu (PaD-¢) Port P3 input setup time 270 ns
tsu (RO-#) Port R input setup time 330 ns
th (s-PoD) Port PO input hold time 0 ns
th (sp1D) Port P! input hold time 0 ns
th (s-P20) Port P2 input hold time 0 ns
th (s-pap) Port P3 input hold time 0 ns
th (s-RD) Port R input hold time 0 ns
tc External clock input cycle time 250 ns
tw External clock input pulse width 75 ns
tr External clock rise time 25 ns
tf External clock fall-time ] 25 ns

SWITCHING CHARACTERISTICS
SINGLE CHIP MODE (Vcc =5V+10%, Vss =0V, To = 25C, f(, = 4MHz, unless otherwise noted)
Limits
Symbotl Parameter Test conditions - Unit
. Min Typ Max

td(s-PoQ) Port PO data output delay time | Fig.16 230 ns
td(e-P1Q) Port P1 data output delay time Fig.16 230 ns
td(s-pr2q) Port P2 data output delay time Fig.16 230 ns
td(spraq) Port P3 data output delay time Fig.17 200 ns
td(sRA) Port R address output delay time Fig.16 200 ns
td(sRAF) Port R address output delay time Fig.16 0 200 ns
td(sraQ) Port R data output delay time Fig.16 200 ns
td(s-RaF) Port R data output delay time Fig.16 200 ns
td(scE) CE output delay time Fig.18 200 ns
td(aRrwW) R/W output delay time Fig.18 100 ns

Voo
1k

PO _ .
P1 - P3 CE——l——j———O
100pF 1k@ S 100pF R/W 100pF
ol J J
] ——l————-—O ] ——-——I—O ] —l———o
glODpF ;'IoopF - $1OOPF

Fig.16 Port PO~P2, R test circuit Fig.17 Port P3 test circuit Fig.18 ' CE, R/W test circuit

3-8 ’ - MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAMS
Single chip mode

P k \
—/ td(¢ —P0O) N /
—3
Port PO output
tsu(POD—¢)
> <
Port PO input
el

td(s—P10) th(s —P0OD)
—2
Port P1 output
tsu(P1D —¢)
Port P1 input j

—n

t

td(p—P20) th(s —PID)

—
Port P2 output
tsu(P2D —¢)
Port P2 input j—

—
td(¢—P20) th(s —P2D)

—»
Port P3 output
. tsu(P3D—¢)
Port P3 input pr—

S}

’

t

th(s —P3D)

MITSUBISHI - 3—39
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M50740-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Single chip mode (continued evaluation)

L, .
¢ /| . N A
td(¢ —RA) - td(¢ —RAF) : ©, td(g —RrOF)
—3 — | —a
Port R output { % {
s Td(s —RO) ‘
' tsu(RD -¢)
o
Port R input ; % t :
2
th(¢ RD)
td(s—cE)
—n

e X — X
td(s—RwW)

N L

f(4)

3—40 ) MITSUBISHI
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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 1/0 capabilities are simply expanded by use of I1/0
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, M5L8049H-
XXXP, M5M8050H-XXXP, M5M8050L-XXXP and M5MB80C49-
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 to  MS5L8049H-XXXP, M5M8040HP to
M5MB050H-XXXP, M5M8040LP to MS5MB050L-XXXP and
M5M80C39P-6 to M5MBOC49-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

Memory and input/output capacity
Symbol Input ,_?;ock — FyevanS o Structure ‘
(Bytes) (Bytes) (Port)

MS5L8048-XXXP 6 1K 64 27 ED NMOS
M5L8035LP 6 External 64 . 27 ED NMOS
M5L8049-XXXP-6 6 2K 128 27 ED NMOS
MEL8049-XXXP-8 8 2K 128 27 ED NMOS
MS5L8049-XXXP 8 2K 128 27 ED NMOS
M5L.8039P-6 R 6 External 128 27 ED NMOS
M5L8039P-8 8 External 128 27 ED NMOS
M5L8039P-11 11 External 128 27 ED NMOS
M5L8049H-XXXP. 11 2K 128 27 ED NMOS
M5L8039HLP 11 External 128 27 ED NMOS
MS5SMB8050H-XXXP . 11 4K 256 27 ED NMOS
M5M8040HP 11 . External 256 27 ED NMOS
M5M8050L-XXXP 6 4K 256 27 ED NMOS
M5M8040L-XXXP 6 External 256 27 ED NMOS
M5EMB0C49-XXXP 6 2K 128 27 CMOSs

M5M80C39P-6 6 External 128 27 CMOSs

MITSUBISHI _ ' 4-3
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'MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5L8048-XXXP Block Diagram

i

. Pl P1: Pl Pls P20 P22 P2 P2
Do D D2 030,04 DDy P Pl P15 Ph P21 Pu P2 P2
‘—f——???wmv (18X ? %) EICHE®E - - _
! PORT 1 PORT 2 0SC FREQ
BUS BUFFER BUS BUFFER BUS BUFFER I£ROGRA;| o '
SELECT |10
] Q__g? 12 BITS| PROGRAM PRESCALER
BUS LATC PORT 1 r o STATUS
PC TEMP. 8 LATCH PORT 2 LATCHG< MEMORY |.
(LOW-ORDE EXTENDED 1/02 _F\ 1k x 8 | |REGISTER .
) .

(!

' . T

8
H,STACKl JROREGIST
|POINTER RTREG

ERO)
Q ER
] E
gg,_ R2REGISTER ?|o
IG% A3REGISTER 31 :
£9 INSTRUCTION i RAREGISTER4|Z
(V) Voo @ - 1 Decoper 'ADDRESS |%|RSREGISTERs|®
(V) Veo @ (ONIEGY [o[FEREGISTER®
| S[RIREGISTER?
(0V) Vss @) [ AD%EE}%IE H STACK
RCUTT) | [ROREGISTERS
| o [~ To w[RTREGISTER ™
3 DR ZIRZREGISTER?
850 F_Flaco O[R3REGISTER3|~
25 fe—riacn RAREGISTER4 ]S i
SES [ [FSRECISTER 5|
e
CONTROL CIRCUIT zo” [0 R6REGISTERS
X © (——accei Test R7IREGISTER?
RAM 64 BYTES
To
M5L8049-XXXP: Block Diagram
Plo Plz Pl Pig P2 P22 P2, P2
DgDyD; 0304040607 Pl Pz P15 Pu P21 P23 P2 P2
M,;,??, (DD @) - -
PORT 1 PORT 2 0SC FREQ
BUS BUFFER || BUS BUFFER BUS BUFFER |PROGRAM i '
SELECT ROM
i A u {Eg{zaits PRESCALER
BUS [ATCH PORT 1 St oomemoRry  [(ROCRAM mors .
PC TEMP, REGISTER [R50 | #ontz LacmEe TTHEAREY, [memony REGISTER
(LOW-ORDER 8 BITS) 7 EXTENDED I/0[75 | [SELECTOR | 5 g
s O (M8B)
iy E i
g
i R o| 3 11 1g8 [o3
| [Facs) INSTRUCTION]SEGISTER JROREGISTERO
J of Q REGISTER |{pAnK | RTREGISTERT]
{ L| | TEMFORARY £z R 3
acgumuLaToR| | TEVFORARY—57Y b <+ [ SELECTOR R2REGISTER?|
S 152 - L&) RIREGISTERI|X K
. CCUMULATOR ':9 INSTRUCTION |RaREGISTERS §
(5v) Voo @ POWER LATCH a DECODER . & [RSREGISTERS|D
(5v) Vee @ EBEP%&M < S [REREGISTER®
O[RTREGISTER?
oV Vss @ : T [ 8| sTack
! d «|ROREGISTER®
- T 4 [RIREGISTER T
<Z(I IN‘T . 8 R2R§G|:TER? -
8T 0 [ _Flaco O[R3REGISTER 3
= <Zch b FLAG 1 R4REGISTER4 % '
539 [e—TiMERFLAG RSREGISTER 5
S fe—ocarr E o
CONTROL CIRCUIT Za” [0 A6 REGISTERs
. . o (——acceim test R7TREGISTER?
| RAM 128 BY TES
1 6 4 7 2 3 n 9 5 8 (10) -
To T, iNTAESETPROG EA X1 X2 ALE PSEN-55 AD WR
4—4 MITSUBISHI
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5L8049H-XXXP Block Diagram

Do Do D4y Dg Plg P1; Pty Plg P2o P2, P2, P2
Dy D3 Ds D7 P14y Pizg Pis P1; P2y P23 P25 P2;
- 12)03)D0sX1e)X(7)(18)(19K2] €D 3,60 )26 23 5 ¢1) € €3.6] - - - -
PORT PORTZ
BUS BUFFER BUS BUFFER BUS BUFFER PROGRAM
J - SELECT [TT| ROM
0 i T=g nsms PROGRAM
» PORTILATCH | [PORT2LATCH |22 freiiony Be]| MEMORY
ﬁ BXTENDED VO[S | | lspLecTon(up)| 26X
. 3 g8
1
| o i :
Il FLAGS _ STACK [
ACCUMULATOR | | [TEMPORARY g3 FONTER
| L ReaisTeR 53 e e
; i 2 INSTRUCTION RUREGISTER 4 | %
o< 1]
(5V) Vop @—« FOWER SUPPLY £S I becoben DORESS | | [R5 REGISTER’
A GONTROL A6 REGISTERS
(5V) Voo @ C'HC_U"{ o [AT REGISTER ]
|
(0V) Ves @ AODRESS | (& sTACK
CONTROL | [
T ClRouT | |& gf;&g‘g}ggﬂ .
- . = (== 2l rreasTERz ]
S =ty S| RIREGISTER3 |—
830 = g <[ RLREGISTERY |
528 = TiliER e [R5 REGISTERD | &
l CONTROL CIRCUIT }C:) g5 CégRY R6 REGISTER 6 !
! o —o—o— — ACCan TesT R7 REGISTER 7
RAM (128 BYTES)
DO-B-O-O-B-0-O-O-O-O-O-O—® - - - - -
To INT PROG X, ALE SS WR
T, RESET EA X, PSEN RD

M5M8050H-XXXP Block Diagram

Plg P12 Pty pig
Do D, Dz 030405 D1y pn P13 P15 P1

P20 P22 P24 P2s
P2y P23 P25 P27

).%,0.8.0.6

7

BUS BUFFER PORT 1

BUS BUFFER

8
BUS LATCH PC
TEMP. REGISTER
{LOW-ORDER 8 BITS)

' PORT |
LATCH
2

PORT 2 OSCEREQ
BUS BUFFER | [PROGRAM .
SELECT ROM P
T4 12 8ITS CALER
_E_g |y [PROGRAM
MEMORY
PORT 2 LATCH| Y ANK— |MEMORY || STATUS TIMER]
EXTENDED 1/0jza@ FLECTO‘] s REGISTER .
<

IO
3

8
: 1 1 @
o INSTRUCTION| REGrSTEH ST CK RO REGISTER 0
<b = REGISTER }| BANK R1 REGISTER 1
ACCUMULATOR EMPOR wd SELECTOR R2 REGISTER 2]O
%62 e R3 REGISTER 3%
=35 J1i R4 REGISTER 4|2
=9 JNSTRUCTION . <
svovie @ POWER < = DECODER ADDRESS| | {RS REGISTER 5]@
(31 Ve @ SUPPLY CONTROL| (ARG REGISTER 6
FOR RAM ——»CIRCUIT O|R7REGISTER 7
ADDRESS P
oV Vss @) EPR'\‘CLRI?L e STACK
& |RO REGISTER 0
To O [R1 REGISTER 1
z [~ 'NvT < [R2 REGISTER 2]~
zI p—— (|
5082 |le—rFlaG o 9{ R3 REG\STER3§
229 e riac R4 REGISTER 4| '
Z <O e TIMER FLAG R5 REGISTER 5|
oI o v
CONTROL CIRCUIT z® P R6 REGISTER 6
O :_—— ACC BIT TEST R7 REGISTER 7
L l ' I RAM (256 BYTES)
O mOS OO0 ® -
To T, INTAESETPROG EA X1 X2 ALE V S5 RD WR
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5M8050L-XXXP Block Diagram

Dy Dz Ds Dg Plg Pl Ply Plg P2y P2, P2, P2
Dy D3 Ds D7 P1y; P13 Pls Ply P2y P23 P25 P2;
|-— - (RDEEDBMEHNICENEIEICI-ENDICIEI®EIEE - - - - 1
]
. PORT! PORT2 0SC FREQ
\ BUS BUFFER BUS BUFFER BUSBUFFER | | PROCRAM  om
7Y {s) {5 nems PROGRAM PRESCALER
BUS LATCHPC PORT LATCH 5 S2 MEMORY STATUS X
TEMP. REGISTER | [ ORT2LATCH .= & f_—']
RV g B
8
8 8 8 1 1 'LB/L V ) |
! ['| (s TGN STACK [ RREGSTERD
. V.4 — REG POINTER RTREGISTERT |
TEMPORARY |57 & Jo] REGISTER 2
J | L_REGSTER B3 RIREGISTER3 |5
ULATOR [—— = INSTRUCTION | RUREGISTERA |= )
(5V) Vo @—- FONERSUPPLY £8 ™ oecooer ADORESS F5 REGISTERS
RS REGISTER &
(5V) Voo @9 CiRCUIT R7 REGISTER 7
(OV) Vgs @ ADDRESS | ||~ STACK |
SoWTROL | |&[ROREGISTERT o
T a RI REGISTER 1
. =k [ =4[ meeastinz
28 [N [ R REGISTER |
; £ [T 2 R REGISTERE |2
EE -—gmrme B5 REGISTERS |3
CONTROL CIRCUIT k:::) 22 [ |_RE REGISTERG | !
i S= K ACC BT TEST R REGISTER7 |
| RAM (256 BYTES) ]
T, INT_PROG X, ALE . SS _ WR
T, RESET EA X, PSEN _RD
M5M80C49-XXXP Block Diagram
A o ) Plg Pz Pli Pl P20 P22 P24 P2
Do) 0D 030,050  PL Plg Pis P13 P2y P23 P2s P2:
[—A—“_???? @a@cz OB-DDOAODT
PORT 1 PORT 2 0OSC FREQ
BUS BUFFER 11 55 BUFFER | | BUS BUFFER PROGRAV | S
ROM
9 2 BITS PRESCALER
BUS LATCTHSTPC | POiF% 1 iy PROGRAM
MEMORY STATUS TIMER/
(TS LA nes | (FECSTER .
8
v I
"L \ ﬂ FLacskel NSTRUCTION a%%ms‘nn TSR
- TEVCRARY [ ER 1 S etTon R1 REGISTER 1
M Lhle R2 REGISTER 2|o|
W 255 1RB) I I A3 REGISTER 3]s
[ACCUMULATOR E&> INSTRUCTION 3 R4 REGISTER 4
LATCH j:> z - =1 DECODER CAgDR'Ess o [RE REGISTER 5oy
. X NTROL| |8 [R6 REGISTER 6
VY Ve CIRCUIT § R7 REGISTER 7
1l g | e
CiRCUIT n{RO REGISTER 0
o To <[R1_REGISTER 1
Py :'1 g R2 REGISTER 2
30 FLAG 0 & {R3 REGISTER 3}
EZ5  pe— FLAGH <[R4 REGISTER 4]= '
5a0 [ IMERFLAG 75 REGISTER 5] <
CONTROL CIRCUIT -y ZeT R R6 REGISTER 6
e — . S A—— AcC BIT TEST . R7 REGISTER 7
RAM (128 BYTES)
- OO0 OO -
STBY To 7, iNTRESETPROG EA x1 x2 ALE PSEN 55 AD WA
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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

o} The first instruction executed after a system reset.

The first instruction executed after an external interrupt is

3 accepted.

7 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 constants 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 O and are numbered 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.

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” sectiori. 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 R1. 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 O (addressed 0~7) is reserved for proceséing
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

. MITSUBISHI

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.

63
USER RAM
| 32% 8 ]
32 ;
31 R7
GENERAL-PURPOSE REGISTERS
REGISTER BANK 1
25 R1
24 RO
23
8-LEVEL STACK
16% 8
8
7 R7 ‘
i ’ GENERAL-PURPOSE REGISTERS
! REGISTER BANK 0
1 R1
0 RO

Fig. 4 Data memory (RAM)

PROGRAM COUNTER (PC) AND STACK (SK)

The MELPS 8-48 program counter 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
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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 the 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.

PC19|PCio| PCg| PCg[PC7|PCs|PC5[PC4[PC3 'PC2| PC1|PCo

Fig. 5 Program counter

STACK POINTER
Sz S So
1 1 1

RAM REGISTER NUMBER
{DATA MEMORY ADDRESS}

R23
R22
R21
R20
R19
R18
R17
R16
R15
R14
R13
R12
0 » R11
R10
PSW4Pcs—1|Re

|PC4~7|PCo~3|R8

MSB LSB

Fig.6 Relation between the program counter
stack and the stack pointer '

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 (Sy, S, S2)

Bit3: Unused (always 1)
Bit4: Working register bank indicator
0=Bank O
1=Bank 1
Bit5: Flag 0 (value is set by the user and can be tested)
Bit6: Auxiliary carry (AC) (it is set/reset by instructions
ADD and ADC and used by instruction DA A).
Bit7: Carry bit (C) (indicates an overflow after execu-

tion)

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

———

C |AC |Fg | BS| 1 Sz | S1] Seo

C : CARRY

AC : AUXILIARY CARRY (CARRY FROM THE

Fo ' FLAG O LOW-ORDER 4 BITS OF ALU)
BS : WORKING REGISTER BANK INDICATOR

Sz

81} STACK POINTER

So

Fig. 7 Program status word
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1/0 PORTS .
The MELPS 8-48 has three 8-bit ports, which are called
data bus, port 1 and port 2.
Port 1andPort2
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.

ORL/ANL
) 5V 5v

CPRU -
INTERNAL D Q-
‘ 4 PORT 2
_ II'T TERMINALS
RESET oLk @ “;L_ _
WRITE )\
PULSE INFUT

EUFFE\RI
IN

Fig. 8 1/0 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 1s
are output, a device of about 5k§2 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 1s 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 1s if it is to be used for input.
In short a port being used for output must output 1s 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 1-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 1/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'dr output mode.

When the data bus is used as a static port the QUTL 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 QUTL 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 T,,
T, and INT :
Conditional jump instructions are used to alter program
depending on internal and external conditions (states).
Details of the jump instructions for the MELPS 8-48 can
be found in the section on machine instructions.

The input signal status of Ty, Ty and INT 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 Ty, T; 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.
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INTERRUPT

The CPU recognizes an external interrupt by a low-level
state at the TNT terminal. A “Wired-OR" connection can
be used for checking multiple interrupts.

The INT 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. This 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 at 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 FF;4 and put the CPU
in the event counter mode. After this has been done, if T,
input is changed to low-level from high-level, an interrupt
is generated in address 7.

Terminal INT can also be tested using a conditional
jump instruction. For more details on this procedure, check
the “Conditional Jumps Using Terminals To, T; 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, T instruction. 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 FF¢. If
it is incremented by 1 when it contains FF;¢, 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
g{enerated 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 T, signal becomes
the input to the event counter and an event is counted each
full cycle (Iow-higﬁ-low one event). The maximum rate that
can be counted is one time in 3 machine cycles (7.5us
when using BMHz crystal). The high-level at T; must be
maintained at teast 1/5 of the cycle time {500ns when
using S'MHZ crystal).

4—10
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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 BMHz crystal) or 12.6kHz. The timer is therefore
counted up every 80us. 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 80us~
20ms in multiples of 80us. When it is necessary to measure
over 20ms (maximum count 256x80us) of delay time the
number of overflows,one every 20ms, can be counted by
the program. To measure times of less than 80us; external
clock pulses can be input through T, while the counter is
in the event counter mode. Every third {or more) ALE sig-
nal can be used instead of an external clock.

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 CLK 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 CLK signal through terminal To. The
input of the cycle counter is CLK (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.
CRYS- -
TAL 1/15 1/32 ACCUMU- CONDITIONAI
OSCIL-[COUNTER COUNTER LATOR JUMP ENTO CLK
LATOR
TERMINAL
STRT [READMWRITE 0
STRT T TR L
petecTing | ENT TIMER/ TIMER RESET
T —epce eveLe EVENT OVERFLO X2 :
COUNTER] FLAG | e %
T BITSI §MHz & STATE GLK 500ns
STOPT X1| COUNTER 2.5us )
INTERRUPT ENABLE JCYCLE /D ERMINAL
i COUNTER ALE
Fig. 9 Timer/event counter Fig.10 Clocking cycle generation
500ns(WHEN USING A 6MHz CRYSTAL)
S1|s2|s3|s4a|ss)s1|s2|[s3]|safss
CLK e oy rrg
(BUTPUT TO To)
ALE 1 T
PSEN
RG ‘
“WR 1
PROG 1
Fig.11 Clock and generated cycle signals
s1
4
5
=
w
w .
1 MACHINE CYCLE {
R INSTRUCTION EXECUTION
5.0us
2 MACHINE CYCLES
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
1uF 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 reset to 0.
. Stack pointer is reset to 0.
. Register bank is reset to 0.
Memory bank is reset to 0. -
Data bus is cleared to high-impedance state.
. Ports 1 and 2 are reset to input mode. }
. External and timer interrupts are reset to disable
state.
. Timer is stopped.
9. Timer overflow flag is cleared.
10. Flags Fy and F, are cleared.
11. Clock output for terminal T, is disabled.

NoO s wN

o]

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,

¢ R

MELPS 8-48

ABOUT
200k$2

% RESET

l -LmF
' IJOV

Fig. 13 Example of a reset circuit
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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 (P,o~P,3). The user can’
use this to trace the flow of this program instruction by
instruction and will find this an aid in brogram debugging.
Single-step operation is controlled through SS and ALE as
shown in Fig. 14. ‘

5V
SINGLE-STEP
5V MODE )
PUSH-BUTTON 10kQ
SWITCH
RUN MODE
PRESET -
5V D QF—*1ss
CLOCK M5L
RESET 8048-XXXP
L<7 ALE
BUFFER

(a) Example of single step circuit

DATA BUS 1f
Do~ D - THE LOW-ORDER 8 BITS OF PC
0~"8 PCo~PCy)
THE »
LOW-ORDER ;
4BITS OF 1/0 THE HIGH-ORDER 4 BITS OF PC
PORT 2 DATA (PCg~PC11)
P24~P2;
J
EXECUTING Top EXECUTING °
INSTRUCTION | " INSTRUCTION

(b) Single-step operation timing

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

MITSUBISHI
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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 SS 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 low-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

ITISTOSTOP.

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 (8 BITS) AND THE
LOW-ORDER 4 BITS OF PORT 2.

:

WHEN SS IS RETURNED TO HIGH LEVEL THE
CPU RECOGNIZES THAT IT IS IN THE RUN MODE.
THEN THE ALE SIGNAL GOES TO LOW-LEVEL
WHICH INDICATES THE CPU IS IN THE RUN MODE
AND THAT IT IS EXECUTING INSTRUCTIONS.

!

IF THE CPU IS IN THE SINGLE-STEP MODE (PRE-
SET TERMINAL GROUNDED), AS SOON AS ALE
GOES TO LOW-LEVEL, SS GOES TO LOW-LEVEL
(STOP). IF THE CPU 1S THE RUN-MODE (PRE-
SET TERMINAL NOT GROUNDED}, SS WILL RE-
MAIN AT HIGH-LEVEL.

Fig. 156 CPU operation in single-step mode
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MACHINE INSTRUCTIONS

tem Instruction code ol Eg:;;ed
Mnemonic < —g Function Py Description
Hexa- | @ | 3 =1
ypd D7 Ds Ds Da D3 Dz Dy D Hexa ¢ (ac| 5
o 11
MOV A, #n ° o oo 23 2|2 | (A)en Transfers data n 1o register A.
NzNgNsng NaN2N N, n
MOV A, PSW 11 o o 01 11 c7 1| ay—esw )' Transfers the contents of the program status
word to register. A.
MOV A, Rr 1111 1r,r,ry| F f_ 11 (A)«(Rr) Transfers the contents of register R, to regis-
' r r=0~7 ter A
1111 ooor Fo — (M(R Transfers the contents of memory location,
MOV A, @Rr : ° + 11 (f) (M(Rr)) of the current page, whose address is in regis-
4 r=0-1 ter Ry to register A.
MOV PSW, A t101 0111 D7 1 (PSW) «— (A) , Transfers the contents of register A to the
’ (C)—(A1), (AC)«—(As) | program status word.
MOV R, A 1010 17,7,1, A 3_ 11 (Rr) < (A) Transfers the contents of register A 1o regis-
' N r=0~7 ter R,.
B8
1011 1T r Rr)<—n N
MOV Rr, #n : 271’0 '* 2] 2| B Transfers data n 1o register R,.
N Nghgn, nzn,n,n, o r=0~7
B P AO T fers the contents of register A to mem-
1010 oooT M(Rr))«(A) ransiers the s of regi
L& | MOV @Rr, A ° 111 (7;~1 ory location, of the current page, whose ad-
e r= dress is in register R,.
§ B8O
= MOV @RI, #n 1011 000T, + 2| 2 (M(Rr))«n Transfers data n to memory location, of the
’ r =0 P v
N;NgnNgn, Nzn,n N, n r=0-~1 current page, whose address is in register R.
o Transfers the data of memory location, of
1 A3 g L hd
MOVP A, @A 610 0011 1] 2| (A)—(M(A)) the current page, whose address is in register
A to register A.
Transfers the data of memory location, of
t 1 1 E3 A " g
MOVP3 A, @A 10 oo ! 12| (A)—(M(page 3, A)) page 3, whose address is in register A to
register A. A
1001 00OCT 90 (Mx(Rr))—(A)- Transfers the contents of register A to mem-
MOVX @Rr, A ° + 1 2 -0 ory location, of the current page, whose
r r=0-1 address is in register R,
1000 OO0OOT 80 (A)—(Mx(R Transfers the contents of memory location,
MOVX A, @Rr ° + 1 2 7°~(1 x(Rr)) of the current page, whose address is in regis-
N r r= ter R, to register A.
XCH A, Rr 0010 101,01, 2 3_ i (A) > (Rr) Exchanges the contents of register R, with
' r r=0~7 the contents of register A. .
Exchanges the contents of memory location,
o0 or 20 o g Srtatell
XCH A, @Rr 10 oo ° + 111 A (M(Rr) of the current page, whose address is in regis-
r r=0~1 ter R, with the contents of register A.
Exchanges the contents of the low-order four
XCHD A, @Rr 0011 000T, 33_ 1| | R AR (MR ~Rr3)) bits of register A with the low-order four
! r=0~1 bits of memory location, of. the current
4 _page, whose address is in register R,.
Adds data n to the contents of register A
ADD A, #n 0000 0011 03 | |, | A\)ye(A)+n oo 1 {2nd sets the carry flags to 1 if there is an
! N,NaNN, N.N.N,N n overflow otherwise resets the carry flags
7MeNsNy afl2f Tlo to 0. The result is stored in register A.
N Adds the contents of register R, to the con-
ADD A, Re 0110 1r,ryryl 8 3_ R (A)-+(Rr) olo| ¢ |tentsof register Aandsets thecarry flags to 1if
d r=0~7" there is an overflow otherwise resets,the'carry
r flagsto 0. The result is stored in register A.
60 Adds t?e contenlts of register A and the con-
0110 o0o0O0T A A)+ tents of memory location, of the current page,
o {ADD A, @Rr ° + 101 (A) = (A)+IM(RN) O | O .1 | whoseaddressis in register Aand sets the carry
e r r=0~1 flagsto1if there is an overflow otherwise resets
5 tAhecarryflagstoO.TheresuIt isstored in register,
£
T . Adds the carry and data n to the contents of
< 0001 0011 13 register A and sets the carry flags to 1 if
ADDC A, #n 2| 2| (A)—(A)tn+(C) O[O 1 [there is an overflow otherwise resets the
N;NgNgn, N3N,Ny N, n carry flags to 0. The result is stored in regis-
ter A - .
Adds the carry and the contents of register
01 11 1rr,rgl 78 | (A)— (A)+ (Rr)+(G) Ry to the contents of register A and sets the
ADDC A, Rr + 1 1 QO] 1 |carry flags to 1 if there is an overflow
r r=0~7 otherwise resets the carry flags to 0. The
N result is stored in register A.
70 . :\dds the %BHV and the contents of &ndemory
o1 1 1 ooor A+ (M 'ocati_on,o the current page, whosera ress is
ADDC A, @Rr ° + 111 (A) = (A)HM(R)) +(C) O | © | 1 |inregister Ry to the contents of register Aand
A r=0~1 sets the carry flags-to 1if there is an gverflow
otherwise resets thecarry flags to 0. Theresult
stored in register A cmm—e ]
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

It .
em Instruction code ¢l s Eg:ﬁ'fd : ‘
Mnemonic p 14 § Function - Description
exa | @ |3 2
Type D706DsDs D3D2D1 00| gecimal : C |Ac|
ANL A, £n 101 0011 53 2| 2| (aye(a)An The logical product of the contents of regis-
’ n,Ngnsn, n,n,n,n, n . ter A and data n, is stored in register A,
0101 1rr,r 58 A A) A (R The logical product of the contents of regis-
ANL A, Rr 207 + 111 (_)‘_( ) A (Re) ter A and the contents of register Ry, is
r r=0~7 stored in register A,
50 The logical product of the contents of
ANL A, @Rr 0101 000O0T, + 1 (A) «—(A) A(M(Rr)) register A and the contents of memory loca-
” ' r=0—~1 tion, of the current page, whose address is
r in register R, is stored in register A,
. 0100 O0O0T11 43 The logical sum of the contents of register
ORL A, #n n,ngNsn, Nyn,n,n, n 2| 2| (A —(AVn A and data n, is stored in register A
010 1r,r,r 48 A AV The logical sum of the cqntents of register A
ORL A, Rr ° 27170 + 101 (A) = (A)V (Rr) and the contents of register R, is stored in
r r=0~7 register A
. a0 The logical sum of the contents of register A
ORL A @R 0100 00O0T, e - (A) < (A)V (M(Rr)) and the contents of memory location, of
3 N r=0—1 the current page, whose address is in regis-
r . ter Ry, is stored in register A.
1101 0011 D3 The exclusive OR of the contents of register
XRL A, #n n,ngNsn, nzn,n,ng n 2| 2| (A)—{(A)¥n A and data n, is stored in register A.
D8 The exclusive OR of the contents of register
1 1rr0,r A) 8 .
o XRL A, Rr 1 1. ° 27170 + 1 1 (A) = (A)¥ (Rr) A and the contents of register R, is stored
g r r=1~1 in register A.
£ The exclusive OR of the contents of register
< | xRL A, @R 1101 00O0F, Dg 11 (A) + (A)¥ (M(Rr)) A and the contents of memory location, of
< s r r=0~1 the current page, whose address is in register
r Ry, is stored in register A.
000 1 0111 Increments the contents of register A by 1.
INC A N 17 1] 1] (A)—(A)+1 The result is stored in register A, and the car-
ries are unchanged.
0000 01 11 Decrements the contents of register A by 1.
DEC A 07 111} (A)«—(A)—1 The result is stored in register A, and the car-
ries are unchanged.
CLR A o010 0111 27 1] @ayeo Clears the contents of register A, resets to
. 0.
oo 11 o1 11 - Forms 1's complement of register A, and
CPL A 37 LN RO stores it in register A
0101 0111 Th;ecdogtents tl)f registerAdis_ conveneg tobinary)|
. co lecimal notion,and it is storedin register;
DA A 57 1 [1] (A)<«(A) 10Hexadecimal O O| 1 | A.if the contents of register A are more thanQ9|
the carry flags are set to 1otherwise they are
Exehangss th f bits 0~3 of regis-
0to0oo0 0111 xchanges the contents of bits of regis-
SWAP A 47 1] 1| (Ag~A7)— (Ag~A3) ter A with the contents of bits 4~7 of regis-
ter A
RL A 1110 0111 E7 11 (An+1)—(An) Shifts the contents of register A left one bit.
(Ag) — (A7) n=0~6 A, the MSB is rotated to Aq the LSB.
1111 0111 (An+1)=(Aq) Shifts the contents of register A left one bit.
RLC A F7 1] 1] (Ag)—(C) O A, the MSB is shifted to the carry flag and
(C)«—(A7) n=0~6 the carry flag is shifted t0 Ag the LSB.
RA A 0111 0111 77 11 (An)—(Ap+1) Shifts the contents of register A right one
(A7)« (Ag) n=0~6 bit. Ay the LSB is rotated to A, the MSB.
0110 0111 (A —(Ap+1) Shifts the contents of register A right one
RRC A 67 1 1] (A)«—(C) O bit. Ag the LSB is shifted to the carry flag
(C)«(Ag) n=0~6 and the carry flag is shifted to A, the MSB.
o 01 1rar,r 18 R Rr)+1 Increments the contents of_regisxer Rr by
© | INCRr ° 201 7o + 1|1 (_r) (R0 1. The result is stored in register R, and the
g r r=0~7 carries are unchanged.
£ 10 Increments the contents of the memory
©% | INC @Rr 6001 000f, T 11l (M(Re)}—(M(Rr)) +1 location, of the current page, whose address
o r=0~1 is in register R, by 1. Register R uses bit
£ r 0~5.
z -
54 ror cs _ Decrements tf\e contents of‘ register R, by
o DEC Rr 1100 17201 %o + 1 1 (Rr)«— (Rr)—1 1. The result is stored in register R, and the
r r=0~17 carries are unchanged.
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S " 'FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item . . Effected
fnstruction code 2|8 carry
Mnemonic - " Slg Function - Description
L Hexa- |& |G 2
Typd D;D6D5Ds D3D2D1 00| gocimal clac| g
b,bgbs1 0 0 1 0 12 (Ap)=1 then (PCo~PC7)«m Jumps to address m of the current page when
JBb m 79605 ;xz 2 | 2 | (Ap)=0 then (PC)«— (PC)+2 bit b of register A is 1. Executes the next
m;Mgmg M, Mgmzmy Mo o bybgbs= 0 ~ 7 instruction when bit b of register A is 0.
Jumps to address m of the current page
JTE m 0001 0110 16 212 (TF)=1 then (PCo~PGC7)—m when the overflow flag of the timer is 1
- ' | otherwise the next instruction is executed.
'“1""0""5""4 m3mz my mo| m (TF)=0 then (PC)—(PC)+ 2 Flag is cleared after executing.
This instruction causes a jump to the
PCo~PC; h INT) =0 -
JNI'm 1 lJ 00 01 “: ': 8 m s 2|2 Epg‘; (Pg):wz‘ wh:: ((INT; 1 address indicated by the second byte if the
- wi = el
M7MeMsMa  M3M2m1Mo . external interrupt pin INT is low.
' o4 (PCg~PC 1) —mg~
. 8 10)—mg~mig )
JMP m miemgmg0® 0 1 O O + 2| 2| (PCo~PCy)—mo~m Jumps to address m on page myg My Mg in
- ('“0*"‘;02) pc" ) IMBFO 4 the memory.bank indicated by MBF.
my Mg Msmy M3mMymMy Mg m (P )
Jumps to the memory location, of the cur-
rent page, whose address is in register A.
JMPP @A 1011 0011 B3 1] 2 | (PGe~PCo)—(M(A)) But when the instruction executed was in
address 255, jumps to next page.
ES8 (Rr) — (Rr)—1 r=0~ Decrements the contents of register R, by 1.
t1 10 1r,;0,701 r=0~7
DUNZ Rr, m PO T 2| 2| (B0 then (PGo~PON—m RS 1ol ot 6, otherwte he e
mymgmgm, Mzmamy mg m (Rr)=0 then (PC)—(PC)+ 2 instruction is executed. |
o m 11110110 Fe |, (01 then (PC—POywm e rry i C 18 1. otnerwase he.next
my;mgmgm, myzmym,mg m (G)=0 then' (PC) — (PC)+2 instruction is executed.
— Jumps to address m of the current page if
1110 0110 E6 (C)=0 then (PCo~PC7)<m . .
JNC m 2|2 the carry flag C is O, otherwise the next
o mymgmgmg mamamymo| . m (C)=1 then (PC)«(PC)+2 instruction is executed.
E
3 — Jumps to address m of the current page
- JZ m 1100 0110 ce 2|2 (A)=0 then (PCy~PCy)«—=m when the contents of register A are 0,
mzMeMs Mg M3 M2 My M| m (A)*0 then (PC)«(PC)+2 otherwise the next instruction is executed.
t001 01110 96 ~ | (A)*0 then (PCo~PCq)+m Jumps to address m of.the current page
JNZ m 2|2 when the contents of register A are not 0,
M7MeMs Mg M3 M2 M Mo m (R)=0 then (PC) < (PC)+2 otherwise the next instruction is executed.
001 1 0110 36 (To) =1 th (PCp~PC7)—m Jumps to address m of the current page
JTO m m Mema s mamy m ™ 2|2 (Tni —0 the: (PC)D<- (PZ))+2 when flag T, is 1 otherwise the next instruc-
7MeMsMa M3 M2 My Mo 0) =0 thel tion is executed.
w70 m 010 01 10| 26 |, ,|(10-0 e (PooFCcn s o ss0e e St e
: n X -
. mymemsme mamzmymg  m (Te) =1 then (PG) <« (PC)+2 struction is executed. -
0o0t1to01 0110 586 (T1)=1 then (PCoy~PC7)—m Jumps to address m of the current page
JTim 212 when flag T, is 1. otherwise the next in-
M7MeMs Mg M3 M2 My Mo m (T1)=0 then (PC)« (PC)+2 slructiongise:(ecuted.
INTH m 0100 0110 48 |,|,|(T)=0 then (PCy~PC)—m when g Ta ie.0. otherwise the next i
mzmgmgm, mgm;my mg m (T1)=1 then (PC)« (PC)+2 struction ise;ecutea.
JFO m 1011 0110 B6 2|2 (Fg) =1 then (PCo~PC7)e—m Jumps to address m of the current page
mz;MgMsm, M3 M2 Mq Mo m (Fq) =0 then (PC)<«(PC)+2 when flag Fg is 1.
JF1 m 0111 0110 76 212 (F1) =1 then (PCp~PC7)em Jumps. to address m of the current page
mymgmsm,  mymymy mo| m (F1) =0 then (PC)«(PC)+ 2 when flag F, is 1.
1001 o1 11 Clears the carry flag C, resets it to 0. AC is
A .
ClR C o7 Tjrj©-o - not affected.
1010 0111 = Complements the carry flag C. AC is not
P -
cPL ¢ AT T (©=©) © affected.
- 1000 0101 .
S [CLR Fo 85 1 {1 {(Fo)<0 Clears the flag Fo, resets it to 0.
E
c
8
8 . 1001 0101 =
T lCPL Fo 95 [ 1)1 (Fg)e(Fo) Complements the flag Fo.
1 1 1 1 P
CLR F, ° ° o ° AS 11 ] (F1)«0 Clears flag Fy resets it to 0.
1011 o101 =\
CPL Ft BS 11 [ F1)—Fr) Complements the flag F, .
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MELPS 8-48 MICROCOMPUTERS

. FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item) Instruction code ol 8 Efggfrlid
) Mnemonic 213 Function Description
D;DgDsDs D;5D,0,D,| HEX® | 8|3 ac| &
Ty TEeEs e BaEz R P gecimal 3
CALL m migmgmg 1 o100 14 {(SP))«~— (PC) (PSW4~PSW7) Calls .subroutine from address m. The pro-
+ (SP) « (SP) +1 gram counter and the 4 high-order bits of
(Mg -M10) 2|2 (o Ye—m the PSW are stored in the address indicated
X2 0-10 by the stack pointer {SP). The SP is incre-
MzMgMsm, MM, My Mo m - (PCyy) « MBF mented by 1 and m is transferred to PCy~
= PCyo and the MBF is transferred to PC,, .
i
o
@ The SP is decremented by 1. The program
<
< RET 1000 0011 83 (SP) « (SP) -1 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 maintained.
The SP is decremented by 1. The program
RETR 1001 0011 93 (SP) e (SP)—1 counter and the 4 high-order bits of the
y ' PSW are restorgdbwnl';]the sazed data in _|l_he
2 stack indicated by the stack pointer. The
(PC) (PSWa~PSW7)—((SP)) interrupt becomes enabled after the execu-
tion is completed.
IN A, P co0o00 10 os A) e
P P1Po + 112 i—)i (zpp) Loads the contents of P, to register A,
p =1~ .
OUTL Pp, A 0011 10 PiPo 3 i 1l (Pp) < (A) Output latches the contents of register A to
M p=1~2 Po :
ANL Pp, &n 1001 1 0 pP1Po e ?, 2|2 (Pp)«—(Pp)An Logical ANDs the contents of Pp and data
n,ngngn, nyn,n,n, np p=1~2 n. Qutputs the result to Py
ORL Pp, #n 1000 1 0pypo 8 2 2|2 (Pp)—(Pp)Vn Logical ORs the contents of Py and data
n,ngngn, ngn,n,ng "n p=1-2 n. Outputs the result to P
INS A, BUS 00000 1 O0O0O o8 Enters the contents of data bus (port 0)
1] 2 (A)—(BUS) to register A ’
OUTL BUS, A 0000 OOT1O0 02 Output latches the contents of register A
_ T] 2| ®us)—®) data to data bus (port 0)
[
15 y . Logical ANDs. the contents of data bus
S
G | ANL BUS, £n 1001 tooo0 o8 2| 2] (BUS)« (BUS)An {port O} and data n. Qutputs the result to
‘g n,n n.n, n;n,n,n, n data bus (port 0)
£
=3 .
o] Logical ORs the contents of data bus {port
3 ORL BUS, #n 1000 1000 88 2| 2| (BUS)«(BUS)Vn 0) and data n. Qutputs the result to data
e N;NgNsn, N3NNy N, n bus (port 0}
ocC inputs the contents of P
MOVD A, Pp 0000 1 1PiPo + (Ao~A3)«—(Ppg~Pp3) to the low-order 4 bits
Pwpo| 1| 2 of register Aand inputs O | Py's  used
{(Ag~A7)—0 p=4~7 to the high-order 4 bits | for multi-
of register A. plying 8243
sc ports are Py
11 11 Ppg~Pp3)«(Ag—~A - ~P,.
MOVD Pp, A oo P1Po Tl | 2| (PRo~PRa)—(Ap—~As) Outputs the low-order 4 7
p1Po p=4~7 bits of register A to Pp. Correspon-
dence to py,
c B _ | P1 isshown
1001 1 1pypg 9 Logical ANDs the 4 low-
ANLD Pp, A + 112 (Ppo~Pp3) = (Ppo—Pp3) A(Ag~A3) order bits of register A below.
PiPo —4~7 “and the contents of Py.| P4--pypz=00
P Ppcontains the result. PS:-p,p2=01
P6---p,pz=10
c i 7-pp2=11
1000 1 1pypo| 8 Logical ORs the 4 low- | P7-pip2
ORLD Pp, A +p 112 (Ppo~Pp3)—(Ppo~Ppa) V (Ag~A3) order bits of register A
P1Po p=4~7 and the contents of Pp.
Pp contains the result.
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item ) ) Effected
Instruction code f ‘el g carry
Mnemonic E ° Function - Description
Hexa- o |3 ¢ |ac 2 .
T D7 Ds Os Ds D3 D2 Dy Do gecimal AC| o
Y|
EN | 0000 O101 05 1 (1| (NTF)«1 Enables outside interrupt.
DIS 1 0001 0101 15 111 | (INTF)«0 Disables outside interrupt.
S | SEL RB, 1100 0101 cs 111](BS)—0 Selects working register bank 0.
€
8
-
3 | SEL RB, 1101 0101 D5 [1]1](@BS)—1 Selects working register bank 1.
=]
(@] 2
3
E‘ SEL MBo 17110 0101 ES 1 1] (MBF)«0 Selects memory bank 0.
SEL MB, 1111 0101 F5 1] 1] (MBF)«—1 Selects memory bank 1.
Enables output of clock signal from terminal
ENTO CLK 06111 o101 75 |11 T;‘ P 9
Transfers the contents of timer/event coun-
MOV A, T 0100 0010 42 11 ] (A)<(T) ter to register A.
7 £ A /
Transfers the contents of register A to timer,
MOV T, A o110 oo0o1t1o 62 1 1] (T)—(A) event counter.
5 Starts timer operatlon of timer/event coun-
g STRT T 6101 0101 55 T term. Minimum count cycle is 80us.
8
5 Starts operation as event counter of time/
€ event counter. Counts up when terminated
3 | STRT CNT 100 0101 as e T, changes to input high-level for input low-
2 level. Minimum count cycle is 7.5us.
1 .
3 -
E STOP TCNT 0110 0101 65 T Stops operation of timer or event counter.
€ .
£
EN TCNTI 0010 0101 25 1| 1| (TCNTF) 1 Enables interrupt of timer/event counter.
Disables interrupt of timer/event counter.
Resets interrupt flip-flop of CPU which is
DIS TCNTI 0011 o101 35 T (TONTF) -0 set during the CPU stands-by. Timer over-
flow flag isn't affected.
% NOP 0000 OO0OOO o0 11 . 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 instructions ADD ADDC and
DAisas follows:
(C) <1 atoverflow of the accumulator is produced.
{C)«<0  atno overflow of the accumulator is produced.
{AC) <« 1 at overflow of the bit 3 of the accumulator.
{AC) <0 at no overflow.
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Symbol Meaning Symbol Meaning
A 8-bit register (accumlator) PC Program counter
Ao~ A3 The low-order 4 bits of the register A PCo~PC7 The low-order 8 bits of the program counter
As—~A7 The high-order 4 bits of the register A PCg~PC1p| The high-order 3 bits of the program counter
Ag~An, An+1 The bits of the register A PsSw Program status word
b The value of the bits 5~7 of the first byte machine code
bybsbs The bits 5~7 of the first byte machine code Rr Rcgister designator
8s Register bank select r Register number
BUS Corresponds to the port O (bus /0O port) ro The value of bit 0 of the machine code
raryrg The value of bits 0~2 of the machine code
AC Auxiliary carry flag $2818p The value of bits 0~2 of the stack pointer
e} Carry flag SP Stack pointer
DBB Data bus buffer ST4-STy Bits 4~7 of the status register
STS System status
Fo Flag O T Timer/event counter
F1 Flag 1 To Test pin O
INTF Interrupt flag T, Test pin 1
IBF Input buffer full flag TCNTF Timer/event counter overflow interrupt flag
m The value of the 11-bit address TF Timer flag
mimgmsmgmamzmimg m?bslttez%rmet;gte (low-order 8 bits) machine code of the
migmg mg The bits 5~7 of the first byte (hlgh~0{der 3 bits)machine # Syrnbo'l to indicate the immediate data
code ofothe 11-bit address
M (A) The content of the memory location addressed by the register A @ Symbol to indicate the cuntent of the memory location
(M (Rr) The content of the memory location addressed by the register R address by the register
(Mx(Rr)) '{)Ce{ﬁ:%gg&;iﬁtre external memory location addressed - Shows direction of data flow
MBF Memory bank flag — Exchanges the contents of data
n The value of the immediate data ( ) Contents of register, memory location or flag
NaNgNsN 4N 3NN NG The immediate data of the second byte machine code A Logical AND
OBF ! Output buffer full flag \% inclusive 6R
¥ Exclusive OR
p Port number — "Negation
Pp Port designator O Content of flag is set or reset after execution
p1po The bits of the machine code corresponding to the port number
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Instruction Code List

D:~D,4 | o000 | o001 [ooto |oort |owo |otor |o1o [o1r | 1000 | w001 |d010 | 1011 | 1100 | 101 | 1110 |
Hexa-
D3~Do \ gecimal 0 1 2 3 4 5 6 7 8 9 A B c D E F
wop | ™C | XcH |xcHD [ ORL | aNL | ADD |ADDC | MOV XRL MOV
0000 o @R0 |A, @R0[A, @Ro|A, @R0|A, @R0|A, @R0[A, @ RO @RO, A A, @RO |, ero]
INC | xcH | xcHD| ORL | ANL | ADD |ADDC MOV XRL MOV
0001 ! @Rl |A, @R1lA @R1|a @R1|A, @R1lA, @R1|A, @RI @R1,A A, @R1 A, @R1
MoV MOV
0010 2 AT T A
.
0011 3
0100 4
EN |.ois | EN | ois |sTRT [sTRT [sTor|enTo) cLr | opL | cLr | epL | sEL | seL | sev | seL
0101 5 I 1 |Tenmi|TonTil onT | T |Tent| ok | Fo | Fo | F1 | F1 | RreO | RB1 | MBO | wmen
0110 6
DEC | INC | cLR | cPL |swaP| DA | RRC | RR CLR | cPL MOV | MOV | RL | RLC
e 7 A A A A A A A c c APSW|PswA| A A
ING | XCH ORL | ANL | ADD [ADDG DEC | XRL MOV
1000 8 RO | A, RO A, RO.{ ARO | A,RO | A, RO RO | A RO A, RO
INC | XCH ORL | ANL | ADD |apDC | DEC | XRL MOV
1001 9 A1 | A R1 A R1| AR1|ARI|ARI R1 [ A R1 A, R1
‘ INC | XCH ORL | ANL | ADD |ADDC DEC | XAL MoV
1010 A R2 | A, R2 AR, | AR2 | ARz | A,R2 Rz | A Rz A, R2
“INC | XCH ORL | ANL | ADD |ADDC ‘DEC | XRAL MOV
1011 & R3 | A, R3 AR3 | AR3 | AR3 | AR3 R3 | A, R3 A, R3
ING | XCH ORL | ANL | ADD |ADDC DEC | XxRL MoV
1100 ¢ R4 4| A, R4 A R4 | A R4 | ARs | A R4 Ra | A, Ra A R4
ING | XCH ORL | ANL | ADD |ADDC DEC | XRL MOV
1101 D RS | A, RS A RS | A RS | AR5 | A RS Rs | A, RS A, RS
ING | XCH ORL | ANL | ADD |ADDC DEC | XAL MoV
110 E R6 | A, R6 A R6 | A RE | A RE | ARE R6 | A, R6 A R6
INC | XCH ORL | ANL | ADD |ADDG DEC | XAL | MOV
m F R7 | A, R7 A, RT| A RT | ART | A,R7 R7 | A, R7 A, R7
& 2-byte, 2-cycle instruction
1-byte, 2-cycle instruction
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SINGLE-CHIP 8-BIT MICROCOMPUTER

DESCRIPTION

The M5L8048-XXXP and M5L8035LP are 8-bit parallel
microcomputer fabricated on a single chip using high-
speed N-channel silicon-gate ED-MOS technology.

FEATURES
® Single 5V power supply

® Instructioncycle ................. 2.5us(min)

® Basic machine instructions: . ............... 96
1-byte instructions: 68
2-byte instructions: 28
® Direct addressing ....... v e« ... . Upto 4096 bytes
® [nternal ROM . ... ............... . 1024 bytes
(for M5L8048-XXXP only)
® InternalRAM . .................... B64bytes
® Built-in timer/event counter .. ............ 8 bits
® I/OPorts. ...oovvvvuuennn. e, 27 lines
® Easily expandable Memory and /O
® Subroutine nesting . ......... e 8 levels
® External and timer/event counter interrupt . 1 level each
® | ow power standby mode
® External RAM . .................... 256 bytes
® [nterchangeable with 18048 and i8035L in pin configura-
tion and electrical characteristics
APPLICATION

® Control processor or CPU for a wide variety of appli-
cations

PIN CONFIGURATION (TOP VIEW)
TEST PIN 0 To «»[T] ~ [@] veo (5V)
CLOCK INPUT T X1 — [35) ¢ T1 TEST PIN 1
CLOCK INPUT 2 X2 =3 wle P27
RESET INPUT RESET —» [} 5] e P26
il 1/0 PORT 2
SINGLE-STEP INPUT SS — 5] Fc]e» P25
INTERRUPT o
REQUEST (NPUT INT —[E] 5] +» P 24
EXTERNAL ACCESS EA =7 EAR I
READ RD +[2 2 [Elepris
R Sa=x o
STORE ERAKLE PSEN «[3 = [z]esP 15
WRITE WR «[i0 4 3P 1,
> 1/0 PORT 1
LatcH BRRESE ALE « [ x 0] P13
Do » [i2] o] Flepri,
Dy e[z o E“P1 1
D2 e[ (7] e P 1,
DATA BUS < D L =] Voo (5V) |
TN - PROG [ ERNAL
CONTR
Ds « [17] e pP2; ORGP
Ds & |18 Pre
® El P22l ot
D7 & [i9 [2] e P2,
(oVv) vss [z [Z]e P2
" Outline 40P4
FUNCTION :

The M5L8048-XXXP and M5L8035LP are integrated 8-bit
CPU, with memory (ROM, RAM) and timer/event counter
interrupt all contained on a single chip.

BLOCK DIAGRAM .
Plo P1z Pli P P2y P2 P2 P2
DoDyD; 0304050607 PLL P13 P15 P17 P2, P2y P2 P2
‘—_?—?IGI (BN ?? Q) R - - .
PORT 1 PORT 2 — 0SC FREQ
BUS BUFFER BUS BUFFER BUS BUFFER | PROGRAM o :
SELECT [ 1@
Jo] ! =2 BlTSl PROGRAM PRESCALER
BUS LATCH PORT 1 2 MEMORY STATUS
P. REGISTER] |d ATCH PORT 2 LATCHS< ENQEY, [ MEMORY
DER 8 BITS) L EXTENDED 1/0 é_%&gopl; 1k 8 | [REGISTER
8 ] x
] I g ¥ H
8
‘ il Il E03 !gzj :
TNSTRUGTIONN STACK JROREGISTER )
o E£GIST
Ea REGISTER J15CARLA POINTE R1REGISTER |
LS lof — SELECTQR RZREGISTER 2o
752 (ne) ] R3REGISTER3|x
£3 INSTRUCTION 4 R4REGISTER | £
#v) voo & % DECODER 'ADDRESS | [RSREGISTERS|®
(5¥) Voe CONLRAL [2[FEREGISTERS
y _1 SIRTREGISTERT
(00 Ve @é’ﬁﬂqéﬁ Bl sTAck
: LIRQUIT) | [ROREGISTERS
» To W[RIREGISTER Y
T
I ' | & |RZREGISTER
250 Moo O[RSREGISTERS|
E22 FLAG I- RAREGISTER4|% i
= pe—— TIMER FLAG
oca RSREGISTER 5| <
fe——CARR [+4]
CONTROL CIRCUIT zs" [ REREGISTERS
N V— acc aiT TesT R7REGISTERT
) 5D I T 5 K— i
’ l RAM 64 BYTES
® —0—O &—®—© - _
Te Ty iNTRESETPROG EA X1 X, ALE PSEN SS RD WR
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MITSUBISHI MICROCOMPUTERS

MS5L8048-XXXP/MSL8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER!

PIN DESCRIPTION

Pin Name Input or output Function

Vss Ground Normally connected to ground (0V).

Vee Main power supply Connected to 5V power supply.

Voo Power supply (MConnected to 5V power supply. A
@Used for memory hold when Vg is cut.

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

To Test pin0 external conditions (JTO/JNTO).

Output @Used for outputting the internal clock signal (ENTO CLK).
X1, Xa Crystal inputs Input External crystal oscjllator or RC .circuit input for generating internal ctock signals.
An external clock signal can be input through X; or X,.
RESET Reset Input Control used to initialize the CPU.
sS Single step Input Control signal used in conjunction with ALE to stop the CPU through each instruction, in the single-step
. k mode.
(DControl signal from an external source for conditional jumping in a program. Jumping is dependent on

INT Interrupt Input external conditions (JNI).

@Used for external interrupt to CPU.
(DNormally maintained at0V.

EA External access Input @When the level is raised to 5V, external memory will be accessed even when the address is less than
40045 (1024). The M5L8035LP is raised to 5V.

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

R_D_ Read control Output be transferred to the data bus.

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

PSEN Program store enable Output Strobe signal to fetch external program memory.

. Write control signat used when the CPU sends data through the data bus to extemal data memory or ex-

WR Write control Output ternal device.

(MOVX @Ry, A and OUTL BUS, A)

ALE Address latch enable Output 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 signais 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

Do~D- Data bus Input/output synchronized with ALE. After that, the transfer of the instruction code or data from the external program
memory is synchronized with PSEN.
3The 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, @R, and MOVX @Ry, A}
Input/output ®Quasi-bidirectional port. When use(? as an input port, FFys must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.

P2o~P2; | Port2 Output @P2,~P23 output high-order 4 bits of the program counter when using external program memory.

Input/output | ®P2y~P2; serve as a 4-bit I/0 expander bus for the M5L8243P.

PROG Program Output Strobe signal for M5L8243P 1/0 expander.

Plg~P1; | Port! Input/output Quasi-bidirectional port. When used Aas an input port, FF1s must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.
®Control signal from an external source for conditional jumping in a program. Jumping is dependent on

T, Test pin 1 Input external conditions (JT1/JNTT). ‘

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

MSL8048-XXXP/MSL8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
vce Supply voltage —0.5~7 \4
VDo Supply voltage —0.5~7 \
V| Input voltage With respect to Vs —-0.5~7 \
Vo Output voltage —0.5~7 \"
Pd- Power dissipation Ta=25TC 1.5 w
Topr Operating free-air temperature range —20~75 T
Tstg Storage temperature range — 65~ 15b c

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, uniess otherwise noted )
Symbot Parameter Limits Unit
Min Nom Max
vce Supply voltage 4.5 5 5.5 \
Vpo Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 \%
ViH1 High-level input voltage, except X1, X2 and RESET 2 Vce \"
ViH2 High-level input voltage, except X1, X2 and RESET 3.8 Vee v
ViL Low-level input voltage —0.5 0.8 \%
ELECTRICAL CHARACTERISTICS (Ta==20~75C, Vcc=Vpp=5V +10%, Vss=0V, unlessotherwise noted)
Limits
Symbol Parameter Test conditions i Tvo Yo, Unit
VoL Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 v
VoLi1 Low-level output voltage, except the above and PROG loL=1.6mA 0.45 v
VoL2 Low-level output voltage, PROG loL=1mA 0.45 \
VOH High-level output voltage, BUS, RD, WR, PSEN, ALE loy= — 100 uA 2.4 v
VoH1 High-level output voltage, except the above low= —50uA 2.4 v
L Input leak current, T1, INT . Vss=ViNEVee —10 10 uA
I oL Output leak current, BUS, TO high-impedance state Vss+0.45=VIN=VCe —10 10 ',uA
i Input current during low-level input, port Vi =0.8V —0.2 mA
L2 Input current during low-level input, RESET, 55 ViL=0.8V —0.05 mA
Ipp Supply current from Vpp 10 20 mA
Ipp+!ce Supply current from Vpp and Vee 65 135 mA
TIMING REQUIREMENTS (Ta=—20~75C. Voo=Vpp=5V  10%. Vss=0V, unles otherwise noted)
Symbol Parameter Alternative Limits Unit
symbol Min Typ Max
ic Cycle time toy 2.5 ’ 15.0 s
th (PSEN-D) | Data hold time after PSEN tpR 200 ns
th (A-D) Data hold time after RD tor 1] 200 ns
tsu (PSEN-D) | Datasetup time after PSEN trROD 500 ns
tsu (R-0) Data setup time after RD tRD 500 ns
tsu (A-D) Data setup time after address taD 950 ns
tsu (PROG-D) | Data setup time after PROG ter 810 ns
th (PROG-D) Data hold time before PROG ter 0 150 ns
Note 1: The input voltage level of the input voltage is Vi .=0.45V and Vjy=2.4V.
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MITSUBISHI MICROCOMPUTERS

- MSL8048-XXXP/M5L8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

SWITCHING CHARACTERISTICS (Ta=—20~75C. Voo=Vop=5V+10%. Vss=0V. unlessot’herwisenoled)

Symbol Parameter Alst:::;t)ilve i L:::s ok Unit
tw (ALE) ALE pulse width ter 400 ns
td(A-ALE) Delay time, address to ALE signal tar 120 ns
tv(ALE-A) Address valid time after ALE tLa 80 ns
tw (PSEN) PSEN pulse width tce 700 ns
tw(r) - RD pulse width tce 700 ns
tw(w) WH pulse width tce 700 ns
td(Q-w) Delay time, data to WA signal tow 500 ns
tv(w-Q) Data valid time after WR two 120 ns
td(a-w) Delay time, address to WR signal taw ’ 230 ns
td(az-R) Delay time, address disable to RD signal taFc 0 ns
td(Az-PSEN) | Delay time, address disable to PSEN signal tAaFcC 0 ns |
td(Pc-PROG) | Delay time, port control to PROG signal top 110 ns
tv(PROG-PC) | Port contro! valid time after PROG tec 100 ns
tp(Q-PROG) | Delay time, data to PROG signal tor 250 ns
Tv(PROG-Q) | Data valid time after PROG tro 65 ns
tw (PROGL) | PROG low pulse width tep 1200 ns
td(Q-ALE) Delay time, data to ALE signal trL 350 ns
tv(ALE-Q) Data valid time after ALE tLp 150 ns

Note 2: Conditions of measurement: control output C =80pF .
data bus output, port output Cy=150pF, 1c=2.5us
3: Reference levels for the input/output voltages are low level=0.8V and high level =2V

TIMING DIAGRAM
Read from External Data Memory

Write to External Data Memory

ALE ——/_\

.

tw(r) fww)
— WA
RD N f— R
tv(w-)
Id(f—im th(r-0) td (g-w)
BUS DDRES: Q DATA D BUS ADDRES! DATA
Td (a-
t tsu(r-0) deaw)
SU(A-D) .
Instruction Fetch from External Program Memory Port 2
tc ’ !
ALE —\ / \
tw(ALE) n ’{ t e d
. V(ALE-Q) 1p(Q-PROG)
ALE —/ : /ﬁ_ td (g-aLE) 4ty (PROG-Q)
tw(PsEN) P2~ P23 EXTENDED PORT PORT CONTROL
DURING X PCH. X )¢ "JUTPUT DATA”
PSEN —_— P2o~P23 DATA T 1
{ ' tsu(Pr0G-D) |l th prog.0)
tv(aLE-A) t P2g~ P23 EXTENDED PORT P2o~P23 DATA
td (a-ALE) d > th(PSEN-D) DURING PCh
= e i
(AZ BSEN) INPUT ta i PORT CONTROL INPUT DATA
BUS DDRES DATA d (PC:PROG)>}1= ty (PROG»‘F“C)
tsu(psen-D)
PROG tw(PROGL)
tsua-p)
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MITSUBISHI MICROCOMPUTERS
- M5L8049-XXXP,P-8,P-6
, 9- ,P-8,
M5L8039P-11,P-8,P-6
y 9
SINGLE-CHIP 8-BIT MICROCOMPUTER
DESCRIPTION ]
PIN CONF ATION (TOP VIEW
The M5L8049-XXXP, P-8, P-6 and M5L8039P-11, P-8, P-6 IGUR ( )
are 8-bit parallel microcomputers fabricated on a single chip
using high-speed N-channel silicon gate ED-MOS tech- TEST PIN 0 To @[5 N~ [%]  Voc (5V)
nology. CLOCK INPUT 1 X1 —[2 [35) & T1 TEST PIN 1
CLOCK INPUT 2 Xz -+ [3] Giles P2,
ROM Type _
Speed Internal ROM Type External ROM Type RESET INPUT RESET = [3 [Fle» P2g
11 MHz Type M5LBO49-XXXP M5L.8039P-11 SINGLE-STEP INPUT 55 —[3 = e P25 1/0 PORT 2
- - - INTERRUPT —=
8 MHz Type M5L8049-X X XP-8 M5L8039P-8 REQUEEERRUPT INT — [] E)e P2,
6 MHz Type M5L8049- XX XP-6 M5L8039P-6 EXTERNAL ACCESS EA —»[T] e Py
READ RD «[& Hles P
FEATURES. PROGRAM s==rt o 2 =1 N
e Single 5V | sTORE enABLE PSEN 3] [ e Pis
ingle power supply WRITE WR &[] g GlePiy
® Basic machine instructions ... .............. 96 ADDRESS LATCH ALE «[{] x T P13 /0 PORT 1
. . ENABLE
1-byte instructions: 68 Do #» [2] ol )P,
2-byte instructions: 28 D1 &[G 0 ze]es P14
® Direct addressing ..............upto4096 bytes Ez“% 2]+ Plo
3@ 5 26 Vi 5V)
® Internal RAM . ....................128Dbytes DATA BUS O o 5] :]_'P‘:’oé ENTERNAL
25
P . 110
® Built-in timer/eventcounter . ............. 8 bits Ds & [7] 23] e» P23) CONTROL
® I/OPorts. .......vveiineeeennnnn.. 27lines PN Fesp2,y| OO T
. PORT 2
® Easily expandable Memory and 1/0: D7  [5] ] P2, Vo PO
® Subroutinenesting . .................. 8 levels (ov) vss [ 2] e P2
® External and timer/event counter interrupt . 1 level each o 10P4
utlin
® External RAM .....oovnernnnnnnann.. 256 bytes e 40P
® M5L8049-XXXP/M5L8039P-11, P-6 are interchangeable
with i8049/i 8039, i 8039-6 in pin configuration and electric- FUNCTION
al characteristics. The M5L8049-XXXP and M5L8039P are integrated 8-bit
APPLICATION CPUs, with memory (ROM, RAM) and timer/event counter
® Control processor or CPU for a wide variety of appli-  interrupt all contained on a single chip.
cations
BLOCK DIAGRAM Ple Plz Pl piy P2 P2 P21 P2
DgD1DzD30405Dg07 Pl P13 PYs Py P2y P23 P2s P2
l*»—?c?? BEENEI) 3) @) q -
PORT 1 PORT 2 0SC FREQ
8US BUFFER || BUS BUFFER BUS BUFFER '
0 ‘ ROM PRESCALER
> PROGRAM
BUS LATCH x -
PC TEMP, REGISTER| |8 PR PORT 2 LATCH MEMORY RSETSE#R
(LOW-ORDER 8 BITS)| | < EXTENDED 1/0 2K x 8
) 3 8
8
I " R{STACK ROREGISTERD
J . Q. POINTER RIREGISTER!
ACQUMULATOR uIE RZREGISTER?]
252 l RIREGISTER3|M .
ES™ [ |iNsTRUCTION < « [F4REGISTERa[Z
(5V) Voo - PONER, 2 DECODER égNTraFggé & [ReReGISTERS |
(V) Veo FOR RAM . CIRCUW! 3 2‘3?58{ 152:
(V) vss ﬁ AORFESY [8] stack
, CIRCUITT |on [RGREGISTER®
B} —o IG[RIREGISTER
< =T S|R2REGISTER?
850 F—flaeo O|RIREGISTER 3|
E2Z 0O [&=—FLAGI R4REGISTER4|Z
T ) é 9 fe— TIMER FLAG RSREGISTERS é
CONTROL CIRCUIT (—N 25~ o REREGISTERs
! © K——AcceiT TesT R7REGISTER?
RAM 128 BYTES
1 6 4 7 2 3 10 9 5 8 10 -
To Ty INTAESETPROGEA Xy X2 ALE PSEN 5§ RD WR
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MITSUBISHI MICROCOMPUTERS
MSL8049-XXXP,P-8,P-6
MSL8039P-11,P-8,P-6

- SINGLE-CHIP 8-BIT MICROCOMPUTER.

PIN DESCRIPTION
Pin Name Input or output Function

Vss Ground Normally connected to ground (0V).

Vce Main power supply Connected to 5V power supply. o '

onnected to 5V power supply.

Voo Power supply gﬁsed for memorypho(d whepnp\rcc is cut.

Input (@Control signal from an external source for conditional jumping in a program. Jumping is dependent on

To Test pin 0 external conditions (JTO/UNTO).

Output @Used for outputting the internal clock signal (ENTO CLK).
. External crystal oscillator or RC circuit input for generating internal clock signals.

X1, Xe Crystal inputs nput An extemarf clock signal can be input thr:ugh X.g or Xa. ¢ ¢

RESET Reset Input Control used to initialize the CPU.

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

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

INT Interrupt Input external conditions (JNI). '

@Used for external interrupt to CPU.
(ONormally maintained at OV.

EA External access Input @When the level is raised to 5V, external memory will be accessed even when the address is less than
40046 (2048). The M5LB039P is raised to5V.

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

RD Read control Output be transferred to the data bus.

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

PSEN Program store enable Output Strobe signal to fetch external program memory.

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

WR Write control Output ternal device.

(MOVX @R, A and OUTL BUS, A)

ALE Address latch enable Output A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle.
@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.

(@Wwhen using external program memory, the output of the low-order 8 bits of the program counter are

Do~D5 Data bus Input/output synchronized with ALE. After that, the transfer of the instruction code or Qata from the external program

R 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, @Ry, and MOVX @Ry, A)
Input/output ®Quasi-bidirectional port. When useg as an input port, FFig must first be output to this port. After reset,
- . | when not used as an output port, nothing needs to be output.
P2o~F2; | Port2 Output @P20~ P25 output high-order 4 bits of the program counter when using external program memory.
Input/output | @P2;~P2; serve as a4-bit 1/0 expander bus for the M5L8243P.

PROG Program Output Strobe signal for M5L8243P 1/0 expander.

Plo~P1, | Port! Input/output Quasi-bidirectional port. When used as an input port, FFis must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.

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

T, Test pin 1 Input external conditions (JT1/JNT1). o )

@When enabled, event signals are transferred to the timer/event counter (STRT CNT).
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MITSUBISHI MICROCOMPUTERS
MSL8049-XXXP,P-8,P-6
MSL8039P-11,P-8,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
vee Supply voltage —0.5~7 Y
V Supply voltage -0.5~7 v
0o aad o With respect to Vgs
" Input voltage —0.5~7 v
Vo Qutput voltage —0.5~7 \
Pd Power dissipation Ta=25T 1.5 w
Topr Operating free-air temperature range —20~75 T
Tstg Storage temperature range —65~ 150 T
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C,unless otherwise noted )
Limits
Symbol Parameter Unit
Min Nom Max
AVZe%s) Supply voitage 4.5 S 5.5 \"
Voo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 \
ViH1 High-level input-voltage, except for Xy, X;, RESET 2 Vee \
Vinz High-level input voltage, X;, X, RESET 3.8 Vce A2
ViL Low-level input voltage -0.5 0.8 v
ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Voo=Vpp=5V % 10%, Vss=0V, unless otherwise noted )
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
VoL Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 \
Vot Low-level output voltage, except for the above and PROG loL=1.6mA 0.45 v
Vorz Low-level output voltage PROG loL=1mA 0.45 \
VoH High-level output voltage, BUS, RD, WR, PSEN, ALE loH= — 1004 A 2.4 \
VoH1 High-level output voltage, except for the above lon = —50n1A 2.4 \
(N input leak current, T1, INT VssSVINSVeo —10 10 LA
loL Qutput leak current, BUS, TO, high-impedance state Vss+0.45< VNS Vce —-10 10 uA
i Input current during low-level input, port ViL=0.8V —0.2 mA
L2 Input current guring low-level input, RESET, 55 ViL=0.8V —0.05 mA
lop Supply current from Vpp Ta=25T 25 50 mA
lpp+lce Supply current from Vpp and Ve Ta=25C 100 170 mA
TIMING REQUIREMENTS (Tg=—20~75C ,Voc=Vpp=5V £ 10%. Vss=0V. unlessotherwise noted)
Limits
' Alternative M5L8049-XXXP M5L8049-X X XP-8 M5L8049-X X XP-6 .
Symbol Parameter symbol M5LB030P-11 | M5LBO30P-8 M51.8039P-6 Unit
Min Typ Max Min Typ Max Min Typ Max
te Cycle time toy 1.36 15.0 | 1.875 15.0 | 2.5 15.0 | us
th (pseN-D) Data hold time after PSEN " tpr 0 100 0 150 0 200 | ns
th (r-p) Data hold time after RD tor 0 100 0 150 0 200 | ns
tsu (PSEN-D) Data setup time after PSEN trp 250 350 500 ns
tsu (r-p Data setup time after RD tro 250 350 500 | ns
tsu (a-D) Data setup time after address tap 400 650 950 | ns
tsu (PrROG-D) Data setup time after PROG ter 650 700 810 ns
th (PROG-D) Data hold time before PROG tpr 0 150 4] 150 0. 150 ns
Note 1 : The input voltage are V,,=0. 45V and V;y=2.4V.
2 1 Taq=0~70C
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'MITSUBISHI MICROCOMPUTERS
MS5L8049-XXXP,P-8,P-6
MSL8039P-11,P-8,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

SW|TCH|NG CHARACTER |ST|cs (Ta=—20~75°C, Vicc = Voo = 5V#10%, Vsg = OV, unless otherwise noted)

Limits
Alternative " M5L8049-XXXP M5L.8049-X XXP-8 M5L8049-X X XP-6 .
Symbol Parameter symbol M5L8039-11 (oo )|  M5LBO39P-8 M5L8039P-6 Unit
Min Typ Max Min | "Typ Max Min Typ Max
tw (aLE) ALE pulse width T 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 tia 50 70 80 ns
tw (PSEN) PSEN pulse width toe 300 500 700 . ns
tw (r) RD pulse width tee 300 500 700 : ns
td (w) WR pulse width teo 300 500 700 ns
tv (o-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 taFc —10 —5 0 ns
td (az-PSEN) Delay time, address disable to PSEN signal taFc —10 —5. 0 ' ns
td (Pc-PROG) Delay time, port control to PROG signal top 100 105 10 ns
tv (PROG-PC) Port control valid time after PROG tec 60 100 130 ‘ ns
1p (0-PROG) Delay time, data to PROG signal top 200 210 220 ns
tv (PROG-Q) Data valid time after PROG tep 20 45 65 ns
twproGL) PROG low pulse width tep 700 1150 1510 ns
td (o-ALE) Delay time, data to ALE signal tpL 150 300 400 ns
v (ALE-Q) Data valid time after ALE tp 20 100 150 | . ns
Note 3 © Conditions of measurement: controf output C =80pF »

. data bus output, port output C(=150pF
4 : Reference levels for the input/output voltages are low levei=0.8V and high level=2V.

TIMING DIAGRAM

Read from External Data Memory

ALE _/—\

Write to External Data Memory

ALE -—/_\

/.

tw(R) tw(w)
G ~ WA ———————— —
tv(w-Q)
. td}iz—n) td(o-w)
BUS —@ BUS GEooRES) <<>> -
tsu (R-0) e tacawy
tsu(A-D)
Instruction Fetch from External Program Memory Port 2
tc ' [\ f——\
tw(ALE) ALE -f tv(ALE-Q) t ﬂ
td(o- v - P (Q-PROG)
ALE \ /i Q-ALE) tv (PROG-Q)
A EXTENDED PORT PORT CONTROL
jesEy) PZSJRTNZGQ X PCH___ N\ X duTeuT DATA(
PSEN S OUTPUT P2g~P23DATA ’ 1
tsu (PROG-D) ||th (PRoG-D)
tv (ALE-A) EXTENDED PORT P2o~P23 DATA | ‘ t=
td (a-ALE) L ta - th(PSEN-D) P2o~P23 X PCH X X il
(AZ-PSEN) DURING ! PORT CONTROL INPUT DATA
BUS = DORESY td (Pc-PROG)™T) tv (PROG-PC)
tsu(PSEN-D)
. - PROG tw (PROGL)
tsu (A-D)
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MITSUBISHI MICROCOMPUTERS

MSL 8049H-XXXP/MSL8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

DESCRIPTION

The MSLBO49H-XXXP and M5L803HLP are 8-bit parallel PIN CONFIGURATION (TOP VIEW)
microcomputers fabricated on a single chip using N- :
channel silicon gate ED-MOS technolog{'/. TESTPINO o+~ 4 Veo (5V)
. CLOCK INPUT 1 X, —[2] : %« T, TESTPIN1
CLOCK INPUT 2 X, —[3] 6]+~ P2,
FEATURES RESET INPUT RESET — [« P2% |10
® Single 5V power supply SINGLE-STEP INPUT 55 — [5] [38] = P2, [PORT 2
©® Low power dissipation =-««+-ss-serrrrneeesaeee 275mwW (typ) lNTREERgllJJEPgT INPUTW_’ ]+ P2,
@ INStrUGHION GyClE s+ vereeersrnrresrnnrramnneeines 1.36us (min.) EXTERNAL ACCESS EA— z E,_, Pi;
® Basic machine instructions *++-96(1-byte instructions: 68) proRam  EAD RD —[E] o 5] <+ P16
® 4K-bytes memory addressing possible STORE ENCVBFI(_E PSVI\E/—: [ % %0 P:5
: . N . ITE WR «— ~P
(direct addressing possible in 2K-bytes memory) ADDRESS LATCH AL - [ @ - P1: [N
® Memory capacity RQM ........................... JRrre 2K-bytes ENABLE [ >|< E" iy
RAM ::reeesernmnnranniatiacicence 128 bytes D, += § E«- P1,
® Built-in timer/event counter «+--eresrereresres e 8 bits D, « [ o 7] > 1,
[ |/o ports ................................. P 27 lines Ds"’ B E Voo (5V)
® Easily expandable memory and /0 DATABUS| ;. . [ig =] — PROG SXJERNAL
@ SUDrOULINE NEsting -+ s+ reresreresnersemsmsseseensenees 8 levels ' Ds++ [23) > P2, 88#;&_?L
® External and timer/event counter interrupt, 1 level each Dg + 18] 5]~ P2, | 1/0
® Low power standby mode Dy <+~ 19 7] -~ p2, | PORT 2
® MS5L8049H-XXXP/M5L8039HLP are interchangeable with (OV) Vss 2l P2,
i8049H/i 8039HL in pin configuration and electrical char- Outline 40P4
acteristics.
APPLICATION

Control processor or CPU for a wide variety of applications

FUNCTION

The M5L8049H-XXXP and M5L8039HLP are integrated 8-bit
CPUs, with memory (ROM (Except M5L8039HLP), RAM)
and timer/event counter interrupt all contained on a single

chip.
) Do D» Dy Dg Plg Pty Plg Plg P2 P2, P2, P2
BLOCK DlAGRAM °D| 203 4D5 6D7 I?’h l§13 1315 2'17 20P21 f’232?’25 2’27
e — (F) (E) (). (D A7(18)(19)42; €D 33) €) (36) - - - -
PORTI PORT?
BUS BUFFER BUS BUFFER BUS BUFFER PROGRAM
| — | SELECT
{s) f] &5 12878

8 PORT1LATCH

BISTATCHFS =
B PORTZLATCH |2 27T iy
EXTEND!/O &= | ReLtctotue)

3

(&)
FIREGISTERD

IE]' RE
R4 REGISTER 4
R5 REGISTER S

Ko R b

BANK(

LOGICAL UNIT p

ARITHMETIC

ACCUMULATOR
(5V) Voo POWER SUPPLY L] IR O INSTRUCTION

FOR RAM ) DECODER DOA
(5V) Veo

CIRCUIT
(0V) Vg H ADDRESS

 CONTROL
CIRCUIT

[ RI REGISTER 1 |
| R2 REGISTER? |
| R3REGISTER 3 |

ins

R6 REGISTER 6
R7 REGISTER

ADDRESS DECODER

CONDITIONAL
BRANCH
LOGIC
geee
2oEE
[
>

[ : CONTROL CIRGUIT

O-@-O-O-B-O-O-O-O-O-O-O—©— - - - -
To INT_PROG X, ALE_ S5 WR
T, RESET EA X, PSEN RD
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M5L8049H-XXXP/M5L8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or output Function

Vss Ground Normally connected to ground (0V).

Vce Main power supply " Connected to 5V power supply.

onnected to 5V power supply.

Veo Power supply gcu:sed for memovyphold wh(-:\p\rcc is cut.

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

To Test pin 0 external conditions (JTO/UNTO).

Output @Used for outputting the internal clock signal (ENTO CLK).

X1, Xa Crystal inputs Input External crystal oscillator or RC circuit input for generating internal clock signals.
An external clock signal can be input through X, or X,.

‘RESET Reset Input Control used to initiatize the CPU.

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

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

INT Interrupt Input external conditions (JNI).

@uUsed for external interrupt to CPU.
(DNormally maintained at 0V.

EA External access Input @When the level is raised to 5V, external memory will be accessed even when the address is less than
40046 (2048). The M5LB039HLP is raised to 5V.

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

RD Read control Output be transferred to the data bus.

{MOVX A, @Ry, and INS A, BUS}

PSEN Program store enable Output 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-

WR Write control Output | ternal device.

(MOVX @Ry, A and OUTL BUS, A)

ALE Address latch enable Output A signal used for latching the address on the data bus. An ALE signa! occurs once during each cycle.
@Provides true bidi ional bus fer of i ions and data between the CPU and external mem-
ory. Synchronizing is done with signals RD/WR. The output data is latched.

@Wwhen using external program memory, the output of the low-order 8 bits of the program counter are

Do~D; Data bus Input/output 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 memoary is synchronized with ALE. After that,
the transfer of data with the external data memory is synchronized with RD/WR.

(MOVX A, @Ry, and MOVX @Ry, A)
Input/output ®Quasi-bidirectional port: When used as an mput port, FFys must first be output to this port. After reset
when not used as an output port, nothing needs to be output.

P20~P2; | Pont2 Output @P2,~P2;3 output high-order 4 bits of the program counter when using external program memory.

Input/output | @P2p~P2; serve as a 4-bit I/0 expander bus for the M5L8243P.

PROG Program Output Strobe signal for M5L8243P 1/0 expander.

Plo~Pl, | Portl input Joutput Quasl-pldirectiqnal port. When used ?s an input port, FFig must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.
®Control signal from an external source for conditional jumping in a program. Jumping is dependent on

T Test pin 1 Input external conditions (JT1/INT1),

@When enabled, event signals are transferred to the timer/event counter (STRT CNT).
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MSL8049H-XXXP/MSL8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 '
Vob Supply voltage With respect to Vss —0.5~7 \
Vv, Input voltage —0.5~7 \"
Vo Output voltage —0.5~7 v
Pd Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 c
Tstq Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, uniess otherwise noted)

Symbol Parameter Limits Unit

Min Nom Max
Vece Supply voltage 4.5 5 5.5 v

Voo Supply voltage 4.5 5 5.5 \'

Vss Supply voltage 0 v
ViH1 High-leve! input voltage, except Xy, X; and RESET 2 Vee \"

Vinz High-level input voltage, X1, X, and RESET 3.8 Vee v
ViLt Low-level input voitage, except X;, X, and RESET —0.5 0.8 \'
Vio Low-level input voltage, X1, X, and RESET —0.5 0.6 \'
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voo = Vop = 5V£10%, Vss = 0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ | Max

Voo Low-level output voltage (BUS) lov = 2mA 0.45 \Y
Vout Low-level output voltage (RD, WR, PSEN, ALE) loo=1.8mA 0. 45 v
Vouiz Low-level output voltage (PROG) loo = 1mA 0.45 v
Vous Low-level output voltage (for other outputs) lo. = 1.6mA 0. 45 v
Vou High-level output voltage (BUS) lon = —400 zA 2.4 \Y
Vot High-level output voltage (RD, WR, PSEN, ALE) lon = —100 zA 2.4 \
Vouz High-level output voltage (for other outputs) low = —40 A 2.4 \
Iy Input leak current (T4, INT) Vss < Vin < Voo —10 10 “A
loz Output leak current (BUS, To), high-impedance state Vss+0.45< Viy = Vo —10 10 A
hi4 Input leak current (Port) Vs + 0.45< Vi < Vo —0.2| —0.5 mA
[ Input leak current (RESET, SS) Vss + 0.45< Viy < Ve —0.05 mA
lop Supply current from Vpp 5 10 mA
Ipp + lcc| Supply current from Vpp and Voo 50 100 mA

1
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. M5L8049H-XXXP/M5LSO039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING REQUIREMENTS (Ta=0~70C, Vo = Vop = 5V£10%, Vss =0V, unless otherwise noted)
Relationship to Alternative . Limits
Symbol Parameter Unit
cycle time (g} symbol Min Typ Max ]
tc Cycle time 1/ (fxraL + 15) toy 1.36 15 “S
th (psen-p) | Data hold time after PSEN 1710 « tc — 30 tor 0 110 ns
th (r-0) Data hold time after RD 1710 « tc — 30 tor 0 110 ns
tsu (psen-p) | Data setup time after PSEN 3/10 - tc — 200 tro2 210 ns
tsu (R-D) Data setup time after RD 2/5 « tc — 200 tro1 350 ns
Data setup time after address
tsut (a-0) (external data memory read cycle) 710 to — 220 tapt 730 ns
Data setup time after address
tsuz (a-0) (external program memory read cycle) 172+ 1o — 200 taz 460 ns
tsu (Proa.p) | Data setup time after PROG 6/10 « tc — 120 ter 700 ns
th (proa.p) | Data hold time after PROG 1/10 - tc ter 0 140 ns
Note 1 : The input voltage level is V,. = 0. 45V and V|, = 2.4V.
2 . fxraL is the oscillator frequency entered at the crystal input terminals (Xy, Xz).
SWITCHING CHARACTERISTICS (T2 =0~70T, Voo = Vop = 5V+10%, Vss =0V, unless otherwise noted)
Relationship to Al i Limits
Symbol Parameter Unit
cycle time (tg) symbol Min Typ Max
tw (ALE) ALE pulse width 7/30 - tc — 170 tu 150 ns
td (A-ALE) Address to ALE signal delay time 2/15 < tc — 110 taL 70 ns
ty (ALE-A) Address valid time after ALE 1/15 * tc — 40 tia 50 ns
tw (PSEN) PSEN pulse width 2/5 - tc — 200 tccz 350 ns
tw (R) RD pulse width 1/2 = t¢ — 200 tcct 480 ns
tw (W) WR puise width 1/2 « tc — 200 tcer 480 ns
td (a-w) Data to WR signal delay time 13/30 - tc — 200 tow 390 ns
ty (w-q) Data valid time after WR 1/15 « tc — 50 two 40 " ns
td (a-w) Address to WR signal delay time 1/3 » tc — 150 taw 300 ns
td (az-R) Address disable to RD signal delay time 2/15 « tc — 40 tarct 140 ns
td (az-w) Address disable to WR signal delay time 2/15 « tc — 40 tarct 140 ns
td (az-psen) | Address disable to PSEN signal delay time 1/30 » tc — 40 tarcz 10 ns
td (ALE-R) ALE to RD signal delay time 1/5tc—75 tLarct 200 ns
td (ALE-W) ALE to WR signal delay time 1/5tc— 75 tLaFct 200 ns
td (aLe-psen)| ALE to PSEN signal delay time 1710 < tc — 75 tLarcz 60 ns
td (R-ALE) RD to ALE signal delay time 1715 - tc — 40 tcat 50 ns
td (w-aLE) WR to ALE signal delay time 1/15 « tc — 40 tcat 50 ns
td (PRoa-aLe)| PROG to ALE signal delay time 1/15 « tc — 40 tcat 50 ns
td (psen-aLe)| PSEN to ALE signal delay time 4/15 « tc — 40 tcaz 320 ns
td (pc-proa) | Port control to PROG signal delay time 2/15 « tc — 80 tce 100 ns
tv (ProG-pPG) | Port control valid time after PROG 4/15 - tc — 200 tpc 160 ns .
td (a-proa) | Data to PROG signal delay time 2/5 + tc — 150 top 400 ns
tv (ProG-q) | Data valid time after PROG 1/10  tc — 50 tep 90 ns
tw (proaL) | PROG low-level pulse width 7/10 « tc — 250 tep 700 ns
td (Q-aLE) Data to ALE signal delay time 4/15 - tc — 200 teL 160 ns
tv (ALE-Q) Data valid time after ALE 1/10 « tc — 100 te 40 ns
td (aLE-Q) Delay time after ALE 3/10 « tg + 100 tev 510 ns
tw (To) To pulse spacing 3/15 - t¢ torrR 270 ns

Note 3 : Conditions of measurement: control output C, = 80pF data bus output, port output C_ = 1505F.
4 | Reference levels for input/output voltages are low-level = 0.8V high-level = 2V.
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MSL8049H-XXXP/MSL8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM

External Data Memory Read External Data Memory Write

td (aLe-r) \ td (aLe-w)
ALE —/ hN '_\—— ALE ——/ j '_L
tw (R) tw (w) ¢
_ td (r-aLE) . d (W-ALE)
RD g WR —
A fl td (az-w)
ty (w-a)
td (az-m)
I l‘< td (a-w
BUS < ADDRESS ))» BUS (ADDRESSIH & oatA pr—
tsu (r-) td (a-w)
tsu1 (a-0)
External Program Memory Instruction Fetch Port2
tc td (PrOG-ALE)
tw (aLE)
ALE —/ \ A\ ae— Y N
td (aLe-PsEN) EXTENDED tv (aLe-Q) td (a-PROG)
SeEN tw (psen) 'd (PSEN-ALE)  P2,~P2; BORT 1d (a-aLe) td (aLe-Q) ~{i—< Iv (ProG-0)
PSEN \ 4 gllﬁgtﬁ PCy P2o~3 )X PORT X _outPut X
tv (aLe-a) DATA  CONTROL DATA
d (a- B th (psen-D) : tsu (PrOG-D)
d aae) td (az réem PEN-D P2,~P2, EXTENDED PORT P2~s *h tPmoc-)
BUS A[)timsss'I & oatA P ?NUPFH?G PCy X_DATA X PORT
tsu (Psen-0) td (pc-Proa) =< CONTROL
tsuz (a-0) ™ tv (PRoG-PO)
PROG tw (PrOGL)
‘ MITSUBISHI 4-33

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M5M8050H-XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

DESCRIPTION
The M5MB8050H-XXXP/M5M8040HP is an 8-bit parallel mic-
rocomputer fabricated on a single chip using N-channel sili-

PIN CONFIGURATION (TOP VIEW)

con gate ED-MOS technology. TEST PIN 0 To «» 1] O =1 veo (5V)
M5MBO0S0H-XXXP Internal ROM Type (4K Bytes) CLOCK INPUT 1 X1 —# 2] [5s) ¢ T) TEST PIN 1
M5M8040HP External ROM Type CLOCK INPUT 2 X2 — 3] e]es P2,
' RESET INPUTRESET — [} e P2g
: SINGLE-STEP INPUT 55 —[3] e P2 (70 TORT 2
FEATURES INTERRUPT —=
® Single 5V power suppl reauest eur VT2 05 )+ P24
ingle oV p pply ) EXTERNAL ACCESS EA —»[7] GJesPi;
® |nstructioncycle ................... 1.36us (min) READ AD «[1] z e P
L i inei i .. E i ions: PROGRAM ==c—
Basic machine mstructlons. 96 (? byte instructions: 68) sTORE A BSEN «[T] g [FlesPis
® 4K-bytes memory addressing possible WRITE WR (] = FesP 1y
(direct addressing possible in 2K bytes memory) ADDRESS. LATCH A( £ o [1] I Fles P13y 1/0 PORT 1
® Memory capacity: ROM............... 4K bytes Do # [2] o] [Bles P,
RAM............... 256 bytes D1 e [3 % e P,
® Built-in timer/eventcounter ................. 8 bits Dz 4[] T]ePilg
[ i Die»
I/O.ports ............. B 27 lines oaTA BUS 4 O (=] 6] Voo (SEVX)TERNAL
® Easily expandable Memory and 1/0 Da » €] 5]+ PROG 15
® Subroutinenesting ................... ... 8levels Ds 4 [1] e P23) SONTEOL
® External and timer/event counter interrupt, 1 level each Ds e [u] - Bl P2z | ko
® Low power standby mode 07 « 5] [z) e P2,
(0V) vss [z E“,PZD
PP i
APPLICATION . . L Outline 40P4
Control processor or CPU for a wide variety of applications
FUNCTION
The M5MB050H-XXXP/M5MB8040HP is. an 8-bit CPU, with
“memory (ROM, RAM) and timer/event counter interrupt all
contained a single chip.
BLOCK
D|AGRAM DD, D; Dy D05 Dg Dy p‘?al?‘zp|3p‘c‘>|z'?n1PZ%z:jzzpthpz:zén
'[——-—ﬂ??m‘ B)-CNE ? @ ) . 2.2.6) -
PORT 1 PORT 2 .
BUS BUFFER || o 00l o Bk BUF cER — !
SELECT [
ﬂ Z @ < | e oROGRAM |PRESCALERI
v
BUS LATCH PC_ . PORT 1 T ST MEMORY IMEMORY || sTATUS
POBT 2 1< TIMER/.
(LOWOROER & BiTsH| | LA I EXTENDED W0 ga ( ELg('Z:{OR s REGISTER .
8 = -
Iy! iy ¥

H 8 g E
s ® [FLacs 1 02
INSTRUCTION| ReGIsTER | sTack
45 f L g_, REGISTER || BANK OINTER
ACCUMULATOR|. TER"E"S‘IJS%QV W S . SELECTOR o
b 52 ‘e . [R3 REGISTER 3w
=0 > R4 REGISTER 4
£S INSTRUCTION,| = <
SV) Voo @) gg\éVPELRY fét( ™1 DecoDer ADDRESS| [ |RS REGISTER 5|®
(5V) vee FOR RAM CONTROL| |~ [R6 REGISTER 6
CIRCUIT | 1O [R7 REGISTER 7
o v ADDRESS
' = CONTROL a STACK
. S ¢ [RO_REGISTER 0
B fe—— To {0 [R1_REGISTER 1
P <— TN’T % R2 REGISTER 2|—
5359 - fheo o [R3 REGISTER 3|y
ZZ20 f— LG <IR4 REGISTER 4|Z '
: a9 [e— mmerruc R REGISTER b|@
[ RRY 3
CONTROL CIRCUIT k:) ze® % RE RECISTER &
\ o ¢ ACC BIT TEST R7_REGISTE
RAM (256 BYTES)
To
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MSM8050H-XXXP/MSM8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or output Function

‘Vss Ground Normally connected to ground (0V).

Vee Main power supply Connected to5V power supply.

Voo Power supply DConnected to5V power supply. '

@used for memory hold when V¢ is cut.
Input DControl signal from an external source for conditional jumping in a program. Jumping is dependent on

To Test pin 0 external conditions (JTO/JNTO).

Output @Used for outputting the internal clock signal {ENTO CLK).

X1, Xa Crystal inputs Input External crystal .osc.lllator or RC ?ircuit input for generating internal clock signals.
An external clock signal can be input through X; or X,.

RESET Reset Input -Control used to initialize the CPU.

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

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

INT Interrupt Input externaf conditions (JNI). .

X @Used for external interrupt to CPU.
(ONormally maintained at OV.

EA External access Input @When the level is raised to5V, external memory will be accessed. The M5MBO4OHP is raised to5V.
Read control signal used when the CPU requests data from external data memory or external device to

RD Read control Output be transferred to the data bus.

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

PSEN Program store enable Output Strobe signal to fetch external program memory. .

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

WR Write controf Output ternal device. .

(MOVX @R, A and OUTL BUS, A)

ALE Address latch enable Output 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 extergal 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

Do~D- Data bus Input/output synchronized with ALE. After that, the transter of the instruction code or data from the external program’
memory is synchronized with PSEN. E
3The 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, @Ry, and MOVX @Ry, A) ’
Input/output ®Quasi-bidirectional port. When used as an input port, FFs must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.

P2o~P2; | Port2 Output @P2y~P2; output high-order 4 bits of the program counter when using external program memory.

Input/output | @P2,~P2; serve as a 4-bit [/0 expander bus for the M5L8243P.

PROG Program Output Strobe signal for M5L8243P 1/0-expander.

Plo~P1; | Port] Input/output Quasi-bidirectional port. When used 'as an input port, FFs must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.

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

T4 Test pin 1 Input external conditions (JT1/UNT1).

®@When enabled, event signals are transferred to the timer/event counter (STRT CNT).
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M5M8050H-XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \
Vob Supply voltage —0.5~7 \
Vi {nput voltage With respect to V.55 —0.5~7 \
Vo Outp't voltage —0.5~7 \Y
Pd Power dissipation Ta=25T 1.5 W
Topr Operating free-air temperature range 0—~70 c
Tstg Storage temperature range —65~ 150 i

RECOMMENDED OPERATING CONDITIONS (Ta=0~707C. unless otherwise noted )
Limits

Symbol Parameter i Non Mo Unit
Vee Supply voltage 4.5 5 5.5
Vbbb Supply voitage 4.5 5 5.5
Vss Supply voltage 0 v
ViH1 High-level input voltage, except X 1, X 2 and RE SE T 2 Vee \

VIH2 High-level input voltage, X1, X 2 and ﬁ 3.8 Vce v
ViLs Low-level input voltage, except X 1, X 2 and RESET —-0.5 0.8 \Y
. e
ViLz Low-level input voltage, X 1, X2 and RESET —0.5 0.6 \Y
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=VDp=5V £ 10%, Vss= 0V,unless otherwise noted )
Symbol Parameter Test conditions Limits Unit
Min Typ Max
VoL Low-level output voltage (BUS ) loL =2mA 0.45 \Y
VoLl Low-level output voltage (RD, WR, PSEN, ALE) loL=1.8mA 0.45 \
Vo2 Low-level output voltage (PROG ) loL=1mA 0.45 \2
VoL Low-tevel output voltage (for other outputs) loL=1.6mA 0.45 v
VQH High-level output voltage {BUS) I oH = —400uA 2.4 \
V OH1 High-fevel output voltage (RD, WR, PSEN, ALE) 1oH = — 100LA 2.4 Y
V oH2 High-level output voltage (for other outputs} | oH= —a80uA 2.4 A\
1 Input leak current ( Ty, INT ) Vss=Vin=Vce - —10 10 #A
1oz Output leak current (BU'S, To ) high-impedance state Vss +0.45=V N SVoe —10 10 A
11 Input leak current (PORT ) Vss+0.45=V|N=Vce — 0.2{ -0.5 mA
112 \nput leak current (RESET, SS) Vss+0.45=ViN=Vce —0.05 mA
1pD Supply current from Vpp 10 20 mA
1 oo +1cc | Supply current from Vpp and Ve 70 140 mA
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MSMS80SOH-XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

T'M'NG REQUIREMENTS (Ta=0~70TC, Vcc=Vpp=5V+10%, Vss=0V,unlessotherwise noted)

Symbol Parameter ?:(I:T:?irr‘:zi(pt;o) AI:::ZE;’Q pyen L;r::s V. Unit
tc Cycle time 1/(fxTAL +15) toy 1.36 15 S
th(PSEN-D) Data hold time after PSEN 1/10-t¢ —30 tor 0 110 ns
th(r-p) Data hold time after RD 1/10+tc—30 tor 0 110 ns
tsu(psen-p) | Data setup time after PSEN 3/10-t¢c —200 trRD2 210 ns
tsu(r-0) Data setup time after RD 2/5-1¢c—200 tRD1 350 ns
ESUTCAD) | (axtnaldata mamory e e 7/10-1-220 taor ns
ycle)
tsuz(a-0) giz:::;:’p time after address 1/2-t6—200 tap2 460 ns
program memory read cycle)
" tsu(PROG-D) Data setup time after PROG 6/10-tc— 120 ter 700 ns
th (pROG-D) Data hold time after PROG 1/10:t¢ ter 0 140 ns
Note 1: The input voltagesare VL =0.45V and V H=2.4V. .
2: f)STAI_ is the oscillator frequency entered at the crystal input terminals (X 1, X 2 ).
SWITCHING CHARACTER'ST'CS (Ta=0~70C, Vec=Vpp=5V*10%, Vss=0V., unlessotherwise noted)
Symbol Parameter Rela(ignship to Alternative Limits Unit
) cycle time (tg) symbol Min Typ Max
tw(ALE) ALE pulse width 7/30-t¢c— 170 te 150 ns
td (A-ALE) Delay time, address to ALE signal 2/15-tc—110 taL 70 ns
tv (ALE-A) Address valid time after ALE 1/15-t¢ — 40 ta 50 ns
tw(PSEN) PSEN pulse width 2/5-tc—200 teos 350 ns
tw(R) RD pulse width 1/2+tc—200 teot 480 ns
tw(w) WR pulse width 1/2-tc—200 toes 480 ns
td (g-w) Delay time, data to WR signal 13/30-tc — 200 tow 390 ns
tv (w-Q) Data valid time after WR 1/15-t¢ —50 two 40 ns
td (A-w) Delay time, address to WR signal 1/3-tc—150 taw 300 ns
td (AZ-R) Delay time, address disable to RD signal 2/15-1c—40 tarFct 140 ns
td (az-w) Delay time, address disable to WR signal 2/15-tc—40 tarch 140 ns
td (Az-PSEN) | Delay time, address disable to PSEN signal 1/30-tc —40 tarce 10 ns
td (ALE-R) Delay time, ALE to RD signal 1/5+tc—175 tLaFGH 200 ns
td (ALE-w) Detay time, ALE to WR signal 1/5-tc—175 tLaFct 200 ns
td (ALE-PSEN) | Delay time, ALE to PSEN signal 1/10-1c—75 tLaFc2 60 ns
td (R-ALE) Delay time, RD to ALE signal 1/15-1¢c —40 tear 50 ns
td (w-ALE) Delay time, WR to ALE signal 1/15:t¢c —40 teat 50 ns
td (PROG-ALE). | Delay time, PROG to ALE signal 1/15-tc—40 toar 50 ns
td (PSEN-ALE) | Delay time, PSEN to ALE signal 4/15-tc—40 toaz 320 ns
td (Pc-PROG) | Delay time, Port control to PROG signal 2/15-tc—80 top 100 ns
tv (PROG-PC) | Port control valid time after PROG 4/15-tc—200 tec 160 ns
td (Q-PROG) Delay time, Data to PROG signal 2/5-1c— 150 top 400 ns
tv (PROG-Q) Data valid time after PROG 1/10-tc—50 teo 90 ns
tw(PROGL) | PROG low pulse width 7/10-tc —250 tep 700 ns
td (Q-ALE) Delay time, Datato ALE signal 4/15-tc—200 tpL 160 ns
tv (ALE-Q) Data valid time after ALE 1/10-tc— 100 tep 40 ns
td (ALE-Q) Delay time, ALE to data 3/10-t¢ +100 toy 510 ns
tw(Tg) To pulse periad 3/15-t¢ topRA 270 ns
Note 3: Conditions of measurement: control output CL=80pF data bus output, port output C =150pF.
4: Reterence levels for input/output voltages are low-level=0.8V and high-level=2V.
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MITSUBISHI MICROCOMPUTERS

MSM8050H-XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM
Read from External Data Memory

Write to External Data Memory

td(ALE-R) td (ALE-w)
e ae /Y —\
] td td
tw(r) (R-ALE) tw(w) (W-ALE)
RD -—————T j——————- WR ———————— —
th(a-p ' tuw-0)
t(1(AZ-F!)‘SU(F7-D) ¢ ) td(Q'w)
ADDRESS "'*1 |
Bus BUS Qoaa -
tsui(a-D)
Instruction Fetch from External Program Memory  Port 2
t() °
t td(PROG-ALE)
W(ALE) A,},
ALE N T \__  ALE __/_\
t - —.l td(g-
td(aLe-pseN) Ld(PSEN-ALE) EXTENDED vae-Q (Q-PROG)
— td(o- td(ALE-Q) tv(PROG-Q)
tw(PSEN) P20~P23 PORT (Q-ALE) =
PSEN T Qumg — XFou P20 -3 )X PORT X OUTPUT
tv(aLe-a) DATA C(t)NTROL DATA
| td ] . SU(PROG-D) th )
ld(a-ALE) >t (AZ-PSEN) th(psen-D) P2g - P23 EXTENDED PORT P2 -3 (PROG-D)
BUS &oATA D DURING PCh X oATA X|PORT I
~INPUT 19(PC-PROG )L~ CONTROL TNPUT
ADDRESS tSU(PSEN-D) - ; DATA
- e V(PROG-PC)
tsuz(a-D) PROG . tweprocL) [y
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MITSUBIS‘HI MICROCOMPUTERS
M5SMS8O0S0L -XXXP/MSM8040LP
SINGLE-CHIP 8-BIT MICROCOMPUTER
DESCRIPTION 1
The M5M8050L-XXXP and M5MB8040LP are 8-bit parallel PIN CONFIGURATION (TOP VlEW)
microcomputers fabricated on a single chip using N-
channel silicon gate ED-MOS technology. TESTPINO  To++ [ Voo (8V)
: CLOCK INPUT 1 X; = 3« T, TESTPIN1
. X -
FEATURES st wour. AESES e
: ﬁ'"g e SV P%Yvef s”tf’P y 200mW (ty.) SINGLE-STEP INPUT S5 — [E] 3] > P2,
OW POWET diSSIDAtiQN ++++++r+sverrersreersesenns m ] INTERRUPT )
por P typ REQUEST INPUT 'NT = 3+~ P2,
@ InStruction Cyclg -----resereerereirnisiniins 25us (min.) EXTERNAL ACCESS  EA — [7] z 5] < P1,
® Basic machine instructions -++--96(1-byte instructions: 68) READ RD «[E] g - P1g
® 4K-bytes memory addressing possible PRQ%RQEMENABLE PSEN + [3] @ [32] «» P15
WRITE ~ WR « [0} 5]« P1
(direct addressing posstble in 2K bytes memory) ADDRESS T g = P14 1/0 PORT 1
® Memory capacity: ROM - 4K bytes LATCH ENABLE < 3
RAM 256 bytes Do+ 12 % 2+ P1
. Dy« [13] x Pt
. Bu“t_ln tlmer/event counter ................................ 8 blts D - m o - P1
@ [/ POrtg----rereerrr et 27 lines D:‘* & VD:, (5V)
® Easily expandable memory and I/0 DATA BUS D, & %] - PROG 'E/)gl'ERNAL
() subroutine nesting ......................................... 8 Ievels } Ds"’ 4] > P2a CONTROL
® External and timer/event counter interrupt, 1 level each Dg + 18] [23] +» P2, |/gu|:oprl:TT2
® Low power standby mode i D; « - P2,
(0V) Vgg - P2,
APPLICATION ‘ Outline 40P4
Control processor or CPU for a wide variety of applications

FUNCTION

The M5MB050L-XXXP and M5MB8040LP are integrated 8 bit
CPUg, with memory (ROM (except M5M8040LP) , RAM)
and timer/event counter interrupt all contained on a single

chip.
BLOCK DIAGRAM
Dy D2 Dy Dg Plg P1, Ply Plg P2 P2, P2 P2
D; D3 Ds D7 P1y Pi3 Pis Pl7- P2y P23 P25 P2;
{—7- 12)03)4)(15)(16)(17X18 X19)(27X28) 31X(32)(33 21X 22)(23X24X(35)(36)(3; - - - - 1
L}
X PORT1 PORT?
BUS BUFFER
BUS BUFFER BUS Bl PROGRAM
UFFER SELECT. [’y AoM
{] @ {2_:_.,, 128118 PROGRAM
PORTILTCH 1o 2 MEMORY 1 [ smarus |
' H EXTENDED /0 {5~ REGISTER
—— 5] |
8] 8
| | -
R =
J| || "HESR = gS
POWER SUPPLY £S || wsmucrow .
((5V) Voo " FOR RAM = § DECODER
V) Vo R7 REGISTER 7
(0V) Vs @ %[ STACK
§ 0 REGISTERD .
AT REGISTER |
pamuicd (==l [ rereasienr |
23 [ R3REGISTER3 |-
h =8 -——Fueo 2———7—4%
29
= %gzsns:ﬂsnﬁ 1E]
CONTROL CIRCUIT 22 — R REGISTER § !
es (j:nccarr TEST RI REGISTER 7
1
RAM (256 BYTES)
1 (396, 4)—2) 7 2 3I)-(n ) 5 8 10, - - - -
To INT_PROG X, ALE_SS__ WR
i T, RESET EA X, PSEN RD
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MITSUBISHI MICROCOMPUTERS

M5M8050L-XXXP/M5M8040LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin

Name

Input or output

Function

Vss

Ground

Normally connected to ground (0V).

Veo

Main power supply

Connected to 5V power supply.

VDD

Power supply

(DConnec\ed to 5V power supply.
@Used for memory hold when Ve is cut.

To

Test pin 0

Input

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

external conditions (JTO/INTO).

Output

@Used for outputting the i | clock signal (ENTO CLK).

X1, X2

Crystal inputs

‘Input

External crystal oscillator or RC circuit input for generating internal clock signals.
An external clock signal can be input through X, or Xz.

RESET

Reset

Input

Control used to initialize the CPU.

Single step

Input

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

INT

Interrupt

Input

(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.

EA

External access

Input

(DNormally maintained at V.
@Wwhen the level is raised to 5V, external program memory will be accessed.

Read control

Output

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, @Ry, and INS A, BUS)

PSEN

Program store enable

Output

Strobe signal to fetch external program memory.

WR

Write control

Output

Wirite control signal used when the CPU sends data through the data bus to external data memory or ex-
ternal device.
(MOVX @Ry, A and OUTL BUS, A)

ALE

Address latch enable

Output

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

Do~D>

Data bus-

Input/output

(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. 4

@When using external program memary, 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, @Ry, and MOVX @Ry, A)

P2o~P2;

Port2

Input/output

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

Output

@P2y~P2; output high-order 4 bits of the program counter when using external program memory.

Input/ocutput

@P25~P2; serve as a 4-bit 1/0 expander bus for the M5L8243P.

PROG

Program

Output

Strobe signal for M5L8243P 1/0 expander.

Plg~P1,

Port 1

Input/output

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

Ty

Test pin 1

Input

(DControl signal from an external source for conditional jumping in a program. Jumping is dependent on
external conditions (JTT/JNT1).
(@When enabled, event signals are transferred to the timer/event counter (STRT CNT).

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSM8050L -XXXP/M5M8040L P

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 \"
Vop Supply voltage y —0.5~7 \Y
Vv, Input voltage With respect to Vss —0.5~7 \%
Vo . Output voltage —0.5~7 v
Pd Power dissipation Ta=25TC 1.5 w
Topr Operating free-air temperature range 0~70 c
Tst | storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, 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 \"
Vss Supply voltage 0 \
Vimi High-level input voitage, except Xy, X, and RESET 2 Voo v
Vinz High-level input voltage, Xy, X2 and RESET 3.8 Veo Vv
Vit Low-level input voltage, except X4, X, and RESET —0.5 0.8 \%
Vo Low-level input voltage, X;, X, and RESET 0.5 0.6 \%
ELECTRICAL CHARACTERISTICS (T4 =0~70C, Vo = Vpp =5V£10%, Vss = 0V, unless otherwise noted)
Limits
Symbol Parameter - Test conditions - Unit
Min Typ Max
Voo Low-level output voltage (BUS) loL = 2mA 0.45 \"
Voui Low-level output voltage' (RD, WR, PSEN, ALE) loo=1.8mA 0.45 \
VoLz Low-level output voltage (PROG) lo.=1mA 0.45 v
Vora Low-level output voltage (for other outputs) lo. = 1.6mA 0.45 \
Vou High-level output voltage (BUS) loy = —400 A 2.4 \"
Vou1 High-level output voltage (RD, WR, PSEN, ALE) lon = —100 £A 2.4 v,
Vouz High-level output voltage (for other outputs) lon = —40 A 2.4 \'
N Input feak current (Ty, INT) Vss < Vin = Vee —18 10 #A
loz Output leak current (BUS, To), high-impedance state Vss + 0.45< Viy < Ve —10 10 A
by, Input leak current (Port) Vss +0.45< Vin < Vee —0.2| —0.5 mA
,_'E Input leak current (RESET, SS) Ves +0.45< Viy < Vee —0.05 mA
lop Supply current from Vpp 5 10 mA
lop + lcc| Supply current from Vpp and Ve 90 mA
i
MITSUBISHI -4
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MITSUBISHI MICROCOMPUTERS

- MSMS8050L -XXXP/M5M8040L P

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING REQUIREMENTS (Ta=0~70C, Vec = Voo =5V£10%, Vss= 0V, unless otherwise noted)

Relationship to A i Limits .
Symbol ‘ Parameter o Unit
} cycle time (tg) symbol Min- | Typ- '} Max -
tc Cycle time 1/ (fxraL + 15) toy 2.5 15 us
th (psen.p) | Data hold time after PSEN 1/10 « tc — 30 ton 0 220 ns
th (r-b) Data hold time after RD 1/10 « tc — 30 ton 0 220 “ns
tsu (psen-p) | Data setup time after PSEN 3/10 « to — 200 tro2 550 ns
tsu (R-0) Data setup time after RD 2/5 * tg — 200 tho1 800 ns
Data setup time after 2ddress
tsu1 (a-0) (external data memory read cycle) 710t — 220 taot 1530 ns
) Data setup time after address .
tsuz (a-0) (external program memory read cycle) 1727 to = 200 tapz 1050 ns
tsu (Proa-p)| Data setup time after PROG 6/10 - tc — 120 ter 1380 ns
th (Proa.p) | Data hold time after PROG 1/10 - to ter 0 250 ns
Note 1 : The input voltage level is Vi = 0,45V and V,,, = 2. 4V. N
2 1 fxra is the oscillator frequency entered at the crystal input terminals (X, Xz).
[ SWITCHING CHARACTERISTICS (T4 =0~70C, Vec = Vpp = 5V£10%, Vss =0V, unless otherwise noted)
Symbol Parameter Relationship to Alternative Limits Unit
. ) cycle time (t) symbol Min Typ Max
tw (ALE) ALE pulse width 7/30 - tc — 170 ' 410 ) ns
td (a-ALE) Address to ALE signal delay time 2/15+ tc — 110 taL 220 ns
tv (ALE-A) Address valid time after ALE 1/15 « tc — 40 tia 120 ns
tw (PSEN) PSEN pulse width 2/5 - tc — 200 tccz 800 ns
tw (R) RD pulse width 1/2 - t¢c — 200 tcct 1050 ns
tw (w) WR pulse width 1/2 « tc — 200 tect 1050 ns
td (q-w) Data to WR signal delay time 13/30 = tc — 200 tow 880 ns
tv (w-q) Data valid time after WR 1/15 « t¢ — 50 two 120 ns
td (a-w) Address to WR signal delay time 1/3 « tc — 150 taw 680 ns
td (az-R) Address disable to RD signal delay time 2/15 + tc — 40 tarc1 290 ns
td (az-w) Address disable to WR signal delay time 2/15 « tc — 40 taFct 290 ns
td (az-psen) | Address disable to PSEN signal detay time 1/30 « tc — 40 tarcz 40 ns
td (ALe-R) ALE to RD signal delay time 1/5+tc—75 tLarct 420 ns
td (ALe-W) ALE to WR signal delay time 1/5tc—75 tLarct 420 ns
td (aLe-psen)| ALE to PSEN signal delay time 110 - tc — 75 tarcz 170 ns
td (r-ALE) RD to ALE signal delay time 1715 « tc — 40 tcal 120 ns
td (w-aLE) WR to ALE signal delay time 1715 - tc — 40 toat 120 ns
td (Proa-aLe)| PROG to ALE signal delay time 1/15 « tc — 40 tcat 120 ns
td (psen-aLe)| PSEN to ALE signal delay time 4/15 « tc — 40 toaz 620 ns
td (pc-pro@) | Port control to PROG signai delay time 2/15 « tc — 80 tcp 250 ns
tv (Proa-pc) | Port control vaiid time after PROG 4/15 « tc — 200 tec 460 ns
td (a-proa) | Data to PROG signal delay time 2/5 * tc — 150 top 850 ns
tv (Proa-q) | Data valid time after PROG 1/10 « tc — 50 teo 200 ns
tw (ProaL) | PROG low-level pulse width 7/10 « tc — 250 tep 1500 ns
td (Q-ALE) Data to ALE signal delay time 4/15 « tc — 200 teL 460 ns
tv (ALE-Q) Data valid time after ALE 1/10 « tc — 100 tLe 150 ns
td (ALE-Q) Delay time after ALE 3/10 « tc + 100 tev 850 ns
tw (1o) To pulse spacing 3/15 - t¢ torrR 500 ns

Note 3 : Conditions of measurement: control output C, = 80xF data bus output, port output C, = 150sF.
4 . Reference levels for input/output voltages are low-level = 0.8V high-level = 2V,

4—42
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MITSUBISHI MICROCOMPUTERS

'M5MS8050L-XXXP/M5MS8040LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM

External Data Memory Read, External Data Memory Write
'td (ALE-R) - td (aLe-w)
ae —/ [ — AL —/ — 1 \—
tw (R) td (r-aLe) tw (W) :
__ | _ d (W-ALE)
N .
RD \ f WR td (az-w) .
td tv (w-a)
(AZ-R) th (R
i h (R-D) td (aws
BUS ADDRESS ~q oATA P BUS QADDRESS ) & oara P
tsu (s-0)
tsu1 (a-0) td (aw)
External Program Memory Instruction Fetch : Port2
tc td (proG-ALE)
) tw (aLe) . .
ALE — : A \_ ae— \ \ N\
ty (ALE- t
%, 2 V (ALE-Q) d (a-PROG)
d (ALE-PSEN) EXTENDED
N tw (psen) || td (PsEn-aLE) P2,~P2; PORT td (o-aLe) td (aLe-a) ~ tv (PrROG-Q)
PSEN ) — 83%%(1;’ PCh N P2,~3; X PORT X output X ]
tv (ALE-a) DATA CONTROL DATA
td (a-aLe) t th (psen-D) tsu (ProG-D) )
e d (Az-PSEN) P2,~P2, EXTENDED PORT P2p~3 h (moe.p)
BUS ADDRESS I —@ DATA P oum;le X PCy X_DATA X PORT
tsu (Psen-D) INPU 1a (ro.mroe) —| 1= CONTROL

tsuz (a-0)

. tv(proG-PC). |
PROG ! tw (prOGL)
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© M5MS0C49-XXX

R e .+ - SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

P/MSM80C39P-6

DESCRIPTION
The M5MBOCA9-XXXP and M5MBOC39P-6 are 8-bit parallel | P'N CONFIGURATION (TOP VIEW)
microcomputer fabricated on a single chip using silicon A
) PIN
gate CMOS technology. : TEST PIN 0 To «» (1} 0] Vee (5V)
CLOCK INPUT 1 X1 - [Z] [39) ¢ T1 TEST PIN 1
CLOCK INPUT 2 X2 - |3 B]ep P2
FEATURES uT 2 X2 =5[] Ber2
® Single 5V power supply RESET INPUT RESET —» (<} e P2 1/0 PORT 2
9 R : . SINGLE-STEP INPUTSS —» 5] (] e P2g
® Instructioncycle ..................... 2.5us (min) INTERRUPT —
® Basic machine instructions ‘ 97 REQUEST INPUT INT = 2]+ P24
! ! ....................69 EXTERNAL ACCESSEA —[7] z E0P17
1-byte instructions ......... ... 0 il READ AG + (1] § e P
2-byte instructions . ........... e e, 28 STOR;RE?\ICLFXI\_’\E{IPSEN 0 g e Pis
i ing’ 4096 bytes WR
® Direct addressing’. . . ............ up to Y WRITE WR 3] 0 esP1s
® Internal ROM (except MSMBOC39P-6) . . . . . 2048 bytes | ADDRESS LATCH 5| ¢ o [] © e 1, (/O PORT T
® Internal RAM . .......... v ... 128 bytes Do (] % H)es 1,
A . o]
® Built-in timer/eventcounter .................8bits D1 &[] 3 FeesP1,
® |/Oports ............ Cirerreerenianee.. 27lines D2 # [7] e P1o
® Easily expandable memory and 1/0 paTa BUs < O° - [3] [26) ¢~ STBY STANDBY
. . EXTERNAL|
® Subroutine nesting ........ e vev... 8levels : Da « [5] 5] »PROG
® External and time/event counter interrupt, 1 level each Os @ 7] 2] P23 Sgﬁggg
® High noise margin D6 (] 214 P228, 0 porT 2
e - D7 3] 2] e P2
® Low power dissipation modes (Vcc = 5V) Cov) 1
. 0V) Vss 20 -
Operating .. .......... e . 50mw ] z]e P2
HALTmMoOde - -+ v vvvvencnnnncnnnnnn ... 16mW
Standby ........ ..o, e 50uW Outline 40P4
APPLICATION
Control processor for a wide variety of applications FUNCTION
The M5MB0C49-XXXP and M5MB80C39P-6 are integrated
8-bit CPU, with memory (ROM, RAM) and timer/event
counter interrupt all contained on a single chip.
BLOCK 05 D3 D4 Dy Dg O P|(,p|Plzp‘P|::|P|.,p‘ PZoszhpzl'-Q‘pZP?;z
DoD10; Dy 0405 D Dy 1 3 5 7 1 3 s "
D|AGRAM—- _—-?Q?? BED®) (? @ @ B -
PORT 1 PORT 2 OSC FREQ
BUS BUFFER || pys Burrer | | Bus BUFFER PrOGR AW ‘
ROM PRESCALER
o ) 12 BITS brocram [PrescaLen]
BUS LATCH PC PORT 1 MEMORY STATUS TIMERT
MP. REGISTER TC|
(LOW-OROER & BiTSH|” LALLH ] axs | [REGISTER T
8
I B
3 S I § 1 G INSTRUCTION) FECISTER RO REGISTER 0
S 2 = _ i R1 REGISTER 1
[accumuLaTor] | [TEMRORARV—5 1 Lz, ELECTOR R2 REGISTER 2] o
< - %:—;2 (Re) l ] R3 REGISTER 3|y !
EWACCUMULATOR :E& £330 INSTRUCTION > R4 REGISTER 4|Z
lh LATCH I - =1 ODER ADDRESS] |ac [RE REGISTER 5|af -
< i CONTROL| |4 IR6 REGISTER 6
(5V) Vo CIRCUIT | |5 [R7 REGISTER 7
O
1l e [5__smox
CIRCUIT ) |RO REGISTER O
H To OIRT REGISTER 1
é Ty & [R2 REGISTER 2
2% a0 8|R3 REGISTER 3|
25 le—Fuc <|R4 REGISTER 4> !
’5§9 e E%ERI?{FLAG R6 REGISTER 5| <
CONTROL CIRCUIT | 297 k—kce PO REGISTER S
' — — . o C:ACC BIT TEST R7 REGI
L RAM {128 BYTES)
OO0 OOt T
STBY 7o T, INTAESETPROG EA X X ALE PSEN 55 RD. WR
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MITSUBISHI MICROCOMPUTERS

M5MS80C49-XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or output Function

Vss Ground Normally connected to ground (0V).

Vee Main power supply Connected to 5V power supply.

STBY Standby Input ®Connected to5V f)ower supply during normal operation: ) ] )

@uUsed when entering the standby mode. Power dissipation is reduced by connecting this to OV.
Input ®Control signal from an external source for conditional jumping in a program. Jumping is dependent on

To Test pin 0 external conditions (JTO/JNTO).

Output @Used for outputting the internal clock signal (ENTO CLK).

Xy, Xa Crystal inputs Input External crystal oscillator or RC f:itcull input for generating internal clock signals.
An external clock signal can be input through Xy or Xa.

RESET Reset Input Control used to initialize the CPU.

ss Single step Input Control signal used in conjunction with ALE to stop the CPU through each instruction, in the single-step
mode.
®Control signal from an external source for conditional jumping in a program. Jumping is dependent on

INT Interrupt input external conditions (JNI).

@Used for external interrupt to CPU.
(DNormally maintained at 0V. .

EA External access Input @When the level is raised to 5V, external memory will be accessed even when the address is less than

‘ ' 40045 (2048). The M5MBOC39P is raised to5V.
Read control signal used when the CPU requests data from externat data memory or external device to

RD Read control Output be transferred to the data bus.

(MOVX A, @Ry, and INS A, BUS) i

PSEN Program store enable Output 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-

WR Write control Output ternal device.

(MOVX @Ry, A and OUTL BUS, A)

ALE Address latch enable Output A signal used for latching the address on the data bus. An ALE signal occurs once during each cycle.
Provides true bidirectional bus of ons 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

Do~D; Data bus Input/outpu.( synchronized with ALE. After that, the transfer of the instruction code or data from the external program
memory Is synchronized with PSEN.
3The 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, @Ry, and MOVX @Ry, A)-
) input/output ®Quasi-bidirectional port. When useq as an input port, FFyg must first be output to this port. After reset,
when not used as an output port, nothing needs to be output.

P2o~P2; | Port2 Output (@P2¢~P2;3 output high-order 4 bits of the program counter when using external program memory.

Input/output | @P2,~P2; serve as a4-bit I/0O expander bus for the M5SM82C43P.
PROG Program Output Strobe signal for M5M82C43P 1/0 expander.
Plg~Pl, | Portl Input/output Quasi-bidirectional port. When used .as an input port, FF1g 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
T, Test pin 1 Input external conditions (JT1/INT1).

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

M5M80C49-XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Condtions Limits © Unit
Vce Supply voltage Vgs—0.3~7 \Y]
Vi Input voitage Vgs—0.3~Vgc+0.3 \"
Vo Output voltage . ' Vgs—0.3~Vgc+0.3 v
Pd Power dissipation Ta=25°C 1.5 w
Topr Operating free-air temperature range ' —40~85 c
Tstg Storage temperature range —65~ 150 c

RECOMMENDED OPERATING CONDITIONS (7a=—40~85C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max

Vee | Supply voltage 4.5 5 5.5 \"

Vss Supply voltage 0 \

VIH1 High-level input voitage, except E A, HESET , X1, Xz [0.7XV¢e vee \

ViHz2 High-level input voltage, EA, RESET, Xj, X2 0.8 XVl Vee \Y
ViL Low-level input voltage, except EA, RESET, X, X2 Vss 0.3 X V¢

ViL Low-levet input voltage, EA, RESET, X1, X2 Vss 0.2XVge

ELECTRICAL CHARACTERISTICS (Ta=—40~85C, Voc=5V +10%, Vss=0V. unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
. Min Typ Max

VoL Low-level output voltage loL =2mA 0.45 v
VoH1 High-level output voltage, except P19~ P17, P29~ P27| |on = —400uA " 10.75XVee %
VoHz High-level output voltage, P19g~P 17, P29~P27 loH=—1uA 0.75XVce! \Y
I Input current, T1, (NT.SS,EA, STBY ‘| Vss=VIN=Vceo —10 10 A
foz Output current, BUS, Tp , high impedance state Vss=ViNnSVee —10 ‘10 uA
et Input current during low level, Port " ViL=Vss — 50 nA
iz Input current during low level, RE SE T ViL=Vss —50 “A
lce Supply current . at 6MHz . . 10 mA
Ice Supply current during HAL T | at 6MHz (Note1) 3 mA
lcc Supply current during STAND BY {Note 1) . 10 uA
Vgoo(sTB) | Stand by power supply voltage 2 v

Note 1. BUS, To, T4, EA, §5, STBY, RESET, INT =Vgc or Vss

TIMING REQUIREMENT (Ta=—40~85C, Vcc=5V£10%, Vss =0V, unless otherwise noted)

Symbol Parameter AIS::Z;:VE i Ljrr::s - .. Unit
tc Cycle time toy 2.5 15 us
th‘(pSEN.D) Data hold time after PSEN tor 0 200 ns
th(r-D) Data hold time after RD toR 0 200 ns
tsu (psen-p)| Data setup time after PSEN - tap 500 ns
tsu (a-p) Data setup time after RD ‘ tro 500 ns
tsu(a-0) Data se‘tup time after ADDRESS tap 950 ns
tsu (prog-p)| Data setup time after PROG ten ) 810 ns
th(prog-p) | Datahold time after PROG tpr 0 150 ns

N
4—146 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

MS5M80C49-XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SW|TCH|NG CHARACTERISTICS (Ta=—40~85C, Vge=5V+10%, Vss=0V, unless otherwise noted )

Alternative Limits )
U
Symbol Parameter symbol in Tvo Viox nit
tw(ALE) ALE pulse width tL 400 ns
td (A-ALE) | Delay time, address to ALE signal tar 150 ns
ty (ALE-A) | Address valid time after ALE tia 80 ns
tw(psen) | PSEN pulse width tee 700 ns
tw(r) RD pulse width tce 700 ns
tw(w) WHR pulse width tee 700 ns
td (0-w) Delay time, data to WR _signal tow 500 ns
ty (W-0) Data valid time after WR ‘ two 120 ns
14 (a-W) Delay time, address to WR signal taw 230 ns
¢ (az-R) Delay time address floating to RD signal tarc 0 ns
td(AZ-PSEN) Delay time, address floating to PSEN signal taFc 0 o ns
td(Pc-PROG) | Delay time, port control to PROG signal top 110 ns
tu(PrOG-PC) | Port control valid time after PROG trc 140 ns
td(Q.pROG) Delay time, data to PROG signat top 220 ns
ty(PROG-Q) | Data valid time after PROG tpp 65 ns
tw(PROGL) | PROG tow pulse width tpp 1510 ns
td (Q-ALE) | Datatime datato ALE teL 400 ns
v (ALE-Q) | Datavalid time after ALE tLp 100 ns
Note: Conditions of measurement: control output C, = 80pF
data bus output, port output Cy_ = 150pF tc = 2.5us
0.7Vge
X 0.7Vece
0.3v
0.3Vge co
)
TIMING DIAGRAM
Read from External Data Memory Write to External Data Memory
aLe —/_\ /_—\— A _/_._\ , —
tw(r) Tww)
N/
td (az-R) - th (R-D)
sus ——4 DD
ADDRESS ADDRESS
tsu (a-0) tsu(R-D) : - ‘ 9w
Instruction Fetch from External Program Port 2
Memory t
- - ALE 4 \
tw (ALE) _/_\ /| . - / \.
y—  \ : . "““ V(ALE- d(Q-PROG)
ALE s - J’__-—\__ Ld(o-ALE) pe—s ( 2 2 tv(Pl):ROG-Q)
tw (PSEN) P29~ P23 EXTENDED PORT >OF{IT CONTROL
88?:,’&? PCH X OUTPUT
PSEN ] p——e——— P29~ P23 DATA DATA
) / tsu (PROG-D) th (PROG-D)
by (aLE-a) . P2g~P23 EXTENDED PORT P2y~ P23 DATA e
td (A-ALE) d >} th (PSEN-D) DURING 1 .
(AZ-PSEN) INPUT y PCi X
PORT S_ONTROL INPUT DATA
BUS DATA 19 (Pe-Pro® “T o] ty (ProG-pC)
ADDRESS t
su (PSEN-D)
tsu (A-D) PROG N tw (PROGL) ,
MITSUBISHI 4—47

ELECTRIC



MITSUBISHI 'MICROCOMPUTERS

M5M80C49 XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Low power dissipation mode (2) standby mode
(1) HALT mode

It will_be in HALT mode when HALT instruction is ex-
ecuted and pi'og'ram “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.

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 0.

Control method of standby mode (Example)
Place the capacitor to RESET pin, as shown in Fig 2, in

ble 1 .
Ta order to make th standby mode control easier, so that
Pin ) Conditions the standby mode can be controlled by only contolling
Output mode : Data output STBY pin.
Data bus Input mode : High inpedence.
(Input mode for M5SM80C39P-6)
Ports 1, 2 Port data output
ALE . L
PSEN, RD " i RESET
WR, PROG +
T¢ Provided clock is continued ) : 1uF
T1 The first pulse input is effective.
(counter input) After the reset of Halt mode, the count continues. M5M80C49-XXXP
(Timer) Halt M5MB80C39P-6
HALT state sTBY
L
L n 1 count up - - -
r m r Fig.2 Control circuit exampie for standby mode
L 1 count up
H
" L
H __—ﬂ
1 count up

Fig.1 Counter operation in the HALT mode

The HALT mode can be cleared by the following 2
methods
(1) 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 0.
() 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 iinterrupt disable state, the program exeution
starts from the next address to HALT instructions.

4—48 MITSUBISHI
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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 LSl microcomputer series configured internally
with a CPU, RAM, ROM, I/0 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
LSis as the peripheral LSIs, 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

Capacity
Type name Input clock ROM RAM 110 Technology used
(MHz) (bytes) (bytes) (ports)
MB5L8041A-XXXP 6 1024 64 18 ED NMOS
M51.8042-XXXP 12 2048 128 18 ED NMOS

BLOCK DIAGRAM OF MELPS 8-41
INPUT/OUTPUT PORT 2
DATA BUS INPUT/OUTPUT PORT 1 P2,/OBF
r N - 7 P25/IBF
DQ, DQ; DQs DQ Pl, Pl, Pl; Pl, PZ,PZ P R DRG
POOEEINE- BOBEEEEE- CeBEHEEE
PORT 2BUS 49) Voo (8V)
BUFFER
8 8 26) Vpp (5V)
8 16 8
8 wi {8 % 20) Vss (OV)
TIMER (8)
NOTE2 .
- (NOTE1) (M-WORD) z 4) RESET RESET
Qz:g:/Tonn X::,'J 5) S8 SINGLE STEP
ROM 1) To TEST PINO
39 T TEST PIN1
INSTRUCTH EGISTE =) R READ
. UCTION REGISTER CONTROL LOGIC 9w WRITE
6)S CHIP SELECT
INSTRUCTION DECOD
STRUCT ECODER = A ADDRESS
l 7)EA EXTERNAL ACCESS
. - - - %é -— ‘ EXTERNAL 170 CONTROL
X, X; 'SYNG PROG OUTPUT
“—~—— SYNCHRONIZED
CLOCK SIGNAL

The M5L8042-XXXP has a 2048-word X 8-bit ROM.
The M5L8042-XXXP has a 128-word X 8-bit RAM.

Note 1 :
2:
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FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

BASIC FUNCTION BLOCKS

Program Memory (ROM)

The ‘M5L8041A-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 ir on d after an interrupt is
accepted.
7 The first instruction executed after a timer interrupt,
based on the timer/event counter, is accepted.

Data Memory (RAM)

The M5L8041A-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 Ry~ R;. Addresses 24~ 31 compose bank 1 and are
also numbered Ry~ R;. 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 Rq or Ry. Of course, all addresses can be
indirectly accessed using the general-purpose registers Ry
and R,.

A good practice to simplify programming is to reserve
general-purposé register bank 0 for use of the main prog-
ram and register bank 1 for interrupt programs. For exam-
ple, .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 prbcessing 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.

(Note3) 63
User RAM
& 32%X8 &
32 (Note 4)
31 Rs
R
: General-purpose
} registers/Register bank 1
25 R4
24 Ro
23
8-level stack
16 X8
8
7 Ry
i General-purpose
! registers/Register bank 0
1 Ri
0 Ro

Fig.1 Data memory (RAM)

Note 3 : The corresponding address is 127 for the M5L8042-XXXP.
4 . The corresponding capacity is 96 X 8 for the M5L8042-XXXP.
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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 of 2 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. )

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 stack 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 pointer 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.

PCio | PCy

PC,I PC; | PCs | PCs | PCs | PC3 | PC, | PCy | PCo

[R—

(Note 5)
Fig.2 Program counter

Note 5 : PC,ofor M5L8042-XXXP

RAM register number
Stack pointer

s, S
1 1 1

S, (Data memory address)
Raz3
R22
R2
R20
Rig
R1g
Rq7
Rig
Ris
Ria
Ri3
Rtz
R
R1o

0 0 0 PSW,) PCs—9| Rg (Note6)
PC‘4~7'| PCo~3] Rg
5B Ts8

-
o
(=]

4+ 4 4+ 4+ - 44 1

Fig.3 Relationship between program counter stack and
stack pointer

Note 6 : PCg~PCyo for M5L8042-XXXP
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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 interrupt is accepted or a subroutine
call executed. When control is returned to the main prog-
ram 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 ensure that the con-
tents of the PSW are not unintentionally changed.

The order and meaning of the 8 PSW bits are given below.
Bit0~Bit2 : Stack pointer (So, Sq, S2) '

Bit3 : Not used
Bit4 : Working register bank indicator
0= Bank0
3 1=Bankl
Bit5 : 'Flag 0 (value is set by user and can be
tested with JFO conditional jump instruc- -
tion.)
Bit6 : Auxiliary carry bit (AC). It is set/reset by the

ADD and ADDC instructions and used by the
DAA decimal compensation instruction.

Bit7 : Carry bit (CY). This indicates an overflow af-
ter an arithmetic or logic operation.

/0 Ports :
The MELPS 8-41 has two 8-bit ports, called port 1 and port2.

1) Port1and port2

Ports 1 and 2 are both 8-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 compieted..
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.

High-order 4 bits are stored along with PC in stack.
—————————

CY | AC | Fo | BS t |Sz2 [S1 |So

CY : Carry

AC : Auxiliary carry (carry from low-order 4 bits of ALU)
Fo : Flag0 .

BS : Working register bank indicator

S2

S1 ;Stack pointer

So

ORL/ANL
5V 5V
. |
b3
CPU internal o Q 1
bus | Port 1
/Port2
pins

Reset

!
Write pulse ‘vr

Fig.4 Program status word

Fig.5 170 port1 and 2 circuit

The special, circuit is 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, the 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 leve! to high
level, when 1'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
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 1's 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.

u1 ”
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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 (DQo~DQ;) handies 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

: Read input

: Write input

: Chip select input

gDl

Table 2 Control signals and data bus

High impedance

s R w Ay Data bus mode Data on data bus
0 0 1 0 Read Data

1} 0 1 1 Read Status

0 1 0 0 Write Data

0 1 1] 1 Write Command (Fy = 1)

1 X X X

Status
8Ty’ MOV STS, A
_ STs 4
R-A
E 2 0 STs 7
+ ST
" 4
71 Fi
SW Fo
IBF
OBF Internal
bus
. (
DQo o 8 ’ 8
S-R+Ag Qutput data | |OUT DBB, A
8 bus buffer 8
f—f——— 4 S|
(pBB(0))
.
s Input IN A, DBB
SéW data/ d "
b J| bus butter } ;
(DBB(1))

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 butfer register) are now described in detail.

DBB (0) DQy~DQ,

TRISTATE
CONTROL

o—>—
R O_,> Lt__{>__l:§:>—‘ ggg?o)
T
o—> T4 e

Fig.6 Internal configuration of data bus control

Fig.7 Internal configuration of data bus

® Status register
The status register is configured with 8 bits and the high-
order 4 bits (ST,~ST;) can be set as required with a soft-
ware (MOV STS, A) instructions. The low-order 4 bits (OBF,
IBF, Fo, F,) are set as follows:

OBF (output buffer full)
The OBF flag is automatically set to when the output in-
struction (OUT DBB, 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 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, DBB) is executed inside the MELPS 8-41.

Fo (flag 0)
The F, flag is set by the flag setting instructions (CPL F,
CLR Fp) and it is used to inform the master CPU of the in-
ternal state of the MELPS 8-41.

“1 9

u] ”»
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Fy (flag 1)
When the data or command is input into the input data/
command bus buffer by the master CPU, the F, flag is set
to the condmon of the Ag input.
The F, flag is ‘also set by the flag setting mstructlons (CPL
F,, CLR Fy).
® 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(1)) 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 qf this flag. ¥

Conditional Jumps Using Pins T, T,
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 Tg and T,, 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 T, 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 recognizes an -external interrupt by a Iow-level
signal at the S and w pins. When such an mterrupt is
accepted, the external interrupt pending flip-flop and IBF
flag are set.

Interrupt requests are sampled between the SYNC sugnal
" outputs 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.

OTIMER INTERRUPT ENABLE FF (TCNTF)
@TIMER INTERRUPT REQUEST FF (TIRF)
@EXTERNAL INTERRUPT LATCH
@EXTERNAL INTERRUPT ENABLE FF (INTF)
®INTERRUPT ENABLE FF (IEF)
®INTERRUPT ACKNOWLEDGE FF

- (DEXTERNAL INTERRUPT PENDING FF (EIPF)

4

Interrupt control section configuration

Fig.8
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Table 3 Acceptance of interrupts

item Conditions

Execution details

Internal interrupt When TCNTEF

No external interrupt

Interrupt is executed and call is mode to address 7.

(timer INT enable FF) =1

During external interrupt execution

Interrupt is held.

Interrupt is not executed or held.

When TCNTF
(timer INT enable FF ) =0 TF (Timer flag)+ 1
External interrupt When No timer interrupt Interrupt is executed and call is made to address 3.

(external INT enable FF) =1

During timer Interrupt execution

When (external INT enable FF) =0

Interrupt is not executed but held.

Timer and external interrupts . .
. Combination is same as conditions above
generated simultaneously

External interrupt takes priority and is executed.

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 FF;s. The CPU is placed in
the event counter mode. The interrupt is then generated in
address 7 by setting the T, 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 Ty and Ty, and the IBF and
OBF flags.

Timer / 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 FFye. if it is
incremented by 1 when it contains FFyg, the counter will be
reset to 00, 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 ig
made to address 7 of the 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 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 compieted 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 T, signal becomes the input to the event
counter and events are counted up at the T, fall. The max-
imum rate that can be counted is one time in 3 machine cy-
cles (7545 when using a 6MHz crystal). The high-level at
T, 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 a5 of 400kHz (with a 6MHz
crystal) or 125kHz (see Fig. 9) . The timer is therefore
counted up every 80us. The counter can be initialized by
executing an MOV T, A iinstruction. Delay times varying
from 80us 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 80us can be obtained in the event
counter mode by supplying an external clock to pin Ty. It is
also possible to supply every third (or more) prescaled ALE
signal to pin T, instead of an external clock.
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s 2.5us (when using a 6MHz crystal)
. Instruciton cycle
X-ta__|1/15 1;1/\%35 ACCUMU- l Ss S Sz S3 I Sa | Ss SH
0S¢ "owioeR e SE T LATOR
| eeon
Instruction| program | Instruction execution
STRTT I)IVN;ERRFLOW fetch counter
renewal
TIMER
_nn AT MovT.A FLAG(TF)
no T o \pofronEvenT Fig.12 Instructi tion timi
o . nstruction execution timin
B T W o
sSToP
STRT T ";ET%,%'T I i or RESETT RESET
Counter A
incremented Reset
EDGE DETECTOR The RESET pin is for resetting the. CPU. A Schmitt trigger
CONDITIONA ’ circuit along with a pull-up resistor are connected to it on
CONTROL the chip. A sufficiently long pulse can be obtained for re-
setting by attaching 1uF capacitor as shown in Fig. 13. An
external reset pulse applied at RESET must remain at the

Fig.9 Timer/event counter configuration 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

Cycle Timing the CPU.

The output of the state counter is & the input frequency (1) The program counter is reset to 0.
from the oscillator, and a CLK signal is produced which de- (2) The stack pointer is reset to0.
termines the times of each machine state (see Fig. 10). (3) The register bank 0 is selected.

- During the cycle count the CLK signal is prescaled by + (4) Ports 1 and 2 are reset to the input mode.
and a machine cycle containing 5 states is produced. The (5) External and timer interrupts are reset to disable state.
MELPS 8-41 instructions are executed in one or two (6) Timer is stopped.

machine cycles. Fig. 12 shows the internal operation with an (7) Timer flag is cleared.

instruction formed from one machine cycle. - (8) Flags Fpand F, are cleared.

6MHz "2

5 | églfr:f: CLKS00ns
X1 2.5us
1/5 cycle MELPS 8-41
counter SYNC
5V

Fig.10 Clock generator circuit

- RESET
500ns({when using a 6MHz crystal) O—\~ t
S1| S2| S3| Sa| S5 |S1|S2|S3|Sal|Ss|| 1uF
(LT 1 T Y T 1 o I o 1 1 1 1 ; ov
clock
SYNC I 1 1 Fig.13 Example of reset circuit
PROG

Fig.11 Clock and generated cycle signals
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Single-Step Operation o

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

: 10kQ

Run mode
sv —Jp Preset 0_,{ 55

MELPS 8-41

uSYNC

Buffer

Push-button
switch

10kQ

(a) Example of single-step circuit

SYNC m
T\
Instruction Instruction
execution Stop execution

(b) Single-step timing

The CPU is made to recognize that it is to stop
when SS is set to the low level.

l

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.)

1
The CPU advises the external equipment that

it has entered the stop mode by setting the
SYNC signal to high.

i
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.14 Single-step operation circuit and timing

A type D flip-flop with preset 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.

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 accumuiator
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 P2¢ and P2; 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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Interrupt Request to Master CPU

Ports P2, and P25 of MELPS 8-41 can be used. not only as
DRQ ordinary input/output ports but also as the outputs of the
P2 DRQn IBF (input buffer full) flag and OBF (output buffer full) flag.

Immediately after resetting, both ports function as input

M5L8257 P
MELPS 8-41 _ Oren ports.

P2; pe———g DACKn

;_ L——— . MELPS 8-41 ' .

- B} 0BF OBF
Fig.16 DMA control —>
P2,

When the EN DMA instruction is executed, P2 becomes P25 iBF
the DRQ (DMA request) output. Subsequently, when P2g is :D————*
set to “1”, DRQ becomes “1” and DMA-based data transfer I1BF

is requested.

DRQ is cleared when the DACK * R, DACK - W or EN DMA
instruction is executed.

Interrupt request
to master CPU

t

Fig.18 Interrupt request to master CPU

When the EN FLAGS instruction is executed, P2, functions
de(internal Data BUS)W l 0 as the OBF pin and P2; as the EF_gin. “1” must be output
EN DMA oUTL P2, Al P2:/DRa to both pins so that the OBF and IBF fiag states are output
ANL P2, #n to each pin, respectively. These states are not output while
“0” is output to the pins. The OBF flag output indicates that
data has been output to the output data bus buffer register;
the 1BF flag output indicates that the input data/command
bus buffer register is in the data accept enable mode.

RESET

O
P2;/DACK WRITE IBF Flag P2

OUTL P2.A DBB (1) ' \
ANL P2, #n DATOH
ORL P2, #n

O
Fig.17 Internal configuration of DMA control P2s/iBF

When the EN DMA instruction is executed, P2, becomes
the DACK (DMA acknowledge) input. The DACK input is

P2,/0BF
used as the chip select input for DMA transfer. There is, 8:‘1_ A
therefore, no connection with the state of S (chip select) LATCH

during DMA transfer. : OBF Flag-

Fig.19 Internal configuration of IBF/OBF
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INSTRUCTION CODES

% Dr~Dsf 0000 | 0001 | 0010 | 0011 [ 0100 | 0101 | 0110 | 0111 [ 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
) ;
S
D3~Do \%;” 0 1 2 3 4 5 6 7 8 9 A B c D E F
0000 0
0001 1
0010 | 2
0011 3
0100 4
EN | DIS | EN | DIS | STRT | STRT | STOP CLR | CPL | CLR | CPL | SEL | SEL | EN | EN
0101 5
I TCNT FO F1 RBO | RB1 | DMA |FLAOS
0110 6
DEC | INC | CLR | CPL [SWAP| DA | RRC cPL MOV | MOV | RL | RLC
o 7 .
A A A A A | A A A c c A, PSW
INC | XCH ORL | ANL | ADD |ADDG MOV | MOV [ DEC
1000 8
RO | A RO A RO | A RO |ARO|ARD ] | RO, A RO
IN | INC | XCH | OUTL| ORL | ANL | ADD |ADDC MOV DEC
100t 9 ,
APl | Rl _|ARI|PILA[ARI|ARI|ARI|ARI R1, A R1
IN | INC | XCH |OUTL| ORL | ANL | ADD |ADDC Mov DEC
1010 A
- AP2| R2 |AR2|P2A[AR2|AR2|AR2|AR2 R2, A R2
INC | XCH ORL | ANL | ADD [ADDC MOV DEC
1011 B
R3 | AR3 A R3| A R3|AR3|ARS3 R3, A R3
MOVD| INC | XCH {MOVD| ORL | ANL | ADD |ADDC |ORLD | ANLD | MOV DEC
1100 [ '
AP4| R4 |AR4|P4LA[ARI|ARI|ARI|ARI|P4LA|PLA|RSA R4
MOVD| INC | XCH [MOVD| ORL | ANL | ADD |ADDG |ORLD | ANLD | MOV DEC
1101 D
AP5| R5 | AR5 |P5A|ARS|ARS|AR5|AR5|P5A| P5A|R5A R5
"{MOVD| INC | XCH [MOVD| ORL | ANL | ADD |ADDC [ORLD | ANLD | MOV DEC
110 E
AP6| R6 | AR6|P6A|[AR6|ARS|ARB|ARE|P6A]|PSA]|RSA R6
MOVD| INC | XCH [MOVD| ORL | ANL | ADD {ADDC |ORLD | ANLD | MOV DEC
n F
AP7| R? |AR7|PLA|AR7|AR7|RL,A|AR7|PILA|P7,A|RTA R7

2-byte 2-cycle instruction

D 1-byte 2-cycle instruction

MITSUBISHI 5—13
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MACHINE INSTRUCTIONS

tem ‘ Instruction code o8
Mnemonic % g ‘Function
Type D;DgDsD4 D3D,D1Do| Hexadecimal
0010 00 1 1 2 3
MOV A, #n n,ngngn, Agn,n,ng n 2|2 |(A)+n
) 1 1 11 1 r,r,r, F 8 (A) < (Rr)
MOV A, Rr H 11 |r=0~7
5 101 0 111,70, A8 (Rr) < (A)
€ | MOV Rr, A T V[ | r=0~7
e
1 0 11 1 r,r,1, B 8 (Rr) «~n
MOV Rr, #n N,Ngngn, ngn,n,ng T 2|2 |r=0~7
n
0010 1 rr,r1, 2 8 (A) «— (Rr)
XCH A, Rr -1 1{1 | r=0~7
11 11 000 r, F 0 (A) — (M (Rr))
MOV A, @Rr T 11 [r=0~1
) 1010 0 00 rg A0 (M (Rr) ) + (A)
MOV @Rr, A T 111 | r=0~1
8 10 1 1 000 ryg B 0 (M(Rr) ) «n
£ | MOV @Rr, #n n,ngngn, ngn,n,ng T 2|2 |r=0~1
s ) n
o
£ 1010 00 1 1 A3
8 |MOVP A, @A 12 [(A)—(M(A))
3
<
] 1110 0011 E 3
£ | MOVP3 A, @A 1| 2 | (A) = (M(page 3, A))
'g .
00 1.0 00 0 ry 2 0 (A) == (M (Rr))
XCH A, @Rr i ¥ 111 | r=0~1
00 11 000 rg 30 (Ag~Az) = (M (Rro~Rr3) )
XCHD A, @Rr T 11 [r=0~1
1100 01 11 c 7
MOV A, PSW 11 ] (A)—(PSW)
) 11 01 01 11 D 7 . (PSW) «— (A)
MOV PSW, A 111 [(C)+ (A7), (AC) «~ (Ag)
100 1 0000 9 0 (STS) ~ (A)
MOV STS, A 1|1 [ (ST4~ST7) « (As~A;)
°
s 10 01 01 1 1
« |CLRC : 9 7 11 ](C)<0
8
172
1010 01 11 _
CPL C A7 111 |(c)y+~(Cc)
1000 01 01
CLR Fo 8 5 111 [(Fo)+0
100 1 01 01 _
CPL Fq 9 5 111 | (Fo) « (Fo)
5—1{ MITSUBISHI
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Affected carry

(¢}

AC

Note

Description

Transfers data n to register A.

Transt tents of register Rr to register A.

Transfers tents of register A to regi: 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.

Transters 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 0.

Complements contents of carry flag.

Clears flag Fq and resets it to 0.

Complements contents of flag Fo.

MITSUBISHI
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tom Instruction code w | @
]
Mnemonic g, E Function
Ty|;e D;De¢DsD, D3D,D,Dg{ Hexadecimal o
_ 10610 01 01 .
2 |CLRF," . A S 1T[1](F)~o0
8 N
o .
2 1011 01 0 1 _
& |cPLF B 5 11| (F)—(F)
000 0 00 1 1 03
ADD A, #n Nn,Ngngn, Nan,n,ng n 212 [ (A=A +n
0110 1 rpr,r, 6 8 (A) «~ (A) + (Rr)
ADD A, Rr B 11 r=0~7
01 10 000 r, 6.0 (A) — (A) + (M (Rr))
ADD A, @Rr ¥ 111 r=0~1
00 0 1 00 1 1 13
ADDC A, #n Nn,NgNgn, ngn,n,ng n 2|2} (A)~(A)+n+(C)
o1 1 1 1r,r,7, 7 8 (A) ~ (A) + (Rr) 4+ (C)
ADDGC A, Rr T 1|1 [r=0~7
0111 000Tre 70 (A) = (A) + (M (Rr) ) +(C)
ADDG A, @Rr T 111 |r=0~1
0101 - 00 11 5 3
ANL A, #n N NgNgn, nan,n,n, n 22| (A~ (A) An-
01 01 1r,r,r, 5 8 (A) < (A) A (Rr)
ANL A, Rr ‘,5 111 |r=0~7
2 01 01 000 r, 5 0 (A) —(A) A (M(RP))
£ |ANL A, @Rr : T T | r=0~1
g
0100 00 1 1 4 3
ORL A, #n n,nNghgn, nan,n,ng n 21 2.((A)+~(A)Vn
0100 1 rpr,r, 4 8 (A) = (A) V (Rr)
ORL A, Rr - T 111 |r=0~7
0100 00°0T, 40 (A) = (A) V(M (RN))
| ORL A, @Rr 1 11 [r=0~1
110 1 00 1 1 D 3 i
XRL A, £ n Nn,Nghgn, Nnahn,ng n - [2{2 (A~ (A)¥n
11 01 1 11,70, D 8 (A) ~ (A) ¥ (Rr)
XRL A, Rr T 11 | r=1~7
' ) 1 1.0 1 000 rg Do (A) — (A)¥ (M (Rr))
XRL A, @Rr T 111 |r=0~1
000 1 01 11
INC A : 17 111 | (A~ (A)+1
. 0000 01 11
DEC A 07 111 ((A)~(A)—1
5—16 MITSUBISHI
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Affected carry

Description
o] AC | Note
Clears flag F; and resets it to 0.
Complements contents of flag Fi.
o o 1 Adds data n to contents of register A and sets carry flags to 1 if there is an overflow; otherwise resets carry flags to 0. The result is storéd
in register A. ’
o o 1 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 0. The
resuit is stored in register A.
o o 1 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 0. The result is stored in register A.
o O 1 Adds carry and data n to contents of register A and sets carry flags to 1 if there is an overfiow; otherwise resets carry flags to 0. The result
is stored in register A.
Adds carry and contents of regi Rr to of register A and sets carty flags to 1 if there is an overflow; otherwise resets carry
o | O 1 ) A
flags to 0. The result is stored in register A.
O o 1 Adds carry and contents of memory location of current page whose address is in register Rr to of regi A and sets carry flags

to 1 if there is an overflow; otherwise resets carry flags to 0. 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.

‘ 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

Logical sum of contents of register A and data n is stored in redister 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-
ter A. ]

Exclusive OR of of reg A and data n is stored in register A.

Exclusive OR of contents of register A and contents of register Rr is stored in register A.

Exclusive OR of of regi 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 resutt is étored in register A.

Decrements contents of register A by 1. The result is stored in register A.

MITSUBISHI ' 5—17
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Item .
Instruction code w | @
. o |2
M nic ;';), 3 Function
Type D;DgDsD, D3;D,D1Dg| Hexadecimal ©
0 01 0 01 11
CLR A 2 7 1 (A)~o0
8
° 00 1 1 01 11 _
£ |cPLA 37 11 ] (A~ (A
£
01 01 01 11
DA A . - 5 7 1 | 1 | (A) decimal conversion
' o1 00 0ot 11
SWAP A 47 111 | (A~A) «— (A~A;)
: 11 1 0 01 11 . (An+1) ~ (Aq)
RL A E 7 11 {(A)~ (A7) n=0~6
& 11 11 o1 1 (Ant1) = (A4)
5 |RLC A F.7 111 ] (A} (C)
(C)+— (A7) n=0~6
01 1t 1 01 11 7 7 (An) «~ (Ans1)
RR A . 11 (A) < (A) n=0~6
01 1 0 o1 1 1 6 7 (An) ~ (An+1)
RRC A T (A~ (C)
_ (C) ~(Ag) n=0~6
0 0 01 1 raryfg 1 8 (Rr) «~ (Rr)+1
o |INC Rr T T{1|r=0~7
§
E] 00 0 1 00 0 rg 10 (M(Rr)) ~ (M(RnN)+1
& | INC @Rr T Vi1 r=0~1
3
o
& 1100 110,70, Cc 8 (Rr) ~ (Rr)—1
DEC Rr ¥ 1|1 | r=0~7
oMMy 0 0100 [ (PCg~PC1g) + ma~msgo
N JMP m m,mgmgm, m,m,m,m, msr;‘o 2 | 2 | (PCo~PC;) + mo~mjy
E .
3 1 et 1 00 1 B 3 (PCo—PC7) + (M(A))
JMPP @A 112
b,begbst 001 0 1 2 When (Ap) = 1, (PCo~PC7) +— m
JBb m m;mgmgm, m,m,m,m, Py 2 | 2 | When (A,) =1,(PC) «— (PC)+2
m bsbebs = 0~7 .
11 01 01 10
JNIBF m |m;memem, mym,m,m, D 6 | 2| 2]|When(IBF) =0, (PCy—PC;)~ m
g 1.0 00 01 1 0 8 6 '
5 | JOBF m m,mgmgm, mgm,m,m, m 2 | 2 | When (OBF) =1, (PC,—PC;7) «~ m
3 - :
s
£ 00 0 1 01 10 16 When (TF) = 1, (PCo~PC;7) — m
§ |[JTFm Cim,mgmgm, mam,m,mg, m 2 | 2 | when (TF) =0, (PC) « (PC)+ 2
o
‘ T 110 T ror r, E .?. (Rr) < (Rr)—1 r=0~7
DJNZ Rr,m m,mgmgm, mam,m,m, ' 2 | 2 | When (Rr) # 0, (PCo~PC;) « m
m When (Rr) =0, (PC) — (PC)+ 2
11 11 01 10 F 6 When (C) =1, (PCo~PC;) +m
JC m m,memom, mym,m,m, m 2| 2 { When(C) =0, (PC) ~ (PC)+ 2
5—18 : 4@ MITSUBISHI -
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Affected carry

Description
Cc AC | Note
Clears contents of register A and resets to0.
Forms 1’s complement of register A and stores it in register A.
O O 1 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: A; is rotated to LSB Aq.
O Shifts contents of register A left one bit. MSB A7 is shifted to carry flag apd carry flag is shifted to LSB A.
Shifts contents of register A right one bit. LSB Ag is rotated to MSB A;.
O Shifts contents of register A right one bit. LSB Ay is shifted to carry flag and carry flag is shifted to MSB A;.

increments contents of register Rr by 1. The resuit 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 current page when bitl b of register A is 1. Executes next instruction when bit b of register A is 0.

Jumps to address m of current page when IBF is 0.

Jumps to address m of current page when OBF is 1.

Jumps to address m of current page when timer/counter overflow flag is 1; flag is cleared after execution.

Decl t of regi Rrbyl; iuvﬁps to address m of current page when result is not0.

jumps to address m of current page if carry flagis 1.
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Item
Instruction code ° ®
Mnemonic 2 43; Function
Type D,;D¢DsDs D3D,D,Dg| Hexadecimal |® [ O
11 1 0 01 10 E 6 When (C) = 0, (PCo~PC7) +m
JNC m m,mgmgm,  mam,m,m, m 2| 2 | when(C)=1,(PC) « (PC)+2
1100 01 10 C 6 When (A) = 0, (PCo~PC;) ~ m
JZ m mymgmgm, mgm,m,m, m 2 | 2 | When (A) # 0, (PC) ~— (PC)+ 2
1.0 0 1 01 1 0 9 6 When (A) #+ 0, (PCy~PC;) ~ m
JNZ m m,mgmgm, mym,m,m, m. 2 | 2 | When (A) =0, (PC) «~ (PC)+ 2
00 1 1 01 10 3 6 When (To) = 1, (PCo~PC7) - m
o JTO m m,mgmgm, mam,m,mg, m 2 | 2 | When (To) =0, (PC) « (PC)+ 2
£
=]
= 0010 01 10 26 When (To) = 0, (PCo~PC7) < m
§ |JINTOm m,mgmgm, mam,m,mg, m 2 | 2 | When(To) =1,(PC) ~—(PC)+2
£ :
<§ 01 01 01 10 5 6 When (Ty) =1, (PCo~PC7) +~ m
JT1i m m,mgmgm, mym,m,m, m 22 |When(T,)=0,(PC) —(PC)+2 -
0100 01 10 46 When (T4) = 0, (PCo~PC7)+m
JNTT m m,mgm.m, mgm,m m, m 212 | When (Ty)=1,(PC)~ (PC) +2
10 11 0110 B 6 When (Fo) = 1, (PCo~PC;) «—m
JFO m momemgm, m,m,m,m, m 2 | 2 | when (Fo) =0, (PC) — (PC) + 2
0ot .11 01 10 76 When (Fy) =1, (PCo~PC;) — m
JFi m m,mgmgm, mgm,m,mgy m 2 | 2 | When (Fy) =0,(PC) ~ (PC) + 2
10MeMg,1 0100 14 ((SP)) + (PC)(PSW,~PSW;)
CALL m mg~m,, | 2| 2| (SP)~(sP)+1
o SMgmgm, mym,m,m, m (PCo~PCy0) — m
£ 1 0 0 0 0 0 1 1 (SP) —(sP) —1
3 |ReT 8 3 1] 2| (PC) «~ ((SP))
a
10 0 1 00 11 (SP) — (sP) —1
RETR 9 3 1] 2 | (PC)(PSW,~PSW;) — ((SP))
0000 10P,P, o8 (A) —(Pp)
IN A, Pp b 12{p=1~2
00 11 10P,P, 3 8 (Pp) - (A)
OUTL Pp, A ; 112 |p=1~2
; 1 0 0 1 10 P, Py 9 8 (Pp)v‘_(Pp)An
g ANL Pp,#n n,ngngn, ngn,n,n, 3 2|12 p=1~2 i
.3 n \
4]
3 1000 106P,Py| 88 (Pp) + (Pp)Va
£ | ORL Pp, #n n,NgNgn, ngn,n,n, ?5 2|2 |p=1~2
n
0010 0010 2 2
IN A, DBB 1|1 ]|(A)~ (DBB)
0 0 0 O 00 1 0 0 2
OUT DBB, A 111 |(DBB)+~(A)
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

[o]

AC

Note

Descri ﬁtion

Jumps to address m of current page if carry flag is 0.

Jumps to address m of current page when contents of register A are 0.

Jumps to address m of current page when contents of register A are not0.

Jumps to address m of current page when flag Tois 1.

v

Jumps to address m of current page when flag Ty is 0.

Jumps to address m of current page when flag Tyis 1.

Jumps to address m of current page when flag T, is 0.

Jumps to address m of current page when flag Fois 1.

Jumps to address m of current page when flag Fyis 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~PCiq.

SP is decremented by 1. Program counter is restored to saved setting in stack indicated by stack pointer. PSW,~PSW; are not changed
and i bt 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 énd resets IBF.

Outputs contents of register A to data bus buffer (DBB) and sets OBF.
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item
Instruction code o |8
Mnemonic ;‘;:, E Function
Type D7D§D5D‘ D3D2D;Dg Hexadecimal ©
MOVD A, pp 0 0 0 O 11 p1 po . 0 g (AONAS) - (PpO~Pp3)
) P1Po 112 ] (Ay~A7) =0 p=4~7
f§3 00 1 1 11P, P 30 (Ppo~Ppa)  (Ag~Aa)
S MOVD Pp, A pipe | 112 |P=4~7
3
g 1001 11 P,P, 9 ¢ (Ppo~Pps) ~ (Ppa~Pp3) A (Ag~As)
2 | ANLD Pp A ppe | 112 LA PR
Q
1 000 11 P, P, 8 C | (Ppo~Pp3) + (Ppo~Pp3) V(Ag~A3)
ORLD Pp, A ooe | 112 NN perR
0100 0010 4 2 (A) «(T)
MOV A, T 11
MOV T, A 01 10 0010 6 2 1 1M (A)
s |sTRTT 01 01 01 01 5 5 1l
5
O .
Q
§ STRT CNT 01 oo o ron 45 111
Q
2 01 10 01 01 6 5
i | STOP TCNT 101
EN TCNTI 0010 01 0 1 25 11 | (TONTF) =1
DIS TCNTI |00 1 01 01 35 11y (TCNTF)fO
0000 0101 05 (INTF) «— 1
EN | 11
00 01 01 0 1 15 (INTF) «— 0
DIS | 11
11 0.0 01 01 c 5 (BS) <« 0
_ | SEL RB, 111
g
5 : .
o 11 01 01 01 D5 (BS) « 1
SEL RB; . 11
111 0 01 0 1 ES5
EN DMA 101
11 11 01 0 1 F 5 (P2,) — (OBF)
EN FLAGS : 111 | (P2g) « (IBF)
S 00 0 0 000 0 (V] .
£ |NoP . 11

Note 1 : Executing an instruction may produce a carry (overtiow or underflow). The carry may be lost or it may be transferred to C or AC. The (O)
mark indicates a carry which affects C or AC. The detail affection of carries for instructions ADD, ADDC and DA is as follows:
(C) <+1 Atoverflow of accumulator
(C) <« 0 Atno overflow of accumutator
(AC)+—1 Atovertlow of bit3 of accumulator
(AC)+«0 Atpno overflow
2 . The contents of ST,-ST; are read when host computer reads status of MELPS 8-41. .
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

[o]

AC

Note

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--P,P, = 00

I Logical product of the low-order 4 bits of register A and contents of Pp; Pp contains result. | P5-*-P;P; = 01

P6---PsP, = 10
P7-PPp =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 oscitlation.

Starts operation as event counter of timer/event counter. Counts up when pin Ty 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 0.

Selects working register bank 1.

Enables DMA handshaking line.

Enables master interrupt.

No operation. Execution time is 1 machine cycle.
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item

Details of execution

RESET input low level

TF (Timer Flag) +~0

TIRF (Timer INT Request FF) «~ 0
TCNTF (Timer INT Enable FF) <0
INTF (External INT Enable FF) «— 0
IEF (INT Enable FF) «~ 1

IBF 0

EIPF (External Interrupt Pending FF) <0

JTF execution

TF (Timer Flag) + 0

overflow

Timer/event Counter

TF (Timer Flag) <1

TCNTE (Timer INT Enable FF) =1 When TIRF (Timer INT Request FF) « 1

EN TNCTI execution

TCNTF (Timer INT Enable FF) «1

DIS TNCTI execution

TCNTF (Timer INT Enable FF) « 0

EN | execution

INTF (External INT Enable FF) « 1

DIS | execution

INTF (External INT Enable FF) « 0

RETR execution

IEF (INT Enable FF) <1

Symbol

Symbol Contents Contents
A 8-bit register (accumulator) PC Program counter
Ao~As Low-order 4 bits of register A PCo~PC7 Low-order 8 bits of program counter
As~As High-order 4 bits of register A PCg~PCyo ~ High-order 3 bits of program counter
Ao~An, Apn+1 Bits of register A PSW Program status word
b Value of bits 5-7 of first byte machine code Rr ’ Register designator
bsbgbs Bits 5-7 of first byte machine code r Register number
BS Register bank select o Value of bit 0 of machine code
AC Auxiliary carry flag ralyfo Value of bits 0-2 of machine code
C Carry flag 28189 Value of bits 0-2 of stack pointer
DBB Data bus buffer SP Stack pointer
Fo Flag 0 ST,ST, Bits 4-7 of status register
Fq Flag 1 S§TS System status
INTF External interrupt enable flip-flop T Timer/event counter
IBF Input buffer full flag To Test pin 0
m Destination address T, Test pin 1
mzmgMsMymam,mymg | Second byte (low-order 8 bits) machine code TCNTF Timer/event counter interrupt flip-flop

‘ ) corresponding to destination address TF Timer flag
MqoMgMg Bits 5-7 of first byte (high-order 3 bits) machine code # Symbol to indicate immediate data
(M(A)) Content of memory location addressed by register A @ Symbol to indicate content of memory location
(M(Rr)) Content of memory location addressed by register Rr addressed by register

- (Mx(Rr)) Content of external memory location addressed by — Shows direction of data flow
register Rr -~ Exchanges contents of data
n Value of immediate data ( ) Contents of register, memory location or flag
N7NgNsN4N3N2N1 N Immediate data of second byte machine code A Logical AND ‘
OBF Qutput buffer full flag \" Logical OR
[} Port number M Exclusive OR
Pe Port designator — Negation .
P1Po Bits.of machine code cbrresponding to port number O Content of flag is set or reset after execution
/
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MSL8041A-XXXP
SLAVE MICROCOMPUTER
DESCRIPTION -
The M5LB041A-XXXP is a general-purpose, programmable PIN CONFIGURATION (TOP VIEW)
interface device deisgned for use with a variety of 8-bit
microcomputer systems. This device is fabricated using N- TESTPINO  To— Vec (8V)
channel sillicon-gate ED-MOS technology. cLock1 Xy~ ~T TEST PIN1
CLOCK2  X.—[3] [38] «+ P2,/DACK
RESET RESET — [4] « P2,/DRQ | INPUT/
— = PUT
FEATURES . SINGLESTEP §§—[F] 7] -~ P2/IBF | PORT 2
@ Mask ROM - eerrererrmearmmeeeeeeeennns loéj-word by g_bn CHIP SELECT &—’ a s P2,JOBF
® Static RAM--- -word by 8-bit EXTERNAL - -
: y ACCESS (NOTE 1) EAT z 34« P1,
® 18 programmable 1/0 pins READ R—[8] > [33] +» P1¢
® Asynchronous data register for interface to master pro- ADDRESS Ag— 5 - Pig
WRTE  W— < - P1 INPUT/
c
essor , SYNCHRONIZED gy G — 3 e pr. [ QUTRUT
® 38-bit CPU, ROM, RAM, I/0, timer, clock and low power, SIGNAL > 3 PORT 1
stand-by mode DQp % Pl
® Single 5V suppl 0Q, L1 % - P
® Alt:rnat’ thc): ystom LSt DAz - 1 =P
ive to cu
DQ, + [13] Voo (5V)
® Interchangeable with i8041A DATA BUS pQ, & o P;DOG EXTERNAL
DQs + P2, CONTROL
APPLICATION ‘ DQs + [ wP2, | INPUT/
Alternative to custom LSI for peripheral interface DQ; + [19] P2, PORT 2
(0V) Vgs - P2,
Outline 40P4
Note 1 : Conhect to Vgg in the operating condition.
BLOCK DIAGRAM
INPUT/OUTPUT PORT 2
. —_—
DATA BUS INPUT/OUTPUT PORT 1 szzd /?%‘
"DQ, DQ, DA, _DQ; 7 Pl, Pls Pl PI; P2 PZ,/DQR
DQo DQ; DQ, DQs Pl Pl, Pl, P2 P2 /DACK
B (eXi 208X 9—E7280k9 z
PORT @9 Veo (5V)
BUS BUFFER
@ Voo (5V)
Vss (0V)
! *
02i X 8 64 X 8 (4) RESET  RESET
Ram | [BE (& ss SINGLE STEP
Sep M T, TEST PINO
i =2 39 T, TEST PIN 1
CONTROL Ol READ
10w WRITE
T o BERoN Loaic (6)Cs CHIP SELECT
] (9 Ao ADDRESS
L _ B . _ _ - (D EA EXTERNAL ACCESS
X, X, SYNC PROG (NOTE 1)
—— EXTERNAL I/ O'CONTROL
CLOCK SYNCHRONIZED
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

FUNCTION

The M5L8041A-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-

PIN DESCRIPTION

tively ‘through the buffer register between  them. The
M5L8041A-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
M5L8041A-XXXP is a complete microcomputer, it is easy to
develop a user-oriented mask-programmed peripheral LSI
only by changing the control software. ‘

Pin Name Input or output Function
Vss Ground — Connected to a0V supply (ground).
Vee Main power supply - Connected to a5V supply.
Connected to a5V supply.
Voo Power supply - -
Used as a memory hold when Vcc is cut off.
To Test pin 0 Input Provides external control of conditional program jumps (JTO/UNTO instructions).
An internal clock circuit is provided so that by connecting an RC circuit or crystal to these input pins the
X1, Xz Crystal inputs Input P . i Y 9 . i P p
clock frequency can be determined. Pins X; and X2 can also be used to input an external clock signal.
RESET Reset Input CPU initialization input.
== . Used to hait the execution of a command by the CPU. When used in combination with the SYNC signal,
SS Single step input ) . X . X
the command execution of the CPU can be halted every instruction to enable single step operation.
cs Chip select input Input Chip select input data bus control. ’
EA External access Input Normally maintained at OV.
= . Serves as the read signal when the master CPU is accepting data on the data bus from the M5L8041A-
R Read enable signal Input
XXXP.
Ao Address input Input 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 from the bus to the M5L8041A-
w Write enable signal Input
XXXP. .
SYNC Sync signal output Output 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-
DQy~DQ, | Data bus Input/output 4
tem data bus.
Quaisi-bidirectional port. When used as an input port, FF1g must first be output to this port.
P2o~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2y~P2; are used when the M5L8243P 1/0 port expander is used.
PROG Program Output Serves as the strobe signal when the M5L8243P 1/O expander is used.
Quaisi-bidirectional port. When used as an input port, FF;¢ must first be output to this port.
P1o~P1; | Portl Input/output . P put p ® L P P
After resetting, however, when not used afterwards as an output port, this is not necessary.
. Provides external control of conditional program jumps (JT1/JNT1 instructions).
T Test pin 1 Input - - - -
Can serve as the input pin for the event counter (STRT CNT instructions).
5—26
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MS5L8041A-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

=

Symbol Parameter Conditions Limits Unit
Vee Supply voltage —0.5~7 \Y
Voo Supply voltage —0.5~7 \"

with respect to Vgg
Vi | Input voltage —0.5~7 \
Vo Output voltage —0.5~7 v

Pd Power dissipation Ta=2TC 1500 mw
Topr . | Operating temperature range —20~75 c
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \%
Vop Supply voltage 4.5 5 5.5 \'
Vss Supply voltage 0 \
Viu High-level input voltage 2 \"
Ve Low-level input voltage 0.8 v
fe) Operating frequency 1 6 MHz
ELECTRICAL CHARACTERISTICS (T4= —20~75C, Vcc =5V*10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

ViL Low-level input voltage —0.5 0.8 \")
[ High-level input voltage (all except Xy, X, RESET) 2 Vee v
Vinz High-tevel input voltage (X3, X, RESET) 3.8 Voo 1%
VoL1 Low-level output voltage (DQo~DQ7, SYNC) loL = 2mA 0. 45 \

Vo2 Low-level output voltage (all except DQg~DQ7, SYNC, PROG) | lou = 1.6 mA 0.45 \
VouLs Low-level output voltage (PROG) loo=1mA 0.45 \'
Vouit High-level output voltage (DQo~DQ;7) loy = —4001A 2.4 \'
Vouz High-level output voltage (all other outputs) lon = —50uA 2.4 [ Vv
I Input leakage current (Tq, T1, RD, WR, CS, Ag) Vss < Vi = Vee —10 10 uA
loze Off-state output leakage current (DQy~DQ;) Vss +0.45 < Vo = Vee -—10 10 #A
i Low-level input current (P1o~P1;, P2p~P2;) Vi, =0.8v —0.5 mA
L2 Low-level input current (RESET, SS) VL =0.8V —0.2 mA
lob Supply current from Vpp 6 15 mA
lce + lpg Total supply current 65 125 mA
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

L 4

TIMING REQUIREMENTS (Ta= —20~75C, Voo = 5V+10%, unless otherwise noted)

DBB Read
Alternative Limits
Symbol Parameter Test conditions Unit
. symbol Min Typ Max
tc () Cycle time toy 2.5 15 us
tw (R) Read pulse with : trr tc (9 =2.5us 250 ns
tsu (cs-R) Chip-select setup time befor read tar 0 ns
th (r-cs) Chip-select hold time after read tra 0 ns
DBB Write
Alternative . Limits
Symbol Parameter Test conditions - Unit
. symbol Min Typ Max
tw (w) Write pulse width tww 250 ns
t -~ —
Su (cs-w) CS, Ay, setup time before write taw 0 ns
tsu (a0-w)
th (w-cs) == .
CS, Ag, hold time after wirte twa 0 ns
th (w-a0) :
tsu (pa-w) | Data setup time before write tow 150 ns
th (w-pQ) Data hold time, after write two 0 ns
Port 2
Alternative - Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw (PR) PROG pulse width tep 1200 ns
tsu (pc-pr) | Port control setup time before PROG tce Cp = B0pF 110 ns
th (Pr-PC) Port control hold time after PROG trc C.L = 20pF 100 ns
tsu (@-PR) Output data setup time before PROG tor C. = 80pF 250 ns
tsu (p-PR) Input data hold timer before PROG ter C. = 80pF 810 ns
th (pr-D) input data hold time after PROG ter C. = 20pF 0 150 ns
DMA
Alternative - Limits .
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsu (pack-r) | Data acknowledge time before read tace 0 ns
th (r-pack) | Data hold time after read tcac 0 ns
tsu (pack-w)| Data setup time before write tacc 0 ns
th (w-pack) | Data hold time after write teac 0 ns
Note 1 : Inputvoltage level V, = 0.45V, V|, = 2.4V.
SWITCHING CHARACTERISTICS (Ta= —20~75C, Voo = 5V+10%, unless otherwise noted)
DBB Read
; Alternative Limits
Symbol Parameter Test conditions - Unit'
symbol Min Typ Max
tezx (cs-pa) | Data enable time after CS tao C, =150 pF 225 ns
tezx (a0-0q) | Data enable time after address tao CL= 150 pF 225 ns
trzx (R-Dq) | Data enable time after read tro CL =150 pF 225 ns
texz (R-Dq) | Data disable time after read tor 100 ns
DMA v
Alternative . Limits .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (DACK-DQ) | Data enable time after DACK taco 150 pF Load 225 ns
teuL (R-pDRa) | DRQ disable time after read tcra 150 pF Load 200 ns
tenl (w-pra)| DRQ disable time after write tcra 150 pF Load 200 ns

Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. 0V respectively.
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

TIMING DIAGRAMS

Read
CS, A
¢ X 4
: tsu (Cs-R) th (R-cs)
tsu(a-R) tw(r) th(R-a0) .
F \ )b N
tPzXx(R-DQ) tPxZ(R-DQ)
~ 74 N\
DQy~DQ;
5 Y
B tpzx(As-D0) tPZX (CS-DQ)
Write
CS, Aq
Tsu(ag-w) -
tsucsw . fw(w) ‘m(‘a?i)o)
_ 4
W /
tsu(p-w) | [th(w-D)
Port 2
e [\ [\ [T\
tsu (@-PR)
EXPANDER r ' PN
PORT OUTPUT P2,-P2; DATA PORT CONTROL OUTPUT DATA
e su(D-PR)—~ th(PR-D)
T
EXPANDER L
PORT INPUT P2,-P2; DATA X PORT CONTROL / \1‘1 |~ weur oara
t R
tsu(Pc-PR) f h(pA Pcl "or)
W
PROG 1\ /
DMA
DACK s k ’!
) _Isu(pack-R) - th(R- DACK)
!
A \ )‘
tsu(pack-w) th(w-DACK)
tw(R)
w \ /{
tw(w)
X XX
| |
tPZx(DACK:—DQ) tslu(D-w) Ih(w-p)
\
DRQ
tPHL(R-DRQ) tPHL(W-DRQ)
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M5L8041A-XXXP

TYPICAL CHARACTERISTICS
DATA BUS HIGH-LEVEL

OUTPUT VOLTAGE VS. HIGH-LEVEL.

OUTPUT CURRENT

s

I Voc = 5V

N Ta=25C

w 3.6

AN

=

]

g 3.4 \\

[ \

8 [ —
E 32 I ———
5 .

[¢]

1

g

o 30

s

I

g

I 2.8

4 -0.2 -04 -06 -—-0.8 —1.0

HIGH-LEVEL OUTPUT CURRENT  lou(mA)

Py, P> LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL
INPUT CURRENT

~N sapid
. \\ :
. \

LOW-LEVEL INPUT VOLTAGE V{(V)

\

"0 -0.0s -0.1 —0.15 -0.2 -0.25

LOW-LEVEL INPUT CURRENT I,(mA)

NORMARIZED SUPPLY CURRENT (lcc)
VS. AMBIENT TEMPERATURE

Voo =5V
Vpo = 5V

1.2‘\

T~

NORMARIZED SUPPLY CURRENT ({lgc)

SLAVE MICROCOMPUTER

DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. LOW-LEVEL
OUTPUT CURRENT

< 0.5

2 Voo =5V
.2 Ta=25¢C /

w 0.4 e

2

[y

-

2 03

>

[

2

E oo

E o

o

-t

g

o o

< /

3

(o)

3 0

0 2 4 6 10

LOW-LEVEL OUTPUT CURRENT Io (mA)

RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL
INPUT CURRENT

Vee =5V

5
\ Ta= 25C
4

T\
| \
\

0 -0.02 —0.04 —006 —0.08 —0.1

LOW-LEVEL INPUT VOLTAGE Vy(V)

LOW-LEVEL INPUT CURRENT 1,(mA)

NORMARIZED SUPPLY CURRENT (lpp)
VS. AMBIENT TEMPERATURE

Vo = 5V
Vpp = 5V

1.2 \

NORMARIZED SUPPLY CURRENT (ipp)

0.8 P 0.8
0.6
—25 0 25 50 75 100 —25 1] 25 ] 75 100
AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C)
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

APPLICATION EXAMPLES
(1) Interface with M5L8085AP

~—
r\_. [.\_‘ .
M5L8041A |10
A N XXXP T
DQo~DQ7 8 e
Al v
CS
PERIPHERAL
M5L8085 AP Ao P @ ( DEVICES
2 \| 2
Control o a @ R
2 v = o _
e £ o w o
b=t [ hd
18 [8]—— &
Ao~ A7 8 N—————/ Qo Q7
—
L T~ —

{2) Interface with MELPS 8-48 Microcomputer and M5L8243P

R R PROG |- PROG P, <z>
w w
Port f——N
a P2y~P24 4 P2,~P2, Ps
Port cs \———————/
- y Ag
) J
DQo~DQy 8 DQg~DQ7 ]
7 M5L8243P PERIPHERAL
M5L_8041A P DEVICES

-XXXP 7

MELPS8-48 A A
Microcomputer P2,~P2, 4
Al L4
A
Ply~P1, 8
v 14
To
T
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'M5L8042-XXXP

DESCRIPTION

The M5L8042-XXXP is a general-purpose programmable in-
terface device designed for use with a variety of 8-bit mic-
rocomputer systems. The device is fabricated using n-
channel silicon-gate ED-MOS technology.

FEATURES

) Mask ROM ..................................... 2048'W0rd by 8_b|t
® Static RAM -ererereremrmreeeniaintiiaeieiee, 128-WOI’d 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 i8042

APPLICATION

Alternative to custom LSI for peripheral interfaces

'

SLAVE MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

TESTPINO To— 0] Ve (5V)
cLocK 1 X, —[Z] 3] — T,
CLOCK 2 X,— 3] «» P2,/DACK
RESET RESET — [4] [37] + P2,/DRQ 'NPSJ4
SINGLE STEP S§ — 3] +» P25/IBF | PORT 2
CHIP SELECT&-. [6] Eg.. P2,/OBF
EXTERNAL
access (NoTE 1) EA™ ] - Pty
READ R—[E] 2 3] > P16
ADDRESS A; — [3] P 3]+ P1s
WRITE W — Q 31« P1,. c')ﬁ';g'll;/T
SYNCHRONIZED ] =
kAL SYNC % 3]+ P15 | pORT 1
DQo X 5] P1,
DQ; + % %]« P1,
DQZ «|14] E - P10
DQ; + [ 28] Voo (5V)
DATABUS | " [ 7 - PROG |E/)<()TERNAL
DQs ++ 7] «» P2, ) CONTROL
DQ; + [} B+ p2, |INPUT/
° 2] P2, OUTPUT
DQ; « [19] 2] « P2,
PORT 2
(OV) Vss 7« P2,
Outline 40P4
Note 1 : Connect to Vgs in the operating condition.

BLOCK DIAGRAM

OUTPUT PORT 2

\ INPUT/
INPUT/
DATA BUS OUTPUT PORT 1
f——/\———ﬂ
DQy DQ; DQs DQ Pl; PI Pls_P1 P2,
DQ, DQ; DQ, DQs  Plo Pl, Pl, "Plg P2,

P2,/OBF

X; Xz
——
CLOCK

26 Voo (5V)
@9 Vss (OV)
(ORESET  RESET
e x8 & ss SINGLE STEP
ROM M To TEST PINO
) T TESTPIN1
R READ
[INSTRUCTION il
— CONTROL LOGIC w WRITE
INSTRUCTION cs CHIP SELECT
DECODER D A, ADDRESS
’L (D) EA EXTERNAL ACCESS

- PROG
SYNC  EXTERNAL I/0 CONTROL

SYNCHRONIZED
SIGNAL

4 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5L8042-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-

M5L8042-XXXP contains the buffer register to use this LS|
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.

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

PIN DESCRIPTION

Pin Name Input or output Function
Vss Ground - Connected to a0V supply (ground).
Vece Main power supply - Connected to a5V supply.
Connected to a5V supply.
Voo Power supply -
: Used as a memory hold when V¢ is cut off.
To Test pin 0 Input 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
X1, X2 Crystal inputs Input P i Y g8’ : 4 p P
clock frequency can be determined. X; and X, can also be used to input an external clock signal.
RESET Reset Input CPU initialization input.
= . Used to halt the execution of a command by the CPU. When used in combination with the SYNC signal,
Ss Singie step Input I | ) ) )
the command execution of the CPU can be halted every instruction to enable single step operation.
_C_g Chip select input Input Chip select input for data bus control.
EA External access Input Normally maintained at OV. .
= . Serves as the read'signal when the master CPU is accepting data on the data bus from the M5L8042-
R Read enable signal Input
XXXP.
Ao Address input Input An address input used to indicate whether the signal on the data bus is data or a command.
w Write enable signal Input Serves as the write signal when the master CPU is outputting data from the bus to the M5L8042-XXXP.
SYNC Sync signal output Output 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-
DQy~DQ;| Data bus Input/output ¥
tem data bus.
Quasi-bidirectional port. When used as an input port, FF1g must first be output to this port.
P2o~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2¢~P2; are used when the M5L8243P 1/0 expander is used.
PROG Program Output Serves as the strobe signal when the M5L8243P 1/0 expander is used.
Quasi-bidirectional port. When used as an input port, FF;s must first be output to this port.
Plo~P1; | Port1 Input/output N P put p ] e X 'p : P
8 After resetting, however, when not used afterwards as an output port, this is not necessary.
. Provides external control of conditional program jumps (JT1/JNT1 instructions).
T4 Test pin 1 Input - - - -
Can serve as the input.pin for the event counter (STRT CNT instruction).

MITSUBISHI
ELECTRIC -



-MITSUBISHI MICROCOMPUTERS

MS5L.8042-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage ! —0.5~7 A
Voo Supply voitage With respect to Vs —0.5~7 \4
v, Input voltage —0.5~7 \'
Vo Output voltage —0.5~7 \'
Pd Power dissipation Ta=25C 1500 mwW
Topr Operating temperature range 0~70 C
Tstg Storage temperature range —65~150 C
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Limits Unit

Min Nom Max

Vece Supply voltage 4.5 5 5.5 \

Vob Supply voltage 4.5 5 5.5 \'

Vss Supply voltage 0 \

Viu High-level input voltage 2.2 v

Vie Low-level input voltage 0.8 \'

fa) Operating frequency 1 12 MHz -
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Voc =5V%10%, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
Viu Low-ievel input voitage —0.5 0.8 \'
Vint High-level input voitage (all except Xy, X, RESET) 2.2 Vee \4
Vinz High-level input voltage. (X, X, RESET) 3.8 Vee v
Vou1 Low-level output voltage (DQy~DQ;7) loL = 2mA 0. 45 v
VouLz Low-level output voitage (P1g~P1;, P2g~P2;, SYNC) loo=1.6mA 0.45 \Y
Vous Low-level output voltage (PROG) loo=1mA 0.45 \%
Vo1 High-level output voltage (DQy~DQ;) lon = —400A 2.4 v
Vohz High-leve! output voltage (all other outputs) lon = —50zA 2.4 \Y
I Input leakage current (To, Ty, R, W, CS, Ao, EA) Vss < Vy £ Vee —10 10 uA
lozL High-imped state output leak current (DQy~DQ7) | Vss+0.45 < Vp < Ve —10 10 HA
it Low-level input load current (P1o~P1;, P2;~P2;) V. =0.8v —0.5 mA
[ Low-level input load current (RESET, SS) Vi = 0.8V —0.2 mA
lop Supply current from Vpp 10 mA
lcc + lpp Total supply current 145 mA
534 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL8042-XXXP

SLAVE MICROCOMPUTER

TIMING REQUIREMENTS (T2 =0~70C, Vcc =5V+10%, uniess otherwise noted)

DBB Read
Alternative Limits .
Symbol Parameter Test conditions - Unit
symbol . Min Typ Max
tc (o Cycle time tovy ] 1.25 15 M8
tw (R) Read pulse width tra to(p=1.25pus 160 ns
tsu (cs-R) Chip select setup time before read tar 0 ns
th (R-cs) Chip select hold time after read tra 0 ns
DBB Write
s 'bo‘ P " Alternative Test conditi Limits Unit
arameter est conditions
Y symbol Min Typ Max
tw (W) Write pulse width tww 160 .ns
tsu tes-w) CS, Ao, setup time before write taw 0 ns
tsu (ao-w)
th (w-cs) == .
CS, Ay, hold time after write twa 0 ns
th (w-a0)
tsu (pa-w) Data setup time before write tow 130 ns
th (w-pq) Data hold time after write two 0 ns
Port 2
. Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw (PR) PROG pulse width tep ) 700 ns
tsu (pc-pr) | Port control setup time before PROG tcp CL = 80pF 80 ns
th (pr-pPC) Port control hold time after PROG tec CL= 20pF 60 ns
tsu (a-PR) Output data setup time before PROG top CL=80pF 200 ns
tsu (p-PR) Input data hold time before PROG ter Cp = 80pF 650 ns
th (Pr-D) Input data hold time after PROG ter C_ = 20pF 0 150 ns
DMA
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tsu (pack-r) | DACK setup time before read tacc 0 ns
th (r-pack) | DACK hold time after read teac 0 ns
tsu (pack-w) | DACK setup time before write tace 0 ns
th (w-pack) | DACK hold time after write tcac 0 ns
Note 1 : Input voitage level V,_ = 0.45V, V,; = 2. 4V.
SWITCHING CHARACTERISTICS (Ta=0~70C, Voo =5V+10%, unless otherwise noted)
DBB Read
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (cs-p@) | Data enable time after CS tan CL=100 pF 130 ns
tpzx (a0-Da@) | Data enable time after address tan CL=100 pF 130 ns
tezx (R-p@) | Data enable time after read trp CL= 100 pF " 130 ns
tpxz (r-pa) | Data disable time after read tor 85 ns
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tezx (Dack-pa) | Data enable time after DACK taco C, =150 pF 130 ns
teHL (rR-DR@) | DRQ disable time after read tcra 90 ns
teuL (w-prq)| DRQ disable time after write tcra 90 ns
Note 2 : Output voltage discriminating levels, low and high, are 0. 8V and 2. 0V respectively.
MITSUBISHI 5—35
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MITSUBISHI MICROCOMPUTERS

M5L8042-XXXP

SLAVE MICROCOMPUTER

TIMING DIAGRAMS

Read

CS, A

DQo~DQ,

Write

CS, A,

sl

oar~oor RXXXXRRAARANNRR

Port 2

SYNC ’ \

X

X

tsu (cs-R)

th (r-cs)

tsu(ag-R) tw(R) th(R-A0)
I k
" [tPzx(R-0Q) tpxz(R-DQ)
4
« VALID DATA NN
g Y
tpzx(Ag-DQ) tPZX (C3-DQ)
Tsu(Ag-w)
tsu (CSW) tw(w) }: (‘VV"I‘fSA)ﬂ)
tsu(p-w) | {th(w-D)

\
Y,

M VALID DATA

IRERXRK XK

[\

T\

tsu (Q-PR)

Eé%‘}”ggﬁpm P20-P25 DATA X PORT CONTROL )| OUTPUT_
je————15u(D-PR)—>f |&>{ th(PR-D)
T

oAt INBUT P2,-P2; DATA x PORT CONTF‘OL/[ \{'_‘;LWPUT DATA

tsu(PC-PR) ’ th(pR-pciw(PR)
PROG \' {

\ Fa

DMA

DACK s

|

=

DQy~DQ;

DRQ

th(Rr-DACK)

=

X

_tsu(pack-r) R
te

tw(R)

tsu(DACK-W) .

th(w-DACK)

tw(w)

X X

X

X

tPZX(DACK-DQ)
— >

tsu(p-w)||th(w-D)

L__

tPHL(R-DRQ)

tPHL(W-DRQ)

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL8042-XXXP

SLAVE MICROCOMPUTER

TYPICAL CHARACTERISTICS

DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL
~ 138 OUTPUT CURRENT ~ o5 OUTPUT CURRENT
2 T[Vee=5v 2 vee=5v ’
S Ta=25C 3 Ta= 25¢C /
w 36 w 0.4 A
¢ 1\ g /
D 3.4 N 3 03
4 ~ >
5 S~ 5
e T — a
'5 3.2 '5 0.2
o o
o o
> 3.0 2 0.
w w
- ]
1 :
5] S)
T 285 =57 —0a4 ~06 -08 -1.0 = 05 ? 2 0
HIGH-LEVEL OUTPUT CURRENT  lon(mA) LOW-LEVEL OUTPUT CURRENT Io (mA)
Py, P, LOW-LEVEL INPUT RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL
INPUT CURRENT s INPUT CURRENT
3 ~ Vee =5V N Vee = 5V
< \ Ta=25C § \ T:C= 25T
4 ™ 4 -
g N 8
5 N\ 5
Q 3 Ie) 3
> \ >
; AR
: z e
‘-_IIJ‘I 1 - \ ﬂ 1
z z \
3 9
cCl —0.05 —0.1 —0.15 —0.2 —0.25 . 0 —0.02 —0.04 —0.06 —0.08 —0.1
LOW-LEVEL INPUT CURRENT 1,(mA) LOW-LEVEL INPUT CURRENT I,{(mA)
NORMARIZED SUPPLY CURRENT (Icc) "~ NORMARIZED SUPPLY CURRENT (Ipp)
VS. AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE
3 1.6 —~ 16
=L Voo =5V 2 Voo =5V
Voo =5V = Vop =5V
E 1.4 5 oraf
o w
o [vy
= [is
S 1.2 3 12
] \ >
o -
a a
> a
[} 1.0 2 1.0
2 a
g ]
E os \ % 0.8 —
z s
o o«
Z o6 g -
—25 0 25 50 75 100 . -5 0 25 50 75 100
AMBIENT TEMPERATURE Ty(C) AMBIENT TEMPERATURE T5(C)
\
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M5L8042-XXXP

SLAVE MICROCOMPUTER

APPLICATION EXAMPLES
(1) Interface with M5L8085AP

~_, —~ ——
M5L8042 To )
— N : -Xxxp [ T
DQo~DQ7 8 1
Al v
cs :
, Ao PERIPHERAL
M5L8085 AP T DEVICES
g) A » .
Control 1] 03] » R
3 Vi _ GDJ'
4 < ® w.
3 S ©
< o o,
Ao~ A7 s — Qo~0Q7
—— —V
NN

(2) Interface with MELPS 8-48 Microcomputer and M5L8243P

" R PROG PROG <Z>
W w
AN
A —  P2-P2, 4 P2)~P2, <Z>
Port cs N 4
V| Ao
U \
M5L38243P
DQo~DQ7? 8 DQo~DQ7 @
N——————— PERIPHERAL
- M5L8042 DEVICES
-XXXP
MELPS8-48 r— N
MICRO P2,~P2, 4
COMPUTER v y
) A
P1o~P1, T8
v 14
To
T
5—38 v MITSUBISHI
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MITSUBISHI MICROCOMPUTERS
INPUT/OUTPUT EXPANDER
DESCRIPTION : }
These devices, fabricated using the aluminum gate CMOS PIN CONFIGURATIONS (TOP VIEW)
process and used for input/output port expansion, are ideal
LSls for connection to the single-chip 4-bit microcomputer
series. : ) ) voo [3 ~ 40] ¢+ Ry | INPUT/
The M50780SP and M50782SP are housed in a 40-pin INPUT/ @HHO OUTPUT
ﬁ/:z;)t;c SmPoId DLL package while the M50781SP and gg;';ug{ - 5 vesiovy
i —pi i {Note 1)
83SP are housed in a 28—pin plastic mold DIL cHip EnasL mpor ok -+ 18 5 52 ) port
package. . MODE SELECT NPUTMS —» [E] 58] 5, pSELECT
. STROBE E\MSSTD*E . ] s, INPUT
FEATURES _ Puoes[T] [32). P3
® Wide operatingvoltagerange . . .. ........ 3~14v INPUT/ | Py« ] [33] > P32 | INPUT/
i T OUTPUT z OuThu
® Low power dissipation PORT 1 | P12z« [3] > Ry PORT 3
® Interchangeable with T1's TMS1025C and TMS1024C in P e[ 3 3] «+Ps
terms of pin connections and electrical characteristics Pao + 11} g [38] «>P 1y ,
. INPUT/ | P, P | INPUT
(M50780SP and M50781SP) oUTPUT P“HIE T :]H 7 CUTeuT
PORT 4 | P4z ++[13] [28«-+ P11 (poRT 7
P N
APPLICATION o 3* P
1/0 expansion for the single-chip microcomputer series P[5 26]- Pes
INPUT/ | P51 o [iE] :“psz INPUT/
OUTPUTY OUTPUT
FUNCTION PORT 5 | P2 ++[T] EJIHPN PORT 6
Ps3 "E 3|+ Peo
M50780SP, M50781SP, M50782SP and M50783SP are INPUT/ ( Pzo « » 5] [22] ¢+ P23 | INPUT/
configured with 4 or 7 groups of input/output ports, 1 OLHVT P21 ++ [ e P2z | FORT 2
group of input/output ports, a port selector circuit and
mode control circuit, and operation is possible.in the latch Outline 40P4B
or multiplexer mode. . )
Note 1: M50782SP has a CE pin.
Table 1 Configurations
ey e BT B,
Expander QOutline CE pin Requirements for reset C;m::;::l: OUTPUT{RZ"’E Eﬁﬂo PORT R
’ : N PORT R | R« [F] B Vss
(Note 2) = E]k s
M50780SP|  40-pin e So~S; =low | TMS1025C crip enasLe PuT OE - [0 5 2| INPUT
o STD = (4 MODE SELECT INPUTMS — |5 24]+— S, >SELECT
MS0781SP|  28pin ) -TMS10240] STROBE DATASTD-’ Z e s, PORT
M50782SP|  40-pin oE So~S2= low NPUT Paor ] 3 Feep
M50783SP 28-pin STD = high 40 ; 73
INPUT/ | Pgq «[E] = [7)«s Py, | INPUT/
Wiirenl 8 Been (ST
Pa3 |10 EH P
Psg + 1] EHP«ss
INPUT/ | Pg; ¢ 7] [« Pez | INPUT/
OUTPUT
RS | Ps L] [l++Pe1 { pORT 6
Ps3 ++[14 EHPBQ
p Outline 28P4B
Note 2: M50783SP has a CE pin.

MITSUBISHI , 6—3
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MITSUBISHI MICkOCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

Table2 Pin Description

Symbol - Name Function
MS Mode select input Latch mode at high; multiplexer mode at low. '
STD Strobe input This input is valid in latch mode and data latched by the fall (4) are output to output port,
Input data are read into latch at high level. At low level latch data are output.
CE (CE) Chip enable input This input is valid in multiplexer mode.
Rg~R3 Input/output port 4-bit bidirectional input/output ports. Input in latch mode; output in multiplexer mode.
Pio~Pi13 Input/output ports 1~7 4-bit bidirectional input/output ports. Output in latch mode; input in multiplexer mode.
P20~P23 ’
P3g~P33
Pag~Pa3
Pso~Ps3
Peo~Ps3
P1p~P73

M50780SP. M50781SP
Table 3 Latch Modes

Table 4 Multiplexer Modes

Input Latch Output Input Qutput
MS CE STD |S¢~Sz2|Rg~R3 Q (Pno, Pnt, Pnz, Pn3) MS CE | STD [Sg~S3|Pno~Pn3 |Q (Rp, Ry, Rz, R3)|
H X l n H H H (Png~Pn3) L L X 0,n X .2
H X l n L L L (Pno~Pp3) L H X n H H
H X L N X Qo Qo (Al ports) L H X n L L
H X H \n X Qo Qo {All ports) L X X 0 X z
H X i 0 X L L (All ports)
L L X 0,n X Qo Z (Al ports)
M50782SP. M50783SP
Table 5 Latch Modes Table 6 Multiplexer Modes
Input Output Input Output
MS CE | STD|Sp~S2 R§~R3 Laeh Q(Pno, Pn1, Pn2, Pn3) MS CE | STD |Sg~S2|Pno~Pn3|Q(Ro, R4, Rz, R3)
H X H n H — | H (Pho~Pn3) L H X 0,n X z i
H X H n L —*| L (Pno~Pn3) L L X n H H
H - X i n H H (Pno~Pn3) L L X n L L
H X ! n L L L (Pno~Pn3) L X X 0 X z
H X L o,n X Qp Qg (All ports)
H X H 0 X — *| L (Allports)
L H L n X Qo Z (Al ports)
* Not latched X 7 High or low
Z : High-impedance state
N
6—4
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

BLOCK DIAGRAMS

M50780SP PORT R
{Note 1) —_—
CEMSSTD Sz S1 So R3R2 Ry Rg Vpp Vss

OOE— )G —- 0.@@ (O

I CONTROLLER DECODER PORT R |

T T [ -
|

BUFFER ” BUFFER Il BUFFER

]
———

f | T
| BUFFER II BUFFEFJI BUFFER ]LBUFFER
. J[a ‘](4 }4 }4 e 1 L

LATCH LATCH LATCH LATCH LATCH LATCH LATCH
____________________ Y N K 7 DR £ '] R € 7Y AR [ 1
PORT 41 pomT 41 port PORT 41 eonrt PORT PORT
. | BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER |
4 4 4 4 4 4 4

30)29)28)27 (262524 (23 (1817 X16 15 )14 )13 )12 (113433 (32} 31 {22 (21 Y20 (1910 ) 9 A 8 X 7
PrP2P1Pun  PgPPsiPes  PssPsaPsiPso  PisPa2Pai Pae PuPx PuPx PuPz PaPx  PuPr PuPu

—_—
PORT 7 PORT 6 PORT 5 PORT 4 PORT 3 PORT 2 PORT 1
Note 1: MS50782SP has a CE pin.

M50781SP PORT R
(Note 2) —_—
CE MS STD Sz S1 So R3 Rz2R1'Ro

OO —- ) — 09.@@ -—“——

I CONTROLLER | , DECODER J I PORT R J

4 4

[ I I
[ BUFFEM [ BUFFER I rBUFFER ] I BUFFER I

LATCH LATCH LATCH LATCH
PORT PORT PORT PORT .
' BUFFER BUFFER BUFFER BUFFER

4 .14 4

4
EbbO—- bt —ot0- eemd

P13 Pz P1y Py Pe3 Ps2 Ps1 Peo Ps3 Psz Psi Pso Pa3 Pgz Poy Py
—_— | N —_—— _

PORT 7 PORT 6 PORT 5 PORT 4

Note 2: M50783SP has a CE pin.

MITSUBISHI 6—5
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

Ay INPUT/OUTPUT EXPANDER

Table 7 Function Table !
M50780SP, M50782SP
M50781SP, M50783SP
n | Sz S1 So | Pwo—Pi3 | P2o~P23 | P3o—~P33 | Pso~Pas3 | Pso~Ps3 | Peo~Pe3 | P7o~P73
1 L L H O
2 L H L O
3 L H H O
4 H L L ' O
5 H L H (¢}
6 H H L (@]
7 H H H O
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter . Conditions Limits Unit
Voo Supply voltage With respect to Vss —~0.3~15 v
Vi Input voltage ‘ Vss—0.3~Vpp+0.3 v
Vo Output voltage Vss—0.3~Vpp+0.3 \%
Pd Maximum power dissipation Ta=25C 600 mwW
Topr Operating free-air temperature range § —10 ~7d ‘ o
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
Min Nom Max
Vpo Supply voltage 3 14 \%
V) Input voltage 0 Vpo \
ViH High-level input voltage Vpp X0.7 Vop \
Vie Low-level input vol tage 0 VopX0.3 Y
ELECTRICAL CHARACTERISTICS (Ta=25"C, Vpp=9V, unless otherwise noted )
Limits
Symbol Parameter Test conditions i oo o Unit
Vpp=5V, loh=—2mA 2.5 \Z
Port 1~ port 7 Vop=19V, lon=—4mA 6.5 N
VoH High-level output voltage Voo=12V, lon=-5.5mA 95 v
Vpp= 5V, lgy=—200uA 4.6 \Y
Port R Vopo= 9V, loy=—350uA 8.6 v
. Vpp=12V, loy=—450uA 1.6 v
Vpp=5V, loL=1mA 0.4 \
Port 1~ port 7 Vop= 9V, lgL=1.4mA - 0.4 \
VoL1 Low-tevel output voltage Vop=12V, lor=1.7mA 0.4 v
Vpp=5V, loL=250uA 0.4 v
‘Port R Vop= 9V, loL=450uA 0.4 Y]
Vpop=12V, loL=550uA - 0.4 v
Vpp=5V, loL=4mA 1.8 v
| Vo2 Low-level output voltage Port 1~ port 7 Vpp=9V, loL=12mA 2.5 \"
Vpp=12V, lor=17TmA . 3.9 \
Port 1 ~ port 7 " VI=0~Vpp 10 uA
1 Input current - -
. Port R Vi=0~Vpp ) ! 1A
oo Supbly current Output pins open t 50 ©A
6—6 ¢ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS50780SP/MS50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp=5V 0.2
tsu(r-sTD) Data set-up time for STD input, port R input Vpp=9V 0.15 us
Vpp=12V ' 0.1 K
. Vop=5V 1
tsu(s-sTD) Data set-up time for STD input, So~ S, inputs Vpp=9V 0.5 S
' Vop=12V 0.2
Vpp= 5V 0.5
tw STD input pulse width Vpp=9V 0.4 “s
Vpp=12V 0.3
Vpp=5V 0.4
th (r-sTD) Data hold time for STD input, port R input Vpp=9V 0.3 us
Vpp=12V 0.2
Vpp=5V 1
th(s-sTn) Data hold time for STD input, Sg~S, inputs Vpp=9V 0.7 MS
Vop=12V | 0.5
SWITCHING CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
. Min Typ Max
Vop= 5V 0.6
tpzx(CE-P) Valid output delay time for CE input, R output Vpp= 9V 0.5 us
Vpp=12V 0.4
Vpp=5V 0.8
tpzx(Ms-P) \c{jl‘:iuct):tput de‘lay time for MS input, Pyo~Ps3 Vop= 9V 0.6 us
RL=10kQ Vpp=12V 0.5
Cr=50pF Vpp= 5V 0.6
tPxz(CE-R) Output floating delay time for CE input, R‘ output . Vpp= 9%V 0.5 “s
Vpp=12V 0.4
) ) ) Vpp=5V 0.8
PxZ(MS-P) (Zs:g:ltlsﬂoatmg delay time for MS input, Pyo~Pq3 Voo— 9V 0.6 us
Vpp=12V 0.5
Vpp=5V - 3
tPHL(S-R) Data output high-to-low delay time; S input, R output Vop=9V 1 M“S
Vpp=12V 0.7
) ) Vpp=5V 1.8
PHL(P-R) Iza‘:z&tt:)ut high-to-low delay time; Pyo~Ps3 inputs, Voo=9V 0.7 us
Vpp=12V 0.5
Vpp=5V 1.2
t PHL(SFD-P) Eztj‘gﬂtpm high-to-low @elay time; STD input, Voo=9 V 0.5 us
R =200k Vpp=12V 0.4
CL=50pF Vpp=5V 3
tPLH(S-R) Data output low-to-high delay time; S input, R output . Vpp= 9V 1 S
Vpp=12V 0.7
Vpp=5V 1.8
tPLH(P-R) I;aotz:)ptttput iow-to-high delay time; P,4~P43 inputs, Voo= 9V 0.7 us
Vpp=12V 0.5
/‘, _ ) ' ) Vpp=5V 1.2
tPLF-/l(STD-P) l;la:i::pzltlz:vt-sto-hlgh delay time; STD input, Voo= 9 V 0.5 us
Vpp=12V 0.4
MITSUBISHI 6—7
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM
Multiplex Mode

MS

CE

S2~So

INPUT
P)

OUTPUT
(R)

Latch Mode

MS

cs

S2—~So

INPUT
(R)

STD

o

OUTPUT
(P)

(Note 1) H \
X 8
3
| ﬁ
tpzx(CE-R)  LPHL(S-R) tPHL(P-R) tPxz(CE-R)
tPLH(s-R) tPLH(P-R)
4 N
g X
tsu (R-sTD) th (r-sTD)
tsu (s-sTD) th (s-sTD)
‘12 -
tw
. {Note 2)
Upzx(Ms-P) tpHL(STD-P) tpxz(ms-P)
A(Note 3) tPLH(STD-P)

.

X

Note 1: M50782SP and M50783SP have a CE pin.
: 2: For M50780SP and M507815P
3: For M50782SP and M50783SP

" @ ‘MITSUBISHI
ELECTRIC .



MITSUBISHI MICROCOMPUTERS

M50784SP

INPUT EXPANDER

DESCRIPTION
This device, fabricated using the aluminum gate CMOS
process and used for input port expansion, is an-ideal LSI

PIN CONFIGURATION (TOP VIEW)

for connection to the single-chip 4-bit microcomputer Voo [ ~ 5 — Ri)
. RZQ—E B‘_‘R J>OUTPUT PORT R
series. OUTPUT PORT R{R °
Itis housed in a 28-pin plastic mold DIL package. Ll =] vss
CHIP ENABLE CE — [] (3]s,
PORT SELECT
FEATURES No—BF o BeSiigur
. . Ne—[E] o 73]+ 5o
® Wide operating voltagerange ............. (4~ 14V) (Po—[] S P
® Low power dissipation 1 Por— ] 4 7]« Pre
INPUT PORT 4 Pe— (] % =)« Py, (INPUT PORT 7
APPLICATION ) Pa3— 1] [5)  Pro
Input port expansion in the single-chip microcomputer Pso — (] (5] +— Pe3
series Ps) — 7] [7) «— Ps:
INPUT PORT 5 PSZ"E E"p“ INPUT PORT 6
Pgy— [0 [ [
FUNCTION 53— [12] e Peo
M50784SP comprises 4 groups of input ports, 1 group of
output ports and a port selector circuit, i
It is particularly attractive for implementing a multi- Outline 28P4B
plexer.
BLOCK DIAGRAM CHIP SELECT
CHIP ENABLE INPUT PORT R
S2 $1 So R3 R2R1 Rg

(0

Vop Vss
85 —-66——

| CONTROLLER] L DECODER J I

PORT R , 1 : -
|

T I

BUFFER BUFFER

P13 P12 P17y Py Pe3 Pz Ps1 Peo

PORT 7 PORT 6

Ps3 Psz Psy Pso

PORT 5

4
! |
BUFFER BUFFER
4

P43 Paz P4; Pap

PORT 4

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS0784SP

INPUT EXPANDER

PIN DESCRIPTION.

Symbol Name Function
CE Chip enable input When low, output transistors will be "off” state.
Ro~Ra Qutput port 4-bit output ports. P-channel open drain outputs.
Pag—~ Pa3 tnput ports 4 ~ 7 4-bit input ports
Pso~Ps3
Peo~ Pe3
P70~ P73
Function table (1) Function table (2)
Input Output n Sz S1 So | Pao~Pa3 | Pso~Ps3 | Peo~Ps3 | Pro~P13
CE " So~S2 Png~Pn3 | Q (Rg, Ry, Rg, R3) 4 H L L
L 0,n X (L) 5 H L H O
H n H H ) 6 H H L O
H n. L (L "7 | H H H ~ o
X 0 X (L)
(L) : Transistor "“off"” state
X+ Highorlow
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits . Unit
Vpp Supply voltage With respect to Vsg —0.3~15 \
V) Input voltage Vss—0.3~Vpp+0.3 \%
Vo Output voltage Vss—0.3~Vpp+0.3 v
Pd Maximum power dissipation Ta=25°C 600 mwW
Topr Operating free-air temperature range —10~70 °C
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS
. Limits
Symbol Parameter Unit
Min Nom Max
Vbo Supply voltage 4 14 \"
V| Input voltage 0 Vpp v
ViH High-level input Yoltage VppX0.7 Vbp \"
ViL Low-level input voltage 0 VppXx0.3 \
ELECTRICAL CHARACTERISTICS (Ta=25C, Vop=9V, unless otherWise noted )
Symbol Parameter Test condition Lirmits Unit
Min Typ Max
Vpp=5V, Vor=3.5V 1.5 mA
loH High-level output current Port R Vpp=9V, Vou=17.5V 2.5 : mA
Vpp=12V, Vou=10.5V 3.5 mA
1 Input current Port 4 ~ Port 7 Vi=0~Vpp 1 uA
Ipp Supply current ) Output pins open 50 ©A
6—10 'MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

DESCRIPTION
The M50786SP is an input/output expander fabricated using PIN CONFIGURATION (TOP VIEW)
aluminum-gate CMOS technology. It is designed especially . m
for connection with the single-chip 4-bit microcomputer se- INPUT/;:;:JTV) v[:0 5 - :‘ }'%’;HTQOUTPUT
. Ead
ries, and it comes in a 40-pin plastic molded DIL package. PORT R { * ’
Ry +[3] Vss (OV)
CHIP ENA}R{F_,ET CE —s
2
FEATURES MODE SELEGT s — s, bRORTSELECT
® Wide operating voltage range:-----+-+++s-ssesesiveeenes 4~14v STROBE DATA  STD — [35] +— S
® Low power dissipation INPUT Plo+ [34] +> P3;
INPUT/OUTEUT P1y + 8] [33] +» P3, INPUT/OUTPUT
APPLICATION Pl & @
1/0 expansion for the single-chip 4-bit microcomputer se- P1; 1o N il + P3,
ries P4y~ b4 [30] +> P74
INPUT/QUTPUT | P4; +> ) 2]~ P7, INPUT/OUTPUT
PORT4 \pg, o ] > P7,
FUNCT'ON P4, > [14] [27] « P7,
The M50786SP is composed of seven groups of I/0 ports, P5, < [13] %]+~ P6s
one 1/0 port group, a port selector circuit and a mode con- INPUT/OUTPUT | P5¢ += 18] 5]« P62 INPUT/OUTPUT
trol circuit. It can be used in the latch or multiplexer mode. PORTS 1 p5, «+
P-channel open-drain output buffers are featured. P5; + 18} had Pﬁo
INPUT/OUTPUT [ P20+~ }INPUT/OUTPUT
PORT 2 | p2, « [20] m - P2,
Outline 40P4B
BLOCK DIAGRAM
CHIP MQDE STROBE PORT
ENABLE SELECT DATA  SELECT PORT R .
INPUT INPUT INPUT,__INBUT (4~14V)(0V)
CE MS STD S, s. So Rs Rz Ry Ro Voo Vss

IACONTROLLERJI DECODER l rPORTR

4 4

-—O0-@&—

[ BUFFER ” BUFFER ][ BUFFER IFUFFER l

IBUFFER ” BUFFER “ BUFFER I

LATCH LATCH LATCH LATCH LATCH LATCH LATCH
............... L S Y SR R 17 S——
PORT ) PORT PORT PORT PORT PORT PORT )
1 | BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER |
4 4 4 4 4 a La
099000090200 00000 00000 0D, @000
P73 P74 P63 P61 P53 P5¢ P43 P4q P33 P3; P23 P2y P‘la P1 e
P72 P7¢ PS5 P! P4y  P4g 2, P2 P12
—2 0
PORT 7 PORT6 PORT5 PORT 4 PORT 3 PORT 2 PORT 1
MITSUBISHI 6—11
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name . Function
MS Mode select input Latch mode when high; multiplexer mode when low.
sTD Strobe input Vallq in latch mode; data Iatche.d by fall (}) are supplied to output port.
i 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~Ra Input/output port | 4-bit bidirectional input/output port. Functions as input in latch mode and output in multiplexer mode.
Plo~Pl, ‘
P2o~P2,
P3o~P33
P4o~P4; | Input/output port 1~7 | 4-bit bidirectional input/output ports that function as output in latch mode and input in multiplexer mode.
P50~ P55 :
P6o~ P63
P70~P7s '
LATCH MODE MULTIPLEXER MODE
_ Input atch Qutput _ Input Output
MS | CE | STD |Sy~S;|Re~Rs Q (Png, Pny, Pny, Png) MS | CE | STD [So~8S3 Pno~Pns | Q (Ry, Ry, Rz, Ra)
H X H n H | —% | H(Pno~Pngs) L H X |0,n X 4
H X H n L —% [ (L) (Pno~Pn3) L L X n H H
H X ¢ n H H | H(Png~Pnj3) L L X n L L
H X ! n L L | (L) (Png~Pn3) L X X 0 X z
H X L [on X Qo | Qo (all ports) :
H X H 0 X | —* | (L) (all ports)
L H L n X Qo | (L) (all ports) X : Irrelevant
* Not latched o Z : High impedance
) (L): Output transistor off-state
FUNCTION TABLE
n S, S, So P1o~P13 P2p~P2; P3,~P33 P4,~P4; P5o~P53 P6o~ P63 P7o~P73
1 L L H O
2 L H L ]
3 L H H ®]
4 H L L O
5 H L H O
6 H H L O
7 H H H O
6—12 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage With respect to Vss —0.3~15 Vv
v, Input voltage Vgg —0.3~Vpp +0.3 v
Vo Output voltage Vss —0.3~Vpp +0.3 v
Pd Power dissipation Ta=25C 600 mw
Topr_ Operating temperature —10~70 C
Tstg Storage temperature —40~125 C
RECOMMENDED OPERATING CONDITIONS
Limits
Symbol Parameter - Unit
Min Nom Max
Vob Supply voitage 4 14 \'
V, Input voltage 0 Voo \
Viu High-level input voltage VpoX0.7 Vob v
Vi Low-level input voltage 0 VopX0.3 v
ELECTRICAL CHARACTERISTICS (Voo =9V, Ta=25T, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Voo =5V, loy = —1TmA 2.5 \%
Ports 1~7 Voo = 9V, lon = —3mA 6.5 \4
5 Voo = 12V, lon = —5.5mA 9.5 \'
Von High-level output voltage Voo = 5V, lon = —100zA 26 v
Port R Voo = 9V, loy = —250uA 8.6 V.
Vpp = 12V, loy = —450A 11.6 \'
Vop =5V, lg, = 130¢A : 0.4 v
VoL Low-level output voltage Port R Vop = 9V, loL = 350uA 0.4 \"
Voo = 12V, lop = 5501A 0.4 v
Ports 1~7 V; = 0~Vpp 10 A
I Input current — —
Except ports 1~7 V= 0~Vpp 1 CuA
lop Supply current Output pins open 50 A
MITSUBISHI 6—13

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS

. Limits -
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp =5V : 0.
Data setup time for STD input, . 4
tsu (R-sTD) . Vpp = 9V 0.4 us
port R input
Vop = 12v 0.4
Vpp =5V 1
Data setup time for STD input,
tsu (s-sTD) inputs Sg~8 Vop = 9V 0.7 us
: - ‘ Voo = 12V 0.5
' Vpp = 5V 1.5
tw STD input pulse width '| Vop =9V 0.5 - us
Vop =12V’ 0.3 )
Vpp =5V - .
Data hold time for STD input, o0 0.5
th (r-sTD) . | Vop =9V 0.5 . us
port R input
i Voo = 12V 0.5
Vpp =5V
Data hold time for STD input, N £o ! <
th (s.sTo) ) Vop = 9V 0.7 ) us
port S input
Vpp = 12V 0.5
SWITCHING CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp = 5V 1.5
Valid output delay time for CE input, R =10kQ 20
tezx (ce-R) R output GL = 50pF Vpp = 9V. 1 us
- Vpp = 12V 0.8
. . . Vpp =5V ' 2.4
Valid output delay time for MS input, R.=2kQ
tezx (Ms-P) Plg~PT; output ' : G, = 50pF Vop = 9V 1.8 us
e - Voo = 12V ‘ 1.2
" . Vpp = 5V 1.5 ,
Output floating delay time for CE input, R, = 10kQ (
texz (ce-R) R output . G0 = 50pF Vpp = 9V -1 us
- Vop = 12V ' ] os
. . . Vpp = 5V 2.4
Output floating delay time for MS input, RL=2kQ -
texz (Ms-P) Vpp = 9V 1.8 us
P1o~P73 output C = 50pF n
” Vpp = 12V 1.2
. Vpp = 5V 1.2
‘t Data output high-to-low delay time, . v v 2.5
PHL (S-R) oo = . s
S input, R output R = 200k
i P - Vop = 12V 2
. Vpp =5V 3.5
Data output high-to-low delay time, C = 50pF el
TPHL (P-R) | by p7, input, R output Voo = 9V 1.8 “s
R Vop = 12V 1.2
I ! ' Vpo = 5V . 2.4
Data output low-to-high delay time, RL=2kQ
1PHL (STO-®) | o1 input, R output G = 50pF Voo = 9V 1.8 us
pub LT Voo = 12V 1.2
. . : Vpp =5V 4.2
t [ Data output low-to-high delay time, ' v ov 2.5
PLH (S-R) : oD = . S
S input, R output ' RL = 200k
° i - Vop = 12V 2
. Vpp = 5V. 3
, Data output low-to-high delay time, : CL=50pF o0 3.5
teLH (P-R) . Vpp = 9V 1.8 “s
P1o~P73 input, R output
Vpp = 12V 1.2
. Voo =5V | 2.8
t Data output low-to-high delay time, R.=2kQ v o 18
PLH (STD-P) | Voo = . S
STD input, P15~P73 output . C_=50pF
) p 0 3 outp L P Voo = 12V 1.2
6—14 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM
Multiplexer Mode

MS

o \ X
Sg~50 X X
- Input (P) ' )L X

Qutput (R) 4 X
(e [y
tpzx(CE-R)  LPHL(S-R) tPHL(P-R) Upxz(CE-R)
UPLH(S-R) tpLH(P-R)
Latch Mode
MS [ \
S <~
ce Il
S2~So
Input (R) >§
tsu (r-sTD) th (r-sTD)
tsu (s-sT10D) th (s-sTD)
STD 7 N
—
- t
tpzx(Ms-pP) tpxz(ms-P)
teLH(sTD-P)
Output (P) - X
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MITSUBISHI MICROCOMPUTERS

. M50790SP

INPUT/OUTPUT EXPANDER

OUTPU

R

QUTP
FFER
N ‘IJ'IAFNNEL

l QUTPUT
BU FER

£

P43y P49

P483 P48, P473 P47y P463 P46y P4aS; P45, P44g P44y P433 P4y P423 P42y P41z P41y  P40g. P40y
P49y P49 P48, P48y P47, P4To P46, P46y P45 P45, P44y Pado, P43; P43g | P422' P425 P41z P4lg P40, P40y
PORT P43  PORT P48 PORT P47

DESCRIPTION 4
The M50790SP is an input/output expander LS| fabricated PIN CONFIGURATION (TOP VlEW)
using- aluminum-gate’ CMOS technology. It is designed (4~14V) Voo NG npuT/
especiglly for Qonnection with the single-chip 8-bit micro- pas, +[Z] [51] > P46, OUTPUT
computer series, and it comes in a 52-pin shrink plastic INPUT/QUTPUT | pas, +» ] ]+ Pas; PORT P46
molded DIL package. P46, + [4] 43] +» P45, gllfTUPTdT
P47+ 5] 48] ++ P45, | PORT P45 |
FEATURES (NPUT/OUTPUT | P471 L& «+ P45,
® Wide operating voltage range:« -+ +wssssesses 4~14V PORT P47 g:;g - g - ::ga
° ; ! g _ P47; > = P43; | oUTPUT
Volfage I?yel «:.:o‘nvertable thanks to n-channel open RESET INPUT  RES — [3] 7] — paa, | PORT P43
. drain configuration at 1/0 port (port R) CHIPENABLE & _, ] — pa
. : INPU 30
® Input/output ports (ports P45~P4Q) «---+eeenieee 4 bits X 5 READ/WRITE  R/W — 7] — a2,
©® Qutput ports {ports PA0~PA44)---veerveeeneeenneees 4 bits X 5 Cgﬁgg(')(l.":lgﬁlg —~ [ z 7] — P42, | oUTPUT
® High current output ‘ Ro+> § [@] - paz, | PORT P42
® Output latch data can be read puTsoutPuT | Ri L4 § —+ P42,
® Input/output setting possible for each bit individually PORTR | R, <[] ] [38] — P41,
with 20bits I/0 ports iihed 0 — P41, | OUTRUT
P P44, — 5] — pai, | PORT P4t
P44, +— B I T
v . OUTPUT 1 °
APPLICATION , et pas | e s e
1/0 expansion for single-chip 8-bit microcomputer M50740- P4, — ] 53] — P40, | ouTPUT
XXXSP P48, +~ [21] [52] - P40, PORT P40
ivpuT/QUTRUT | P48 12 3l — P40,
PORT P48 | P48, 23] 30] = P49; | \wpUT/
P4g; > [29] =~ P49, OUT¥L& 0
'NPUT’Q?)%;P&TQ P49, + ] 28] +~ Pag,
NC " Vgs (OV)
' Outline 52P4B
y CHIP R/W .
BLOCK DIAGRAM ENABLE CONTROL PORT R (4~14v) (OV)
‘ RESETINPUT RES CE R/W ¢ CLQGK Ro Ry Rz Ry ‘ Voo Vss
- -— OO — - - O
G
55 @
CONTROLLER i e
| 3 xo
33 ak
N-ch <5
JL U 1
[4
i ,98
4 w
O
wa
mla)
4 o<
1
4

PORT P46  PORT P45 PORT P44 PORT P43 PORT P42 PORT P4l PORT P40

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50790SP

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 ¢ is high, the address is input from
port R and when it js low, the data are input (or output) by
the same port (port R).
Each 1/0 port (ports P45 ~ P49) has a direction register
(D45~ D49) 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
4 Clock input n When the input is high, the address of the port to be accessed from port R is designated. The address
is latched at the ¢ fall. Conversely, when the input is low, the R port data are input or output.
CE Chip enable input In It this input is high when ¢is high, the internal mode is prevented from being changed by external
e . equipment.
R/W Read/write control input In The port R input/output is controlled by the hlgh/Iow level of this input when ¢ is falling.
All 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 instrucitons.
R Port R In/out When ¢ 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 i X N o
pa3 Output ports 43 open-drains for P40i~P43i and p-channel open-drains for P44i.
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 Data latch Output transistor
N-channel open-drain
P40~P43 - ALL “H" pen-dral
OFF
p44 _ ALL “L” P-channel open-drain
OFF
ALL low
P45~P49 . No change | High-impedance
(input)

MITSUBISHI 6—17
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MITSUBISHI MICROCOMPUTERS

MS0790SP

INPUT/OUTPUT EXPANDER

OPERATION

Address Designation

The address is designated by port R while the clock ¢
signal is high and the address data are latched to the
address latch by the ¢ fall (1). The relationship between
each port or address register and the addresses is shown
below.

Address and data signs

Address (¢ = high) Data (¢ = low)

Rs Ry Ry Ro R3 R, Ry Ro
L L L L blank

L L L H P405 P40, P40, P40,
L L H L P41, P41, P41, P41,
L L H H P42, P42, P42, P42,
L H L L P43; P43, P43, P43,
L H L H P44, P44, P44, P44,
L H H L | P45y P45, P45, P45,
L H H H D455 D45, D45, D45,
H L L L P46; P46, P46, P46,
H L L H D464 D46, D46, D46,
H L H L P47, | P47, P47, P47,
H L H H D47, D47, D47, D47,
H H L L P48, P48, P48, P48,
H H L H D48, D48, D48, D48,
H H H L P49, P49, P49, P49y
H H H H D49, D43, D49, © D49,

Note : D45~D43 are the direction registers of ports P45~49. When D 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 ﬁigh-impedance state and
when high, the CMOS output ON mode is established.

Correspondence between
/O ports and direction registers

Output port/input port Direction register
P40, P40, P40, P40,
P41, P41, P41, P4l
P42, P42, P42, P42;
P43, P43, P43, P43;
P44, P44, P44, P44,
P45, P45, P45, P45; | D45, D45, D45, D45,
P46, P46, P46, P46; | D46, D46, D46, D46,
P47, P47, P47, P47, | D47, D47, D47, D473
P48, P48, P48, P48; | D48, D48, D48, D48,
P49, P49, P49, P49, | D49, D49, D49, D493

None
(Outputs only)

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. When ¢ 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 ¢ fall (). '

Input/Output Ports (P45~P49)

In the case of the I/0 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
¢ input is high and reading the R port data when ¢ is low. In
this case, the R/W input is set high with the ¢ fall ().

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 ¢ input is high
and, as soon as R/W is high during the ¢ fall, the data can
be read from port R when ¢ is low.

1/0 Ports (P45~P49)

In order to read the 1/0 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 6peration can be conducted
in exactly the same way as with the P40~P44 ports.

Direction Registers (D45~D49)
The contents of the direction registers cannot be read out.
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MS50790SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vob Supply voltage —0.3~15 \
v, Input voltage With respect to Vgs Vgs—0.3~Vpp+0.3 v
Vo Output voltage Vgs—0. 3~Vpp+0. 3 \
Pd Power dissipation Ta=25C 600 ) mw
Topr Operating temperature —10~70 ‘c
Tstg Storage temperature —40~125 c

RECOMMENDED OPERATING CONDITIONS (Voo = v10%, T

= —10~70°C, unles$ otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Nom Max
Voo Supply voltage 4 14 v
V, input voltage 0 Voo v
Viue High-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14V VppX0.7 Voo \"
AVES Low-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14V 0 VppX0.3 v
Ving High-level input voltage, R, ¢, R/W, CE, RES Vpp = 7~14V VpoX0. 4 Voo v
ViLr Low-level input voltage, R, 4, R/W, CE, RES Vpp = 7~14v 0 VpoX0.1 \%
loLcavg) | Low-level output average current (R) 5 mA
loLcavg) | Low-level output average current, P40, P41, P42, P43 20 mA
loncavgy | High-level output average current, (P44) —10 mA
loncavg) | High-level output average current, P45, P46, P47, P48, P49 —2 mA |
loL(avg) | Low-level output average current, P45, P46, P47, P48, P43 2 mA
f(s) M50740-XXXSP internal clock oscillation frequency Vpp = 9V 2.5 MH2z
ELECTRICAL CHARACTERISTICS (Vop = 9V£10%, Ta = —10~70C, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Iy Input current, ¢, R/W, CE, RES 1 uA
1 Input current, R Vi =0~Vpp 1 ~A
N Input current, P45, P46, P47, P48, P49 10 #A
Vou High-level output voltage, P44 lon = —10mA Veop—2 Vpo \%
Vou High-level output voitage, P45, P46, P47, P48, P49 fon = —2mA Vop—2 Voo v
Voo Low-level output voltage, R loL = 5mA 0 0.4 \"
Voo Low-level output voltage, P40, P41, P42, P43 oL = 20mA 0 2 v
VoL Low-level output voltage, P45, P46, P47, P48, P49 loL = 2mA 0 2 Vv
lop Supply current Output pins open 50 A
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M50790SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (1a=—10~70T, V5o%10%, unless otherwise noted)

‘ Limits
Symbol Parameter Test conditions - Unit
. Min Typ Max
t . Address input set-up time Voo = 9V 750 ns
SU(A-¢) d p T = ne
tsu(o-# Data input set-up time Vop = 9V 700 ns
Vpp = 12V 550 ns
) o Vpp = 9V 0 hs
th(sa) Address hold time after ¢ fail , Ve =12y 5 =
" Vop =9V 0 ns
th(s-p) Data hold time after ¢ rise Ty 5 =
Vop = 9V 550 ns
tsu(ce-» Chip enable set-up time before ¢ fall Vpp = 12V 400 ns
ths-ce> Chip enable hold time after ¢ fall Vop =9V 400 - ns
Vop = 12V 300 ns
. " Vpp = 9V 650 ns
tsu(r/w-¢) Read/write set-up time before ¢ fall v o e
th(e-rmw) Read/write hold time after 4 fall Voo = 9V 400 ns
Vpp = 12V . 300 ns
tsu(p-# P input set-up time before ¢ fall Vop =9V 750 ns
Vpp = 12V 600 ns
this-p) P input data hold time after ¢ rise Voo =9V 300 . ns
Vpp = 12V 200 ns
i Vop = 9V 400 ] ns
tw(RES) Reset pulse width Ty o0 &
-2 MITSUBISHI
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M50790SP

INPUT/OUTPUT EXPANDER

SWITCHING CHARACTERISTICS (T2 = —10~70C, V5p£10%, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
(During output) Vop =9V 550 ns
Ports P40~P43‘ Voo = 12V 200 e
tp(¢.p) f port output propagation Port P44 VDD—j 9v 700 ns
ime after ¢ fall (Note 1) Vpp = 2V 550 ns
Vpp =9V 900 ns
Potrs P45~P49 Voo = 12V 700 e
(During input) o ) Vpp = 9V 1000 ns
R port output propagation time after ¢ rise
tpxL(¢-D) Vop = 12V 800 ns
. i Vop = 9V 0 ns
tvis-p) R port data valid time after ¢ rise Voo = 12V 0 ne
o . Vpp = 9V 900 ns
tp(p_o) Output propagation time, from P input to R port Voo = 12V 700 e
(When direction registers are changed) Vpp = 9V 0 ns
tv(s-p) P port output data valid time after ¢ fall Vpp =12V 0 ns
tvz(g-p) P port high-impedance state valid time after ¢ fail Vop = 9V 0 ns
Voo = 12V, 0 ns
tpxz(mp) P port high-impedance state propagation time after ¢ fall Voo =9V 1200 ns
Vop =12V 900 ns
tva([)‘p) P port valid output propagation time after ¢ fall Voo = 9V 1200 ns
Vpp = 12V 900 | ns
(During reset) o o Vpp =9V 800 ns
P port output high-impedance propagation time after reset
tpvz(REs-P) Vpp = 12V 600 ns
t RES R port output high-impedance propagation time after reset Vop = 9V 700 ns
PVZ(RES-R) P put hig 3 propag Voo = 12V 500 ns
tvz(RES-R) P port output high-impedance valid time after reset rise Von = 9V 0 ns
Vpp = 12V 0 ns
Note 1 : The P port output high-impedance state propagation time after ¢ rise is indicated for the open-drain output ports.
2 1 Rg: Port R pull-up resistor (to Ve = 5V)
Ry: Port P40~P43 pull-up resistor (to Vpp)
Ry: Port P44 pull-down resistor (to Vss)
Rg: Port p45~P49 load resistor (to Vpp)
-
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M50790SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM (With reference voltage of 0.9 X Vpp for high level and 0.1 X Vpp for low level)
For R/W, CE, ¢ and RES, Ro~Rj, high level is 0.9 X Voo and low level is 0.1 X Vec.

During output

AN

, N L_]/____x——
tsu(a—¢) thig—a) tsu(d—¢) th(¢—D)
\
Ry~R(input) ————Z  Address :}—-J: Data :E—( Address >——
tsu(CE—¢) | th(s—CE)
CE
L /
tsu(R/W—¢) | thig—R/W)
R/w—_\ /
S

tPHz(g—P) tPLZ(g —P)

AN

tPHL(g —P) tPLH(s —P)

P (output)

During input
¢ — ~——— 7 N\
tPxL(¢ —D)
tsu@=9) [tpa—a) ty(s—P)
Ry~ Ry ————<&_ Address Data p——  Address >————
Address:Input ) -
Data:Output tsuP—g) tde—0) thes—P)
L
N
P(input)= === ——m— - ——— e < T
tsu(R/w—¢) | th(g —R/W)
|
R/W—/
' tsu(CE—¢)| th(s—CE)
~
o 5;}
*
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MS50790SP

INPUT/OUTPUT EXPANDER

During direction register changing

s— )

tsuta—g) | th(g—a) tsu(®—¢)| th(s—0D)

T
b TN
N vy S
tsu(CE—¢) | th(s—CE)
CE
tsu(RwW—g)| th(¢—R/W)
R/W
tv(g—P) texz(0—P)
1——\6 ma—
p }( D High impedance state
(output)
tvz(g~P) tpxv(d —P)
P ——High impedance state ; < . X
(output) ’ \

Undefined area

During resetting

tw (RES)
RES —\
tpvz(RES—P)
e
P K N .
(output) 2 High impedance state
tpvz(RES—R) tyz(RES—R)
e l-<—>-
R B ——
N Z N, b,
(output) s S b 4
tPLZ(¢ D) tPxL(s—D)
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M50790SP

INPUT/OUTPUT EXPANDER

APPLICATION EXAMPLES

Connection with M50740SP
Fig. 1 shows the connections between the M50790SP 1/0
expander and the M50740-XXXSP. The addresses listed in
Table 1 are reserved for the M50790SP, and data read and
write operations are possible in the same way as for the in-
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 cother zero page

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 whether the read data come
from the output latches or input ports. “1’s” for each direc-
tion register bit signifies output and “0'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

Pag
R/W

o e P47

Ls| Res P46

P45
4x10
P44

R3
P43

R2
P42

Ry
P41

5V
]
_ Voe
—— 2] INT
_-T CNTR : é 31
R/W 32
P3 —
CE |2
RESETour | v
cC
()
8X4
R3 27
(e
R, K
R &
<:: Fo Ro &
Vss
b
M50740-XXXSP

Ro
Vss P40

TIOIUTO000

Pee
M50790SP

Fig.l Example of connections between 1/0 expander (M50790SP) and microcomputer (M50740-XXXSP)
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INPUT/OUTPUT EXPANDER

Table 1 Addresses reserved for YO expander

Address (hexadecimal) Data bit
Remarks
in zero page D" | De* | Ds* | Dg* ] D3 I Do | D, [ Do
DF P49 Direction Register 0: input, 1: Output
DE P49 CMOS 3state 1/0
DD P48 Direction Register 0: Input, 1: Output
DC P48 CMOS 3state 1/0
DB P47 Direction Register 0: input, 1: Output
DA P47 CMOS 3state I/0
D9 P46 Direction Register 0: Input; 1: Output
D8 P46 CMOS 3state I/0
D7 P45 Direction Register 0: Input, 1: Output
D6 P45 CMOS 3state 1/0
D5 - P44 - Pch Open Drain Output
D4 P43 Nch OPen Drain Output
D3 P42 z
D2 P41 ' ”
D1 P40 K
DO *

* Bits D4~D; are ignored when the M50790SP is accessed.

Table 2 Port setting examples

Direction register (low-order 4 bits) Port P4i bit
D3 D, D, Do P4iy P4i, P4i, P4i,
o] 0 0 0 Input Input Input Input
0 0 0 1 input Input Input Output
0 0 1 0 tnput Input Output Input
0 0 1 1 Input Input Output Qutput
0 1 0 0 Input Output Input Input
0 1 0 1 Input Qutput 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 Qutput Output Input Input
1 1 0 1 Output Output Input Output
1 1 1 0 QOutput Output Output Input
1 1 1 1 Output Output Output Output

Voo :
Voo
Output register-——l Direciton register
Output register ’_—D

Output
register

“0”=ON “1"=oN |
" v
(a) P40~ P43 (n-channel open drain) (b) P44 (p-channel open drain) ' (6) P45~P49 (C-MOS)
: ' 3state
Fig.2 Output port format
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M5L8243P

INPUT/OUTPUT EXPANDEYR

ELECTRIC

DESCRIPTION : ‘
The M5L8243P is an input/output expander fabricated using PIN CONFIGURATION (TOP VIEW)
N-channel silicon-gate . ED-MOS technology. This device is INPUT/ ‘
. on-g ) 9y OUTPUT  p5, s Voo (5V)
-designed specifically to provide a low-cost means of 1/0 PORT 5
. . K . P4, + P5,
expansion for the MELPS 8-48 single-chip microcomputers INPUT/ INPUT/
) OUTPUT | P4, 2]+ PS. [ quTRUT
and MELPS 8-41 slave microcomputers. PORT 4| pg, + [4] [+ p5, | PORT 5
. P45+ 5] §I [20] «+ P&,
FEATURES CHIP SELECT ¢S — [£] [ 1]+ P, | INPUT/
® 16 Input/output pins (lo. = 5.0mA(max.)) PROGRAM PROG — 5 18] -+ P6, [ QYTEUT
® Simple interface to MELPS 8-48, MELPS 8-41 \NPUT/ P2+ |8] R > P8,
® Single 5V -power supply O;Jg;’t_lz P2, ++[9] L] ++ P75
® Low power diSsipation =++-+---swserereeesesesens 50mW(typ.) P2, + [19] [15] ++ P7, | INPUT/
. _ . P2, [i} 14+ p7, |QUTPUT
® Interchangeable with i8243 in pin configuration and elec- PORT 7
. - - . (0V) GND 73] « P7,
trical characteristics
Outline 24P4
APPLICATION
1/0 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/0 expansion for the MELPS 8-41 and the MELPS 8-48.
The M5L8243P consists of four 4-bit bidirectional static I/0
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 I/
O facility. Its I/0 ports are accessed by instructions MOVD,
ANLD and ORLD.
BLOCK DIAGRAM bORT2
GHIP SELECT PROGRAM
CS PROG P2, P2, P2, P2,
— O —QPEP————
a . '
RESET
' CIRCUIT] l Veo(5V)
i CONTROL .
LOGIC BUS BUFFER
! INSTRUCTION GND(OV)
DECODER
4 4
4 .
X BUS
! 4 14 4 4 4 4 4 '
AND/OR AND/OR AND/OR AND/OR | . |
| _LOGIC | | _LOGIC | | LOGIC | | LOGIC_|
, LATCH LATCH LATCH LATCH ) l
4 4 4 4 J' .
- @'@@'@ - 200930807 DEIRAQI)-- 990‘ -
P70, P7,P7,P7; P6, P6, P6, P63 P5¢ PS5, P5,P5; P4, P4, P4, P4y
PORT?7 " PORTE PORTS PORT 4
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MS5L8243P

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name Input or output Function

— hip select input. A hi cs PROG input t igh inside the M5L8243P, i

Cs Chip select in Cl 'p selec lpput A high on CSAcauses input to be regarded high inside the M5L8243P, then this
inhibits any change of output or internal status.
A high-to-low transition on PROG signifies that address (PORT 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 disignated port through
PORT 2. The designation is shown in Table 1.

| The 4-bit bidirectional port contains the address and control bits shown in Table 1 on a high-to-low tran-
P2o~ Input/output port 2 in/out
0o~P23 put/odtput p sition of PROG. During a low-to-high transition it contains the input (output) data on this port.

P4,~P45 | Input/output port4 The 4-bit bidirectional 1/0O port. May be programmed to be input, low-impedance latched output or a

PS5o~P55 | Input/output port5 In/out three-state. This port is automatically set output mode when it is written. ANLed or ORLed then con-

P6yo~ P63 | Input/output port6 tinues its mode until next read operation. After reset on a read operation, this port is in high-impedance

P70~P73 | Input/output port 7 and input mode.

]
OPERATION MOVD Pi,A i=4,586,7

The M5L8243P is an input/output expander designed spe-
cificatly 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 500us 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 ’

. MOVD A, Pi i=4,5067
which means the value on the port Pi is transferred to the
accumulator, then the signals are sent out on the pins
PROG and P2,~P2; as shown in Timing Diagram.
On the high-to-low transition of the pin PROG, the
M5L8243P latches the instructions (ex. 0000) into itself from
pins P2,~P2; and transfers them to the instruction register
(@ 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 P,) to pins P2,~
P2; (@ in Timing Diagram). The microcomputer, at an
appropriate time, latches the level of pins P2y~P2; and re-
sumes high-level of PROG.
The next example is the case in which the microcomputer
executes

the transfer (output) instruction.

In this case, as in the previous case, on the high-to-low
transition of the pin PROG, the M5L8243P latches the in-
structions (ex. 0110) into itself from pins P2g~P2; and trans-
fers them to the instruction register (O in Timing Diagram).
After this, the microcomputer sends out high to the pin
PROG, transferring the data to pin P2, ~ P2; which is an
output data to input/output port. Then the, M5L8243P trans-
fers the data of pins P2,~P2; to the port latch of the desig-
nated input/output port (in this case Pg). In a few seconds
after a low-to-high transition on the PROG, the designated
port (Pg) becomes in an output mode and the data of the
port latch are transferred to the port pins (@ in Timing

Diagram).
When instructions
ANLD Pi, A
ORLD Pi, A i=4,56,7

are executed, the microcomputer generally operates as
same function as MOVD Pj, 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~P2;. :
When instructions

MOVD Pi, A
ANLD Pi,A
ORLD Pi,A i=4,56,7

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

MOVD A,Pi i=4,56,7
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-low transition
on the PROG, the result may be that the first instruction is
not read correctly. .
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M5L8243P

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage . —0.5~7 \'
V, Input voltage . With respect to Vss —0.5~7 \2
Vo Output voltage ’ —0.5~7 v
Pd Maximum power dissipation Ta=27C 600 mw
Topr Operating free-air temperature range —20~75 T

| Tstg Storage temperature range —65~150 ‘C

RECOMMENDED OPERATING CONDITIONS (1o = —20~75C, Voo = 5v£10%, unless otherwise noted)

Limits
Symbot Parameter " Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 v
Vss Supply voltage 0 v
Vin High-level input voltage 2 V0. 5) \'/
ViL Low-level input voltage —0.5 0.8 \4

ELECTRICAL CHARACTERISTICS (Ta= —20~75C, Ve =5V£10%, unless otherwise noted) ’

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

VoL Low-level output voltage, ports 4~7 loL = 5mA 0.45 \
Voiz . Low-level output voltage, port7 loL = 20 mA 1 v
Vous Low-level output voltage, port 2 lor = 0.6mA 0. 45 Vv
Vou1 High-level output voltage, ports 4~7 lon = —240uA 2.4 \
Vouz High-level output voltage, port 2 loy = —100uA 2.4 Vv
Iy Input leakage current, ports 4~7 0V < Vi = Voc —10 20 uA
li2 Input leakage current, port 2, CS, PROG 0V = Vjy < Vee —10 10 HA
lce Supply current from Veo 10 20 mA
foL Sum of all lo. from 16 outputs lo. = 5mA (VoL = 0.45V) Each pin 80 mA

Table 1 Instruction and address codes
sV
Instruction code | P23 P2, | Address code P2, - P2, MELPS 8-48 or M5L8243P
MELPS 8-41

Read 0 0 port4 0 0 Voo pal

Write 0 1 port 5 0 1 PROG PROG 4

ORLD 1 0 " port6 1 0 _P5 Input/output
ANLD 1 1 port 7 1 1 gg ggo P6 devices

P2, P2, Prled
P2, P2:c5GND
Fig.1 Basic connection
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INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (Ta= —20~75T, Vcc = 5V£10%, unless

otherwise noted)

Symbol Parameter Aternative Test conditions Limits Unit
symbol Min Typ Max
tsuGinsT-PR) | Instruction code setup time before PROG ta 80pF Load 100 ns
th(pR-INST) Instruction code hold time after PROG te 20pF Load 60 ns
tsu(pq-pr) | Data setup time before PROG tc 80pF Load 200 ns
th(rPr-bQ) Data hold time after PROG to 20pF Load 20 ns
twirr) PROG pulse width t 700 ns
tsu(cs-pPR) Chip-select setup time before PROG tcs 50 ns
th(pr-cs) Chip-select hold time after PROG tcs 50 ns
tsu(porT-pR) | Port setup time before PROG tip 100 ns
th(pr-porT) | Port hold time after PROG tip 100 ns
SWITCHING CHARACTERISTICS (Ta= —20~75C, Voo =5V+10%, unless otherwise noted)
Symbol Parameter Alternative Test conditions Limits Unit
symbol Min Typ Max
tacer) Data access time after PROG tace 80pF Load 0 650 ns
tdvipPr) Data valid time after PROG ty 20pF Load 0 150 ns
tercer) Outpiit valid time after PROG tro 100pF Load 700 ns
teLh(PR)
teaxtpr) Input/output switching time: — 800 ns
texz(pr)
R}
/
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- M5L8243P

INPUT/OUTPUT EXPANDER

DIAGRAM

TIMING teucos omy them os)
cs
Tw(PR)
PROG
N ¥,
tsu(insT PR) | ‘| th(PR-INST) tsu(p-PR) | -|th(PR DQ)
PORT 2 @
ta(PR) tav(PR)
PORT 2 @ t
© tpzx(PR) |
)

PORTS 4~7

tPHL(PR)

TPLH(PR)
PORTS4~7 @ _x

tpxz(PR) v
! 3
PORTS 4~7
tsu(PORT PR) th(PR PORT)
PORTS 4~7 :x
Note 1 : AC test conditions

INPUL PUISE TVel:wrrwerrererrrrreresiseneeeeees
Input puise rise time tr (10%~90%)

Input pulse fall time tf (10%~90%) -+

Current Sinking Capability

Total sinked current = lo. (MA)

125

100
93

75,

60,
50,

25

|
I
t
!
)
I
I
I
I
1

1 L Il It L

L

L

0

t 2 3 4 S 6 7 8 9
Maximum sinked current at each pin

!
10 1

1
112 1

(VoL = 0.45V max) (mA)

3

Reference voltage for switching characteri‘stic measurement.
Output Vou

Each of the 16 1/0 lines of the M5L8243P is capable of sink-
ing 5mA simultaneously (Vo = 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
(0.4mA) ? ‘

oL = 0.4mA X 20 = 8maA (sink current for each pin)

S loL = 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
the 1/0 lines of the M5L8243P can be divided arbitrarily.

MITSUBISHI
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MS5L8243P

INPUT/OUTPUT EXPANDER

Example
To use 20mA sinking capability at port 7, find the effects on
the sinking capabilities of the other 1/0 lines.
Assume the M5L8243P is driving loads as shown below.
3 lines: —20mA (Vo = 1.0V max, port 7 only)
4 lines: —4mA (Vo = 0.45V max)
9lines: —1.6mA (Vo_ = 0.45V max)
Is this within the allowable limit ?
S oL = (20mA X 3) 4+ (4mA X 4) + (1.6mA X 9) =
90.4mA

From the curve we see that with respect to lo. = 4mA, lo.
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 Vo, .

M5L8048-XXXP — l
=K [ K [ K [ K
P2,~P2, [} .
M5L8243P : : M5L8243P : : M5L8243P : l’: M5LE243P @
sk T = = o K
P2, P2, P2, P2,
R PROG ~P23<,_T_> proc ~P2,K 4 PROG ~P23<:I:> PROG ~P23<I|'>
porT1IK 8 > j :
P2,~P23 K ] (- 7}
PROG 1 - AL l

Fig.2 Expansion interface example

MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M5M82C43P

INPUT/OUTPUT EXPANDER

DESCRIPTION
The M5M82C43P is an input/output expander fabricated us- PIN CONFIGURATION- (TOP Vle)
ing QMOS silicon-gate technology. This device is design.ed INPUT/OUTPUT  pg. o [ ‘ A Voo (V)
specifically to provide a low-cost means of 1/0 expansion PORT § Paq 2] 7] - P5
. . o . 1
for the MELPS8-48 sm'gle-cmp 8-bit microcomputers and INPUT/OUTPUT | P4y + ] 7] > P5, %:l{réouwm
the MELPS8-41 slave microcomputers. PORT 4 P4, + [4] 21] + P54
P4y« 5] -3 20] + P8,
FEATURES CHIP SELECT  C8 — [€] 2 i3]~ P6, | INPUT/OUTPUT
® 16 input/output pins (lo. = 5.0mA (max.)) PROGRAM PROG — S [1§] « pe, | PORT 6
® Simple interface to MELPS8-48, MELPS8-41 : P2, « [E] o 7] - P6,
® Single 5V power supply :,"()F'F“JTT/ZOUT?UT P2, +» L3 16+~ P75
@ Interchangeable with 8243 in pin configuration P2y <~ P7 | inpyr/ouTPuUT
P2y« [T] E"’PL PORT 7
(0V) GND 73]+ P7,
APPLICATION
1/0 expansion for the MELPS8-48 single-chip microcompu- Outline 24P4
ters and the MELPS8-41 slave microcomputers.
FUNCTION
The M5M82C43P is designed to provide a low- cost means
of 170 expansion for the MELPS8-41 slave microcomputers
and the MELPS8-48 single-chip microcomputers. The
M5MB2C43P 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 MELPS8-48. Thus multiple M5M82C43Ps
can be added to a single master.
Using the original instruction set of the master, the
M5MB2C43P serves as the in-resident 170 facility. lts 1/0
ports are accessed by instructions MOVD, ANLD and
ORLD.
‘ PORT 2
BLOCK DIAGRAM CHIP SELEE PROGRAM,
€S PROG F2opy,P2py
- - - - QOO0 -—-
L LY ) “|
. 14 ‘ t
RESET
CIRCUIT _‘ @9 Voo(sV)
]
CONTROL ‘
LOGIC lBUS BUFFER
INSTRUCTION| @) GND(OV)
. REGISTER
- 4 4
4
INTERNAL BUS '
4 4 4 &4 4 }4 4 fa
1
" AND/OR AND/OR AND/OR AND/OR
Logic | LOGIC | | _LOGIC | | LOGIC_
LATCH LATCH LATCH LATCH !
|
¥S 3w
@@@@ @@@0 0@@@ 9000
Plops P Poopg, Po2pe, pszps Plopy Ph2ps,
PORT7 PORT 6 PORT 5 PORT 4
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M5M82C43P

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name input or output Function
— Chip select input. A high on CS i i .
és Chip selact n p_se e puf gh on CS cau.ses PROG input to be regarded high inside the M5M82C43P. This
N then inhibits any change of output or internal status.
A high-to-low 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.
This 4-| tional h " in Ta - i-
P2~P25 | Input/output port2 \n/out " s 4-bidirec! onav port contains the adfir_ess and cc?m'roi bi}s shown in Table 1 on .a high-to-low transi:
tion of PROG. During a low-to-high transition, it contains the input (output) data on this port.
P4o~P4; | Input/output port4 4-bit bidirectional 1/0 ports. May be programmed to be input, low-impedance latched or 3-state. These
P5¢~P53 | Input/output port5 In/out ports are automaticaily set to the output mode when written, ANLed or ORLed and this mode continues
P6o~P63 | Input/output port6 until the next read operation. After reset on a read operation, this port is placed in the high impedance
P7¢~P73 | Input/output port7 and input mode.
OPERATION MOVD Pi, A i=4,56,7

The M5MB82C43P is an input/output expander designed
specifically for the MELPS8-41 and MELPS8-48. The
MELPS8-41 and MELPS8-48 already have instructions and
PROG pin to communicate with the M5M82C43P.

An example of the M5M82C43P and the M5M80C43-XXXP is
shown in Fig. 1. The following description of the
M5M82C43P basic operation is made according to Fig. 1.
Upon initial application of the power supply to the device,
each port of the M5MB2C43P 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 .
MOVD A, Pi i=4,56,7

which means the value on the port Pi is transfersed to the
accumulator, then the signals are sent out on the pins
PROG and P2,~P2;, as shown in the timing diagram.

On the high-to-low transition of pin PROG, the M5M82C43P
latches the instructions (e.g. 0000) into itself from pins P2~
P2; and transfers them to the instruction register (D in the
timing diagram). During the low-level of PROG, the
M5M82C43P continuously outputs the contents of the speci-
fied input (output) port (in this case, port P4) to pins P2~
P2; (@ in the timing diagram). The microcomputer, at the
appropriate time, latches the level of pins P2y~ P2; and re-
sumes the high level of PROG.

The next éxample is the case in which the microcomputer
executes

the transfer (output) instruction.

In this case, as in the previous case, on the high-to-low
transition of pin PROG, the M5M82C43P latches the instruc-
tions (e.g.0110) into itself from pins P2,~ P2; and transfers
them to the instruction register (D in the timing diagram).
After this the microcomputer sends out high to pin PROG,
transferring the data to pins P2, ~ P2; which is an output
data to the input/output port. Then the M5M82C43P trans-
fers the data of pins P2,~P2; 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
ANLD Pi, A
ORLD Pi, A i=4,56,7

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 P2,~P2;.

When instructions

MOVD Pi, A
ANLD Pi, A .
ORLD Pi, A i=4,56,7

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

MOVD A, Pi i=4,56,7
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-low tran-
sition on the PROG, the result may be that the first instruc-
tion is not read correctly.

- MITSUBISHI
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JONITIRT - M5M82C43P

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage Vgs—0.3~7 v
V, input voltage Vgs—0. 3~Vc+0. 3 \Y
Vo Output voltage Vgs—0. 3~Ve+0. 3 Vv
Pd° Maximum power dissipation Ta=25C 1000 mwW
Topr Operating free-air temperature range —40~85 c
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (Ta= —40~85C, Ve =5V£10%, unless otherwise noted)

Symbol Parameter Limits Unit
Min Nom Max

Vee Supply voltage 4.5 5 5.5 v

Vss Supply voltage 0 \Y

Vin High-level input voltage 0,7XV¢c Vee \

Vi Low-level input voltage Vss 0.3XVec Vv

ELECTRICAL CHARACTER|ST|CS (T?= —40~85C, Vgc = 5VE10%, unless otherwise noted)

" Limits ;
Symbol Parameter Test conditions Unit
Min Typ Max
Vout Low-level output voltage, ports 4~7 loL = 5mA 0. 45 \'
VoLz Low-level output voltage, port 7 loL= 20mA ' 1 v
VoiLs Low-level output voltage, port 2 lo. = 0.6mA 0. 45 v
VoH1 High-level output voltage, ports 4~7 lon = —240uA 0.75XVee v
Vohz High-level output voltage, port 2 low = —100uA 0.75XVee \4
I Input leakage current, ports 4~7 Vgs < Vin £ Ve —10 20 “A
hz Input leakage current port 2, CS, PROG Vss < Vin < Voo —10 10 #A
Vee = 5.5V, ViN = Vg of Vss
! Supply current(1) 2 mA
cot i PROG input pulse period = 55
Ve = 5.5V, Vi = Vg Or Vss
| Supply current(2) A
cc2 pply » PROG = Voo . 10 1z
loL Sum of all 1o, from 16 outputs loL = 5mA (Vo = 0. 45V) each pin 80 mA
.
Table 1 Instruction and address codes
Instruction code | P23 P2, Address code P2, P2y v
Read 0 0 Port 4 0 0
Write 0 1 Port5 0 1 MELPS8-48 or MELPS8-41 M5M82C:43P
ORLD 1 0 | Port6 1 0 Vo0 pgle o
ANLD 1 1| Pont7 1 1 PRO PROG gl
Input/output devices

P2, P2, P6 L4 [ P

P2, P2, 4

P2, P2, P7

P2, P23f§ GNDI

’ Fig.l Basic connection
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M5M82C43P

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (Ta=—40~85C, Voc =5V+10%, Vss = OV, unless otherwise noted)

Symbol Parameter Attemative Test conditions * Limits Unit
symbol Min Typ Max

tsuGinsT-pR) | Instruction code setup time befor PROG ta C = 80pF 100 ns
th(pr-iNsT) Instruction code hold time after PROG ta CL = 20pF 60 ns
tsu(pa-pR) Data setup time before PROG tc CL = 80pF 200 ns
th(pr-DQ) Data hold time after PROG to CL = 20pF 20 ns
twipr) PROG pulse with t . 700 ns
tsu(cs-pPR) Chip select setup time before PROG tcs 50 ns
th(pr-cs) Chip select hold time after PROG tes 50 ns
tsucporT-pR) | Port setup time before PROG . te 100 ns
th(pr-porT) | Port hold time after PROG : tip 100 ns

SWITCHING CHARACTERISTICS (Ta= —40~85%, Vg =5v£i0%, Ves = OV, unless otherwise noted}

Alternative Limits )
Symbol Parameter Test conditions Unit
) symbol Min Typ Max
tapr) Data access time after PROG tace C_ = 80pF 0 650 ns
tdv(pr) Data valid time after PROG . th C_= 20pF 0 150 ns
t
PHL(PR) Output valid time after PROG tro C. = 100pF 700 ns
teLH(PR) :
t
PZX(PR) input/output switching time — 800 ns
texz(PR)
¢ MITSUBISHI 6—35
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M5M82C43P

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM

cs © _lsu(cs PR) th(PR CS) |
tw(pm)
PROG k
7
tsu(nsT PR)| | th(pr INST)’ tsu(pg PR) | [th(PR DQ)
Port2 @
ta(pR) tdv(PR)
Port2 ® >
j_
tPzx(PR) |
Port4~7 S
LPHL(PR)
tPLH(PR)
Port 4~7 ®
tpxz(PR)
Port 4~7
tsu(PORT PR) th(PR PORT)
Port4~7
Note 1 :

INput pulse level::--wwworrerreeseeeneennees 03 X Vg,
Input pulse rise time tr
Input pulse fall time tf ---- "
Reference voltage for switching characteristic measurement

0.7XVee X 0.7%Vae
0.3XVee 0.3% Ve

Current Sinking Capability

Each of the 16 I/0 lines of the M5M82C43P is capable of
sinking 5SmA simultaneously (VoL = 0.45V max). However,
the drive capacity of each line depends upon whether all

125 lines are sinking current simultaneously and on the degree
3 of loading. This is illustrated in the curve shown.
E Example:
2 % Assuming that the remaining pins are not loaded, how many
[:] pins would be able to accommodate 20LSTTL loads
‘g 75 (0.4mA) ? ]
% : loL = 0.4mA X 20 = 8mA (sink current for each pin)
3 @ ' , S 1oL = 60mA from curve (point A)
£ ' ! (total sinking current)
3 | ! Number of pins = 60mA + 8mA = 7.5>7
- 25 } : For this case, each of the 7 lines could sink 8mA for a total
I\ ! of 56mA. Since a 4mA reserve sinking capability exists, 9 of
P TN S S W SR Y SO TS SO the 170 lines of the M5M82C43P can be divided arbitrarily.
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Maximum sinked current at each pin(v_  0.45Vmax ) (mA)
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M5M82C43P

INPUT/OUTPUT EXPANDER

Example:
To use the 20mA sinking capability at port 7, find the effects
on the sinking capabilities of the other 1/0 lines. Assume
the M5M82C43P is driving loads as shown below:
3 lines: 20mA (VoL = 1.0V max, port 7 only)
4 lines: 4mA (VoL = 0.45V max)
9lines: 1.6mA (Vo = 0.45V max)
Is this within the allowable limit ?
3oL = (20mA X 3) + (4mA X 4) + (16mA X 9) =
90.4mA

From the curve it is seen that with respect to Ig. = 4maA, o
is 93mA (point B) and that the above load of 90.4mA is with-
in the limit of 93mA. !

Note: The sinking current of port 4 ~7 must not exceed
30mA regardless of the value of Vo.

MEMSOCA9-XXXP — l
P24~P2; [
M5M82C43P) : : M5M82C43P :'l : pM5MB2C43P) :}:'\V IM5MB2C43P @
susk T o> T (> >
P2, P2y P2, P2,
PROG ~P2;<I> PROG ~P2_-<\,I> PROG ~P23<r‘z> PROG ~P2;<;I:>
P2o~P2k "7 1
PROG ! l |

Fig.2 Expansion interface example
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M5M82C43P

INPUT/OUTPUT EXPANDER

"OUTPUT VOLTAGE VS. . OUTPUT VOLTAGE VS.
OUTPUT SINK CURRENT . OUTPUT SINK CURRENT
(Port P4~Port P7) s (Port P4~Port P7)
5 T o | /
Voo =5V Voo =5V
s 4.8 N - Ta = 25C— s Ta=20C
5 \ 3
> a6 0.2 /
w N 8 /
E 4.4 \ rt
e \ S
5 42 N é 0.1f /l
o s N
E =)
]
o 40 o
3.8 0 N .
0 1 3 ] 5 5 .0 5 10 15 20 25 30
OUTPUT SINK GURRENT o (mA) OUTPUT SINK CURRENT lon(mA)
OUTPUT VOLTAGE VS. OUTPUT VOLTAGE VS.
OUTPUT SINK GURRENT OUTPUT SINK CURRENT
(Port P2) (Port P2)
5 0.6 T
Voo =5V Voo =5V
E 4.8 \ Ta= 25C—] 3 05FTa= 25C
I ~
o =}
> o
R N > 04
w
g \ ¢
5 a4 E 03
5] ] N 3
4 \ 9
5 4.2 \ 'é 0.2
5 E
2 - 2
© 4o o o1
3.8 0
0 1 2 3 0 1 2 3 4 5 6
OUTPUT SINK CURRENT lon(mA) OUTPUT SINK CURRENT . I, (mA)
NORMALIZED SUPPLY CURRENT (lcc) VS. NORMALIZED SUPPLY CURRENT (lgc) VS.
SUPPLY VOLTAGE ’ MCU OPERATING FREQUENCY
1.4 ! 1.5 T
= Ta=25C [ Ve =5V
é £ (MGU) = 6MHz / E 1.25}-To = 25%C L/
12 : E /
© S 0 ]
> >
| )
o o L
% 1.0 % 0.75 el
[} 2]
2 a
5 g 0.5
§ 0.8 v §
g g 0.25
4 z
0.6 0 .
4 4.5 5 5.5 6 . 0 2 4 6 8 10 12
SUPPLY VOLTAGE Vcc(V) MCU OPERATING FREQUENCY (MHz)
MITSUBISHI

ELECTRIC



2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI MICROCOMPUTERS

MSL8155P

DESCRIPTION

The M5L8IS5P is a 2K-bit RAM (256-word by 8-bit) fabri-

cated with the Nchannel silicon-gate ED-MOS technology.
This IC 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 DIL 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 1/0 port: 2
Programmable 6-bit I/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data 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, 170 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The 1/0O 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)
' | PCs [T} ~ 40  Veo(5V)
1/0 PORT C »
{PC, —[2] 39— PC.
TIMER INPUT TIMER IN—[3] 38— PC 1 ESrT C
RESET INPUT RESET —[4] 37— PCo
1/0 PORT C PCs—[5] 36]— PB;
TIMER OUTPUT TTMER OUT L8] 35— PBs
RY 15— —
seLefENBOT oM 7 39— PBs
CHIP ENABLE INPUT CE —[8] z 33—P8s |0
READ INPUT RD —[2] a 32— PB; | PORT B
WRITE INPUT WR —[10 g 37— PB,
T — .
ADRRERS SAFGH Ae —0 E4 30 P8y
AD,—[12] [29]«— PBo
AD, —[13] 28] PA;
AD, —[14] [27]— PAs
sioiRecTiona | AL+ 26 PAs
ADDRESS/DATA BUS | AD, +—[§ 25— PAs |10
ADs‘—’E _2__4|._.pA3 PORT A
ADg —[18] 23] PA,
L ap, 19 [22]— PA
(0V)Vss 21— P,
Outline 40P4

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 @ 2) PA;
(0V)vss QD) 2 sz
| STATIC RAM port @ PA: | 1o
ADy © (256 WORDS X 8 BITS) 8.1 A @) PA3 [ PORT A
o8 oo
ADs
BIDIRECTIONAL | AD, (§)~—{DATA BUS| 2D PA
ADDRESS/DATA BUS | AD; (5 BUFFER s 8
@ 8, 3 PB;
AD2 8—BIT INTERNAL ) PBs
AD (13) DATA BUS 30 PB;
ADo (12 g |PORT| 33 PB4 | 170
. 1 g 3 PB; [ PORT B
3) PB,
8 3 PB,
RESET INPUT RESET (3) %) PBy
MEMORY SELECT INPUT 10/M () READ/ oG
CHIP ENABLE INPUT  CE (® WRITE o ey
READ INPUT  RD (9—=9CONTROL ~&ponr 0 PC: 70
WRITE INPUT - WA (0—q CIRCUIT c ) PC, { PORT C
ADDRESS LATCH
ENABLE iNpOT ALEW 14—BIT COUNTER/TIMER l 3 PCy
. . 3D PCo
S T S
TIMER IN_ TIMER OUT
TIMER INPUT TIMER OUTPUT

MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTERS

MS5L8155P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

-OPERATION

Data Bus Buffer

This 3-state biditectional 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.

Read/Write Control Logic o

The read/write control logic controls the transfer of data by
interpreting 1/0 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 (ADy~AD-)

The bidirectional address/data bus is a 3-state 8-bit bus.
The 8-bit address is latched in the internal latch by the fall-
ing edge of ALE. Then if I0/M input signal is at high-level,
the address of 1/0 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/
Y] input signal is at low-level, the contents of RAM are read
through the address/data bus. If I0/M input is at high-level,
the selected contents of I/0 port or counter/timer are read
through the address/data bus.

Write Input (WR)

Table ‘1 Pin assignment of control slgtials of port C

Pin Function !
PCs BSTB (port B strobe)
PC, B BF (port B buffer full)
PCs B INTR  (port B interrupt)
PC; A STB (port A'strobe)
" PC, A BF (port A buffer full)
"PCo A INTR  (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 1/0 XXXXX000).
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

When WR is at low-level, tie data on the address/dgt_a bus Bit | Symbol Fanction
are written into RAM if 1O/M is at low-level, or if IO/M is at

) ) . . PORT A I/ FLAG 1: OUTPUT PORT A
high-level they are written into 1/0 port, counter/timer or 0 PA 1. 0: INPUT PORT A
command register. PORT B 1/0 FLAG 1: OUTPUT PORT B
Address Latch Enable Input (ALE) 1] PB 0: INPUT PORT B
An address on the address/data bus along with the levels. of 2 | e PORT C FLAG 00 ALT!
CE and 10/M are latched. in the M5L8155P on the falling Ci 1M:ALT2 "
edge of ALE. o ' 3 eC, 01: ALT3
10/Memory Input (10/M) 10: ALT4
When |0/M is at low-level, the RAM is selected, while at 4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the 170 port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 | g | PORT B INTERRUPT 1: ENABLE INTERRUPT
VO Port A (PA;~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose I/0 port. Input/output set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 | TMT | 00: NO INFLUENGE ON COUNTER/TIMER OPERATION
/O Port B (PBy~PB;) 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose /0 port. Input/output set- NOT ALREADY STOPPED) )
ting is controlled by the system software. 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
/O Port C (PC,~PCs) 7 | ™2 TER THE CURRENT COUNTER/TIMER ‘OPERATION
Port C is a 6-bit 1/0 port that can also be used to output - 1 1.:032:':::;; OPERATION STARTED
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.
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MSL8155P

2048-BIT STATIC RAM WITH 1/0 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/0 ports. Bit
6 is as a status flag for the counter/timer. The contents: of

'f'able 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address 1/0 XXXXX000). Details of the
functions of the individual bits of the status register are
shown in Table 3.

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 8 BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE

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 Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. 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 mode and is
assigned 1/0 terminal PAy~PA;.

Table 4 Functions of port C

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 appropriafe bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned I/0 terminals PBy~PB;.

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 1/0O terminals PCy~ PCs 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.

rSate ALT1 ALT2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PC, Input Output Output B BF (port buffer full)
PCs Input Output Output . B INTR (port B interrupt)
PC> Input Qutput A STB (port A strobe) A STB {port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer full)
PCo . Input Output A INTR (port A interrupt) 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

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 ALT1 and ALT2.

M5L8155P
Q D
INTERNAL
BUS
DATA LK
sTB
D Q
WR PORT CLK
CLR
MD

EXTERNAL PIN
PORT A OR
PORT B

—{]

1. WR PORT=I0/M-WR-CE*
(PORT ADDRESS SELECTED)
2. RD PORT=I0/M-RD"CE-
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
%1 STROBE INPUT MODE
*2 INPUT MODE
%3 OUTPUT MODE
4. MD=1: OUTPUT MODE

0 ! INPUT MODE

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
XXXXX000 1 0 Command register +— AD bus

0 1 AD bus + port A
HHXXXO0 1 0 Port A +— AD bus

0 1 AD bus + port B
00010 J 1 0 | PortB+—ADbus _

0 1 AD bus + port C
taaaad 1 0 Port C « AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 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.

Counter/Timer
The counter/timer 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 2, to 3FFFys. Bits 14 and
15 are used as mode flags.
The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mod: Input mod
m:ﬁgna ullm Tode NP moce Mode 0: Outputs high-level signal during the former
Input  Input half of the counter operation
BF L L Outputs low-level signal during the latter half
INTR H i L 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
Bit Number
Address Function count down .
718|5]4]3]2]1]0 Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS
XXXXX100] T7| Ts| Ts| Ta) Ta| T2| 1| To count down o
OF THE COUNTER REGISTER Starting and stopping the counter/timer is controlled by
M1,M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for
XXXXX101|M2 M1 T13iTiz T11(Tio) To| Te| o o - THE HIGH-ORDER 6 BITS details) . The format and timer modes of the counter/timer
" OF THE COUNTER REGISTER ; .
register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting

Table 8 Timer mode he count ’
is discontinued. To resume counting, a start command must

M2 My Timer operation be written into the command register as shown in Table 2.
Outputs high-level signal during the former haif of the counter operation While operating 2n+1 count down in mode 0, a high-level
0 0 Outputs low-level signal during the latter half of the counter operation

(mode 0) signal is output during the n+1 counting and a low-level sig-
nal is output during the n counting.

0 1 Outputs square wave signals in mode 0 (mode 1)

Outputs a low-level pulse during the final count dowm

! 0 (mode 2)
1 1 Outputs a low-level pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions ‘ Limits‘ Unit
Vee Supply voltage —0.5~7 v
vV, Input voltage With respect to Vss —0.5~7 v
Vo Output voltage —0.5~7 v
P4 Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (T2=0~70C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vece Supply voltage 4.75 5 5.25 \
Vss Power-supply voltage 0 \"
Vie Low-level input voltage —0.5 0.8 \"
Vin High-level input voltage ) 2 Veet0.5 \
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V£5%, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Von High-level output voltage Vgs=0V, loy=—400uA 2.4 . \Y
Voo Low-level output voltage Vss=0V, lop=2mA 0.45 \"
I Input leak current Vgs=0V,V,=0~V¢c —10 10 #A
hce) Input leak current, CE pin Ves=0V, V;=0~Vcc —100 100 LA
loz Output floating leak current Vgs=0V, V,=0.45~Vcc —10 10 ~A
Cj Input capacitance Vii=0V, {=1MHz, 25mVrms, Ta=25°C 10 pF
Ci/o Input/output terminal capacitance Vior=0V, f=1MHz, 25mVrms, To=25C 20/ pF
lce Supply current from Ve Vgs=0V 180 mA
Note 1 I . Current flowing into an IC is positive, out is negative.
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.

TIMING REQUIREMENTS (Ta=0~70C, Voc=5V+5%, unless otherwise noted)

Symbol Parameter Alterative Test conditions Limits Unit
. . symbol . Min Typ Max

tsuca-L) | Address setup time before latch taL 50 ns
th(L:a) Address hoid time after latch : ta i 80 ns
thtL-rwh)| Read/write hold time after latch te 100 ns
twiL) Latch puise width too 100 : ‘ ns
thirw.L) | Latch hold time after read/write Tt 20 hs
twirwL) Read/write low-level pulse width tcc 250 ns
isu(o-w) Data setup time before write tow 150 ns
th(w-o) | Data hold time after write two 0 ns
tw(rwsn) | Read/write high-level pulse width ) . thv . 300 ns
tsu(p-r) | Port setup time before read ter 70 ns
th(r-p) Port hold time after read tre 50 ns
tw(ste) | Strobe pulse width tss 200 ns
tsucp-sTe)| Port setup time before strobe tess 50 ) ns
th(sTe-p) | Port hold time after strobe ) thHs 120 ns
tw(sn) | Timer input high-level pulse width tp ' 120 ns
twis L) Timer input low-level pulse width t 80 ns
tc(¢) Timer input cycle time ) teve 320 ns
tres) Timer inpul‘rise time tr ) 30 ns
tie) Timer input fall time t 30 ns

SWITCHING CHARACTERISTICS (Ta=0~70C, Voc=5V+5%, unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
texv(r-Dq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tao 400 ns
tpvz(r-pq) | Propagation time from read to data floating (Note 2) troF 100 ns
trrcw-) Propagation time from write to data output twe . 400 ns
teLr(w-p) ) twe
teLnste.r) | Propagation time from strobe to BF flag tser 400 ns .
tei(r-BF) | Propagation time from read to BF fiag tree . 400 ns
tpLu(sTe-INTR) | Propagation time from strobe to interrupt ts 400 ns
tPHL(R-INTR) Propagation time from read to interrupt . tro! 400 ns
teuu(ste.sr) | Propagation time from strobe to BF flag tsee : 400 ns
teLH(w-sr) | Propagationtime from write to BF flag | twee 400 ns
tenuwontr) | Propagation time from write to interrupt twi 400 ns
teni(+-oun Propagation time from timer input to timer output - fr ' 400 ns
teLn( ¢ -ou) ) tru
tPZX(R.DQ; propagation time from read to data enable ‘ troE 10 ) ns
‘Note 1 : Measurement cohditioris C=150pF »
2: Megsuremem conditions of note 1 are not applied.
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TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)

Basic output

PORT
ten(w—p)
toLH(w—p)
WA N N
tw(rwr) twirwH)
th(L—RwH) thiw-p)
' 10/M ; \
(o \ / \
*
ADo~AD; ADDRESS DATA A
l‘ tsua-u thi-a) tsuio-w) thipw-0) |
" 1
ALE
twi)
Basic input
L R
¥
tsute—r)
th(r—e)
75 N 7
bwawe) tw(rwH)
to—pw) texv(r—00) totrw—1)
tpzx(rR—DQ) ’
tpxz(r-paQ)
10/M [ \
" CE \_L \
tezx(a—q)
ADo~AD; ADDRESS DATA —
| |
tsuca—v) thi—a)
ALE 7 /——
twin)
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Strobed dutput N

PORT

teLniw—r)

teHL(w—P)

WR \
teHL(W—INTR) ’
P
INTR j

teL(sTB—INTR)
teLH(w—BF)
BF .
teHL(sTR— BF) :
STROBE { ; /-

Strobed input

PORT K

tsu(p—sta) thiste—p)

tw(ste)

teLH(STB—INTR)

teLr(sTE—BF)

BF : / . ' \k |

tenL(rR—8F)
INTR : \.r

tPHL(R—INTR) :

Timer (Note 1)

TIMER IN
tw(gn)

A 7
TIMER OUT e/ (Note 2) L
PULSE MODE teu( s —oum
] tpLn(# —oum)

teuL(# —our)

—_— , 7 —
TIMER OUT _ _ __ e/ (Note 2) v )t——}

SQUARE WAVE MODE

Note 1 . The wave form is shown counting down from 5 to 1.
2 ! Aslong as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.
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M5L8156P

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 IC has 3 1/0 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 DIL 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 170 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

Single 5V power supply

Configuration and electrical characteristics

APPLICATION

Extension of I/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION
The M5L8156P is composed of RAM, 1/0 ports and counter/

timer. The RAM is a 2K-bit static RAM organized as 256 .

words by 8 bits. The 1/0 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)
PCs —[T1] Vee(5V)
1/0 PORT
Clre, —[2] «— PC;
TIMER INPUT TIMER IN—[3] —pC (ESrT
RESET INPUT RESET —[4] PGy
1/0 PORT C PCs—[E] —PB,
TIMER OUTPUT TIMER OUT — L8] — PB;
MEMORY . = _, —-
seLedIENBEY 1o M —[Z PBs
CHIP ENABLE INPUT CE —[8] —PBi | /0
READ INPUT RD —[8] - ~—PB; [PORT B
WRITE INPUT WR—[I0] - —PB,
ADDRESS LATCH ALE —! b .
RIERS SR ALe—(] @ PB,
ADo—[17] : 29]-— PBo
AD, —[13] < PA;
AD, —[14] — PAg
sorecTionaL | ADs (5] 26)— PAs
ADDRESS/DATA BUS | Ap, {77} —ra 1o
ADs —{17] s PA; [ PORT A
ADs —[1§] —PA;
AD; —[19] —PA;
(0V)Vee —PAy
Outline 40P4

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 @
(0V) Vss @0
: STATIC RAM PORT o
AD; (9 (256 WORDS X 8 BITS) 8 A PORT A
ADs (1)
ADs (12
BIDIRECTIONAL | AD4 (6)~—{DATA BUS|
ADDRESS/DATA BUS | AD; (19 BUFFER 8 8 8
AD; (B 7 8—BIT INTERNAL
AD; (1) DATA BUS
ADo (12) g [PORT 170
1 e PORT B
8
RESET INPUT RESET
MEMORY SELECT INPUT 10/M () READ/
CHIP ENABLE INPUT  CE (8) WRITE ]
READ INPUT  RD (9-—qCONTROL 2=t poRT o
WRITE INPUT ~ WR (0) CIRCUIT c PORT C
RESS LATCH
ADE?\IABSLSE |QPST ALE (D I|4—BIT COUNTER/TIMERI
S — s - -
TIMER IN _ TIMER OUT
TIMER INPUT TIMER OUTPUT
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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.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 1/0 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 (AD,~AD;)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if 10/M input signal is at high-level,

the address of I/0 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 I0/M input is at high-level,

the selected contents of I/0 port or counter/timer are read

through the :address/data bus.

Write Input (WR)

Table 1 Pin assignment of control signals of port C
Pin Function
PCs B STB (port B strobe)
PC,4 B BF (port B buffer fult) -
PCs B INTR  {port B interrupt)
PC2 A STB (port A strobe)
PC, A BF (port A buffer full)
PCo A INTR  (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 re'gister 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 170 XXXXX000).
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

When XR is at low-level, the data on the address/data bus Bit | Symbol Function

are written into RAM if I0/M is at low-level, or if IO/M is at PORT A 170 FLAG 1. OUTPUT PORT A
high-level they are written into 1/0 port, counter/timer or 0 |'PA 0: INPUT PORT A
command register. PORT B I/0 FLAG - 1: OUTPUT PORT B
Address Latch Enable Input (ALE) L PB 0: INPUT PORT B

An address on the address/data bus along with the levels of ‘ PORT C FLAG 00: ALTI

CE and 10/M are latched in the MSL8156P on the faling | 2 | 7°' 11: ALT2

edge of ALE. o 3 | pc; 01: ALT3

10/Memory Input (10/M) : 1AL

When I0/M is at low-level, the RAM is selected, while at 4 1EA | PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the I/O port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 | igg | PORT BINTERRUPT 1: ENABLE INTERRUPT
VO Port A (PA~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose 1/0 port. Input/output set- COUNTER/TIMER CONTROL

ting is controlled by the system software. 6 | T™M1 | 00 NO INFLUENGE ON COUNTER/TIMER OPERATION
/O Port B (PB,~PB;) i 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose 1/0 port. Input/output set- NOT ALREADY STOPPED)

ting is controlled by the system software. ; 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
T6) Port C (PCo~PCs) 7 | ™2 LEEOTJ:LS;?DRENT COUNTER/TIMER OPERATION
Port C is a 6-bit I/0 port that can also be used to output 11: COUNTER/TIMER OPERATION STARTED

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.
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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/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPY by reading
(INPUT instruction, address 1/0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function

o] INTR A PORT A INTERRUPT REQUEST

1 | ABF 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
(SET TO 1 WHEN THE FINAL LIMIT
OF THE NTER/TIMER 1S REACHED

6 TIMER COUNTER/TIMER INTERRUPT AND IS :;;Tr% 0 WNI‘-IENiHE
STATUS IS READ)

7 — THIS BIT IS NOT USED

/O Ports

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. 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 PA;~PA;.

Table 4 Functions of port C

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 /0 terminals PBo~PB;.

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 1/0 terminals PCo~ PCs 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.

roae | ALTI ALT2 ALT3 ALT 4
PCs Input Output - | Output B STB (port B strobe)
PC,4 Input Output Output B BF (port buffer full)
PC; Input Output Output | B INTR (port B interrupt)
PC, Input Output A STB (port A strobe) A STB (port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer tull)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt) -
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Flg 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

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 ALT] and ALT2.

)

M5L8156P
Q D

INTERNAL

DATA BUS
. CLK
sTB
D Q
WR PORT o
CLR

EXTERNAL PIN
PORT A OR
PORT B

—{

1. WR PORT=10/M-WR-CE*
(PORT ADDRESS SELECTED)

2. RD PORT=10/M-RD-CE*
. (PORT ADDRESS SELECTED)

3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE

- *3 OUTPUT MODE

4. MD= 1. OUTPUT MODE

MD

0. INPUT MODE

Fig. 1 ' Configuration for 1 bit of port A or B

- Table 5 Basic functions of 1/0 ports

Address RD WR ) Function
Q0 1 AD bus + status register
XXXXX000
1 0 Command register + AD bus
0 1 AD bus + port A
XXXXX001
1 ] Port A~ AD bus
4] 1 AD bus + port B
XXXXX010 -
} 1 0 Port B «— AD bus
0 1 AD bus « port C
XXXXX011
: 1 ] Port C < AD bus

Table 6 Port control signal levels at ALT3 and ALT4

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.

Counter/Timer
The counter/timer 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 I/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 2; to 3FFys. Bits 14 and 15
are used as mode flags. :

The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mode input mode Mode 0: Outputs high-level signal during the former
STB Input Input half of the counter operation
BF wn e Outputs low-level signal during the latter half
INTR oH e of the counter operation
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Table 7 Format of counter/timer Mode 1:  Outputs square wave signals as in mode 0
- T Mode 2. Outputs a low-level pulse during the final
Address o 'éT*SBn 4Nur:ber2 To | Function count down
. Mode 3: Outputs a low-level pulse during each final
XXXXX100| Tr | To! Ts | Tal T3 T2l T [ To THE LOW-ORDER 8 BITS count down

OF THE COUNTER REGISTER 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.

The counter/timer is not influenced by a reset, but counting
is discontinued. To resume counting, a start command must

M1,M2: TIMER MODE

o1, THEHIGH-ORDER 6 BITS
"1 OF THE COUNTER REGISTER

XXXXXT10T MM [Ti3[Tio Tl T Te| Ts

Table 8 Timer mode

Ma M, Timer operation be written into the command register as shown in Table 2.
o | o | S e e e | Whle oPerating B ¥ court down 1 mods 0 & Mah-lovel
! T mode 0) gnal is output during the n+1- counting and a low-level sig
nal is output during the n counting.
0 1 Outputs square wave signals as in mode 0 (mode 1)
) 1 - 0 Cui;;is;rlo;v-rlé'\‘/el pulse- urlr;ma ;al count d(;v/vr_n—
(mode 2)
1 1 Oulp;t;;rliawv;-rlre\;éli Vp\]lse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 v
V, Input voltage With respect to Vgs —0.5~7 \"
Vo Output voltage —0.5~7 v
Pq Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range - ' . 0~70 c
Tstg Storage temperature range —65~150 c
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \"
Vss Power-supply voltage 0 \
A\ Low-level input voltage —0.5 0.8 v
Vin High-level input voltage 2 Veet0.5 v
ELECTRICAL CHARACTERISTICS (T2=0~70C, Vcc=5V+5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage Vss=0V, loy=—400:A 2.4 v
Voo Low-level output voltage Vss=0V, lot=2mA 0.45 v
I Input leak current Vss=0V,V;=0~Vcc —10 10 #A
Iicce) Input leak current, CE pin Vss=0V, V;=0~Vcc —100 100 HA
loz Output floating leak current Vss=0V, V|=0. 45~V¢c —10 10 #A
(7] Input capacitance Vie=0V, f=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output terminal capacitance ViroL=0V, f=1MHz, 25mVrms, T4=25C 20 pF
lcc Supply current from Vce Vss=0V 180 mA
Note 1 ! Current flowing into an IC is positive, out is negative.
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MS5L8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING REQUIREMENTS (Ta=0~70"d, Vee=5V+5%, unless otherwise noted)

Alternative Limits
Symbol Parameter . Test conditions. Unit
. symbol Min Typ Max
tsu(a-L) | Address setup time before latch taL : 50 ns
thL-a) Address hold time after latch . tia 80 ns
th(L-rwh)| Read/write hold time after latch tic 100 ns
tweny Latch pulse width t 100 . ns
th(rw-L) | Latch hold time after read/write toL 20 ns
tw(rwL) | Read/write low-level pulse width tce 250 ns
tsu(p-w) | Data setup time before write - ' tow 150 ns
th(w.p) | Data hold time after write ] two 0 ' ‘ns
tw(rwh) | Read/write high-level pulse width ’ trv 300 ns
tsucp-r) | Port setup time before read ter 70 ns
th(r-r) Port hold time after read tre 50 ns
tw(sTe) | Strobe pulse width . tss 200 ns
tsu(p-ste) Port setup time before strobe tess 50 ns
th(ste-p) | Port hold time after strobe tens : 120 ns
tw( s r) Timer input high-level pulse width. t2 120 : ns
twisL) Timer input low-level pulse width t 80 ns
te(s) Timer input cycle time ] teve 320 ns
tr(¢) Timer input rise time tr 30 ns
ti#) Timer input fall time t ] ) 30 ns

SWITCHING CHARACTERISTICS (Ta=0~70C, Vco=5V£5% , unless otherwise noted.)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
texv(r-pq) | Propagation time from read to data output tro 170 ns
tezx(a-bq) | Propagation time from address to data output tan 400 ns
tevz(r-pq) | Propagation time from read to data floating (Note 7) tror 100 ns
toHL(W-P) o . twe
Prop on time from write to data output 400 ns
teLH(w-e) twe
teLn(ste-gr) | Propagation time from strobe to BF flag tser 400 ns
teHi(r-gF) | Propagation time from read to BF flag thee 400 ns
teusteinTr) | Propagation time from strobe to interrupt ts ‘ ‘ . 400 ns
teHL(R-INTR) Propagation time from read to interrupt tro 400 ns
teni(sT-BF) Propagation time from strobe to BF flag tsee 400 ns
teLn(w-sr) | Propagation time from write to BF flag twer 400 ns
tenL(w-intr) | Propagation time from write to interrupt tw) 400 ns
teuL( ¢ -oum) . ) . tro
Propagation time from timer input to timer output 400 ns
toLn( 4 -0um) tru )
tezx(r-pq) | Propagation time from read to data enable trpe 10 . ns
Note 1 © Measurement conditions C=150pF
2 I Measurement conditions of note 6 are not applied.
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MS5L.8156P

2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V, low-level=0.8V)
Basic output

PORT
tenL(w—p)
teLu(w—p)
WR -\
tw(rwL) tw(rwH)
1
th(L—AwH) thw—b)
10/M \ 7/ \
X
CE / \
"
ADo~AD; ADDRESS 1K DATA
|_ tsu(a-u) th—a) tsuco-w) L theaw—1)
L { |
ALE
/¢
w(L)
Basic input
L
PORT K
tsu(p—
Su(P—R) therr
RD — ) .
twiaw) tw(rwH)
te(L—rw) texv(r—pa) tetrw—1)
tezx(r—Da)
texz(r—D0Q)
10/M [ \
CE \ /
tezx(a—-Q)
ADg~AD; ADDRESS DATA —
. i
tsua—u) thi—a)
ALE N 4
twin)
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MS5L8156P

. 2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Strobed output

PORT X

teLkiw—p)

toL(w—p)

Wﬁ——'—\ AN

tPHL(W—INTR)

INTR

()

/|

/ : teLH(sTB—INTR)
BF
ter(sTe—erF) ; :
STROBE v \z_/

teLuiw—8F)

Strobed input

PORT )§t . X

tsu(p—ste) lhk sTB—P)
=
STROBE \ /| \
tw(sTe) tpLH(STB—INTR)
teLn(sTe—BF)
BF __/ \

teHL(R—BF)

INTR

\._
teHL(R—INTR) :

N\

Timer (Notel)

TIMER N

TIMER OUT N . k4 i
PULSE MODE Lot (Note2) . ~
E PHL( £0UT)
4 1 teL( ¢ ~oum)
PLH( ¢ —OUT)
TIMER OUT ’ . N i
SQUARE WAVE MODE ~~ === =======/ (Note2) .

Note 1 . The wave form is shown counting down from 5 to 1.
2 © As long as the M1 mode flag of the timer register is at
high-level, pulses are continuously output.
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PC4000

DEBUGGING MACHINE

DESCRIPTION

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 DIL 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 microcompute_r systems.

CONFIGURATION
The PC4000, as shown in the block diagram, consists of the
following hardware elements.
(1) MBL8085AP monitor CPU
(2) Serial data input/output interface circujt
(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.
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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 kto» 9600bps and the
interface is a 20mA .current loop type. The transmission
format is Intel-compatible hexadecimal.

The data in the program memory is executed by the
evaluation CPU on the dedicated board. In addition, this

memory contents can be written into 2716 or 2732
EPROM devices or data can be read out of such devices via
a 24-pin DIL socket.

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
cLoCK CONTROL CPU
GENERATOR M5L.8085 AP
EPROM PROM WRITER KEYBOARD
2N6<— |NTERFACE [T| DISPLAY
2132 M5L8041A-006P M5L8279P-S
i%
KEYBOARD
Wer
PROGRAM S SERIAL 1/0 ‘_‘>_
MEMORY i }—+— INTERFACE
M5T4044P X 10 E‘:B M5L8251 AP -5 -———<}._
=
DEDICATED BOARD
CONTROL PORTS
M5L8255AP-5 M5L8155P
[ I 777777777 T~
| |
I MONITOR | |
| ROM !
{ DEDICATED BOARD amsex 2 :
| -
| |
L |
____________ e
I
i
" USER ‘SYSTEM
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PC4000

DEBUGGING MACHINE

KEY FUNCTIONS (BASIC FUNCTIONS ONLY)

SPECIFICATIONS

Symbol Name Function Item Specification
h . ’ -
X Converts program memory data to serial T @ system s used V.Wth 2 4dedlcated b(}arq Wh.ICh
SEND | Data transmit key X ) Method includes the evaluation chip to perform in-circuit
data and transmits to an external device .
emulation
i i i i M58840-X X XP
RCV Data receive key Becewes serial data and writes this data
into program memory M58494- XX XP
Applicable N M58496- XXX P
PROG (EPROM) Writes program m.emorv data into the microcomputers M5L_8048- XX XP
Program key EPROM inserted in the socket M51L8049-X X XP
and all other, Mitsubishi single-chip microcomputers
(EPROM) Sends data from the EPROM inserted :
LOAD | | i key in the socket to program memory Program RAM Built-in, 4K x 10 bits (250ns access time)
Control CPU M5L8085AP
Print ke: Data transmit to the optional printer T
PRT v s P aﬁ:{g}%ﬁgﬁ?"ﬂ Usable with 2716 or 2732 devices
EXM Examine program Verification/correction of program Display 7-segment LED, 8 digits
P memory key memory contents Key switches: Commands: 12 keys
EXM Examine register ke Verification/correction of register Input Numerical: 16 keys
R 9 Y contents Entry: 1key
EXM . — .
M Examine memory key Verification/correction of RAM contents (D 20mA current loop serial input/output interface
Interface 4800bps, full deplex, one line
RES Reset key Reset of program counter (Selectabie from 1200 to 96000bps)
. @ Centronix-compatible paréllel interface, one line
r Re-start of program execution at the
RUN un {execute) key specified address (real time) - - -
Monitor programs for the appropriate object
microcomputers are written into the two M5L2732K
BRK Break point set key Sets the break point address devices mounted on the dedicated board.
Basic Functions
STEP | Single step key Excutes the program one step at a time ) e Transfer of RAM data with an external system
Monitor function Read and write of EPROM data
O—~F Numerical keys Used for input of address and data * Verification/correction of the built-in program
_ memory (RAM) contents
ENT Entry key Effectively enters input numerical data e Execution and halt at any arbitrary program address
e Single-step execution of programs

Verification/correction of internal registers, memory,

flags
User system Input/output connections to the dedicated board by
connection means of a cable
Dimensions 364 X 257 X 85 mm(excluding handle and key switch tops
Power supply AC 100V 100VA
(tjeprﬁé?atrlgtgure 5-40°C )
Somoerature —20~60°C
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DEBUGGING MACHINE
PC4000 CONFIGURATION
‘ DEDICATED BOARD
TO EXTERNAL PRINTER DEDICATED BOARD
EVALUATION
CONTROL CPU L CHIP /
M5L8085AP L
20mA %
CURRENT -
LOOP /SERIAL SYSTEM-
TO PCI000 4460 bps INPUT/OUTPUT
CROSS /INTERFACE /
LER i
ASSEME M5L8251 AP
EPROM EPROM IS
’EM WRITER Fa
i iS5t
M5L A <
M5L2716K 5L804t I8
M5L2732K g
() -
£ 2 M5L8155P
/ DISPLAY M5L8255AP-5 %
PROGRAM USER
MEMORY SYSTEM
4K X 10BITS
KEYBOARD,
M5L8279P M.'rr40u;<|=1>0
/
-
DEDICATED BOARD
POWER SUPPLY (FOR USE WITH MELPS8-48)
PCA 8400
‘ PC 4100
WRITE ADAPTOR
FOR USE WITH
PC 4000 M5L8748S
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PC9000

CROSS ASSEMBLER MACHINE

DESCRIPTION

The PC9000 is a cross assembler machine. It is capable of
converting programs for the Mitsubishi -single-chip micro-
computers written in assembler language 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 ali types of Mitsubishi single-chip micro-
computers

® Compact, desk-top design

APPLICATION
Software development support for Mitsubishi single-chip
microcomputers.

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) 9-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)
(9) 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 9-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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 PC9000

CROSS ASSEMBLER MACHINE

the disassembly results while the external printer may be
used to output the assembly listing as well as disassembly

FUNCTIONAL DESCRIPTION

The PC9000 contains the assembler, disassembler, source

listing . editor, and EPROM writer functions required for software
support of microcomputers. These functions are sum-
marized in the Table.
Function Effect Applicable devices
Source input: keyboard All 4-bit single-chip PMOS, and CMOS microcomputers
Assemble output: printer, EPROM, data transfer (with debugging M51.8048, M5L.8043 and M5L8041A 8-bit single-chip
unit) microcomputers
. Disassembly of the specified file

Dlsassemble Output: 20 column printer, externa! printer Same as above

Source editor E)cerleeet;'\ogdiitri\rs]gnion, modification, character search, and Same as above

PROM writer EPROM erase check, write, verification, read MS5L2708K, M5L.2716K, M5L2732K

' PC9000 CONFIGURATION

AC
100v

PROM )
SOCKET V-RAM S-INCH
CRT
a PROM ic ram| | Pia CRT ;
< BOOTS M5L8255 AP-5 CONTROLLER
g 1 [
=1
-] . ’ ]
e BUS LINE
°F [ | | 1 -
mETL%%’Z'E‘E PRINTER £DG UART UART
INTERFACE M5L8251 AP | | -‘M5L8251 AP
XTAL M5 L8279P-5 I I
BUFFER "CURRENT CURRENT
- FDD LOGP P
POWER R . - INTERFACE INTERFACE
SUPPLY ASC 1 T. h — T
KEYBOARD i} . | . B
: — ‘ MELCOM | |[DEBUGGER
80-COLUMN - 70 PC 4000
PRINTER .
CENTRONIX-COMPATIBLE
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PC9000

CROSS ASSEMBLER MACHINE

SPECIFICATIONS
Item Specification
Structure Desktop-type, single cabinet
CPU Mitsubishi M6L8085AP (2.45 MHz clock)
1C 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 {equivaient to Intel Hexadecimal)

Applicable microcomputers

MELPS 8—48 (M5..8048-XXXP, M5L8049-XX XP and others )

MELPS 4 (M58840- XXX P and others)
MELPS 41 (M58494-X X XP)
MELPS 42 (M58496-X X XP and others)

Outer dimensions and weight

Desk top-type 470(W) x 290(H) x 490(D), 17kg

Power supply

AC 100V +10% 50/60Hz

KEYBOARD ARRANGEMENT

(—————————— POWER)
ON

B

2708
2716 =

271327

[o]eefea feef o[- ] o [ ]

IHHANREE

Lo 1

— | @ {LINE

) l P FEED]RETURNI
F

E
OFFIEOT
o], TS R

)

9
SN
1

BELL BS
G

, W] SO e Ja
Lol Lo L[]

Tl
|

[ (SPACGE)
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PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

DESCRIPTION

The PC9100 is a software development support for the
MELPS 86 and PCA8600 series. As this has floppy disk
drives and a built-in EPROM programmer, a software devel-
opment support for the MELPS -86 is performed by only
connecting a CRT terminal on the market.

The operation system (OS) adopts the propagated
®CP/M-867M' and CP/M-80®, therefore many softwares
programmed for CP/M are usable,

"In addition, with a use of M5L8086S in-circuit emulator
PC9110, the operation from a source programming of
MELPS 86 to a hardware debugging is executed continu-
ously.

FEATURES

® Compatible with PCA8601 monitor program

® Adoption of CP/M-86, CP/M-80 for OS. Select any OS
by a monitor program.

® Capability of executing a developed software for 8080A/
8085A and of developing an 8085A software when the
CP/M-80 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 doublesided double-density,
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 builtsin 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 M5L8086S in-circuit

emulator PC9110

® One built-in RS232C serial interface for general purpose
® RAMSIZE .......coviiitennnrnncnnnns 72K bytes
® AC 100V :

® Compact, light weight

APPLICATION

® Software development support for MELPS 86

® Software development support for MELPS 85

® Personal computer

® Device for data analysis and management

® Base machine for each dedicated system

Note 1. ® CP/M is a registered trade-mark of Degital Research Inc.
2. |EEE-796 bus is a system bus for microcomputers which are the
standardized Intel ® multi bus by IEEE.
® multi bus is a registered trade-mark of Intel.

7—10
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PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

FUNCTION

The PC9100 adopts multi bus as a system and mounts a
PCA8601 CPU board, PCA8602 64K RAM board,
PCA8603 floppy disk controller board (including
M518085A) of PCA 8600 series and an 1/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 DIL sockets for
28-pin and 2 EPROMs are programmed in a 716-bit
microcomputer object. Programmable EPROMs are
M5L2716K, M5L2732K, M5L2732A type and M5L2764K.

1/0 functions are: (1) CRT interface (RS232C standard,
Serial operation, 25-pin connector) (2) Printer interface
(TTL level, Centronics 36-pin champ connector) (3)

PC9110 interface (RS232C standard, Serial operation,
25-pin connector) (4) General purpose serial interface (RS
232C standard, Assignation to RDR: PUN: In CP/M, 25-pin
connector)

After turning on the PC9100, the M5L8086S on the
PCA8601 will be a bus master and executes a monijtor
program written in the ROM on the PCA8601. After this, if
the G(GO) command is executed, the system will be in
CP/M-86 or CP/M-80 mode. When it is the CP/M-86 mode,
the system works considering the M5L8086S as master, and
commands consist of the CP/M-86, 8086 assembler, 8086
debugger and application software for CP/M-86 which is on-
the market are able to execute.

When it is the CP/M-80 mode, the commands consist of
the CP/M-80, 8080 assembler, 8080 .debugger and applica-
tion software for the CP/M-80 which is on the market are
able to execute.

The operation from the OS to the monitor is executed
by the reset switch.

BLOCK DIAGRAM

CcPU
M5L8086S

MULTI BUS

SERIAL
PORT
MS5L8251AP

INTERRUPTION | PARALLEL
ONTROLLE PORT
MS5L8253AP MSL 8255AP -5

N

PCA 8601

MEMORY
REFRESH 64K

CONT- | 1By TES (WITH
ROLLER || PARITY BIT)

M5K4116P

PCA 8602

CPU FDC
! MS5L8085AP | | M5W1791-02P

DMA CONTROLLER [ MEMORY
M5L8257P-5 | | EPROM, SRAM

INTERFACE FOR CRT
CENTRONICS

PRINTER INTERFACE

FOD DOUBLE-
SIDED DOUBLE-
DENSITY NO. 1

DRIVE
FDD DOUBLE-

PCA 8603

! SERIAL PARALLEL’
PORT . PORT
MS5L8251AP M5L8255AP

SELECTION SWITCH
SIDED DOUBLE ;—’L OF FLOPPY DISK TYPE

DENSITY NO. 2

"I PC9110 INTERFACE

GENERAL PURPOSE

X2 x1

j SERIAL INTERFACE

1/0 BOARD FOR PC3100 $

l I DC/DC
CONVER-
EXPANSION ROM H ROM L TER

! CARD CAGE SOCKET SOCKET etc

| ) PROM PROGRAMMER MODULE

POWER
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PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

FUNCTION EXPLANATION (According to CP/M, CP/M8B, Mitsubishi original utility S/W)

Function Effects Application devices
Assembler Source input:  Source file created by key board input ® 8086
output: List, EPROM, Data communication with emulator ® 8085A
Software debugger: Supporter in CP/M-86 * 8086
For Application S/W in CP/M-86
Debugger
Software debugger: Supporter in CP/M-80 ® 8085A
For Application S/W in CP/M-85
RPOM programmer Write, read, verification of EPROM M5L2716K
(Capability of programming upper bytes and lower bytes at the same time for 8086) M5L2732K
M5L2764K
Data communication Bi-directional data communication with an external device in file base RS232C standard

Editor ‘ Supporter in CP/M

Applicable for all uses

Execution of
application SIW

Rich applicable S/W which on the market

eg. "CIS COBOL86", “PASCAL/M-86" etc. which are on the market as the high quality language for 8086 can be
executed in the PC9100. Likewise, the high quality editor {Word star etc.} on the market can be used beside the
standard editor.

® 8086
® 8085A

SPECIFICATION
Hardware Specification
Item ~ Specification
Structure Desk tap, single cabinet (External CRT, Keyboard, printer)
U Mitsubishi M5L.8086S 4.9152MHz
Mitsubishi M6LBOBSAP  2.4576MHz
PCA8601 Program memory 16K bytes
RAM : 16K bytes
IC memory PCA8602 RAM 64K bytes
PCA8603 Program memory 4K bytes
RAM 2K bytes

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

Serial interface (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed ... .. 96008PS standard

Printer interface

Centronics parallel interface {The DDK unphenol 36-pin is used for a connector)

Interface for PC9110 in-circuit
emulator controller

Serial interface (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed . . ... 96008PS

General purpose serial /O interface

One port (The electrical characteristics and connector are compatible with the RS232C standard)
Transmit speed . . ... Selectable from 1200/2400/4800/9600BPS 9600 BPS standard

PROM programming device

2 multi devices . .
Programmable into M5L2764 K, M5L2732A type, M5L2732K, M5L2716K

Applicable microcomputer

MELPS 86, MELPS 85

Capable expansion area

4 of multi bus boards

Quter dimensions

Desk top type 420(W) x 450(D) x 260(H) mm

QOperating temperature

5°C ~40°C
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PC9100

16-BIT CPU éOFTWARE DEVELOPMENT SYSTEM

Software Specification

Item Specification
Monitor program Monitor for 8086 which is compatible with the one on the PCAB081
X CP/M-86 General purpose 0O.S. for 8086 of Degital Research Inc.
Operation system CP/M-80 General purpose O.S. for 8080 of Degital Research Inc.
ASM86. CMD 8086 Assembler
ODT86. CMD CP/M86 Debugger
STAT. CMD File status utility
Utility software SUBMIT. CMD Batch management utility
(8086 base) PIP. CMD File exchange utility
GENCMD. CMD CMD file generating utility
ED. CMD Editor for program generator
PROM. CMD PROM programmer controller program
DDFMT Disk initialization and disk copy
ASM. COM 8080 Assembler
-DDT. CCM CP/MB80 Debugger
STAT.COM File status utility
SUBMIT. COM Batch management utility
Utility software XSUB. COM Expansion of SUBMIT. COM utility
(8080 base) PIP. COM File exchange utility
LOAD. COM COM file generating utility
ED.COM Editor for program generator
DUMP. COM Hex dump utility
MOVCPM. COM
Library BIOS.A86. - DEBLOCK.LIB. BIOS.ASM. DUMP.ASM
Memory Map

7

System map 8086 map 8085 map
0000015 0000046
PROGRAM
e PMPiﬁgglg)OT
cp
00FFF g
gonee SUB BIOS
2 PORT RAM
W
01FFF 6
2000045 200006
64K RAM, // 64K RAM - /SAK RAM
2FFFF1s 2FFFF g FFFF1s
E2000,8
2 PORT RAM
E2FFFs
E30004s
FCO00046
PROGRAM
MEMORY
FFFFF1s FFFFFg

SYSTEM AREA INHIBITED AREA - LOCAL MEMORY AREA D BLANK

Note 1. Broken line means that addresses are the same between each area,
Solid line 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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MITSUBISHI MICROCOMPUTERS
PC9001CPM

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 which
memory capacitor is below 48K

® Developing and operating of a user program on the
PC9000

® Opened internal miniprinter as a user list device

Selectable letters (CAPITAL/small) by F3 key

® Usable internal serial interface as RDR:, PUN:

CP/M SOFTWARE FOR PC9000

® 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 c¢ontrol
program

APPLICATIONS

® Supporting develop machine for MELPS 85
® Personal computer

® Data communication terminal

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.

7—14
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MITSUBISHI MICROCOMPUTERS

PC9001CPM

CP/M SOFTWARE FOR PC9000

SPECIFICATION

ltem Specification
CP/M Version Version 2.2
RAM size 48K bytes
Console (CON:) Built-in CRT device and keyboard of the PC3000

Paper tape reader (RDR:)

Built-in MELCOM 70 interface of the PC3000

{Hand shaking operation using a data terminal ready. DTR)

Paper tape punch (PUN:)

Built-in PC4000 interface of the PCI000
{Hand shaking operation using a data set ready. DSR)

List device (LST:)

Centronics external printer (LPT:) Built-in miniprinter of the PCI000 (UL1:) LPT: = standard assign

Fioppy disk storage

2 x 320K bytes (A: and B:)

Key board

@ Capital/small letter selection by key

PROM programmer

® File load, file save, edit, PROM program, PROM read, verify, padding, block moving
® 38K 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 MELCOM 70 interface by a warm boot

APPLICATION SOFTWARE LIST IN THE PC9001CPM

Program Function Supplement
EDIT Screen Editor PCY000 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 fif& management
XSUB * Optional SUBMIT
CMNA 1 ME LCOM 70 communication The communication of object codes by the MELCOM 70 in the tntel HEX format
CMNA 2 PC4000 communication The communication of object codes by the PC4000 in the Intel HEX format
MSS S:sﬁ:ﬂgg;ﬁgf file The communication of file data with another CP/M machine
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. . ) N
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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, K 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 Dvigital 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

{tem

Specification

" Connector

RS232C type connector

Line

7 lines

Pin connection

Connector A Connector B

O i 10
10 e 9
L 12
12 e n
13 e 14
18 i 13
22 s 22
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PC900S

PRINTER INTERFACE CABLE

DESCRIPTION SPECIFICATION
The PC9005 |s_ an interface cable to conne'ct the cr.oss o po— P
assemble machine PC9000 or the debugging machine
PC4000 and a centronics printer ! STB Strobe output signal of data
2~9 Do~D7 Data output signal to a printer
FEATURES ) 10 ACK Input 5|gnai of data acknowledgement
® Capability of outputting an assembled list or a dis- 11 BUSY BUSY input signal from a printer
assembled list by connecting the PC9000 .and a printer. 12 P EMP | Input signal notifying a printer paper smpty
® Capability of outputting a disassembled list or a traced - - -
. 31 RST Output signal to initiate a printer
result at the 8080 software debugging by DDT when a
CP/M is converted to the PC9000 32 FAULT | Inputsignal to notify printer errors
® Capability of outputting a disassembled list which 19~29 | GND Ground

corresponds to each microcomputer, an internal memory
dump list etc. by connecting the PC4000 and a printer.

FUNCTIONS

The PCS005 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.
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PCA4040

MELPS 740 DEDICATEb BOARD (M50740-XXXSP, M50741 -XXXSP)

DESCRIPTION .

The PCA4040 MELPS 740 dedicated board is for use with
the PC4000 debugging machine for the M50740-XXXSP, and
M50741-XXXSP singie-chip 8-bit microcomputet, and it is
used by inserting the board in the PC4000 cabinet.

FEATURES v

® Connection to user's system by a flat cable

® Single-step operation and breakpoint operation capabil-

ity from the PC4000 debugging machine keyboard. De-
bugging functions such as confirmation and modification
of internal register contents.

APPLICATIONS

Development of hardware and software for systems using
the MELPS 740 (M50740-XXXSP and M50741-XXXSP) sing-
le-chip microcomputer.

CONFIGURATION

As can be seen from the block diagram, the PCA4040 con-
sists of the following hardware.

(1) Evaluation chip (M50740-000SP) and peripheral circuit
(2) EPROM with the PC4000 monitor program

(3) Single-step and breakpoint control circuit

(4) Program memory interface circuit

(5) Input/output buffer/latch circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION
" The debugging machine PC4000 operates as a debugging
machine for MELPS 740 microcomputers using the monitor
program contents of a ROM mounted on the dedicated
board. The evaluation chip (M50740-000SP) loaded on the
board executes the program stored in the prégram memory.
The internal status of the evaluation chip is read out under
monitor CPU control when halted. by single-step operation
and breakpoint operation.

SPECIFICATIONS

Item

Specification

Applicable microcomputer

M50740-XXXSP, M50741-XXXSP

Clock frequency T CF

4MHz .

Applicable debugging
machine

PC4000
(connected by a card edge connector J3)

Power supply

Supplied by PC4000

Connection to user’s
system

Accessory cable

‘Debugging functions
(contents of monitor EFROM)

® Program execution from any address,
stop and single-step operation

@ Confirmation and change of program
RAM contents

® Contirmation and modification of RAM data
in luation chip and
ification of following registers and flags:

ion and mod-

Program counter

Index register X

Index register Y
Stack pointer
Accumulator

Processor status register
@ 'Data programing to EPROM and reading

7—18
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PCA4040

MELPS 740 DEDICATED BOARD (M50740-XXXSP,M50741-XXXSP)

BLOCK DIAGRAM

r CONNECTOR FOR TARGET SYSTEM CONNECTIONS ]“
24 ’
PORT INPUT PORT OUTPUT
BUFFER BUFFER
PORT (
r- BDDRESS 24 (
ECODER PORT DIRECTION PORT DATA
L T 3/ LATCH LATCH
3 A
7 \ 3
ADDRESS 16, ‘
LATCH g % q, s L 12
| Py Py P2 P34
13
— ] CPU M50740-000P
CLOCK
GENERATOR
Xin CIRCUIT
TIMING 3 1
GENERATOR - ‘ Ed
CIRCUIT .
.
_r
[ [ 2
L 1 CONNECTOR
; (42)
RESET,
INTERRUPT DATA BUS ADDRESS
CONTROL BUFFER BUS BUFFER
SoNTROL REAK j
BREA DATA/PROGRAM
CIRCUIT CONTROL
CONTROL MEMORY
Data Address
~ )
O J J
8 £53 ( J
w
cO% 1 : '
no0 Z
— o4
In—o
- —~ 13 GQE
P -4
Qe [ 223
Ga ADDRESS DATA BUS ADDRESS r i
&3 READ GATE BUFFER BUS BUFFER | - MONITOR ROM
Qu (M5L2764K)
D 7 2y
~ —~ s, )
—~— »
\_ ~
124, 8y 12 sy 3 (
| CARD EDGE GONNECTOR FOR PC4000 CONNECTION |EE
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PCA4060

MELPS 760 DEDICATED BOARD (M50760-XXXP, M50761-XXXP)

DESCRIPTION

The PCA4060 MELPS 760 dedicated board is for use with
the PC4000 debugging machine for the M50760-XXXP and
M50761-XXXP single-chip 4-bit microcomputers, and it is
used by inserting the board in the PC4000 cabinet.

FEATURES

® Connection to user's system by a flat cable

@ - Single-step operation and breakpoint operation capabil-
ity from the PC4000 debugging machine keyboard. De-
bugging functions such as confirmation of internal regis-
ter contents.

APPLICATIONS

Development of hardware and software for systems using
the MELPS 760 (M50760-XXXP, M50761-XXXP) single-chip
microcomputer.

CONFIGURATION

As can be seen from the block diagram, the PCA4060 con-
sists of the following hardware.

(1) Evaluation chip (M50760-000P) and peripheral circuit
(2) EPROM with the PC4000 monitor program

(3) Single-step and breakpoint control circuit

(4) Program memory interface circuit

(5) Input/output buffer/latch circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION ;
The debugging machine PC4000 operates as a debugging
machine for MELPS 760 microcomputers using the monitor
program contents of a ROM mounted on the dedicated
board. The evaluation chip (M50760-000P) loaded on the
board executes 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 halted by single-step operation
and breakpoint operation.

SPECIFICATIONS

" ltem

Specification

Applicable microcomputer

M50760-XXXP, M50761-XXXP

CF
Clock frequency

400kHz

CR

200~400kHz

Applicable debugging
machine

PC4000
(connected by a card edge connector J3)

Power supply

Supplied by PC4000

Connection to user’s
system

Accessory cable

‘Debugging functions
(contents of monitor EPROM)

® Program execution from any address,
stop and single-step operation

©® Confirmation and change of program
RAM contents

@® Confirmation’ and modification of RAM data
in evaluation chip and verification and mod-
ification of following registers and flags:,
* Program counter
* A register and carry
* B register
* Data pointers (X, Y)

® Data programing to EPROM and reading
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PCA4060

MELPS 760 DEDICATED. BOARD (M‘50760-XXXP, M50761-XXXP)

BLOCK DIAGRAM

L

CONNECTOR FOR TARGET SYSTEM CONNECTIONS

8
Y

PORT EMULATION CIRCUIT

CLOCK
GENERATOR
CIRCUIT

R—

4\
( 7 N N
9* 4
RESET Dy~Dg Fo—~F3
CPU M50760-000P
NVss. X
INSTRUCTION O¥ss Xour
e
— ) 2
DI
INSTRUCTION ADDRESS
INPUT DNSTRUCTION BU TIMING
BUFFER s BUFFER GENERATOR
CIRCUIT
L] by
TO PARTS ON
BOARD
DYNAMIC ONTROL
RUN/STEP PROGRAM gROGRAM
CONTROL COUNTER COUNTER
CIRCUIT <\ LATCH LATCH
ADDRESS
INSTRUCTION
DECODER COMPARATOR 10 1 (
1
L/
r—_ 10*\
e
acar
’ CIRCUIT
) ! 10
3
104, 12

PORT F
BUFFER

REGISTER
RAM INPUT
CIRCUIT

)

I

T

MONITOR
oM

MONITOR
ROM
#2

AN

/5

CARD EDGE CONNECTOR FOR PC4000 CONNECTIONS
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PCA4340

MELPS 740 EVALUATION BOARD‘(Msouo-xxxsp, M50741-XXXSP)

DESCRIPTION

The PCA4340 evaluation board is used as an evaluation
board for MELPS 740 8-bit single-chip computers.

When used in the external ROM mode, this board consists
of the evaluation chip (M50740-000SP) and the program
EPROM (M5L2732K) possessing equivalent functions to the
masked ROM MB50740-XXXSP and M50741-XXXSP. When
creating the mask for a developed program, this board is

“suitable for verification and running tests.

FEATURES

® Board computer equivalent to M50740-XXXSP

® Simple program modification using an EPROM

® Connection to user's system by means of a cable
® Built-in clock generator

APPLICATIONS
Program and applications equipment development for
MELPS 740 8-bit single-chip microcomputers

CONFIGURATION

As can be seen in the block diagram, the PCA4340 consists
of the following hardware:

(1) Evaluation chip and peripheral circuit

(2) Program EPROM socket

(3) EPROM power supply circuit

The board and user system can be connected by means of
an accessory cable.

FUNCTION

The evaluation chip (M50740-000SP) outputs the value of
the program counter, and reads and executes the instruc-
tion stored in the appropriate EPROM address.

It is possible to have this board emulate the operation of a
single-chip microcomputer.

SPECIFICATIONS
Item Specification
Applicable microcomputer | M50740-XXXSP, M50741-XXXSP
Clock frequency C F | 4MHz

Cycle time 1us (with 4MHz clock)

Power suppl Voltage | 5V+5%, single
u
ow PRl Current | 0.5mA typ. (J1 open, with NOP instruction execution)
Connection with user
Accessory cable

system

J1 For user system connection (60 pins)
Connectors -

J2 2-pin angle pin header for power supply

Outer dimensions 200 (L) X 250 (W) X 20 (H) mm

BLOCK DIAGRAM »
! CLOCK v
GENERATOR cce— +5V
CIRCUIT .
GND oV
8 Xin
P30~P37 P3 ’ ES%GRAM
'
)]
4 7] 12 8 «
Ro~R3 Ro~ 3 W5 —sf msL ol
o029 2732K FaL
N M50740 355 amo
-000P |
CONTROL
SIGNAL
1
8 8
TIMING p _
GEXITEO ° f R Po~P7
! .
c?‘acu# ‘ P PORT EMULATION CIRCUIT Pro~P17
. 8 8 !
l l l/ Pl P20~P27
' TO PARTS
ON BOARD !
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MELPS 760 EVALUATION BOARD (M50760-XXXP, M50761-XXXP)

MITSUBISHI MICROCOMPUTERS

PCA4360

DESCRIPTION
The PCA4360 evaluation board is used as an evaluation
board for MELPS 760 4-bit single-chip computers.

When used in the external ROM mode, this board consists -

of the evaluation chip (M50760-000P) and the program
EPROM (M5L2716K) possessing equivalent functions to the
masked ROM MB50760-XXXP and M50761-XXXP. When cre-
ating the mask for a developed program, this board is suit-
able for verification and running tests.

FEATURES

® Board computer equivalent to M50760-XXXP, M50761-
XXXP

® Simple program modification using an EPROM

® Connection to user’'s system by means of a cable

® Built-in clock genergtor

APPLICATIONS _
Program and applications equipment development for
MELPS 760 4-bit single-chip microcomputers

CONFIGURATION
As can be seen in the block diagram, the PCA4360 consists
of the following hardware:
(1) Evaluation chip and peripheral circuit
-(2) Program EPROM socket

The board and user system can be connected by meahs of

an accessory cable.

FUNCTION

The evaluation chip (M50760-000P) outputs the value of the
program counter, and reads and executes the instruction
stored in the appropriate EPROM address.

It is possible to have this board emulate the operation of a
single-chip microcomputer.

SPECIFICATIONS
Item Specification
Applicable microcomputer M50760-XXXP, M50761-XXXP
C F | 400kHz
Clock frequen
ueney "6 R | 200~400kHz
Cycle time 10us
Vol +59
Power supply oltage | 5V 56,\ single
Current | 0. 5mA typ.
Connection with user
Accessory cable
system
J1 For user system connection (20pin)
Connectors
J2 2-pin angle pin header for power supply
Outer dimensions 100 (L) X 150 (W) X 20 (H) mm

BLOCK DIAGRAM
.
10
|A?o M5L.2716K |
DATA
a0s U procram L& Bus |
STORAGE BUFFER
EPROM 9
Do~Ds PORT e = Do~Ds
; EMULATION
Fo CIRCUIT Fo
s Sojeeney
-000P i , SYSTEM
1
cLock | C‘(’JN:; CT
GENERATOR
CIRCUIT Xin 3
‘ . CNVss frry + F1~F3
s SENSE
[ - INPUT
RESET RESET
WE| ‘ Vss J
SUPPLY iy
SoNER, GENERATOR |
; E
(2) CIRCUIT e
[ Vee
| Vss
i 1
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’PCA8400

MELPS 8-48 DEDICATED BOARD

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 DIL
plug ) .

® Control circuits and connectors for the 18748 writing
adaptor (PC4100)

APPLICATIONS
The development of hatrdware and software for systems
using the MELPS 8-48 8-bit single-chip microcomputers.

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 cperates 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
M51.8748S writing adaptor PC4100 has been provided,
allowing programs to be written and read from the
18748.

BLOCK DIAGRAM

8
—>>1 PORT DIRECTION PORT D
., SWITCHING CIRCUIT
1
|
. g
coMpARISON 12 5| ADDRESS IDENTITY <~—{ ApDRESS LATCH f=—b> PORT P1
| M5L8039P-6 !
SINGLE-STEP ss
CONTROL CIRCUIT a
8 PORT P2
e/ DATA LATCH 4
PORT SWITCHING |2,
\ CIRCUIT
DATA CLOCK
8 GENERATOR
> DATA BUFFER
|
I
12 | pcaooo
ADDRESS L‘—’ MONITOR ROM 0 PCAI0O
x 2
M5L2732K M5L8155P M5L8748S
, L . ) WRITER
INSTRUCTION g
DATA
i 8748 INTERFACE PORT
\\
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PCA8400

MELPS 8-48 DEDICATED BOARD

SPECIFICATIONS
Item Specification
M5L8048-XXXP
Applicable M5L8049-XXXP
microcomputers MsMaosoH-XXXP
M5M8050L-XXXP
Clock Package 6.144MHz

frequency Variableram;je 1~6,144MHz (By changing the oscillator crystat}

Applicable debugging
‘machine PC4000 (connected by a card edge connector)
. Supplied from the PC4000 when inserted into the
Power supply debugging machine
Connection to user’s By an accessory cable
system

Program execution from any address and halt
Data writing to EPROM and reading
%(X\hflgrmation and change of the contents afprogram|

Debugging functions
{contents of monitor
EPROM)

Serial data transfer to an external device
Confirmation and modification of the RAM data in
the evaluation chip

(MBL8039P-6) and the contents of the following,
registers and flags:

Program counter

Accumulator

® PSW

By connecting the PC4100, read and write operations

Other
to the 18748 can be performed.
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PCA8403

MELPS 8-48 EVALUTION BOARD

DESCRIPTION
The PCAB8403 evaluation board is used as an evaluation
board for MELPS 8-48 8-bit microcomputers,

This board consists basically of the external ROM chip
(M5L8039P-11) 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
ver|f|cat|on and running tests.

FEATUR ES

® Board computer equivalent to the M5L8048-XXXP,
M5L8049-X XXP.

® 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

CONFIGURATION - R
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 systerﬁ can be connected by means
of an accessory cable.

SPECIFICATIONS
Item Specification
Type 8-bit parallel processor
CPY M5L8039P-11 (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)

APPLICATIONS
o . , 8-bit parallel port x3
Program and applications equipment development for 1:0 Test pin x2
MELPS 8-48 8-bit single-chip microcomputers. Interrupts INT pin
Power supply 5V £5%, 600mA (max)
FUNCTION -
. . Connector used 40-pin DIL accessary plag
The evaluation chip (M5L8039P-11) outputs the value of ——
) ! . Outer dimensions 50 (L) x 170 (W) x 35 {H) mm
the program counter and reads in instructions from
ERROM and executes them.
The board is equivalent in operatlon to a single<chip
microcomputer,
BLOCK DIAGRAM
M5L8039P- 11
PSEN o—
| + 5v—|EA 3 .
OE
cLock 2 o x ADDRESS
7 1, X2 pBH
, IN| aporess {OUT Rom JDATA
8 LATCH
P1 4 P1 —>
L 4 PORT 2 1
P2 UPPER ORDER 4 BITS ' UPPER
ORDER BITS
A
TEST PINT1 To poé“f% 4 LE
. UPPER
ORDER BITS
TEST PIN TO T GATA BUS X
| ) PD_WR PORT
T INPUT
BUFFER
8
. 4 PORT 2 b8
P2 LOWER ORDER 4 BITS |4 INPUT BUFFER |
| DATA BUS
PORT
OUTPUT
PORT 2 LATCH
OUTPUT LATCH
1
"RD WR B - -
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- MELPS 760 MASK ROM

MITSUBISHI MICROCOMPUTERS

ORDERING METHOD

MASK ROM ORDERING METHOD

Mitsubishi Electric corp. receives via EPROMSs the data for
writing programs in the mask ROMs of single-chip 4-bit
microcomputer.

When placing an order, submit three sets of one or more
than one EPROMSs in which the data for one pattern are
written together with the prescribed confirmation document
(s).

It use of different media is intended, make a request accor-
dingly.

EPROM SPECIFICATIONS ‘

1. M5L2716K, M5L2732K, Intel’s 2716 or 2732 may be used,
but M5L2716K and M5L2732K are regarded as stan-
dard.

2. The data and address of EPROM are processed by re-
garding the content of “H” as “1”.

3. Write in the EPROMs to be submitted the kind of order
to be placed as well as the distinction as to address
assignment (the address to be assigned is given in the
confirmation documents).

4. If a discrepancy (discrepancies) between the EPROMs
submitted is found, a notice to that effect will be given.

5. Everything written from the start address of an EPROM
onward is treated as data.

MASK ROM PROCESSING SYSTEM

Programs for automatic design of mask ROMs have been
prepared and the followings are generated automatically :
1. Drawing data for mask ROM generation.

2. Proof lists for checking errors in making mask ROMs.
3. Test pograms for large-scale tester. '

A CAD system for this shown in the figure below.

ITEMS TO CONFIRM FOR ORDERING
1. Confirmation document for masking-«--=-+=--===>+++ 1 copy
2 . Data fOl' ROMS ............................... 3 sets in EPROMS

FROM CUSTOMER

MELPS 760 MASK ROM DEVELOPMENT CAD SYSTEM

CONFIRMATION
SHEET
] MASK ROM -
PROGHAM = DHN0 ) AUTOMATIC
GENERATION o TR ERROR! DESIGN PROGRAM

MITSUBISHI ELECTRIC

Ves ﬂ

CHECK LIST
(CODE TABLE)

ERROR?

MASK DRAFTING DATA ’ ROM TEST PROGRAM

MASK
DRAFTING
JEST DATA

NO ORDER TO MAKE MASK [] ﬂ

VES
MASK
YES ZFAULTNNO cHECK | | MANUFACTURING LARGE
TAPE PROCESS TESTER
o WATER
TEST
o FINAL
ACCEPTANCE e el
MASK ROM MANUFACTURING , ® QA TEST
- ] PROCESS
- MITSUBISHI ~ 83
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MITSUBISHI MICROCOMPUTERS

..~ MELPS 760 MASK ROM
I ORDERING METHOD

MELPS760 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 4-BIT MICROCOMPUTERS M50760-XXXSP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
. ) Prepared
Company address Tel
Company contact Date Approved
The single-chip microcomputer type number to order and checking V/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.
EPROM type number 2716 [J2732
Address of EPROM A (00046 ~ 3FFyg) OA (00046 ~ 3FFy¢)

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. \

I The data of the addresses in parentheses on the EPROM are programmed onto the ROM.

. 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.

S w

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extrenie right.
6 : The identification mard should be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS

84 MITSUBISHI
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MELPS 740 MASK ROM

MITSUBISHI MICROCOMPUTERS

ORDERING METHOD

MASK ROM ORDERING METHOD

Mitsubishi Electric corp. receives via EPROMs the data for
writing programs in the mask ROMs of single-chip 8-bit
microcomputer.

When placing an order, submit three sets of one or more
than one EPROMSs in which the data for one pattern are
written together with the prescribed confirmation document
(s).

It use of different media is intended, make a request accor-
dingly.

EPROM SPECIFICATIONS

1. M5L2716K, M5L2732K, Intel’'s 2716 or 2732 may be used,
but M5L2716K and M5L2732K are regarded as stan-
dard.

2. The data and address .of EPROM are processed by re-
garding the content of “H” as “1”.

3. Write in the EPROMSs to be submitted the kind of order
to be placed as well as the distinction as to address
assignment (the address to be assigned is given in the
confirmation documents).

4. If a discrepancy (discrepancies) between the EPROMs
submitted is found, a notice to that effect will be given.

5. Everything written from the start address of an EPROM
onward is treated as data.

MASK ROM PROCESSING SYSTEM

Programs for automatic design of mask ROMs have been
prepared and the followings are generated automatically :
1. Drawing data for mask ROM generation.

2. Proof lists for checking errors in making mask ROMs.
3. Test pograms for large-scale tester.

A CAD system for this shown in the figure below.

ITEMS TO CONFIRM FOR ORDERING

1. Confirmation document for masking -«««--====++++---+- 1 copy
2. Data for ROMs: =« ereeseesisnesnseneees 3 sets in EPROMs

MASK OPTIONS

As for option, make entries in the confirmation documents
by referring to the data book.

ROMSs are made in accordance with the EPROMs and con-
firmation document submitted, then the EPROMSs will be re-
turned but the documents will not be returned.

FROM CUSTOMER

CONFIRMATION
SHEET

PROGRAM T T no | automatic .
GENERATION Forv TR ERROR? DESIGN PROGRAM

MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM

MITSUBISHI ELECTRIC

MASK ROM

Ves u

CHECK LIST
{CODE TABLE)

MASK
DRAFTING
TEST DATA

MASK DRAFTING DATA ROM TEST PROGRAM

NO ORDER TO MAKE MASK [] l ﬂ

MASK
lcHECK MANUFACTURING LARCE
PROCESS
® WATER
: TEST
® FINAL
- ACCEPTANCE T TEST
MASK ROM ) MANUFACTURING ® QATEST
] PROCESS -
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MITSUBISHI MICROCOMPUTERS

"MELPS 740 MASK ROM
ORDERING METHOD

MELPS740 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M50740-XXXSP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
Prepared
Company address Tel
Company contact i ) Date Approved
The single-chip microcomputer type number to order and checking v/ in the boxes. Three sets of EPROMSs should be
the type of EPROMs to be supplied should be specified by supplied.
EPROM type number: 2716 2732
Address of EPROM [JA (00046 ~ 3FF16) ’ A (00046 ~ 3FF16)

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
EPROMSs.

3 I 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 DENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

. 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 O) or dashes.

COMMENTS
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MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MASK ROM
ORDERING METHOD

MASK ROM ORDERING METHOD EPROM SPECIRICATIONS

Described below is the ordering method applicable when 1. Usable EPROMs include Mitsubishi's M5L2716K,

programs submitted by the customer are written into the M5L2732K or Intel’s 2716, 2732, 8748, 8749 or their

mask ROMs. . equivalent. The M5L2716K, M5L2732 and Intel's 8748,
An automatic mask ROM design program is prepared 8749 are the standard EPROMS.

for ‘writing programs into mask ROMs, and (1) the drafting 2. “High” is treated as 1 for the EPROM data and

data for mask ROM generation, (2) the reference list for address.

mask ROM preparation error checks and (3) an automatic 3. All the data from the head address to the final address

test protram for the large-scale tester designed to test the are treated as the EPROM’s effective data..

mask ROMs are all automatically generated.
When the object program is stored in the MELPS8-48  CHECKPOINTS
single-chip microcomputer mask ROM, the order for the . Cleary indicate the type number of EPROM.
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.

MELPS 8-48 MASK ROM DEVELOPMENT CAD SYSTEM

FROM CUSTOMER MITSUBISHI ELECTRIC
CONFIRMATION
SHEET
‘ - 1 w™ask roM
PSSJGEFEIM | =210 NO AUTOMATIC
GENERATION AT ERROR? DESIGN PROGRAM
YES
L
T
CHECK LIST
(CODE TABLE) @ Pé?s{\ngLh%_(i Q
MASK DRAFTING DATA ROM TEST PROGRAM
NO ORDER TO MAKE MASK [ ] ﬂ
MASK
CHECK| | MANUFACTURING LARGE
PROCESS TESTER
® WATER
‘ TEST
® FINAL
ACCEPTANCE o TEST
MASK ROM MANUFACTURING ® QA TEST
| PROCESS
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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-8, P-6, M5LBO49H-XXXP, M5MB050H-XXXP,
M5MB8050L-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 checking V/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.

EPROM b
HOM type number (12716 (12732
microcomputer type number
CIM5L8048-XXXP [JA (00046 ~ 3FFy6) [JA (00046 ~ 3FF6) : (18748

[IMS5L8049-XXXP
IM5L8049-XXXP-8 JA (00046 ~ 7FFig) A (00056 ~ 7FFy6) 08749
[IM5L8049-XXXP-6

[JM5L8049H-XXXP (A (00046 ~ 7FF1e) A (000 ~ 7FFie) 8749

[CIM5M8050H-XXXP DA (0004 ~ 7FFg)

[JA (00046 ~ FFF. -
[IM5MBO50L-XXXP [JB (80046 ~ FFFyg) (000:6 16)

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.

. The data of the addresses in parentheses on the EPROM are programmed onto the ROM.

. 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.

How

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field shoutd 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 O) or dashes.

COMMENTS

8—8 ' 4 MITSUBISHI
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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

Signature
Customer
Company name
Prepared

Company address Tel

Company contact Date Approved
The single-chip microcomputer type number to order and checking \/ in the boxes. Three sets of EPROMs should be
the type of EPROMSs to be supplied should be specified by supplied.

EPROM b
, v ype numoer 2716 Dl2732
microcomputer type number
[IM5M80C49P-XXXP A (00046 ~ 7FFyg) A (0006 ~ FFFyg) 18749

Note 1 The high-tevel 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.
. 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.

w

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

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 O) or dashes.

COMMENTS
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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 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 M5L2716K,
Mb51L2732K, or Intel’'s 2716, 2732, 8741, 8741A, 8742 or their
equivalent. The M5L2716K and M5L2732K are the 'stan-
dard EPROMSs.

2. “High” is treated as 1 for the EPROM data and

" address. )

3. Alil 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.

FROM CUSTOMER

CONFIRMATION
SHEET

[ _oBJECT ;
PROGHAM (TT 7
GENERATION R AT e

T

N\NO
ERROR? | DESIGN PROGRAM
Vs U

MELPS 8-41 MASK ROM DEVELOPMENT CAD SYSTEM

MITSUBISHI ELECTRIC

MASK ROM
AUTOMATIC

CHECK LIST
(CODE TABLE)

MASK DRAFTING DATA
NO  ORDER TO MAKE MASK ]

MASK
DRAFTING
Q TEST DATA b

' ROM TEST PROGRAM

ERROR?
VES J l
MASK
YES ZFAULTNNO crEck| | MANUFAGTURING LARCE
TAPE PROCESS
. ® WATER
TEST
® FINAL
ACCEPTANCE > Al
MASK ROM MANUFACTURING ® QA TEST
| PROCESS
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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

Signature
Customer
Company name
Prepared
Company address Tel
Company contact : Date Approved

The Slave computer type number to order and the type of v/ in the boxes. Three sets of EPROMs should be supplied.
EPROMs to be supplied should be specified by checking

EPROM Type number
A P 02716 [2732
microcomputer type number
d8741
M5L8041A-XXXP A (00046 ~ 3FF. [JA (00046 ~ 3FF
O (00046 16) (00046 16) Ca741A
[IM5L8042-XXXP ‘0JA (00046 ~ 7FF1g) [JA (00046 ~ 7FF4g) 18742

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. :

I The data of the addresses in parentheses on the EPROM are programmed onto the ROM.
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.

oW

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

Mitsubishi IC type number

Note 5 : A mark field should start with the box at the extreme right. )
6 ! The identification mard shouid'be no more than 12 characters consisting of alphanumeric
characters (except J.I. and O) or dashes.

COMMENTS .

MITSUBISHI : 8—11
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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

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 795-2427

Facsimile: (852) 123-4344

TAIWAN

MELCO Taiwan Co,, Ltd.

Room 1303, 13th ft., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, R.O.C.

Telex: 11211 MITSUBISHI
Telephone: (597) 3111

U.S.A.

Mitsubishi Electronics America, Inc.
777 North Pastoria Avenue
Sunnyvale CA 94086, U.S.A.

Telex: 172296 MELA SUVL
Telephone: (408) 730-5900
Facsimile: (408) 730-4972

Mitsubishi Electronics America, Inc
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELASB WOBN
Telephone: (617) 938-1220
Facsimile: (617) 938-1075

Mitsubishi Electronics America, Inc.
3247 West Story Road,

Los Colinas Business Park

irving, TX 75062, U.S.A.
Telephone: (214) 258-1266
Facsimile: (214) 659-9313

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, ILL 60056, U.S.A.

Telex: 270636 MESA CHI-MPCT
Telephone: (312) 298-9223~8
Facsimile: (312) 298-9223~8

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: (02102) 486-115

U.K.

Mitsubishi Electric (U.K.) Ltd.
18th Floor, Centre Point,

103 New Oxford st.,

London WC1A1EB, U.K.

Telex: 296195 MELCO G
Telephone: (379) 7160
Facsimile: (836) 0699

AUSTRALIA

Mitsubishi Electric Australla Pty. Ltd.
73-75, Epping Road, North Ride,
N.S.W. 2113 Australia

P.O. Bax 1567 Macquarie Centre
Telex: MESYO AA 26614
Telephone: (888) 5777

Facsimile: (887) 3635

) MITSUBISHI
ELECTRIC
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MITSUBISHI MICROCOMPUTEKD>

M5L8048-XXXP/M5L8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL CHARACTERISTICS

DATA BUS HIGH-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL
OUTPUT CURRENT

LOW-LEVEL INPUT VOLTAGE V,(V) HIGH-LEVEL OUTPUT VOLTAGE Vou(V)
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N

~

2.80

HIGH-LEVEL OUTPUT CURRENT Ig,(mA)

0
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N
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OUTPUT CURRENT
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MITSUBISHI MICROCOMPUTERS

M5L8049-XXXP,P-8,P-6
M5L8039P-11,P-8,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL

LOW-LEVEL INPUT VOLTAGE V\(V) HIGH-LEVEL OUTPUT VOLTAGE Vou(V)

NORMARIZED SUPPLY CURRENT (lc¢)

CHARACTERIST-CS

DATA BUS HIGH-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL

38 OUTPUT CURRENT
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MITSUBISHI MICROCOMPUTERS

MSL8049H-XXXP/MSL8039HLP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL CHARACTERISTICS

DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL
38— OUTPUT CURRENT 0.5 OUTPUT CURRENT
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MITSUBISHI MICROCOMPUTERS

M5M8050H- XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL
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MITSUBISHI MICROCOMPUTERS

M5MS8050L-XXXP/MSM8040LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TYPICAL
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MITSUBISHI MICROCOMPUTERS

M5M80C49- XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TYPICAL CHARACTERISTICS
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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

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 795-2427

Facsimile: (852) 123-4344

TAIWAN

MELCO Taiwan Co., Ltd.

Room 1303, 13th fi., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, R.O.C.

Telex: 11211 MITSUBISHI
Telephone: (597) 3111

U.S.A.

Mitsubishi Electronics America, Inc.
777 North Pastoria Avenue
Sunnyvale CA 94086, U.S.A.

Telex: 172296 MELA SUVL
Telephone: (408) 730-5900
Facsimile: (408) 730-4972

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELASB WOBN
Telephone: (617) 938-1220
Facsimile: (617) 938-1075

Mitsubishi Electronics America, Inc.
3247 West Story Road,

Los Colinas Business Park

Irving, TX 75062, U.S.A.
Telephone: (214) 258-1266
Facsimile: (214) 659-9313

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, ILL 60056, U.S.A.

Telex: 270636 MESA CHI-MPCT
Telephone: (312) 298-9223~8
Facsimile: (312) 298-9223~8

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: {02102) 486-115

U.K.

Mitsubishi Electric {U.K.) Ltd.
18th Floor, Centre Point,

103 New Oxford st.,

London WC1A1EB, U.K.

Telex: 296195 MELCO G
Telephone: (379) 7160
Facsimile: (836) 0699

AUSTRALIA

Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ride,
N.S.W. 2113 Australia

P.O. Box 1567 Macquarie Centre
Telex: MESYO AA 26614
Telephone: (888) 5777

Facsimile: {887) 3635
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