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

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

Electrical characteristics
Supply Typ | Max. | Min | Max. .
Type Circuit function and organization Structure | voltage | pwr [access! cycle | fre- | Package Interchangeable Page
- 8 ? products
(V) time | time |quency|
(mW) | (ns) | (ns) |(MHz)
HEMELPS 8-48 Microcomputers
M5L8048-XXXP 1K-Byte Mask-Prog. ROM N,Si,.ED | 5+10% | 325 | — | 2500 6 40P4 | i8048 2—21
M5L8035LP External ROM Type,64-Byte RAM | N,Si,ED | 5+X10% | 325 | — | 2500 6 40P4 | i8035L 2—21
M5L8049-XXXP 500 | — {1360 11 i8049
- - . ,Si, + —2
M5L8049-XXXP-6 2K-Byte Mask-Prog. ROM N,Si,ED | 5+10% 500 | — [2500 s 40P4 — 2—25
M5L8039P-11 500 | — [1360| 11 i8039
Ext: { ROM T ,128-B: RAM | N,Si,ED|5+10% 40P4 2—25
M5L8039P-6 erna ype vte 500 | — |2500] 6 | “°P* [igoss-s
M5L8B049H1-XXXP | 2K-Byte Mask-Prog. ROM N,Si,ED|[5+10% | 250 | — [1070| 14 40P4 | i8049H 2—29
MS5L8039HLP-14 External ROM Type,128-Byte RAM | N,Si,.ED | 5+10% | 250 — 1070 14 40P4 | i8039HL 2—29
M5MB0C49-XXXP | 2K-Byte Mask-Prog. ROM C,Si 5+10%| 25 | — |2500 6 40P4 — 2—45
M5M80C39P-6 External ROM Type,128-Byte RAM | C,Si 5+10%| 25| — |2500| 6 | 40P4 — 2—45
M5MB050H-XXXP | 4K-Byte Mask-Prog. ROM N,SIL,ED | 5+£10% | 350 — [1360| 11 40P4 — 2—35
M5M8040HP External ROM Type,256-Byte RAM |N,Si,ED [5%+10% | 350 | — (1360 11 40P4 — 2—35
M5MBS80S0L-XXXP | 4K-Byte Mask-Prog. ROM N,Si,ED|5£10%| 250 | — | 2500 6 40P4 — 2—40
M5M8040LP External ROM Type,256-Byte RAM | N,Si,ED | 5+10% | 250 | — | 2500 6 40P4 — 2—40
HMELPS 8-41 Slave Microcomputers
M5L8041A-XXXP 1K-Byte Mask-Prog. ROM N,Si,.ED | 5+10% | 300 -— | 2500 6 40P4 | i8041A 3—-25
M5L8042-XXXP 2K-Byte Mask-Prog. ROM N,Si,ED|5+10% | 300 | — [1250| 12 40P4 | 18042 3—32
HLSIs for Peripheral Circuits
M50780SP 1/0 Expander (CE="H" active) C,Al 3~14 — — — — | 40P4B | TMS1025C 4-—-3
M50781SP 1/0 Expander (CE="H" active) C,Al 3~14 —_ — — — | 28P4B | TMS1024C 4—3
M50782SP I/0 Expander (CE="L"” active) |C,Al 3~14 | — | — | — | — | 40P4B — 4—3
M50783SP 1/0 Expander (CE=“L" active) | C,Al 3~14 | — | — | — | — | 28P4aB — 4—3
M50784SP Input Expander C,Al 4~14 | — — — — | 28P4B — 4—9
M50786SP 1/0 Expander (CE=“L" active) C,Al 4~14 | — | — | — | — | a0PaB — 4—11
M50790SP 1/0 Expander C,Al 4~14 — — — — | 52P4B — 4—16
M5L8243P 170 Expander N,Si,ED [5VE10% — — — — 24P4 |i8243 4—26
M5M82C43P 1/0 Expander C,Si 5VE10% — — — — 24P4 — 4—32
2048-Bit Static RAM with 1/0
M6L8155P B R Y INSIED|5 £5% | 500 | — | — | — | 4oP4 |is1s5 4—39
Ports and Timer (CE="“L” active)
2048-Bit Static RAM with 170
M5L8156P e .  INSILED|5 £5% 500 | — | — | — | 40P4 |ig156 4—a7
Ports and Timer (CE="H" active)
Note ! AI=Aluminum gate. C=CMOS. ED=Enhancement depletion mode. N=N-channel. P=P-channel. Si=S8ilicon gate.

MITSUBISHI

ELECTRIC




SR Al R EA

@ ¥ R MITSUBISHI MICROCOMPUTERS

S 'DEVELOPMENT SUPPORT SYSTEMS

<. . Development Support Systems
Development Support unit Cross-assembler unit . Debugging unit
Evaluation boards
Type . Hardware Software Main unit Special boards . |- NI
M5MBOC49-XXXP PCA8403
CMOS
8-bit
M5M80C39P-6 -
M5L8048-XXXP PCA8403
. M5L8035LP -
4
° M5L8049-XXXP PCA8403
3
Q
g M5L8049-XXXP-6 PCA8403
g l\gELaPS
-4
5 M5L.8039P-11 -
£ .
NMOS _
5 8-bit M5L8039P-6
(&)
o M5MB8050H-XXXP PCAB8403
5 .
c
7] M5MB050L-XXXP PCA8403
M5L8049H1-XXXP -
M5L8039HLP-14 -
M5L8041A-XXXP -
MELPS
8-41
M5L8042-XXXP —_
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ORDERING INFORMATION

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

For Mitsubishi Original Products
Example: M 5 07 40_-%@]_ §_P__-_2F

M Mitsubishi integrated prefix

Temperature range
5 . Standard industrial/commercial (0 to 70/75°C or —20 to 867C).
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 — Flat package FP

P : Molded plastic ‘—[ -
S ! Metal-sealed ceramic Shrink package SP

L Electrical characteristic identification code using 1 or 2 digits.

MITSUBISHI 1—5
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ORDERING INFORMATION

For Second Source Products
Example: M 5 L 8049H - 001 P - 1
-

M : Mitsubishi integrated circuit prefix

Temperature range
5  Standard industrial/commercial {0 to 70/75°C or —20 to 85C)
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

E4Arx0o0

Circuit function identification code of the original source type name

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.

PACKAGE CODE

Package style may be specified by using the following simplified alphanumeric code.
Example: 42 P 4 B )
< T T T

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

L— Other package outline
B : shrink DIL package (Reed pitch 1.778mm)

1—6 MITSUBISHI
ELECTRIC



g e MITSUBISHI MICROCOMPUTERS
PACKAGE OUTLINES
TYPE 24P4 24-PIN MOLDED PLASTIC DIL Pimension in mm
1 31.1fg:g
lI_lI_Il"]l'_'LﬂﬂJ'lI"ll:'lI"lJ:lﬂ
) Ol 3
15.24+0.3
/ [ —;\
5.5MAX HE )
+0.07
2.8MIN 0-27 =005
2.540.25 1.2f8:? . 15.2~17
TYPE 28P4B 28-PIN MOLDED PLASTIC DIL(LEAD PITCH 1.78mm) Dimension in mm
2703
Imininlsininininininin|
O O | ¢
o
10.16£0.3
5.5MAX T
2.8MIN
LS
10~14
MITSUBISHI
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T PACKAGE OUTLINES

Dimension in mm

TYPE 40P4 40-PIN MOLDED PLASTIC DIL

. +0.5
51.5103 .
[nnnnnnnnnnnnnnnnnnnn_'
w
S
R O O %
b
SoooUUoooU0UO0000000000
15.24%0.3
5.5MAX —
0.25F0.1
5MIN | 2.8MIN ] —0.05
2.5440.25 540, 15.2~17

Dimension in mm

TYPE 4OP4B 40-PIN MOLDED PLASTIC DIL (LEAD PITCH 1.78mm)

4405

3%6.7_¢22 N

oonanoNAaANQAAaoNNAONa 1

O : O

13%0.15

15.24+0.3
== : A i -
THH D 5.5MAX 7
{| b 0.27%9-07
' 0.5MIN | 2.8MIN = Bl
1.778+0.25 “ 0.5+0.1 ) . 15.2~17
' N
—0.1

g ‘ 'MITSUBISHI
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PACKAGE OUTLINES

Dimension in mm

TYPE 52P4B 52-PIN MOLDED PLASTIC DIL (LEAD PITCH 1.78mm)

+0.5
45.85_0_2

|
nnnnnnnnnnnnnnnnnnnnnnnn’1

) O O

tdudibuuuvuutaoguoouuauoouyg

15.24%0.3
13£0.15
Ll - i \ I i
\ - 5.5MAX :
:x: ¥ +0.07
0.27
—0.05
L 0.5MIN_y 2-8MIN -
1.778%0.25 01183 | |
//8E0. 0.1 0.5+0.1 : :
L s |
MITSUBISHI
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LE"I'TER 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 LSls 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 IEC document which
describes. “‘Letter symbols for dynamic parameters of
sequential integrated circuits, including memories’’ is
introduced below. In this data book, the dynamic para-
meters _in the |IEC document are applied to timing
requirements and switching 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:-

BABCoDCIE  ccremeimeeeceeeeresrssssesesenns (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 éignal 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: S\jbscripts DO-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 parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form

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

ta(-D)
or  tam
or .tap) — often used for hold times
or  tar — no brackets are used in this case
or ta

or tgc_pE — 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 terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and

1-10
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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
The letter symbols for the timing requirements of semi- Row address strobe RAS
. i Refresh RF
conductor memories are as follows : .
Read/Write RW
Term « Subscript Chip select S
Cycle time c Write (write enable) w
. . i . Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used.
Fall time f 2: It should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z. (See clause 5)
P . . 3: If the same terminal, or signal, can be used for two functions ({for example
rechargmg time pc Data input/output, Read/Mrite) the waveform should be labelled with the
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter.
Refresh time interval rf
Setup time u 5. SUBSCRIPTS C AND E
Transition time ¢ (For Transition of Signal)
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

- X Valid steady-state level {(either low or hlgh) \"
Characteristic Subscript \
Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output V4
Disable time . dis X A L.
. The direction of transition is expressed by two letters,
Enable time en L Lo
. . ‘the direction being from the state represented by the
Propagation time P . R
, first letter to that represented by the second letter, with
Recovery time rec the letters bei . b
.. . e letters being as given above.
Transition time T . gasg . .

s 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 level HL L
Transition from low level to

Signal or terminat 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 rAY \

. Note:  Since subscripts C and E may be abbreviated, and since subscripts 8 and D
Data input/output DQ P X o

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 1o 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 RwW
Write w
1—12 . MITSUBISHI
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SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol [Former symbol Parameter—definition
Ci Input capacitance

Co Output capacitance

Ci/o Input/output terminal capacitance

Ci(¢) Input capacitance of clock input

f Frequency

f(4) | 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

B8 Supply current from Vgg

IBB(AV) Average supply current from Vgg
lce Supply current from Vec

| CC(AV) Avarage supply current from Vcc
'CC( PD) Power-down supply current from Vcc
Ks)s) Supply current from Vpp

IpD(AV) Average supply current from Vpp
lgcg Supply current from Vgg

lga(Av) Average supply current from Vgg

1 Input current

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

(A8 Low-level input current—the value of the input current when Vg is applied 10 the input considered

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

loc 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 three-state capability with input condition so applied that

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

lozH Oft-state (high-impedance state) output current, with high-ievel voltage applied to the output

lozL Off-state (high-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

RoFF Off-state output resistance

Ron On-state output resistance

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

ta(a) ta(ap) 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

taca) ta(oE) Output enabie access time :

Ia (PR) Data access time after program

ta (RAS) Row address strobe access time

ta (s) ta(cs) Chip select access time

te Cycle time

tcH te (RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle

tcRF tc (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level

tcpa te(pa) Page-mode cycle time

torMw tc(HMR) 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

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

¢ MITSUBISHI 113
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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(¢) 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) td (CAS WR) Delay time, column address strobe to write

td (RAS-CAS) Delay time, row address strobe to column address strobe

td(ras-w) |td(ras-wR)| Delay time, row address strobe to write

tdis(r-0) |tdis(R-pa) | Outputdisable time after read

tdls(s) tpxz(cs) Output disable time after chip select

tdis (w) texz(wr) Output 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

len(ﬁ-o) tpzv(R-DQ)| Ovutput enable time after read

teng s-Q) tpzx(cs-Dg)| Output enable time after chip select

tf Fall time

th Hold time—the interval (iﬁe during which a signal at a specified input terminal after an active transition occurs at another specified input terminal

thea) th(ap) Address hold time

th(a-g) th(ap-ce) Chip enable hold time after address

th(a-pPR) th(AD-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-0) th(cas-ouT) Data-out hold 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 column address strobe '

th(p) th(pa) Data-in hold time

th(p-pr) [th(pa-PRO)| Program hold time after data-in

the) th(ce) Chip enable hold time

th(e-o) th(ce-pa) Data-in hold time after chip enable

th(e-q) th(ce-oE) Output enable hold time after chip enable

th(r) th(roD) Read hold time

th(ras-ca) Column address hold time after row address strobe

t h(RAS-CAS) Column address strobe hold time after row address strobe

th(RrAS-D) th(RAS-DA) Data-in hold time after row address strobe

th(ras-w) th(ras-wRr)| Writehold time after row address strobe

th(s) th(cs) Chip select hold time

th(w) th(WR) Write hold time

th(w-cas) (h(WR-CAs) Column address strobe hold time after write

th(w-b) th(wr-DA) Data-in hold time after write

th(w-ras) |th(wRr-ras)| Row addresshold 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

trec (PD) tn(p[)) 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 input terminal

tsu(a) tsu(ap) Address setup time

tsu(a-g) tSU(AD-CE) Chip enable setup time before address

tSu(A-W) tSU(AD-WR) Write setup time before’address

tsu(ca-Ras)

Row address strobe setup time before column address

1—14
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SYMBOLOGY

New symbo! |Former symbol Parameter—definition
tsu(p) tsu(pa) Data-in setup time

tsu(p-e) |tsu(pa-ce)| Chip enable setup time before data-in
tsu(p-w) |Usu(pa-wR'| Writesetup time before data-in

tsu(e) tsu(cE) Chip enable setup time

tsu(e-p) |lsu(ce-p) Precharge setup time before chip enable
tsu(G-E) tsu (OE-CE)| Chip enable setup time before output enable
tsu (P-E) tsu (P-CE) Chip enable setup time before precharge
tsu(PD) Power-down setup time

tsu(r) tsu(RD) Read setup time

tsu(F!-(:AS) tsu (RA-CAS) Column address strobe setup time before read

tsu (Ra-cas)
tsu(s)
tsu(s-w)
tsu(w)
TTHL
tTen
tv(a)
tv(e)
tv(e)Pr
tv(e
tv(pr)
tv(sy
tw
tw(e)
tw(em)
tw(eL)
tw(pr)
tw(r)
tw(s)
tww)
twig)
Ta
Topr
Tstg
Ve
Vee
Voo
Vaa
\7

Vin
Vi

Vo
VoH
VoL
Vss

tsu(cs)
tsu(cs-wR)

tsu(wR)

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

tv(os)

tw(ce)
tw(cen)
tw(eL)

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

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

Data valid time after address

Data valid time after chip enable

Data valid time after chip enable in program mode

Data valid time after output enable

Data valid time after program

Data valid time after chip select

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

Chip enabl; pulse width

Chip enable high pulse width !

Chip enable low pulse width

Program pulse width

Read pulse width

Chip select pulse width

Wrtie pulse width

Clock pulse width

Ambient temperature '

Operating temperature

Storage temperature

Vgg supply voltage

Ve supply voltage

Vpp supply voltage

Vae supply voltage

Input voltage

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

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

Output volitage -

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

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

Vgs supply voltage

MITSUBISHI ,
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QUALITY ASSURANCE AND RELIABILITY TESTING

1. PLANNING
In recent years, advances in integrated circuits have been
rapid, with increasing density and speed accompanied by
decreasing cost. Because of these advances, it is now
practical and economically justifiable to use these devices
in systems of greater complexity and in which they were
previously considered too expensive. All of these advances
add up to increased demand.

We at Mitsubishi foresaw this increased demand and
organized our production facilities to meet it. We also
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 equipment. The products and materials used are
subjected to stringent tests and inspections as they are
manufactured. Wafer production is closely monitored.
Finally, a tough quality assurance test and inspection is
made before the product is released for delivery to a
customer. This final test includes a complete visual inspee-
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 components. -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 ICs are shown in Table 1.

Table 1 Typical reliability test items and conditions

Group Item

High temperature
operating life

Test condition *

Maximum operating ambien} temperature 1.000h

R >
1 3‘3@537}%"'5‘”“ Maximum storage temperature 1000h
d .
ooyt 1929 | 65°C 95%RH 500N

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

Soldering heat

Thermal shock

2
Temperature cyclé Minimum 1o maximum storage temperature.
10 cycles of 1h/cycle
Soldenng 230°C. 5s. use rosin flux
Lead integnt Tension' 340g 30s
eal gnty Bending stress. 225g. +30°. 3 tmes
3 Vib 20G. X. Y. Z each direction. 4 umes
‘bration 100~2000Hz—4 min/cycle
Shock 1500G, 0.6ms in X1, Y1 and Z1 direction, 5 umes.
Constant

20000G. Y, direction. 1 min

acceleration

3.2 Failure Analysis
Devices that have failed during reliability or acceleration

tests are analyzed to determine the cause of failure. This
information is fed back to the process engineering section
and manufacturing section so that improvements can be
made to increase reliability. A summary of failure analysis
procedures is shown in Table 2.

Table 2 Summary of failure analysis procedures

Step Description

O Inspection of leads. plating. soldering and welcing
' O Inspection of materials, sealing, package and marking

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

examination | o se of siéreo microscopes. metallurgical microscopes. X-ray
photographic equipment, fine leakage and gross leakage

testers in the examination

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

©O Observation of charactenstics by a synchroscope or a curve

2. Electrical tests

tracer and checking of important physical characteristics

by electrical charactenstics

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

o) Rehoval of the cover ot the device, the optical nspection

of the internal structure of the device

3. Internal O Checking of the silicon chip surface
examination | O Moaswement of electrical characterstics by probes.
if applicable

O Use of SEM. XMA and infrared microscanner if required
O Use of metallurgical analysis techriques 1o supplement

analysis of the internal exammation -
O Siicing for cross-sectional Nspection

/

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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PRECAUTIONS IN HANDLING MOS IC/LSIs

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (9m) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

If -a high voltage were applied' to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSls contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI.

Under certain conditions, however, it may be mpossuble
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/LSIs 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/LSlIs should be

protected from electrostatic charges while being transported

and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

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

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

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1M £ 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/LSlIs

. The printed wiring lines to input and output terminals

of MOS IC/LSIs 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 be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog 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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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 capagci-
ties.

Each chip is provided with a timer and interrupt input
and its I/0 capabilities are simply expanded by use of /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, M5L8049H1-
XXXP, M5M8050H-XXXP, M5M8050L-XXXP and M5MB0C43-
XXXP (CMOS version) has a built-in masked ROM and is
suited for mass produciton. M5L8035LP has functions
equivalent to M5L8048-XXXP, M5L8039P to M5L8049-XXXP,
M5L8039HLP-14 to MS5L8049H1-XXXP, M5MB8040HP to
M5MBO050H-XXXP, M5MB040LP to M5MB8050L-XXXP and
M5MB0C39P-6 to MS5MB0CA49-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

Symbol Input clock Memory and input/output capacity Structure
(MHz) ROM RAM 170
(Bytes) (Bytes) (Port)
MS5L8048-XXXP 6 1K 64 27 ED NMOS
M5L8035LP ; 6 External 64 27 ED NMOS
M5L.8049-XXXP-6 6 2K 128 27 ED NMOS
MS5L8049-XXXP ) 11 2K 128 27 ED NMOS
M51.8039P-6 6 External 128 27 ED NMOS
M5L8039P-11 1 External 128 27 ED NMOS
MSL8049H1-XXXP 14 2K 128 27 ED NMOS
M5L8039HLP-14 14 External 128 27 ED NMOS
MS5MB8050H-XXXP 1 4K 256 27 ED NMOS
MS5MB8040HP 1M External 256 27 ED NMOS
M5MB8050L-XXXP 6 4K 256 27 ED NMOS
M5MB8040L-XXXP 6 External 256 27 » ED NMOS
M5MB0C49-XXXP 6 2K 128 27 CMOé
M5M80C39P-6 6 External 128 27 CMOs
MITSUBISHI
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-+ MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5L8048-XXXP Block Diagram

Pl Pl Pl Pl, P2 P2 P2 P2
DoDiD2D3DeDs DDy P1 Pls P15 P P2y P2y P2 P2
li- Q?mx OERE (? @) EA® - - -
PORT 1 PORT2 | — st FaEe
BUS BUFFER BUS BUFFER BUS BUFFER | PROGRAM {
=) seLecT [y ROM | elEscarLn .
w12 BITS - PROGRAM
PORT 2 LATCHS< 1 MEMORY [ | STATUS
EXTENDED 1/02 K~ | [REGISTER
[} 0k
]
| 11 ST;CK
[ROREGISTER 0
2. OINTE [RIREGISTER '
23 R2REGISTER ?|o
223 ‘ { RIREGISTER 3]
T = £87 |__[insTRUCTION —>2> | |RaREGISTER:[S
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EZ20 FLAG 1 R4REGISTER4)Z !
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p=—— CARAY
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5L8049H1-XXXP Block Diagram
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M5MB8050H-XXXP Block Diagram
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" MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

M5M8050L-XXXP Block Diagram
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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

4] 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’ sectior. 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 O 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 processing
data by the main program, when an interrupt is accepted
the first instruction would be to switch the working regis-
ters from bank O to bank 1. This would save the data of
the main program (addresses 0~7). The interrupt program

4 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 O (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
16X 8
8
7 R7
! GENERAL-PURPOSE REGISTERS
L 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 tbp 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.

PC14|PC19| PCq| PCg{PC7|PCg|PCs

PC4|PC3

PC;

PC1|PCo

Fig. 5 Program counter

RAM REGISTER NUMBER
(DATA MEMORY ADDRESS)

STACK POINTER

Sz S So
1 1 1 R23
R22
1 1 0 R21
R20
1 0 1 R19
R18
1 0 0 R17
R16
R15

0 1 1
R14
[1] 1 0 R13
R12
0 0 1 R11
R10

PSWpCqa.
0 0 0 (4)}PCs~11|R9
~ JPC4~1PCop~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 (S, S;, S»)

Bit3: Unused (always 1)
Bit4: Working register bank indicator
0=Bank 0
) 1=Bank 1
Bit5:  Flag O (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 STAGK

N

C |[AC [ Fo [BS| 1 Sz | S1{ So

C : CARRY

AC : AUXILIARY CARRY (CARRY FROM THE

Fo @ FLAG 0 LOW-ORDER 4 BITS OF ALU)
BS : WORKING REGISTER BANK INDICATOR

Sz

S } 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 1 and Port 2
Ports 1 and 2 and both 8-bit ports with identical proper-
ties. The output data of these ports are retained and do not
change until another output is loaded into them. When
used as inputs the input data is not retained so the input
signals must be maintained until an input instruction is
executed and completed.

Ports 1 and 2 so-called quasi-bidirectional ports have
a special circuit configuration to accomplish this. The
special circuit is shown in Fig. 8. All terminals of ports
1 and 2 can be used for input or output.

ORL/ANL
5V 5V
CcPU = % ‘
ETJTSERNAL : PORT 1
PORT 2
] “—T TERMINALS
RESET cLk@ ";I, —_
WRITE :
PULSE ‘ /lNPU/TI
BUFFER
IN \J

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 1sif 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 or output mode.

When the data bus is used as a static port the OUTL in-
struction can be used to output data and the INS instruc-
tion to input data. Strobe pulse RD is generated while the
INS instruction is being executed or WR while OUTL is
being executed.

The data bus read/write using MOV X 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

Conditiopal 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 To, T; 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 To, T; and TNT have other functions and uses
that are not related to conditional jump instructions. The
details of these other functions and uses can be found in
the section on terminal functions.

MITSUBISHI
ELECTRIC




MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

INTERRUPT ,

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

The INT terminal is tested for an interrupt request at the
ALE signal output of every machine cycle. When an inter-
rupt is recogni'zed 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,¢ 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 TNT can also be tested using a conditional
jump instruction. For more details on this procedure, check
the “Conditional Jumps Using Terminals Ty, 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 FF4. If
it is incremented by 1 when it contains FFI(,‘, the counter
will be reset to 0, the overflow flag is set and a timer inter-
rupt request is generated.

The conditional jump instruction JTF can be used to
test the overflow flag. Care must be used in executing the
JTF instruction because the overflow flag is cleared (reset)
when executed. When a timer interrupt is accepted, the
control is transferred to address 7 of program memory.

When both a timer and external interrupt request are
generated at the same time, the external interrupt is given
priority and will be accepted first by automatically jump-
ing to address 3 of program memory. The timer interrupt
request is kept and will be processed when the external
interrupt has been completed and a PETR is executed. A
latched timer interrupt request is cancelled when a timer
interrupt request is generated. A timer interrupt request can
be disabled by executing a DIS TCNTI instruction.

The STRT CNT instruction is used to change the coun-
ter to an event counter. Then terminal T; signal becomes
the input to the event counter and an event is counted each
full cycle (low-high-low one event). The maximum rate that
can be counted is one time in 3 machine cycles (7.5us
when using 6MHz crystal). The high-level at T; must be
maintained at least 1/5 of the cycle time (500ns when
using 6MHz crystal).

2—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 6MHz crystal) or 12.5kHz. 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.

CRYS- 1
TaL_ vis | | /32 ACCUMU-| CONDITIONA
OSCITT|cOUNTER| | COUNTER LATOR JUMP
LATOR
STRT |READWRITE
STRT [T TF
CNT TIMER
: TIMER/
T — Eggég’g‘& o EVENT OVERFLOW,
COUNTER] FLAG
sTop T B BITS)
INTERRUPT ENABLE
INTERRUPT
REQUEST

MELPS 8-48 CYCLE TIMING

The output of the state counter is 1/3 the input frequency
from the oscillator. When a 6MHz crystal is used for input,
the output would be 2MHz (600ns). 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 Tq. 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.

ENTO CLK
TERMINAL
JTo 0
RESET
X2 P2
L s
6MHz &5 STATE CLK 500ns
X1] COUNTER 2.5us

Y CYCLE /D ERMINAL
COUNTER ALE

Fig. 9 Timer/event counter

MITSUBISHI

Fig.10 Clocking cycle generation

500ns{WHEN USING A 6MHz CRYSTAL)

S1|sz2|s3]|sa LS;L s1|'s2 Ls;t s4 | s5
CLK 4y _I'H LI"L._I'L l_l'l._l'LL
(OUTPUT TO To) .
ALE 1 1
PSEN
RD
WR 1L
PROG 1

Fig.11 Clock and generated cycle signals

@]
-

FETCH 5

1 MACHINE CYCLE

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. "
8. Timer is stopped.
9. Timer overflow flag is cleared.
10. Flags Fo and F; are cleared,
11. Clock output for terminal T, is disabled.

NN WN

Note 1: Onthe 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.

MELPS 8-48

ABOUT

RESET 200kS2

1uF

[k

Fig. 13 Example of a reset circuit

2-12

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 program debugging.
Single-step operation is controlled through SS and ALE as
shown in Fig. 14.

SINGLE-STEP 5V
5V MODE
PUSH-BUTTON 10kQ
SWITCH

RUN MODE
PRESET J—

5v D QfF—ss
CLOCK M5L
RESET 8048-XXXP

ALE
BUFFER

(a) Example of single step circuit

it
kY

THE LOW-ORDER 8 BITS OF PC
. (PCo~PC7)

DATA BUS

)
THE [
LOW-ORDER —ff
4BITS OF 1/0 THE HIGH-ORDER 4 BITS OF PC
PORT 2 DATA P} (PCg~PC11).
P2~P2; 1t

E>|<ECUTING
INSTRUCTION

EXECUTING
INSTRUCTION

f sTOP

(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 S5 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-
llet 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 1T WILL STOP AFTER
THE EXECUTION OF THE INSTRUCTION IS COM-

PLETED.

WHEN ALE 1S 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.

i

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 1S EXECUTING INSTRUCTIONS.

!

IF THE CPU IS IN THE SINGLE-STEP MODE (PRE-
SET TERMINAL GROUNDED), AS SOON AS ALE
GOES TO LOW-LEVEL, S5 GOES TO LOW-LEVEL
(STOP). IF THE CPU IS THE RUN-MODE (PRE-
SET TERMINAL NOT GROUNDED), S8 WILL RE-
MAIN AT HIGH-LEVEL

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

Item Instruction code ol E::faerﬁ:/ed
Mnemonic ” g E Function . 3 Description
exa- | @ | S 2
Type ‘ D705 Ds Ds D3 D2 D1 Doj g ) C |AC E
001 11 2 -
MOV A, #n o oo 3 2 1.2 | (A)en Transfers data n to register A.
N7NgNsNgs NaN2NNg n
MOV A, PSW 1100 0111 c7 111 | (a)—psw) Transfers the contents of the program status
4 word to register A.
MOV A, Rr 1111 10,0, F f e (A)«~(Rr) Transfers the contents of register R, to regis-
. ' r=0~7 ter A.
1111 ooor Fo A)— (M(R Transfers the contents of memory location,
MOV A, @Rr ° + 111 (_> (M(Re) of the current page, whose address is in regis-
4 r=0-~1 ter R, to register A.
MOV PSW, A 1101 0111 D7 1 (PSW) < (A) olo Transfers the contents of register A to the
' (C)—(A7), (AC)<(As) program status word.
MOV Rr. A 1010 1r,r,ry A : e (Rr) < (A) Transfers the contents of register A 10 regis-
’ r=0~7 ter R,.
r
B8
1011 1 2 ryr Rr)«n
MOV Rr, #n 2717 '+ 212 (Rr), Transfers data n to register R,.
NzNeNsny N3NNy N, n r=0~7
1010 0o0O0TC Ao (M{Rr))+(A) Transfers the contents of register A to mem-
5 - MOV @Rr, A ° + 101 —o0~1 ory location, of the current page, whose ad-
g r = dress is in register R,.
° BO
= | MoV eRr, #n 1011 000V, + 2| 2 (M(Rr))«n Transfers data n to memory location, of the
n;NgNsn, Ngnn N, n' r=0~1 current page, whose address is in register R,.
1 10 o1 A3 Transfers the data of memory location, of
MOVP A, @A ° ° 1 1] 2| (A)—(M(A)) the current page, whose address is in register
A to register A.
1110 001 1 ES3 Transfers the data of memory location, of
MOVP3 A, @A 1] 2| (A)—(M(page 3, A)) page 3, whose address is in register A to
’ register A,
1001 00OCF 90 (Mx(Rr))«(A) Transfers the contents of register A to mem-
MOVX @Rr, A ° + 12 —0~1 ory locatior, of the current page, whose
r r= address is in register R,.
1000 0O0OT 80 (A)—(Mx (R Transfers the contents of memory location,
MOVX A, @Rr ° + 1 2 _ 0~(1 (Ar) of the current page, whose address is in regis-
r = ter Ry to register A.
XCH A, Rr 0010 1r,7,ry| 2 i 1 (A) < (Rr) Exchanges the contents of register R, with
' r r=0~17 the contents of register A.
20 Exchanges the contents of memory location,
1 ooor A)—
XCH A, @Rr oo o ° + 1 1 (_) (M(Rr)) of the current page, whose address is in regis-
r r=0-1 ter Rr with the contents of register A.
Exchanges the contents of the low-order four
XCHD A, @Rr 0011 000O0TF, 3: 1| [ RemAD (M (Rrg=Rry) bits of register A’ with the low-order four
' r r=0~1 bits of memory Iocanon of the current
page, whose address is in register R,.
Adds data n to the contents of register A
ADD A, #n 0000 0011 03 2] 2| a)—(aA)+n olol1 and sets the carry flags to 1 if there is an
’ n,ngngn, Nn,n,n n overflow otherwise resets the carry flags
776874 3727170 to 0. The result is stored in register A.
Adds the contents of register R, to the con-
ADD A, Rr 0110 1r,r,ry © i 11 (A) — (A)-+(Rr) olo tents of register A andsets the carry flags to 1if
' r=0~7 1 | thereis an overflow otherwise resets,the’carry
r flags to 0. The result isstored in register A,
60 Adds \?e contents of reglst‘erhA and the con-
0110 oooTr A)—(A)+(M tents o memorvlocanon of the current page,
o | ADD A, «wRr ° + 101 (A) = (A)+(M(Rr) O | o] 1 | whoseaddressis in register Aand sets the carry
g , r=0~1 flags to1if there is an overflow otherwise resets
£ tAhecarryflagstOO Theresultisstored in register
£
= Adds the carry and data n to the contents of
< 0001 00 11 13 register A and sets the carry flags to 1 if
ADDC A; #n 2| 2| (A)—(A)+n+(C) O |O| 1 |there is an overflow otherwise resets the
N,;NgnNgn, NNn,N, n carrK flags to 0. The result is stored in regis-
ter
78 édds tRe carry and fthe contents of register
o1 11 1rr,r - (A) — (A)+(Rr)+(C) to the contents of register A and sets the
ADDC A, Rr Be + 1 O|O| 1 |carry flags to 1 if there is an overflow
v r=0~7 otherwise resets the carry flags to 0. The
result is stored in register A.
70 ;Adds the :f;au;]ry and the conter;‘ts of (rjndemory
o1 11 ooor . A) — +(M location, of the current page, whose address is
ADDC A, @Rr ° + 1 1 (A) — A+ (MR +(C) O | O] 1 [|inregister R, to the contents of register Aand
r=0-1 sets the carry flags to 1if there is an overflow
r
otherwise resets the carry flags to 0. The result
storedin register A.
2-14 MITSUBISHI
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

It .
em Instruction code ol w Ef{:‘;crtfd
Mnemonic 'E % Function - Description
D:1DsDsDs D30,01 04 i@ @135 o |ac| &
Type 7Us Vs Us 3921 Po| decimal 2
0101 0011 53 i is-
ANL A, =n 2| 2| (Ay—(a) AR The logical prodt{ct of thg com_ems of regis.
n,Ngngn, Nyn,n N, n ter A and data n, is stored in register A.
0101 1r,0,1 58 A) — (A Rr The logical product of the contents of regis-
ANL A, Rr 27170 + 101 (4) (B A (Rr) 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, @R 0101 00O0T, : e (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 Ry, is stored in register A.
” 0100 OO0 11 43 The logical sum of the contents of register
ORL A, =n N ngngn, nan,n,ng n 2| 2| (A)=(A)vn A and data n, is stored in register A
rLror 48 The logical sum of the contents of register A
ORL A, Rr 0100 1T72FTo + 111 (A) —(A)V (Rr) and the contents of register R, is stored in
4 r=0~17 register A
40 The logical sum of the contents of register A
ORL A @R 0100 O0O0OTrl, 1 (A) —(A)V (M(Rr)) and the contents of memory location, of
RL A, @Rr + L IR the current page, whose address is in regis-
r ter R, is stored in register A.
1101 o0 1t1 D3 The exclusive OR of the contents of register
XRL A, #n NyRgngn, Hynan,ng n 21 2| (A)—(a)¥n A and data n, is stored in register A.
[ X:3 The exclusive OR of the contents of register
r,r,r - .
o | XRL A, Rr 1101 1T, + 111 (A) = (A)¥ (Rr) A and the contents of register R, is stored
2 M r=1-~17 in register A,
£
£ N The exclusive OR of the contents of register
% | XRL A, @R 1101 00070 Dg 1 (A) = (A)¥ (M(RD) A and the contents of memory location, of
g L A, @Rr 1 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 17 11 1] (A)—(A)+1 The result is stored in register A, and the car-
ries are unchanged.
0000 0111 Decrements the contents of register A by 1.
DEC A o7 11 1] (A)—(A) -1 The result is stored in register A, and the car-
ries are unchanged.
1 o1 11 le h \( f i
CLR A oo o 27 1 1| ayeo g ars the contents of register A, resets to
o011 0111 = Forms 1's complement of register A, and
cPL A 37 1| ®e-® stores it in register A.
0101 0111 Tr:jee%ogtemslof registerAdis convert%dtobinary
. co ecimal notion,and it is storedin register|
DA A 57 1| 1| (A) <« (A) 10Hexadecimal O[O | 1 | Aif the contents of register A are more than99)|
the carry flags are set to 1 otherwise they are
resetto 0. - B
0100 0111 Exchanges the contents of bits 0~3 of regis-
SWAP A ' 47 1] 1| (Ag~Ay)e—(Ap—~Aj) ter A with the contents of bits 4~7 of regis-
ter A,
AL A 1110 0111 €7 P (An+ 1) (An) Shifts the contents of register A left one bit.
' (Ag) —(A;) n=0-~6 A, the MSB is rotated to A the LSB.
1111 0111 (Ans+1)—(An) Shifts the contents of register A left one bit.
RLC A F7 1 11 (Ag)—(C) @] A, the"MSB is shifted to the carry flag and
(C)— (A7) n=0~56 the carry flag is shifted to Ag the LSB.
RR A o111 0111 7 1 (Ap)—(An4+1) Shifts the contents of register A right one
7 (A7)« (Ag) n=0~6 bit. Ay the LSB is rotated to A, the MSB.
0110 0111 (A «—(Aq+1) Shifts the contents of register A right one
RRC A 67 11 1] (A)«—(C) O bit. Ap the LSB is shifted to the carry flag
(C)—(Ag) n=0~56 and the carry flag is shifted to A, the MSB.
1 1,0, 18 Rr) — +1 Increments the contents of_register Rr by
o | INC Rr 6oo 2'170 + 101 (:) (Rr) 1. The result is stored in register R, and the
z r r=0~7 carries are unchanged.
g 10 Increments the contents of the memory
£, R 0001 00O0T, 1 (M(Rr))«—(M(Rr))+1 location, of the current page, whose address
s | INC @Re : 'r" L P gsg register R, by 1. Register R, uses bit
3 ~
2 , .
5 cs _ Decrements the contents of register R, by
T | pEC Rr 1100 1rNT, + 141 (Rr) « (Rr)—1 1. The result is stored in register R, and the
r r=0~7 carries are unchanged.
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item . . Effected
Instruction code gl 8 carry
Mnemonic S| Function Description
Hexa @ & ¢ lacl &
Typd D7DgDsDs D3D2D1 Do decimal z .
by be bs 1 0010 (Ap)=1 then (PCp~PC7)em JL!mDS to address m qf the current page when
JBb m 7De bs 2 | 2 | (Ap) =0 then (PC)« (PC)+2 bit b of register A is 1. Executes the next
mymgMs My M3 M2mq Mo bybgbs=0 ~ 7 instruction when bit b of register A is 0.
j Jumps to address m of the current page
JTEm o001 0110 16 212 (TF) =1 then (PCq~PC7)+m when the overflow flag of the timer is 1
- otherwise the next instruction is executed.
m; mgMmgmg  Mmgmamy Mg m (TF)=0 then (PC)«—(PC)+ 2 Flag is cleared after executing.
This instruction causes a jump to the
~P! INT) =
JNIm 10 0‘ 0 0110f 8 6 22 (':(::O ig :_"; w:en (INT) ? address indicated by the second byte if the
- = i
mzmemsmg  mamamymg m (PC) = (PC) when (INT) external interrupt pin TNT is low.
. oa (PCg~PGC1g)—mg~myg
JMP m micmemg0O 0 1 0 O + 2| 2| (PCo~PCy)mp—m Jumps to address m on page mye My Mg iN
(ma~m10) o 7 o m7 the memory bank indicated by MBF.
X2 (PCy1) — (MBF) .
My Mg Mg My M3 My My Mo m
Jumps to the memory location, of the cur-
rent page, whose address is in register A.
JMPP @A 1011 0011 B3 1| 2 | (PGo~PC1—(M(A)) But when the instruction executed was in
address 255, jumps to next page.
E8 (Rr) — (Rr)—1 r=0~7 Decrements the contents of register R, by 1.
1110 17,070, + Jumps to address m of the current page
DJNZ Rr, m N 21 2| (Rr)+0 then (PCo~PC7)—m when the result is not 0, otherwise the next
m;mgmsmg mamamymg m (Rr)=0 then (PC)«—(PC)+ 2 instruction is executed.
_ Jumps to address m of the current page if
=1 PCo~P! r '
JCm 1 o110 Fe 2|2 (© then (PCo C7)m the carry flag C is 1, otherwise the next
) mymgmsmg mamzmymo m (C)=0 then (PC)—(PC)+2 instruction is executed. .
Jumps to address m of the current page if
= PCo~PC r "
JNC m 1110 0110 €6 2|2 (C)=0 then (PCo 7)em the carry flag C is O, otherwise the next
N m;mgmgm, mamamg mg m (C)=1 -then (PC)« (PC)+2 instruction is executed.
E
3 Jumps to address m of the current page
= ~P ) 5
B JZ m t100 0110 cse 2|2 (A)=0 then (PCo~PC7)<—m when the contents of register A are 0,
mymgmsm, mampmymgl m (A)+0 then (PC)<+ (PC)+2 otherwise the next instruction is executed.
1 01 o110 96 : A)+0 th (PCo~PC1y)+—m Jumps to address m of.the current page
JNZ m 0 2|2 ¢ )7 then ; ! when the contents of register A are not 0,
M7MeMsMs MaMmamimg M (A)=0 then (PC}«(PC)+2 otherwise the next instruction is executed.
- —~ Jumps to address m of the current page
1 =1 PCo~PC N .
JTO m oo o110 36 102 (To) B then (P 0 nem when flag Ty is 1 otherwise the next instruc-
mymgmgmg mamamymol m (To) =0 then (PC)« (PC)+2 tion is executed.
= ~P Jumps to address m of the current page
JNTO m - 0010 0110 268 2.2 (To) =0 then (PGo~PC7)—m when flag Ty is O, otherwise the next in-
m;mgmgm, mgmam, mo| m (Tg) =1_then (PC)« (PC)+2 struction is executed.
- _ Jumps to address m of the current page
101 110 56 Ty=1 Co~P . A
JTi m ° ° 2|2 T then (PCo~PC7)e—m when flag T, is 1. otherwise the next in-
mzMeMsMy  M3Mmz My Mo m (T1)=0 then (PC) <« (PC)+2 struction is executed.
- Jumps to address, m of the current page
11 4 =0 th ~ A
JNTT m 0100 o0 ° € 212 T then (PGg~PCy)—m when flag T, is 0. otherwise the next in-
mzmgMgmg  MymMymy mg| m (T1)=1 then (PC)«—(PC)+2 struction is executed.
JFO m 1011 0110 B6 2|2 (Fg) =1 then (PCo~PCy)em Jumps to address m of the current page
mymgmsm, mgmamymg m (Fg) =0 then (PC)<«-(PC)+2 when flag Fo is 1.
JFt m o111 0110 76 2|2 (F1) =1 then (PCo~PCj)«m Jumps to address m of the current page
m;mgmsm, mzmym, mo| m (Fy) =0 then (PC)+« (PC)+ 2 when flag F, is 1.
1001 o111 Clears the carry flag C, resets it to 0. AC is
ClR C 07 t]1]@©@-o © not affected.
1T010 0111 = Complements the carry flag C. AC is not
CPL C A7 11 [ (C)«(C) (@) affected.
- 1 oo 101 .
o [CLR Fo o ° 85 111 ] (Fg)e0 Clears the flag Fg, resets it to 0.
£
s
S
g 1001t 0101 _
2 |cPL Fo 95 1 [ 1| (Fo)e(Fo) Complements the flag Fo.
CLR F, 1010 0101 AS 1 (1 [(F1)—0 Ctears flag F; resets it to 0.
to0 11 o101 —
CPL Fy BS 1 [ 1 (Fi)«(F1) Complements the flag F, .
2-16 v
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item Instruction code o 8 Efggf,t\?d
Mnemonic 2| © Function Description
D:DsDsDs D30,0,0| M@ &3 RE
Typd 10sDs Dy 3922100 gocimal C g
CALL m migmgmgt O 1 0 O 14 ({(SP)) — (PC) (PSWa~PSW17) Calls subroutine from address m. The pro-
+ (SP) «-(SP) +1 gram counter and the 4 high-order bits of
(M -muw)f |, P Ve m the PSW are stored in the address indicated
X2 0-10 by the stack pointer (SP). The SP is incre-
M7MgMs Mg Mamz My Mo m (PCyy) «- MBF mented by 1 and m is transferred to PCo~
= PC,0 and the MBF is transferred to PCy, .
6]
S
2 The SP is decremented by 1. The program
£ 1 1 By . N
= RET 000 o001 83 (SP) « (SP)—1 counter is restored to the saved setting in
<4 1|2 the stack indicated by the stack pointer.
2 (PC) — ((SP)) The PSW is not changed and interrupt dis-
@ abled is maintained.
The SP is decremented by 1. The program
RETR teor o011 93 (SPY~_ (SP) 1 counter and the 4 high-order bits of the
1 PSW are restored with the sazed data in {_Re
2 stack indicated by the stack pointer e
(PC) (PSWa~PSW1)—((SP)) interrupt becomes enabted after the execu-
tion is completed.
INAP 0000 1t oO0Pipo| ©8 A)—
3 1Po + 1] 2 :)7)1 (ZPD) Loads the contents of Py, to register A.
M 1~
OUTL Pp, A 0011 10 piPa 3 i 112 (Pp) «(A) Output latches the contents of register A to
P p=1~2 Po
ANL Pp, 2n 1001 1 0PiPo ° i 2|2 (Pp)«(Pp)An Logical ANDs the contents of Py and data
Outputs thi It to P,
n Ngngsn, nyn,n,ngl P p=1~2 n. Qutputs the result to Fp
ORL Pp, #n 1000 1 0pipo Bf_ 212 (Pp)<—(Pp)Vn Logical ORs the contents of Py and data
n,Ngngn, Ngn,n,ng 2 p=1-~2 n. Outputs the result to Py
INS A, BUS 0000 1000 o8 Enters the contents of data bus (port 0)
1| 2| (A)—(BUS) 1o register A
OUTL BUS, A 0000 O0OO0T1O0 02 Output latches the contents of register A
_ 1] 2] (BUS)«—(A) data to data bus (port 0)
[}
€ Logicat ANDs the contents of data bus
q
o ANL BUS, #n 1001 1000 98 2| 2| (BUS)«—(BUS) An (port 0) and data n. Outputs the result to
3 NghsN, NN, N N, n data bus (port 0}
£ -
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. Outputs the result to data
g N;NgNgN, N3NN,N, n bus (port 0)
ocC Inputs the contents of Pp
1t .
MOVD A, Pp 6ooo P1Po + (Ag~A3)«—(Ppg~Pp3) to the low-order 4 bits
PiPo| 1 2 of register A and inputs O Pp's  used
(Ag~A7)«0 p=4~17 to the high-order 4 bits | for multi-
of register A, plying 8243
sc ports are P,
1 11 Ppo~Pp3)—( Ap —A - ~Ps.
MOVD Pp, A oo P1Po + 1] 2 (PPo~Pp3)—(Ap~A3) Outputs the loxorder 4 7
PPo p=4~7 bits of register A to Pp. Correspon-
denceto ps,
. c Py is shown
1001 1 1pypg i . Logical ANDs the 4 low-
ANLD Pp, A + 112 (Ppo~Pp3) —(Ppg~Pp3) A(Ag~A3) order bits of register A below.
PiPo —4-7 and the contents of Pp.| P4:pspz=00
s Ppcontains the result. P5.-ppz=01
P6---pyp2=10
c . P7-i-pypa=11
1000 1 1pypg| 8 Logical ORs the 4 low- PPz
ORLD Pp, A p+p 1|2 (Ppo~Pp3)—(Ppo~Pp3)V (Ag~A3) order bits of register A
1Po ped~7 and the contents of Py,
Pp contains the result
/
. ) 2—17
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item . . Effected
. instruction code ol g carry
Mnemonic g ° Function Description
Hexa- | @ | & ¢ lac ]
Typ 07 0s VDS Da D3 D2 Dy Do| gecimal 2
EN I 0000 'o 101 o5 1 1 | (INTF)«1 Enables outside interrupt.
DIS | 0001 0101 15 1|1 | (NTF)«<0 Disables outside interrupt.
D [SEL RB, 1100 0101| Cs 111 |@s)—o . Selects working register bank 0.
§
o
3 | SEL RB, 1101 0101 DS 111 [(BS)«1 Selects working register bank 1.
3
e
% SEL MBp 1110 01toO01 ES 1 1| (MBF)«—0 Selects memory bank 0.
SEL MB, t111t 0101 FSs 11| (MBF)«1 Selects memory bank 1.
Enables ou f clock signal from terminal
ENTO CLK 6111 o101 78 |11 Toktes outputo 9
Transfers the contents of timer/event coun-
MOV A, T 0100 0010 42 111 ] (A)Y«(T) ter to register A.
. - : Transfers the contents of register A to timer/
MOV T, A 0110 0010 62 1] 1] (M—(A) event counter.
3 Starts timer operation of timer/event coun-
.E STRT T 6101 0101 5s T term. Minimum count cycle is 80us,
o
©
& Starts operation as event counter of time/
€ event counter. Counts up when terminated
§ STRT CNT 01006 0101 45 1 1 T, changes to input high-level for input low-
£ level. Minimum count cycle is 7.5us.
3
3
E STOP TCNT o110 0101 85 111 Stops operation of timer or event counter,
£
EN TCNTI 0010 0101 25 1| 1] (TOCNTF)«—1 Enables interrupt of timer/event counter.
Disables interrupt of timer/event counter. ]
- Resets interrupt flip-flop of CPU which is
DIS TCNTI 0011 0101 3s 1| 1] (TONTF)—0 set .during the CPU stands-by. Timer over-
flow flag isn't affected.
g NOP 0000 OOOO o0 101 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
DA is as follows: -
(C) <1 at overflow of the accumulator is produced.
(C}«< 0  atno overflow of the accumulator is produced.
{AC) « 1 atoverflow of the bit 3 of the accumulator. '
(AC) <0 at no overflow.
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’ FUNCTI'O'N" OF MELPS 8-48 MICROCOMPUTERS

Symbol Meaning Symbol Meaning
A 8-bit register (accumlator) PC Program counter
Ag~ A3 The low-order 4 bits of the register A PCo~PC7 The low-order 8 bits of the program counter
Ag~A7 The high-order 4 bits of the register A PCg~PC10| The high-order 3 bits of the program counter
Aog~An,An+1 The bits of the register A PSW Program status word
b The value of the bits 5~ 7 of the first byte machine code
bybgbs The bits 5~7 of the first byte machine code Rr Rcgister designator
BS Register bank select r Register number
BUS Corresponds to the port O (bus 1/0 port) o The value of bit O of the machine code
raryrg The value of bits 0~2 of the machine code
AC Auxiliary carry flag $28189 The value of bits.0~2 of the stack pointer
(o} Carry flag SP Stack pointer
DB8 Data bus buffer ST4-STy Bits 4~ 7 of the status register
STS Systemn 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
mzmgmsmgm3mzmimg The second byte {low-order 8 bits}) machine code of the
11-bit address .
mig Mg Mg The bits 5~ 7 of the first byte (high-order 3 bits)machine # Symbol 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 rhe memory location addressed by the register Rr address by the register
(Mx(Rr)) The content of the external memory location addressed — Shows direction of data flow
by the register Rr
MBF Memory bank flag — Exchanges the contents of data
n The value of the immediate data ( ) Contents of register, memory location or flag
NsNgNsN 4N 3N 2N NG The immediate data of the second byte machine code A Logical AND
OBF Output buffer full flag \Y Inclusive bR
s 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,~Ds | 0000 |o0001 o010 |oo11 |ow00 |otor |ome [o11 | 1000 | 1001 [ 1010 |01 | 100 | mior e [
Hexa:
Da~Do \ gouremt| © 1 2 3 a 5 6 7 8 9 A B c o [ & | F
wop | ™NC | XCH [xorD [ ORL | ANL | ADD | ADDC [ XRL . MOV
0000 Y @Ro |A, @R0(A, @ ROJA, @R0|A, @ RO|A, @R0[A, @ RO}A A, @RO A, @RO
INC | xcH |xcHD| ORL | ANL | ADD |apDC | XRL MoV
0001 ! @R1 |A, @R1|A @ R1|A, @R1|A, @R1|A, @R1|A, @R1 A, @R1 A, @R1
MoV MOV
o010 2 AT T.A
0011 3
o100 | 4
eN | is | eN | ois |sTRT|sTRT |sTop|enTo} cur | cPL | cLr | cPL | seL | seL | seL | sel
o101 5 | 1 |TonTi[TonTI{ oNT | T |TonT] ok | Fo | Fo | F1 | F1 | RBO | RB1 | MBO | MB1
0110 6
pec | nc | cLr | cPL |swar| DA | RRC | RR GLR | CPL MOV | MOV | RL | RLC
em 7 A A | A A A A A A c c APSW(PSW.A| A A
INC ORL | ANL | ADD |ADDC MOV DEC | XAL MOV
1000 8 RO A, RO | A,RO | A /RO [ A RO RO, A RO A, RO A RO
INC outL | oRL | aNL | aDD |ADDC MOV DEC | XAL MOV
1001 9 R P1,A| A RI|ARI| AR |AR R1, A R1 | A, R1 A,R1
INC ouTL | oRL | ANL | ADD |ADDC MOV DEC | XRL MoV
1010 A R2 P2,A | AR, | AR2 | A R2 | A R2 R2, A Rz | A, R2 A, R2
INC | xCH ORL | ANL | ADD |ADDC MoV DEC | XRL MoV
1o 8 R3 [ A R3 A,R3! AR3|AR3|AR3 R3, A R3 A, R3 A, R3
ING movo | oRL | aNL | aDD |Apoc | MOV DEC | XAL MOV
1100 ¢ R4 Pa,A | A Re | A RS |A RS | ARS R4, A Ra | A Rs A, Ré
INC movD | ORL | ANL | ADD |ADDC MoV DEC | XRL MOV
1o o RS Ps,A | A RS { AR5 | A,RS | A,RS RS, A R5 | A, RS A, RS
i INC MovDp | ORL | ANL | apD |ADDC MoV DEC | XRL MoV
110 E R6 P, Al A Re | ARG | A.R6 | ARG P6, A R6 | A, R6 A, Ré
ING MovD | ORL | ANL | ADD |ADDG MoV DEC | XRAL MOV
nn F R7 P7,A | A, RT | A R7 | AR | A,R7 | R7, A R7 | A R7 A, R7

m 2-byte 2-cycle instruction

1-byte 2-cycle mstruc!lon

D 1-byte 1-cycle instruction
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M5L8048-XXXP/ MSLS8035L.P
SINGLE-CHIP 8-BIT MICROCOMPUTER
DESCRIPTION
. Pl ONFIGURATION (TOP VIEW
The M5L8048-XXXP and M5L8035LP are 8-bit parallel NC ( )
microcomputer fabricated on a single chip using high-
. S
speed N-channel silicon-gate ED-MOS technology. TEST PIN 0 To <[] ©} Voe (5V)
CLOCK INPUT 1 X1 —[Z] [35) ¢ T1 TEST PIN 1
CLOCK INPUT 2 X2 —»{3 Blep P2
FEATURES uT 2 Xe [ 2} > P27
. S RESET INPUT RESET — [7] [S7]e» P 2¢ o PORT 2
Single 5V power supply SINGLE-STEP INPUT S5 —[5] [E)esP2s .
Inst.ructuon.cyc.le ‘ 2.5us {min) reaNIERRUPT INT —» (2] (] e»P 24
® Basic machine instructions: . ......... ve.... 96 EXTERNAL ACCESS EA = (T] Gerp 1)
1-byte instructions: 68 : READ RD «[&] F4 [3]epP1g
[ER— W
2-byte instructions: 28 stort QSR PSEN « 5] C [Z] e P15
wWR (=4
® Direct addressing . .......... .. . up to 4096 bytes ADD;V;*;E WA « [ 2 %"P“ Vo PORT 1
ALE & ! W] P
® Internal ROM ....................1024bytes | LATCH ENAGLE Dw% X —his
- % 2
{for M5L.8048-XX XP only) . 01 o3 3 Sert,
® InternalRAM . .................... 64 yfes 0z & ) erpio)
® Built-in timer/event counter . ... .......... 8 bits D3 [F] %] Voo (5V)
271i DATA BUS % EXTERNAL
O [/OPOIMS. .. oviiit it i ines D4 & €] ] —+PROG 19 ror
® Easily expandable Memory and I/O Ds & 1] 2] > P23) OUTPUT
® Subroutinenesting . .................. 8levels gé‘fE Beprzl oo
. -» o
® External and timer/event counter interrupt . 1 level each 7 o [5] 2] e P2,
(ov) vss [z (2] e P2
® | ow power standby mode
® Extermal RAM . ................ . 256 bytes Outline 40P4
® Interchangeable with 18048 and i8035L in pin configura-
tion and electrical characteristics
FUNCTION
APPLICATION The M5L8048-XXXP and M5L8035LP are integrated 8-bit
® Control processor or CPU for a wide variety of appli-  CPU, with memory (ROM, RAM) and timer/event counter
cations interrupt all contained on a single chip.
BLOCK DIAGRAM Plo Pl Pli Pl P2 P2 P2 P2
Do D,y D2 D3 D4 Ds Dg D7 Pl Py PIs PIz P2y P2y P25 P2
‘7 ——Q?Q??Q?vm G ??3
PORT 1 PORT 2 ﬂ 0t FREO
BUS BUFFER BUS BUFFER BUS BUFFER IROGRA ROM . |
SELECT
N D ! ‘Q—w— 12 BITS PROGRAM PRESCALER
BUS LATC PORT 1 MEMORY STATUS
PORT 2 LATCH MEMORY
&CO T%“Q%E%Eglglr'lgs}:; LATCH EXTENDED |/OO<r E?Eg‘}"%?c 1K x 8 REGISTER i
8 9
IO o
8
' \ \ 3 b B0
| [Fracs] INSTRUCTIONKE 615 78R [STACK ROREGISTER 0
Ol 2 REGISTER j BANK] |FOINTER R1REGISTER 1
5 - S
AcfuMULATOR| | [TEN g}ﬁl Ye L3 SELECTOR R2REGISTER Z|o
SOt (RB) . ™ :
I5Z RIREGISTER3|¥
~ ACCUMU ATOR [ INSTRUCTION 4 R4REGISTER ¢| %
V) Voo @ POWER ATCH %~ [*] becoober 'ADDRESS |5 [R5 REGISTER|®
(5V) Voo @0 EBE”%YAM CCC{'F?ESIOTL O[REREGISTER®
ce _4 S|R7REGISTER?
(0V) Vss @) H ;(/:AD’E)FRESS g STACK
tRE0 «[ROREGISTER®
" e To g R1REGISTER 1
< “—7'T &|R2REGISTER2
250 [ O[RSREGISTERS|~
EZ0 pe—FLAGH R4REGISTER4 > '
589 [ IiMeRFLAG RSREGISTER S|
CONTROL CIRCUIT —) 8° DN REREGISTERS
. . ] 8 (— rcc e rest R7REGISTER?
l RAM 64 BYTES ¢
O CROROSEOSORO, ()—O—@—© R
Tp Ty INTRESETPROG EA X X, ALE PSEN SS RD WR
MITSUBISHI 2921

ELECTRIC



'MITSUBISHI MICROCOMPUTERS -

~ M5L8048-XXXP/MS5L8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or output Function

Vss Ground Normally ¢onnected to ground (ov). .

Vee Main power supply Connected to 5V power supply.
®Connected to5V power supply.

Voo Power supply @Used for memory?hold whep:\rcc 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).
K . External crystal oscillator or RC circuit input for generating internal clock signals.

X1, Xz Crystal inputs fnput An extern;ly clock signal canr:)e input thr:ugh X‘g or Xa. ¢ s

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
4004 (1024). The MBLBOISLP is raised to5V. )

o 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 Qutput A signal used for latching the address on the data bus. An ALE signal occurs once during each cycie.
(DProvides true bidirectional bus transfer of instructions and data between the CPU and external mem-
ory. Synchronizing is done with signals RD/WR. The output data is latched.

@when using external program memory, the output of the low-order 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.

3 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 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;3 setve as a 4-bit I/0O expander bus for the M5L.8243P.

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

Plo~P1, | Port! Input/output Quasi-bidirectionai port. When used .as an input port, FF4¢ must first be output to this por.t 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

Ty Test pin 1 Input external conditions (JT1/JNT1).

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

M5L8048-XXXP/M5L8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Ve Supply voltage —-0.5~7 v
Voo Supply voltage —0.5~7
v Input voltage With respect to Vgg “0.5-7 v
Vo Output voltage —0.5~7 \
Pd Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range’ —20~75 c
Tstg Storage temperature range —65~ 150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, uniess otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
vee Supply voltage 4.5 5 5.5 \
Voo Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 \
ViH1 High-level input voltage, except X1, X2 and RESET 2 Yce \2
ViH2 High-level input voltage, except X1, X2 and RESET ‘3.8 Vee \
ViL Low-level input voltage —0.5 0.8 v
ELECTRICAL CHARACTERISTICS (Ta=-20~75C, Vgo=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 \J
VoL1 Low-level output voltage, except the above and PROG loL=1.6mA 0.45 \Z
VoLz Low-level output voltage, PROG loL=1mA 0.45 \
VOH High-level output voltage, BUS, RD, WR, PSEN, ALE lop= — 100 A 2.4 \
VoH1 High-level output voltage, except the above logn= —50uA 2.4 \4
1L Input feak current, T1, INT Vgs= VNS Ve —10 10 1A
loL Output leak current, BUS, TO high-impedance state Vss+0.45=VIN= Ve —10 10 ‘AIA
Ien Input current during low-level input, port Vi_=0.8V —0.2 mA
L tnput current during low-level input, RESET, 55 V) =0.8V —0.05 mA
IpD Supply current from Vpp 10 20 mA
lpp+lce Supply current from Vpp and Ve 65 135 mA
TIMING REQUIREMENTS (Ta=—20~75C. Vcc=Vpp=5V + 10%. Vss=0V, unless otherwise noted )
Symbol Parameter Alternative Limits - Unit
symbol Min Typ Max
tc Cycle time teoy 2.5 v15.0 ”°s
th (PSEN-D) | Data hold time after PSEN tor 0 200 ns
th (rR-D) Data hold time after RD tor 0 200 ns
tsu (PSEN-D) | Datasetup time after PSEN tRD 500 ns
tsu (R-D) Data setup time after RD trRD 500 ns
tsu (a-D) Data setup time after address tap 950 ns
Tsu (PROG-D) | Data setup time after PROG ter 810 ns
th (PrRoG-p) | Data hold time before PROG tpr ] 150 ns
Note 1: The input voltage level of the input voltage is Vi =0.45V and Viy=2.4V.
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MITSUBISHI MICROCOMPUTERS

~ MSL8048-XXXP/MSL8035LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

SW|TCH|NG CHARACTER'ST'CS (Ta¥ —20~75°C. Voo =VoDp=5V+ 10%, Vss=0V, unless otherwise noted) ’ '

Symbol Parameter Alsl:mgc"ilve Vi Ll:;:s ok Unit
tw (ALE) ALE pulse width . tl 400 : ns
td(A-ALE) Delay time, address to ALE signal taL 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) WR pulse width . tce 700 ns
td(q-w) D;Iay time, data to WR 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 t aFC 0 ns
td (Pc-PROG) | Delay time, port control to PROG signal tep 10 ns
tv(PROG-PC) | Port control valid time after PROG tre 100 ns
tp(Q-PROG) | Delay time, data to PROG signal top . 250 ns
1V (PROG-Q) | Data valid time after PROG trp 65 ns
tw{(PROGL) | PROG low pulse width tpp 1200 ns
1d(Q-ALE) | Delay time, data to ALE signal S teL 350 ns
ty(ALE-Q) | Data valid time after ALE - tLp " 150 ‘ ns
Note 2:  Conditions of measurement: control output C =80pF °
data bus output, port output C_ =150pF, tc=2.5us
3: Reference levels for the input/output voltages are low level=0.8V and high level =2V
TIMING DIAGRAM : A
Read from External Data Memory Write to External Data Memory
aALe —/ \ S\ ALE —/ /T
tw(m) — fw ()
RD WR \

tv(w-)

| I td(o-w) '

BUS QADDRESS)— . BUS @ADDRESD)
T td(a-w) .

su(R-D)

tsu(a-p)

td(az-R)

“Instruction Fetch from External Program Memdry Port 2
te

tw(ALE) ALE -/ \ 4 \ / \ 9

>H—=tv(ALE-Q) tp(q-PROG)
td (o- p{Q
©ALE —/ ) G (Q-ALE) —r tv (PROG-Q)
tw(PSEN) P2g-~ P23 EXTENDED PORT PORT CONTRW
DURING X PCH X Y JUTPuT DATA
PSEN R i P2p~P23 DATA ’ !
\ { tsu(PROG-0) th (PROG-D)
tv(aLE-A) ¢ P2g~ P23 EXTENDED PORT P2o~P23 DATA
td (a-ALE) d > th(PsEn-D) DURING
3 (AZ-PSEN) INPUT X PCH Xl Al
PORT CONTROL INPUT DATA
BUS DDRES DATA td(Pc-PROG)>H< tv (PROG-PC)
tsu(PSEN-D) ’
tsu(a-p) PROG tw(PROGL)
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MITSUBISHI MICROCOMPUTERS
M5L8049-XXXP,P-6
M5L8039P-11,P-6
SINGLE-CHIP 8-BIT MlCROCOMPUTER
DESCRIPTION )
The M5LB049-XXXP, P-6 and M5L8039pP-11,P-6 are g | PIN CONFIGURATION (TOP VIEW)
bit parallel microcomputers fabricated on a single chip
using high-speed N-channel silicon gate ED-MOS tech- TEST PIN O To @[3 ~ [©] Vee (5V)
nology. CLOCK INPUT 1 X1 -’E EQ— T1 TEST PIN 1
CLOCK INPUT 2 X2 —=[3 []e» P2,
<
Speed ROM Type Internal ROM Type External ROM Type RESET INPUT m_’ < E" P2g )
11 MHz Type MB5L8049- XX XP M5L8039P-11 SINGLE-SSTEP INPUT 55 — 5] e p2s 10 70T 2
6 MHz Type M5L.8049-X X XP-6 M5L8039P-6 1 e QlleEgRIﬁgﬂ INT =[5 Eler P2,
FEATURES ) EXTERNAL ACRCEEEE%:% %:::7*
B 33
® Single 5V power supply PROGRAM sz 2 ¢
N L . STORE ENABLE PSEN +[5] [ ZlesPis
® Basic machineinstructions . ................ 96 WRITE WR <[] 2 FesP1,
1-b i jons: 3 ?I/O PORT 1
-byte instructions: 68 ADDRESS LAEEE ALE <[] ) (e P13
. ENA
2-byte instructions: 28 Do #» [z] % [ler P,
® Directaddressing ..............upto4096 bytes D1 4[] v Bl e P 1y
® Internal RAM .. ...................128bytes Dz (4 - BePio
o R DATA BUS D3 e i3] 2] Voo (5V)
® Built-in tlmer/t?vent counter ............. . 8P|ts Ds o [F] [%]—+PROG F/)[()TERNAL
® |/OPorts...... P +v... 27 lines Ds &[] ] e» P23} CONTROL
® Easily expandable Memory and 1/0O: D > [18] [Zsle» P2, IZU:;:I )
® Subroutinenesting ................... 8 levels D7 @[] z] e P2,
® External and timer/event counter interrupt . 1 level each (0V) vss [ [Z] e pP2o
® External RAM ................. ... ... 256 bytes i
e M5LB049-XXXP/M5L8039P-11, P-6 are interchangeable Outline 40P4
with i8049/i 8039, i8039-6 in pin configuration and electric-
al characteristics. - FUNCTION
APPLICATION The M5L8049-XXXP and M5L8039P are integrated 8-bit

CPUs, with memory (ROM, RAM) and timer/event counter
interrupt all contained on a single chip.

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

BLOCK DIAGRAM

Plo P2 Pl P1g P20 P2, P2 P2

DoD,0203D,D50607 P1, Pli Pls Pl; P2 P23 P25 P2
(7-—? @@ee BARBE @?? -
PORT 1 PORT 2 0S¢ FAEQ
BUS BUFFER |} BUS BUFFER BUS BUFFER |PROGRAM :
SELECT ROM
ﬁ i':t a @w 12 BITS PRESCALER
BUS LATCH PORT 1 MEMORY PROGRAM
PC TEMP, REGISTER] |8 | LATCH PORT 2 LATCHIS? {Tr8A MEMORY ngég'LFJER
(LOW-ORDER 8 BITS) . < EXTENDED 1/0|& SEH%CJ)OR 2K x 8

a0 |

‘ R . il 1 E03 0
| [1[Fracs 5 INSTRUCTION TEGISTIER sTACK] [ JROREGISTERC
| BANK | |[POINTE REGISTER!
ACCUMU LATOR .IrFEiEgIDSBFéE}Y—jj g u SELECTOR Ez REGISTER?
Sz (RB) | = =12
: ACCUMDLA ToOR—y E9 INSTRUCTION S R4REGISTER 4|
(5V) Voo & BOWER, LATCH Ea DECODER ADDRESS §R5REGISTER5 @
CONTROL [O R 5
() Vo @ FOR RAM CIRCUIT| |3 RiSES.‘iIE:,
(V) Vss () [ ADDBESS B[ stack
: CIRCUIT | o [ROREGISTER®
B le—To G [RIREGISTER
< s L [RZREGISTERZ
SEu k—ruaco 9(R3R5G TER3|
E E 8 ‘—iLh:Eli‘ FLAG ) RaR ER <Z( |
BEQ [ Imen . RSREGISTER 5|5
CONTROL CIRCUIT (Y 3o ke R6 REGISTERs
! 5] W oo aim TEST R7REGISTER?

RAM 128 BYTES
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MITSUBISHI MICROCOMPUTERS
'M5L8049-XXXP,P-6
M5L8039P-11,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Function

Pin Name input or output

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

Vee Main power supply Connected to5V power supply.
(DConnected to5V power supply.

Voo Power supply @Used for memoryphold whepnp\rcc is cut.

v 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).

X1, Xa Crystal inputs Input - External crystal oscfllator or RC <':ircuit input for generating internal clock signals.
An external clock signal can be input through X; 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. : .

(MControl 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.
(®Normally 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 M5L8039P 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 iatch enable Output A signal used for iatching the address on the data bus. An ALE signal occurs once during each cycle.
DProvides true bidirectional bus transfer of instructions and data between the CPU and external mem-
ory. Synchronizing is done with signals RD/WR. The output data is latched.

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

Do~Dy 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 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 @AQuasi-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.

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

Input/output | @AP2p~P2; serve as a4-bit 1/0 expander bus for the M5L8243P.

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

Plo~Pl, | Port! Input/output Quasi-bidirectional port. When used .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.

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

Ts Test pin 1 Input external conditions (JT1/INT1).
®@When enabled, event signals are transferred to the timer/event counter (STRT CNT).

N
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; ‘ MITSUBISHI MICROCOMPUTERS

MSL8049-XXXP,P-6
MSL8039P-11,P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage ' —0.5~7 \
Vpp Supply voltage With respact to Vg —-0.5~7 \
V) Input voltage —0.5~7 \Y
Vo QOutput voltage —0.5~7 \Y
Pd * | Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range . . —20~75 c
Tstg Storage temperature range — 65—~ 150 T

RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C,unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max

Voo Supply voltage 4.5 5 5.5 \
Voo Supply voltage 4.5 5 5.5 \2
Vss Supply voltage 0 \
ViHY .| High-level input voltage, except for X, X,, RESET 2 Vee v
ViH2 High-level input voltage, Xy, X,, RESET 3.8 Vee \"
ViL Low-level input voltage ' —0.5 0.8 \

ELECTRICAL CHARACTERISTICS (Ta=—20~75C,Voc=Vop=5V + 10%, Vss=0V, unless otherwise noted )

Limits
Symbol Parameter ) Test conditions i Tom i Unit
VoL Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 \Y
VoL1 Low-level output voltage, except for the above and PROG loL=1.6mA 0.45 v
VoLz Low-level output voltage PROG loL= TmA 0.45 \
VoH High-level output volitage, BUS, RD, WR, PSEN, ALE lop= — 100/ A 2.4 v v
VoHt High-level output voltage, except for the above lon = —50:¢A 2.4 \
e Input leak current, T1, INT VssSVINE Ve —10 10 HA
oL QOutput leak current, BUS, TO, high-impedance state Vss+0.45<VIN=VcC - 10 10 ,uA'
Tun Input current during low-level input, port ViL=0.8V —-0.2 mA
ILi2 Input current during low-level iriput, RESET, 53 ViL=0.8V —0.05 mA
oD Supply current from Vpp Ta=25C 25 50 mA
1pp+lcc Supply current from Vpp and Vce Ta=25TC 100 170 mA
TIMING REQUIREMENTS (Ta=—20~75C,Vcc=Vpp=5V *+ 10%. Vss=0V. unlessotherwise noted)
’ Limits
e | g | memee | mesee | o
Min. Typ Max Min Typ Max Min Typ Max L
tc Cycle time toy 1.36 15.0 | 1.875 15.0 2.5 15.0 s
th (pseEN-D) Data hold time after PSEN tor 0 100 0 150 0 200 ns
th (r-0) Data hold time after RD tor -0 100 0 150 0 200 | ns
tsu (pSEN-D) Data setup time after PSEN tro 250 350 500 ns
tsu (r-D Data setup time after RD trRD 250 350 ) 500 | ns
tsu (a-p) Data setup time after address tap 400 650 " 950 ns
tsu (pROG-D) Data setup time after PROG tpr 650 | 700 810 ns
th (PROG-D) Data hold time before PROG ter 3} 150 0 150 0. 150 | ns
Note 1 : The input voltage are V,.=0. 45V and V|y=2. 4V.
2 1 Ta=0~70C
 MITSUBISHI 9—27

# 9 ELECTRIC



MITSUBISHI MICROCOMPUTERS
MS5L8049-XXXP,P-6
M5LS8039P-11,P-6

SINGLE-CHIP 8-BIT MICROOOMPUTER

SW|TCH|NG CHARACTER |ST|CS (Ta=—20~75°C, Vcc = Vpp = 5V£10%, Vsg = OV, unl‘ess'otherwise noted}

Limits .
Alternative M5L8049-X X XP M5L804‘9-XXXP-8 M5L8049—vXXXP-6 .
Symbo Parameter symbol M5L8039-11 oo 29| ~ MSLEO39P-8 M5L8039P-6 Unit
Min Typ Max Min Typ Max Min Typ Max
tw (aLE) ALE pulse width to 150 300 | 400 1 ns
td (a-ALE) Delay time, address t© 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 tee 300 500 700 ns
tw (R) RD pulse width teceo 300 500 700 ns
td (w) WR pulse width toe 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 twp 40 80 120 ns
td (a-w) Delay time, address to WR signal taw 200 220 230 ns
td (az-m) Delay time, address disable to RD signal tarc —10 -5 0 ns
td (az-PseN) Delay time, address disable to PSEN signal tarc —10 —5 0 ns
td (Pc-PROG) Delay time, port control to PROG signal . top 100 . 105 110 ns
tv (PROG-PC) Port control valid time after PROG tec 60 100 130 ns
tp (g-PROG) ) Delay time, data to PROG signal top 200 210 220 ns
tv (PROG-Q) Data valid time after PROG tpp 20 45 65 ns
twrroGL) PROG low pulse width tpp 700 1150 1510 ns
td (o-ALE) Delay time, data to ALE signal trL 150 300 400 ns
tv (ALE-Q) Data valid time after ALE tp 20 100 150 T ns
Note 3 : Conditions of measurement: control output C =80pF

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

TIMING DIAGRAM

Read from External Data Memory

ALE —/—\

Write to External Data Memory

—\

/T

ALE
tw(R) tw(w)
RD \ WR —————————
tv(w-Q)
e A :
"S{f R) td (o-w)
BUS [ADDRES BUS EoorESH)
tsu(r-D) tdea-w)y
tsu(a-D)
Instruction Fetch from External Program Memory Port 2
tc —\ —\ —\
twace) A ’ﬁ tv(ae0) Tpi
\ _.._\_— 14.(0-ALE ) P (Q-PROG)
ALE / . Q-ALE) tv (PROG-Q)
. S EXTENDED PORT PORT CONTROL )
W (PSEN) P2 SJRTV\JZGB :X PCh — X JOUTPUT DATA(
'PSEN . e OuTPUT P2¢~P23DATA |
\ v tsu (PROG-D) ||th (PROG-D)
tv (ALE-A) EXTENDED PORT P2g~P23 DATA } e
19 (A-ALE) td -t th(PSEN-D) p2°~9233 PCr N X (
" ; ]
(hz gty Dlujr?;ﬁ? tq ) PQRT CONTROL INPUT DATA
BUS DDRES! DATA (PC-PROG) ™1 tv (PROG.PC)
tsu(PSEN-D) :
. PROG tw(PROGL)
tsu (A-D)
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MITSUBISHI MICROCOMPUTERS

MS5L8049H1-XXXP/MSL8039HLP-14

SINGLE-CHIP 8-BIT MICROCOMPUTER

DESCRIPTION
The M5L8049H1-XXXP and M5L8039HLP-14 are 8-bit par- PIN CONFIGURATION (TOP VIEW)
allel microcomputers fabricated on a single chip using N- .
channel silicon gate ED-MOS technology. TESTPINO To+r @ Voo (5V)
CLOCK INPUT 1 X; — 2] 3] — T, TESTPIN1
CLOCK INPUT 2 X, — 5] 58] « P2,
FEA.TURES : RESET INPUT RESET — 57] + P26 ||/0
® Single 5V power supply SINGLE-STEP INPUT S§ — [B] 36] ++ P25 [PORT 2
® Low power dissipation ««rreeeesessreienenens 400mw (typ.) |NT§§ggggT iNpUTINT = 5]+ P2,
® Instruction cycle--* 1. 07us (oscillator frequency 14MHz) EXTERNAL ACCESS EA— z 3]~ P1,
® Basic machine instructions -----96(1-byte instructions: 68) PROGRAM READ RD + [§] & [33] ++ P16
® 4K-bytes memory addressing possible . STORE ENABLE PSEN « 4 %"’ P1s
i i ible i - WRITE WR « [ig] Y B+ P14 )0
(direct addres.slng possible in 2K-bytes memory) ADDRESS LATCH AL £ - © 5 1, [PORT 1
® Memory capacity ROM 2K-bytes ENABLE =
. Do+~ [12 o 7]+ P1,
RAM .................................. ]28 bytes D, - m ] E" P1
N 1 1
® Built-in timer/event counter -« 8 bits D, [@ % 27~ P1,
® /O ports - 27 lines . ’ D, + [13] 3] Voo (5V)
® Easily expandable memory and 1/0 DATA BUS D, +[i§] %] — PROG ',E}(JERNAL
® Subroutine nesting ......................................... 8 levels Ds+ E... P23 88!'!;31QL
® External and timer/event counter interrupt, 1 level each Ds + [18] 23] > P2, gom_ )
® Low power standby mode D, + 13 22+ P2,
(0V) Vss 21] > P2,
APPLICATION Outline 40P4
Control processor or CPU for a wide variety of applications
FUNCTION
The M5L8049H1-XXXP and M5L8039HLP-14 are integrated
8-bit CPUg, with memory (ROM (Except M5L8039HLP-14),
RAM) and timer/event counter interrupt all contained on a
single chip. '
Do D, D4 Ds Plg Pl Pls Plg P2 P2; P2, P2
BLOCK DIAGRAM ‘D, "D Ds D7 Py Plg Pls P1; P2, P2, P2, B2
—— 12)03)0H()6X(7X18)19)42: €) € €B D26 €2 ¢ € €3 €1 € - - - -
- PORT1 PORT2 0SC FREQ
BUSBUFFER | gyg BUFFER BUS BUFFER PROGRAM
! —! | SELECT [ ROM
Ol &éﬁ 1281 PROGRAY
_PORT] LATCH PORTZLATCH | MEMORY
H EXTENDED /0 Ig:‘; [ R awel| 2 X8
1 ﬂ
8
H a iNSTRl:CTION S
ot o
ES Je] ELECTO!
! z3 RB!
=8 INSTRUCTION
(5V) Voo =2 [ oecooer
(5V) Veo o«
(0V) Vgs @ H 8
8 (&1
% % R REGISTER '
T R2R R
| - S vy ||V S[ RIREGISTER |—
8&g :___—-FLA?I < lm-
- 528 [~ TMERFLAG
l CONTROL CIRCUIT Jc:g g5~ [ A !
- oo K——ACCBIT TEST
!
] RAM (128 BYTES)
O-B-0-O-6-0-0-O0--O-O-O—®— - - - - - -
To INT PROG X; ALE SS WR
T, RESET EA X, PSEN RD _
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MITSUBISHI MICROCOMPUTERS

M5L8049H1-XXXP/M5L8039HLP 14

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin

Name

Input or output

It » Function

VSS

Ground

Normally connected to'ground (0V).

Vee

Main power supply

Connected to5V power supply.

Voo

Power supply

DConnected to 5V power supply.
@used for memory hold when V¢ is cut.

To

Test pin 0

input

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

Output

@Used for outputting the internal 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 Xa.

RESET

Reset

{nput

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.

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

(ONormally maintained at OV.
@When-the level is raised to5V, external memory will be accessed even when the address is less than
40046 (2048). The M5LBO39HLP-14 is raised to 5V.

Read control

Output

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

Program store enable

Output

Strobe signal to fetch external program memory.

Write control

Output

Write 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 latching the address on the data bus. An ALE signal occurs once during each cycle.

Do~D7

Data bus

Input/output

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

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

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

P2o~P2,

Port2

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.

Output

@P25~P2; output high-order 4 bits of the program counter when using external program memory.

Input/output

@P2,~P2; serve as a 4-bit 1/0 expander bus for the M5L.8243P.

PROG

Program

Output

Strobe signal for M5L8243P 1/0 expander.

Plo~Pls

Port1

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.

T,

Test pin 1

Input

@Control 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

MSL8049H1-XXXP/MSL8039HLP-14

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vceo Supply voltage —0.5~7 \%
Voo Supply voltage With respect to Vs —0.5~7 \%
\A Input voltage —0.5~7 \%
Vo Output voltage —0.5~7 \%
Pd Power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 C
Tstg Storage temperature range —65~150 T

RECOMMENDED OPERATING CONDITIONS (1a=0~70C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 \4
Voo Supply voltage 4.5 5 5.5 \"
Vss Supply voitage 0 \
Vit High-level input voltage, except Xi; Xz and RESET 2 Veco \"
V2 High-level input voltage, Xy, X; and RESET 3.8 Vee Y
Vit Low-level input voltage, except X;, X; and RESET —0.5 0.8 v
V2 Low-level input voltage, Xy, X, and RESET —0.5 0.6 \4
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vee = Vop =5V£10%, Vss = 0V, unless otherwise noted)
Limits .
Symbol Parameter Test conditions - Unit
Min Typ Max
VoL Low-level output voltage (BUS) lo. = 2mA 0.45 Y
Vout Low-level output voltage (RD, WR, PSEN, ALE) loo =1.8mA 0.45 v
Vorz Low-leve! output voltage (PROG) lo. = 1TmA 0.45 v
Vois Low-leve! output voltage (for other outputs) lo. = 1.6mA 0.45 \4
Vou High-level output voitage (BUS) lon = —400 A \ 2.4 v
Vou1 High-ievel output voltage (RD, WR, PSEN, ALE) lon = —100 £A 2.4 Y
Vouz High-level output voltage (for other outputs) loy = —40 A 2.4 \%
I, Input leak current (Ty, INT) Vss € Vin = Voo —10 10 zA
loz Output leak current (BUS, To), high-impedance state Vss +0.45< Viy < Vee -10 10 uA
1y Input teak current (Port) Vss +0.45< Viy < Ve —0.2| —0.6 mA
li2 Input leak current (RESET, SS) Vss + 0. 455 Viy < Ve —0.05 mA
lop Supply current from Vpp 5 10 mA
lop 1+ lcc| Supply current from Vpp and Vec 125 mA
MITSUBISHI a3
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MITSUBISHi MICROCOMPUTERS

. MS5L8049H1-XXXP/M5L8039HLP-14

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING REQUIREMENTS (T3 =0~70C, Vcc = Vpp = 5V*+10%, Vss =0V, unless otherwise noted)

Relationship to Alternative .Limits )
Symbol Parameter ’ Unit

cycle time (tg) symbol Min Typ Max
te Cycle time 1/ (fxraL < 15) tey 1.07 15 ‘us
th (psen-p) | Data hold time after PSEN 1/10 « tc — 30 tor 0 80 ns
th (r-D) Data hold time after RD 1/10 * tc — 30 tor o} 80 ns
tsu (psen-p) | Data setup time after PSEN 3710 - tc — 200 tro2 130 ns
tsu (r-D) Data setup time after RD 2/5 « tc — 200 tro1 230 ns

Data setup time after address ) . ’
tsut (-0 (external data mémory read cycle) 7710+ t? —220 tap1 ‘ 530 ns
tsuz (a.0) Data setup time after address 172 + to — 200 taos ‘ 340 ns
(external program memory read cycle)
tsu (Proa-p) | Data setup time after PROG 6/10 « tc — 120 ter 530 ns
th (Proa-p) | Data hold time after PROG 1/10 - tc tpe 0 110 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 terminais (X, Xz).
SW|TCH|NG CHARACTERISTICS (Ta = 0~70C, Ve = Vpp = 5VE10%, Vss =0V, unless otherwise noted)
Relationship to Alternative Limits ,
Symbol . Parameter - Unit

cycle time (tg) symbol Min Typ. Max
tw (ALE) ALE pulse width 7/30 « tc — 170 tol 80 ns
td (A-ALE) Address to ALE signal delay time 2/15 - t¢ — 110 taL 30 ns
tv (ALE-A) Address valid time after ALE 1/15 « tc — 40 tea 30 ns
tw (pseN) PSEN pulse width 2/5 « tc — 200 tece 225 ns
tw (R) RD pulse width 1/2 + tc — 200 [ 330 - | ns
tw (W) WR pulse width 1/2 « tc — 200 tcc 330 ns
td (@-w) Data to WR signal delay time . 13/30 ¢ tc — 200 tow 260 ns
tv (w-Q) Data valid time after WR 1/15 « tc — 50 two 20 ns
td (a-w) Address to WR signal delay time 1/3 + tc — 150 taw 200 . ns
td (az-R) Address disable to RD signal delay time 2/15 « t¢ — 40 tarc 100 ns
td (az-w) Address disable to WR signal delay time 2/15 - tc — 40 tarct 100 ns
td (az-psen) | Address disable to PSEN signal delay time 1/30 - tc — 40 tarca 5 ns
td (ALE-R) ALE to RD signal delay time 1/5<tc — 75 tLarct 140 , ns
td (ALE-W) ALE to WR signal delay time 1/5tc— 75 tLaFct 140 ns
td (aLe-psen)| ALE to PSEN signal delay time 1710 - tc — 75 tLaFc2 40 ns
td (R-ALE) RD to ALE signal delay time 1/15 « tc — 40 tcar 30 ns
td (w-aLe) | WR to ALE signal delay time 1715 - tc — 40 tcat 30 ns
td (Proa-aLe)| PROG to ALE signal delay time 1/15 » tc — 40 toat 30 ns
td (psen-aLe)| PSEN to ALE signal delay time 4/15 - tc — 40 tcaz 240 . o ns -
td (pc-proG) | Port control to PROG signal delay time 2/15 + tc — 80 tce 60 ns
tv (ProG-pPc) | Port control valid time after PROG 4/15 - tc — 200 tpe 80 ns
td (@-Proa) | Data to PROG signal delay time 2/5 « tc — 150 top’ 280 ns
tv (ProG-q) | Data valid time after PROG 1710 « tc — 50 teo 50 ns
tw (ProaL) | PROG low-level pulse width 7/10 - tc — 250 tep 500 ns
td (Q-ALE) Data to ALE signal delay time 4/15 - tc — 200 teL 80 ns
tv (ALE-Q) Data valid time after ALE 1/10 « tc — 100 tp 10 ns
td (aLe-Q) Delay time after ALE 3/10 - tc 4100 tev 420 |- ns
tw (To) To pulse spacing 3/15 - tc torRR 210 ns

Note 3 : Conditions of measurement: control output C_ = 80pF data bus output, port output C, = 150sF.
4 ' Reference levels for input/output voltages are low-level = 0. 8V high-level = 2V.

2—-32
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MITSUBISHI MICROCOMPUTERS

MS5SL8049H1-XXXP/MSL8039HLP-14

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM

External Data Memory Read

External Data Memory Write

td (ae-m) td (aLe-w)
ALE _/ /_\_ ALE S X /__\_
t
o tw (r) td (RALE) _ w W d (w-aLe)
RD \ WR ————————\
td (az-w) t
v (w-Q)
'd (az-w) > th (r-0)
e td (a-w)
|
BUS {ADDRESS DATA BUS ((ADDRESS QoatA B
: tsu (r-D) td (a-w)
tsu1 (a-0)
External Program Memory Instruction Fetch Port2
te td (proG-ALE)
tw (aLe)
ALE —/ ‘ A _  ae—" \ f A\
td (aLe-PsEN) tv (ae-0) td (a-proa)
EXTENDED
tw (rstny td (psen-aLE) P2,~P2; PORT td (q-aLe) td (aLe-@) = tv (PROG-Q)
PSEN 4 83?#'&? PCy X P2,~3 X PORT X OUTPUT X
ty (aLe-a) DATA  CONTROL DATA
td (a-ate) N >t th (psen-0) tsu (ProOG-D) .
d (Az-PSEN) P2,~P2, EXTENDED PORT P25~s h (PROG-D)
BUS ADDRESS DATA IDNUPTJI¥G PCy X_DATA )1
tsu (psen-b) td (pc-prOG) > CONTROL
tsuz (a-0) . ™ty (roG-PC)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5L8049H1 XXXP/MSLE039HLP-14

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
OUTPUT CURRENT o5 OUTPUT CURRENT
=~ 3.8 T =~ O T
2 oo =5V Z Voo =5V
L Ta=25C L o Ta=25C
3.6 .
w Ty w
9 34 - —~ 9 o3f
5 , 5
g g
3 3.2 3 0.2 / -
- -
w w
g 3.0 @, 0.1 /
p .
285 =02 —0.4 —0.6 —08 —1.0 00 2 4 6 8 10
HIGH-LEVEL OUTPUT CURRENT lon(mA) LOW-LEVEL OUTPUT CURRENT 1, (mA)
Py, P2 LOW-LEVEL INPUT RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL
5 i INPUT CURRENT 5 INPUT CURRENT
= Voo =5V . Vee =5V
2 Ta=25C 2 Ta=25¢C
= \\ a s, .\\ . a
5 N 8
o N\ =
3 o 3
g N > \.
= =
B B \
zZ 2 N z 2
) )
: N\ : \
w w
; 1 \ ; 1
: 5 \
0 . 0
—0.1 —0.15 —0.2 —0.25 —0.3 —0.35 -0 —0.02 —0.04 —0.06 —0.08 —O0.1
LOW-LEVEL INPUT CURRENT |,(mA) . LOW-LEVEL INPUT CURRENT 1,(mA)
NORMARIZED SUPPLY CURRENT (lg¢) NORMARIZED SUPPLY CURRENT (Ipo)
L6 VS. AMBIENT TEMPERATURE 16 VS. AMBIENT TEMPERATURE
?3 ' Vee = l5V :Q ’ Vee = sv
= Voo =5V = Voo =5V
514 % 1.4
w [
[ 4
c >
2
o 1.2 g 1.2
> a
E \\ % \
3 1.0 » 1.0
o S~ a
N \ N \
z ~ S
T 08 < 0.8
2 I
S o
Z 0.6 z 0.6
—25 0 25 50 75 100 —25 0 F3 50 75 100
AMBIENT TEMPERATURE Ta(C) - AMBIENT TEMPERATURE Tg4(C)
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MITSUBISHI MICROCOMPUTERS
SINGLE-CHIP 8-BIT MICROCOMPUTER
DESCRIPTION
. . . Pl
The M5MB8050H-XXXP/M5MB8040HP is an 8-bit parallel mic- N CONFIGURATION (TOP VIEW)
rocomputer fabricated on a single chip using N-channel sili-
con gate ED-MOS technology. TEST PIN O To e [1] T ] Voo (5v)
M5MB050H-XXXP " Internal ROM Type (4K Bytes) CLOCK INPUT 1 X —[Z] 53] & T) TEST PIN 1
M5MB040HP External ROM Type CLOCK INPUT 2 Xz -+ [3] s)es P2,
RESET INPUTRESET — [1] GTer P2
- SINGLE-STEP INPUT SS — [] e e P2g /0 PORT 2
FEATURES INTERRUPT o )
B|ew P2,
® Single 5V power supply REQUEST INPUT
. ) EXTERNAL ACCESS EA —+[7] LiesPiy
® |nstructioncycle ................... 1.36us (min) READ AD 1] z Flesp 16
) i ine i ions . . - i ions: PROGRAM s=c—
Basic machine IﬂSthCthﬂS. 96 (.1 byte instructions: 68) STORE M BSEN oG] 2 [Fles P15
® 4K-bytes memory addressing possible WRITE WR &[] § les P,
{direct addressing possible in 2K bytes memory) ADDRESS_LATCH 5| £ o [1] T Des p1, (/O PORT
® Memory capacity: ROM............... 4Kbytes Do [7] o} e P,
RAM............... 256 bytes D: e [3 -1 Te]es P 1,
@ Built-in timer/eventcounter ............... . 8 bits D2 &[] [T]eP1g
® 1/OPOrS ...ovvveeieneenenennnannan... 27lines Dy [E] =] Voo (5V)
P DATA BUS § - ] EXTERNAL
® Easily expandable Memorv and I/O 4 @[] —*PROG
i Ds «» 7] i)e» P2 CONTROL
® Subroutinenesting ..................... 8 levels 3} QUTPUT
® External and timer/event counter interrupt, 1 level each Ds #» [} %”Pz? /O PORT 2
D
® Low power standby mode 7+ (5] ® P2
(0V) vss. [ e p2,
APPLICATION . . . Outline 40P4
Control processor or CPU for a wide variety of applications
FUNCTION
The M5MB8B050H-XXXP/M5M8040HP is an 8-bit CPU, with
memory (ROM, RAM) and timer/event counter interrupt all
contained a single chip.
BLOCK
D|AG RAM Do D) D; 030405 D60y p“&?”pn,p'fng‘spnphpzfupzfz?z:zgh
i— !?‘ (()-CIBSEE) DENEHC _
PORT 1 PORT 2 0SC FREQ
BUS BUFFER BUS BUFFER BUS BUFFER | IPROGRAM ROM |
SELECT 2 A
ol i 12 8IS PROGRAM
BUS LATCH PC PORT 1 T _MEMORY IMEMORY || sTaTus TIMER/,
TEMP. REGISTER 8
LowoRoER 8 BiTsi| | e ] Fasao'l wxs  |[FECISTER .
8
! ] T i
- 8
\ | L3 11 08
" NSTRUCTION| AEGISTER R0 REGISTER O
2 8! L 9.4 | REGISTER ]| BANK R1 REGISTER 1
ACCUMULATOR| | [[TEMPORARY] wsr SELECTOR R2 REGISTER 2]o
JLLEBISTER 25z il 83 REGISTER 3|
SE z
2 R4 REGISTER 4
5V Voo POWER - = 'NSEESSE:RON ~ooress] |c|[RE RecisTER B]®
- SUPPLY < CONTROL| |5[R6 REGISTER 6
(5V) Vee FOR RAM CIRCUIT | |O[R7 REGISTER 7
ADDRESS | |©
OV Vss ﬁ aovrsse] B[ stack
CIRCINT RO REGISTER O
. To O [R1 REGISTER 1
e \'N’T ©|R2 REGISTER 2|~
259 [ fiaco O(R3 REGISTER 3[x|
FZ9 le—riag <[R4 REGISTER 4| % '
Fa9Q [ mMerrlac R5 REGISTER 5|0
CONTROL CIRCUIT k:_," g° [T cammy R6 REGISTER 6
- 8 A o it TEST R7 REGISTER 7
RAM (256 BYTES)
W A
To T\ INTAESETPROG EA X1 X ALE PSEN 5§ AD WA
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ELECTRIC




MITSUBISHI ‘MICROCOMPUTERS

M5M8050H XXXP/M5M8040HP

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.

Voo

Power supply

(DConnected to 5V power supply.
@Used for memory hold when Vg Is cut..

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 internal clock signal (ENTO CLK).

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 Xa.

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.

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.

External access

Input

(DNormally maintained at OV. ) }
@When the level is raised to5V, external memory will be accessed. The M5MB040HP is raised to 5V.

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

Strobe signal to fetch external program memory.

WR

Write control

Output

Output

Write 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 latching the address on the data bus. An ALE s1gnal 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.

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

(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)

P2o~P2;

Port2

Input/output

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

Output

@P2p~P2; output high-order 4 bits of the program counter when using external program memory.

Input/output

BP2;~P2, serve as a4-bit 1/0 expander bus for the M5L8243P.

PROG

Program

Output

Strobe signal for M5L8243P /0 expander.

Plo~P1;

Port1

Input/output

Quasi-bidirectional port. When used 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.

T4

Test pin 1

Input

(DControl signal from an external source for conditional jumping in a program. Jumping is dependent on
external conditions (JT1/UNT1).

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

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS5M8050H-XXXP/M5M8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol | Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7
Voo Supply voltage —0.5~7 Vv
Vi Input voltage With respect to Vgg —0.5-7 v
Vo Outprt voltage » —0.5~7 \
Pd 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 CONDlTIONS (Ta=0~707C unless otherwise noted )

Limits

Symbol Parameter Unit

" Min Nom Max

Vce Supply voltage 4.5 5 5.5

VDD Supply voltage 4.5 5 5.5
Vss Supply voltage 0 \
Vi1 High:level input voltage, except X 1, X2 and RESE T 2 Veg v
Vi H2 High-level input voltage, X1, X2 and RESE T 3.8 Vee Vv
ViLs Low-level input voltage, except X 1, X2 and RESE T —0.5 0.8 \
ViLz Low-level input voltage, X 1, X2 and RESET —0.5 0.6 Y

ELECTR'CAL CHARACTERIST'CS (Ta=0~70C, Vecc=Vob=5V +10%, Vss= 0V,unlessotherwise noted )

/ . Limits

Symbol Parameter Test conditions Unit

Min Typ Max
VoL Low-level output voltage (BUS) loL =2mA ' 0.45 \
Vo1 Low-level output voltage (RD, WR, PSEN, ALE) loL=1.8mA 0.45 \
Vorz Low- level output voltage (PROG ) loL=1mA . 0.45 Y
Vous Low-level output.voltage (for other outputs} oL =1.6mA 0.45 A\
V oH High-level output voltage (BUS) 1 oH = —400uA 2.4 \%
V oH1 High-level output voltage (RD, WR, PSEN, ALE) | o = — 100 A L2.4 Y
V OH2 - High-level output vottage (for dther outputs) | oH= —40uA 2.4 \
1) ' Input leak current (Tq, INT ) Vss=VINSVce . - 10 10 uA
10z Output leak current (BU S, Tg ) high-impedance state Vss+0.45=V NS Vee —10 10 uA
(R input leak current (PORT) Vss+0.45<V|N=Vceo - 0.2} —0.5 mA
12 Input leak current {RESET, SS) Vss+0.45=VIN=Vee —0.05 mA
(1558} Supply current from Vpp 10 20 mA
| po +1c¢cc | Supply current from Vpp and Ve 70 140 "mA
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TR LN :~ MITSUBISHI MICROCOMPUTERS

e MSM8050H-XXXP/M5MS8040HP

EREEEAE Lo SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING REQUIREMENTS (Ta=0~70C, Vgc=Vpp=5V £10%, Vss=0V,unlessotherwise noted )

Symbol Parameter Relaliqnship to Alternative Limits Unit
cycle time (tc) symbol Min Typ Max
tc Cycle time 1/(fxTAL + 15) tev 1.36 15 us
t h(PSEN-D) Data hold time after PSEN 1/10-tc —30 tor 0 110 ns
th(r-0) Data hold time after RD 1/10-tc—30 tor 0 110 ns
tsu(PSEN-D) Data setup time after PSEN 3/10-tc—200 tRD2 210 ns
tsu(r-p) Data setup time after RD 2/5-t¢c—200 tRD1 350 ns
! tsur (A-D) z:‘tirs:;:]:;at:: ;:r:zrrya(::;iycle) 7/10+tc—220 taoy ns
tsuz(a-0) ::e):ttae::;rp time after address 1/2+tg—200 t D2 460 ns
. program memory read cycle)
tsu(PROG-0) Data setup time after PROG 6/10-tc — 120 ter 700 ns
th(PROG-0) Data hold time after PROG 1/10-t¢ 1123 0 140 ns
Note 1: The input voltages are VL =0.45Vand V4 =2.4V
2: fxTAL is the oscillator frequency entered at the crystal input terminals ( X 1, X 2 ).
SWITCHING CHARACTERISTICS (Ta=0~70C, Vgc=Vpp=5V+10%, Vss=0V, unless otherwise noted )
Symbeol Parameter Relationship to Alternative Limits Unit
cycle time (t¢) symbol Min Typ Max
tw(ALE) ALE pulse width 7/30-t1c— 170 toe 150 ns
td (A-ALE) Delay time, address to A L_E signal 2/15-tc—110 taL 70 ns
tv (ALE-A) Address valid time after ALE 1/15-1c —40 tia 50 ns
tw(PSEN) PSEN pulse width 2/5-tc—200 teee 350 ns
tw(R) RD pulse width 1/2-tc—200 teor 480 ns
tw(w) WR pulse width 1/2-tc—200 teer 480 ns
td (g-w) Delay time, data to WR signal 13/30+-tc —200 tow 390 ns
tv (w-0) Data valid time after WR 1/15-1c —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 taFct 140 ns
td (az-w) Delay time, address disable to WR signal 2/15-tc— 40 taFct 140 ns
td (az-PseN) | Delay time, address disable to PSEN signal 1/30-tc—40 tarcz 10 ns
td (ALE-R) Delay time, ALE to RD signal 1/5-tc—175 tLaFc) 200 ns
td (ALE-W) Delay time, ALE to WR signal 1/5-tc—175 tLaFCH 200 ns
td (ALE-PSEN) | Délay time, ALE to PSEN signal 1/10-tc—75 t LaFC2 60 ns
td (R-ALE) Delay time, RD to ALE signal 1/15-1c — 40 tear 50 ns
td (W-ALE) Delay time, WR to ALE signal 1/15-tc — 40 tcat 50 ns
td (PROG-ALE) | Delay time, PROG to ALE signal 1/15-tc —40 tcal 50 ns
td (PSEN-ALE) | Delay time, PSEN to ALE signal 4/15-tc—40 tcaz 320 ns
[d'(PC-PHOG) Delay time, Port con\rol to PROG signal - 2/15-tc—80 top 100 ns
tv (PROG-PC) | Port control valid time after PROG 4/15-1c—200 tpg 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 tpp 90 ns
tw(PROGL) PROG low pulse width 7/10-tc —250 tep 700 ns
td (Q-ALE) Delay time, Data to ALE signal 4/15-1c—200 tpL 160 ns
tv (ALE-Q) Data valid time after ALE 1/10-tc— 100 . top 40 ns
td (ALE-Q) Delay time, ALE to data 3/10-tc + 100 tpy 510 ns
tw(Tg) To pulse period 3/15-1c LoprA 270 ns

Note 3: Conditions of measurement: control output CL=80pF data bus output, port output C =150pF.

4: Reference levels for input/output voltages are low-level=0.8V and high-level=2V.
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MITSUBISHI MICROCOMPUTERS

M5M8050H- XXXP/MSM8040HP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM

Read from External Data Memory Write to External Data Memory
td(ALE-R) td (aLE-w)
ALE / AL _/ — /| \
td d
tw(r) (R-ALE) Tw(w) (W-ALE)
RD f— WR
< th
td(a -R)tSU(R—D) . (D)

ADDRESS
BUS

BUS

tsui(a-0).

Instruction Fetch from External Program Memory  Port 2

tc
td(PROG-ALE)
tw(aLg) T
ALE / N [ ae—/ N\ J‘{
tv(aLe-Q) td(o-PROG)
{ . t - T
ﬁd(_m_a PSEN) Ld(PSEN-ALE) EXTENDED | . Lt
tw(psen) p2g~P23 PORT d(Q-ALE) d(ALE-Q) g V(PROG-O)
PSEN b DURING PCh (P20 -3 X PORT X OUTPUT
W(AcE-A) = DATA  CONTROL DATA
14 tsu(PrOG-D) th
. e H PROG-D
td(a-ALE) =p—— (AZ-PSEN) thepsen-0) P2, P25 EXTENDED PORT P20 -3 i ‘ k
Vs, X DURING PC DATA X [PORT
BUS WoATA D) sy X X % CONTROL _ |[INPUT
' td¢pe-PROG)—=H= DATA
SU(PSEN-D) . ?t——i
R . lvyproG-PC)
tsuz(a-0) PROG \!| tw(pRoGL)
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MITSUBISHI MICROCOMPUTERS

'M5M8050L -XXXP/M5M8040LP

SINGLE-CHIP 8-BIT MICROCQMPUTER.

DESCRIPTION ‘ : —
The MSMBIS0L-XXXP and M5MBO40LP are 8-bit parallel PIN CONFIGURATION (TOP VIEW)
microcomputers fabricated on a single chip using N- : :
channel silicon gate ED-MOS technology. TESTPINO  To<> L] Vee (5V)
CLOCK INPUT 1 X, — 2] T, TESTPIN1
X, — 3] 3] ++ P2
FEATURES ot % Bty
. P2
® Single 5V power supply : SINGLE-STEP INPUT ' SS— ] < po | /O PORT 2
® Low power dissipation «---ssrerrereeeeseeenes 300mw (typ.) INTEE?&FJ’EST weur INT—[E] 5]« P2,
® Instruction cyc|e ....................................... 2.5#8 (min.) EXTERNAL ACCESS EA — z 5]« P1,
® Basic machine instructions -:---96(1-byte instructions: 68) READ RD+ %‘ “ Pl
® 4K-bytes memory addressing possible Pﬁg%‘ﬁ\é‘ﬂgmm PSEN « 9] x + P15
(direct addressing possible in 2K bytes memory) WRITE  WR <+ < P, ‘
. . ADDRESS ALE [ - 5] <+ 1, | /O PORT 1
® Memory capacity: ROM eoreerermerernennnrnereenaie. 4K bytes LATCH ENABLE >,< ) 3
RAM -+ eceereeeesosnsrrnesnnnnnes 256 b Do+ [12) & 23]+ P1,
\ ytes
I . s D+ [ x 2] + P1,
. Built-in timer/event counter 8 bits 0, « [ o - P
1/ POIES +#+#ssssesssssssnsssssssissisi s 27 lines D"“ = v,“ V)
: DATABUS § ~° oo
Easily expandable memory and 1/0 .+ i8] 7] — PrOG EXTERNAL
Subroutine nesting ......................................... 8 |eve|s DS" - st CONTROL
External and timer/event counter interrupt, 1 level each Dg++ 23] + P2, Ug”:g:_:z
Low power standby mode D, + + P2,
(0V) Vss 21] + 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
. . Do D2 Dy Dg Pla P12 Piy Plg P2y P2, P2, P2
D; D3 Ds D; Ply'Plg Pls Pl; P2 P25 P2,
r- 12003000 N8)19-27X28X29) 3DE2E3EH-(21X220(23X24X35)36)(3(38) - - - - 1
|
PORT PORT2 0SC FREQ
| BUS BUFFER BUS BUFFER BUS BUFFER PROGRAM :
SELECT. [7y  ROM _
{8} ‘ Eg 12817 . PROGRAM
= MEMORY '
PORTILATCR |2 STATUS
2| [lvemory REG
' EXTENDED /O[S | WEMORLEANKY EGISTER .
ORI
g
{1 £ |
N :
X -~ ﬁEEE’é?Eﬁ’" R0 REGISTER 0
o= >
: E3 < ﬁneelsrsni ~
£8 INSTRUCTION | RAREGISTERY |5 :
(5V) Vop @—— FONER SUPRLY €8 F_ DECODER ADDRESS RS BEGISTERS. |
(5V) Voo €8 ‘ ONTROL R REGISTER G |
o~ ce g H - CIRCUIT | RTREGISTERT |
V) Vs & ADDRESS | 1&5] STACK
Sowthal. | 18 maay .
To S| RIREGISTER |
. i [ || rereaisters
.‘ 28 T lFNLAGO é R3REGISTER3 |
S —Hd R4 REGISTER 4
£5 -—iu FLAG R REGISTERD | =
CONTROL CIRCUIT —N 2= [ | R6 REGISTERG | !
T C® . Koo Test | RTREGISTER T |
RAM (25 BYTES)
6 6, ® (0 - - - - - Z
To INT PROG X, ALE SS WR
T, RESET _EA X, PSEN RD
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS5M8050L -XXXP/M5M8040L P

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 (Connected to5V power supply. '

@Used for memory hold when Ve 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/INTO).

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

Xy, Xa Crystal inputs Input External crystal osc'illator or RC tl:ircuit input for generating internal clock signals.
An external clock signal can be input through X, 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.

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

INT Interrupt Input external conditions (JN).

@Used for external interrupt to CPU.
EA External access Input ®Normally maintaﬁned. at0v. A . )
(@When the level is raised to 5V, external pfogram memory will be accessed.
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 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.

.| @When 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 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)

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.

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

Input/output | ®P25~P2; serve as a 4-bit 1/0 expander bus for the M5L8243P.

PROG Program Output Strobe signal for M5L8243P I/0O expander.

Plo~P1, | Port Input/output Quasi-bidirectional port. When used és 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.

(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).

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSM80S50L.-XXXP/M5M8040L P

o ' | SIVN'GbLE-CI'IIPY 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

_ Symbol ] Parameter - B Conditions Limits Unit
Vec Supply voltage f —0.5~7 \4
Voo Supply voltage ' —0.5~7 A\
v, Input voltage With respect to Vss —0.5~7 v
Vo Output voltage © —0.5~7 \
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, unless otherwise noted)

‘ Limits
Symbol Parameter - 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
Vi1 High-level input voltage, except Xy, X, and RESET 2 Vee \'
Vinz High-level input voltage, Xy, X, and RESET 3.8 Vee \
\/1 Low-level inputwoltage, except X;, X» and RESET —0.5 | 0.8 v
Vi Low-level input voltage, X, X, and RESET —0.5 0.6 \'

ELECTRICAL CHARACTER|ST|CS (Ta = 0~70C, Vec = Vpp = 5V£10%, Vss = 0V, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min Typ Max
Voo Low-level output voltage (BUS) | loL=2mA 0. 45 \'
VoLt Low-leve! output voltage (RD, WR, PSEN, ALE) loo=1.8mA 0.45 \
Vorz Low-level output voltage (PROG) . loL = TmA 0.45 \
Vous Low-level output voltage (for other outputs) loo = 1.6mA 0. 45 \"
Vou High-level output voltage (BUS) ton = —400 nA 2.4 \'/
Vo High-level output voltage (RD, WR, PSEN, ALE) ton = —100 uA . 2.4 '
Vouz High-level output voltage (for other outputs) lon = —40 A 2.4 \'
[ Input leak current (T4, INT) - Vss < Vin = Voo —10 10 A
loz Output leak current (BUS, Ty), high-impedance state Vss +0.455 Viy = Ve —10 10 #A
1 Input leak current ( Port) Vss +0.45< Viy < Ve —0.2| —0.5 mA
lio Input leak current (RESET, SS) Vss +0.45< Viy < Vee —0.05 mA
oo Supply current from Vpp . 5 10 mA
Iop + lcc| Supply current from Vpp and Vec 90 mA
ot v | MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS5MS8050L -XXXP/M5SM8040L P

SINGLE-CHIP 8-BIT MICROCOMPUTER

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

Relationship to Alternative Limits
Symbol Parameter K - Unit
cycle time (t¢) symbol Min Typ Max |
tc Cycle time 1/ (fxraL + 15) tov 2.5 15 ©s
th (psen-o) | Data hoid time after PSEN 1/10 « tc — 30 tor 0 220 ns
th (r-b) Data hold time after RD 1/10 < tc — 30 tor 0 220 ns
tsu (psen-p) | Data setup time after PSEN 3/10 - t¢ — 200 tro2 550 ns
tsu (r-D) Data setup time after RD 2/5 + tc — 200 trD1 800 ns
teut (o Data setup time after address 7710 + to — 220 tao 1530 ns
(external data memory read cycle)
tsuz (Ad) Data setup time after address 172 + to — 200 tans 1050 ns
(external program memory read cycle)
tsu (Prow-p) | Data setup time after PROG 6/10 - tc — 120 ter 1380 ns
th (proc-p) | Data hold time after PROG 1710 « to tpr 0 250 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 (X4, X,).
SWITCHING CHARACTERISTICS (Ta=0~70C; V¢c = Vop = 5V£10%, Vss =0V, unless otherwise noted)
Relationship to Alternative Limits .
Symbol Parameter o - Unit
cycle time (tg) symbol Min Typ Max
tw (aLE) ALE pulse width 7/30 - tc — 170 tL 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 115 < tc — 40 tLa 120 ns
tw (PSEN) PSEN pulse width 2/5 + tc — 200 teez 800 ns
tw (R) RD pulse width 1/2 « tc — 200 tcot 1050 ns
tw (w) WR pulse width 1/2 « tc — 200 toct 1050 ns
td (@-w) Data to WR signal delay time 13/30 - tc — 200 tow 880 ns
tv (w-q) Data valid time after WR 1/15 « tc — 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 tarct 290 ns
td (az-w) Address disable to WR signal delay time 2/15 -« tc — 40 tarct 290 ns
td (az-psen) | Address disable to PSEN signal delay time 1/30 - tg — 40 tarcz 40 ns
td (ALE-R) ALE to RD signal delay time 1/56-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 1710 < tc — 75 tLarc2 170 ns
td (R-ALE) RD to ALE signal delay time 1/15 « tc — 40 tcar 120 ns
td (w-aLe) WR to ALE signal delay time 1715 * tc — 40 tcai 120 ns
td (PRoG-aLE)| PROG to ALE signal delay time 1715 - tc — 40 tcat 120 ns
td (psen-aLe)| PSEN to ALE signal delay time 4/15 < tc — 40 tcaz 620 ns
td (pc-proG)| Port control to PROG signal delay time 2/15 - tc — 80 tce 250 ns
tv (ProG-pc) | Port control valid 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 (ProG-q) | Data valid time after PROG 1/10 « tc — 50 tep 200 ns
tw (ProaL) | PROG low-level puise width 7/10 « tc — 250 tep 1500 ns
td (q-aLe) Data to ALE signal delay time 4/15 « tc — 200 the 460 ns
" tv (ALE-Q) Data valid time after ALE 1/10 » tc — 100 tep 150 ns
td (aLe-a) Delay time after ALE 3/10 « tc + 100 tpv ) 850 ns
tw (To) To pulse spacing 3/15 « t¢ toPRR 500 ns
Note 3 ! Conditions of measuremént: control output C, = 80F data bus output, port output C, = 1505F.
4 @ Reference levels for input/output voltages are low-level = 0.8V high-level = 2V.
MITSUBISHI a3
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MITSUBISHI MICROCOMPUTERS

M5M8050L-XXXP/M5M8040LP

SINGLE-CHIP 8-BIT MICROCOMPUTER

TIMING DIAGRAM

External Data Memory Read

External Data Memory Write

ELECTRIC

td (ALe-R) td (ae-w)
ALE —/ ALE -/ ) {__\-—
tw (R) td (r-aLe) tw w td (w-aLe)
RD ———— WR —_—\
td (az.w)
t ty (w-a)
d (az-R) th (r-0)
BUS ADDRESS, DATA BUS ADDRESS
tsu (r-D)
tsu1 (a-p) td (a-w)
External Program Memory Instruction Fetch Port2
te ‘ td (PrOG-ALE)
| tw (aLe)
\
ALE — | A \— ae— \ \ A\
t : tv (aLe-@) td (a-rrOG)
d (aLe-psen) EXTENDED
tw (pseny || td (PsEN-ALE) P2o~P2; PORT td (@-ae) td (aLe-@) ~H—= tv (ProG-)
PSEN \ 4 33?#»’&‘% :x PCy X P2~3; X _PORT ¥ OUTPUT X
ty (aLe-a) DATA CONTROL DATA
td (a-aLe) - th (psen-0) tsu (prOG-D)
td (az.psen) p2,~P2, EXTENDED PORT P2o~3 th (Proa-0)
BUS ADDRESS & oata P %ﬁl}qe X PCy X DATA X PORT
tsu (psen-D) : td (pc-pROG) ‘ CONTROL II:;‘;I’UAT
tsuz (a-0) tv (pROG-PC)
PROG tw (proGL) |7
MITSUBISHI
2—44 SU



M5M80C49-

DESCRIPTION

The M5MB0C49-XXXP and M5MB0C39P-6 are 8-bit parallel
microcomputer fabricated on a single chip using silicon
gate CMOS technology.

FEATURES

® Single 5V power supply

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

® Basic machine instructions .................... 97
1-byte instructions . ........ ... ... ... ... 69
2-byte instructions . ...............0c00..... 28

® Direct addressing. . .. ... e up to 4096 bytes

@ Internal ROM (except M5M80C39P-6) . - - - . 2048 bytes

® Internal RAM . ......... FS 128 bytes

® Built-in timer/eventcounter .................8bits

® 1/OPOrts ..ovvriiei e veeeneen.. 27 lines

® Easily expandable memory and 1/0

® Subroutinenesting ...................... 8levels

® External and time/event counter interrupt, 1 level each
® High noise margin
® | ow power dissipation modes (Vcc = 5V)

OPerating -+« « cvvevnnneniennennennnns 50mwW

HALTMOdE « « vt v e v vvevneneinneannnn 15mW

Stand-by .............. PP - o 741}
APPLICATION

Control processor for a wide variety of applications

MITSUBISHI MICROCOMPUTERS
XXXP/M5M80C39P-6
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
PIN CONFIGURATION (TOP VIEW)
TEST PIN 0 To e [7] d w]  Vce (5V)
CLOCK INPUT 1 X1 —[7] ) & Ty TEST PIN 1
CLOCK INPUT 2 X2 - 5] ) e P2,
RESET INPUTRESET —» (] e p2g ,
SINGLESTEP INPUTSS — 5] e P2g /0 PORT 2
INTERRUPT —
REQUEST INPUT INT —[£] (2] e» P2,
EXTERNAL ACCESSEA —+[7] z GespPi,
READ RD 7] E [Bjes P16
PROGRAM 5aems
sTore enasLe P SEN ¢ [F] 3 e P1s
WRITE WR &[] 0 FlespPi,
ADDRESS_LATCH 1/0 PORT 1
SSHALHALE « (T : e P13
Do+ [z X 5] e P 1,
D) e[ 35 sler P,
D2 #» 1] [TT]e»P1g
oata sus< 03 %) - STBY STANDBY
PN EXTERNAL
1 @ €] Zs_]—opnocl/o
.- e ) 1700
Ds @ 18 []es P2,
10 PORT 2
D7 e[ - [Z]e P2,
(0V) Vss 26 [c e p2,
Outline 40P4
FUNCTION

The M5MB0CA49-XXXP and M5MB0C39P-6 are integrated
8-bit CPU, with memory (ROM, RAM) and timer/event
counter interrupt all contained on a single chip.

BLOCK Ple P12 Ply pig P20 P22 P24 P2
DlAGRAM DoD1D;D3D,DsDeDr P, Pl3 Pls Pl P2, P25 P25 P2
- DA B 2 (? 6) ). )0 6 ) €]
BUS BUFFER PORT 1 PORT 2 osc FrEa
BUS BUFFER BUS BUFFER ngGEF{érM :
L ROM -
Ts\l, @ 12 BITS PRESCALER
PROGRAM|
BUS LATCH PC PORT 1 MEMORY || STATUS
TEMP. REGISTER L_L&TCH EMO RECISTER TIMER/.
(LOW-ORDER 8 BITS) 2k X8 n
8
[ m—
] B )
1 =
. Es: 1 0
FLAGS O REGISTER | STACK RO REGISTER 0
. 8l <> Ea BANK I [POINTER R1 REGISTER 1
accumuLaTor] | [[FEMPORARY L, ELECTOR A2 REGISTER 7o
sokE (RB)
{ IGZ J R3 REGISTER 3|x
ACCUMULATOR|——=N =02 INSTRUCTION > R4 REGISTER 4|2
H — z- ~ DECODER ADDRESS] | [RE REGISTER 6|@
CONTROL| |!41R6 REGISTER 6
(5V) Vee - CIRCUIT | |85 ReaisTER 7
WOV) Vss ADDRESS| |
H controL| |8 STACK
CIRCUIT wn|RO REGISTER 0
5 fe— To &[RT REGISTER 1
g <— T &[R2 REGISTER 2
2z, — G o a[R3 REGISTER 3|
E25 p—rFuaa <[Ra REGISTER 4|z '
Buq:o e TIMER FLAG RE REGISTER 5] <
A Y - [ CARRY
CONTROL CIRCUIT P P R6 RE@:?ES ?
K O C: ACC BIT TEST A7 RE
L . RAM (128 BYTES)
g OROR =0, O—-—O—O—®— -
STBY T, T, iNTRESETPROG EA X1 %2 ALE PSEN 58 RD WR
MITSUBISHI 945
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MITSUBISHI MICROCOMPUTERS

M5M80C49 XXXP/MSMS80C39P-6

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input or output Function

Vss Ground Normally connected to ground (0V).

Vece Main power supply Connected to 5V power supply.

=] ®Connected to5V power supply during normal operation.

STBY Standby Input @Used when enteri[;g the stz::b); mo:e. Power Zissipatlon 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).
X1, Xo Crystal inputs Input External crystal osc.illator or RC <-:ircuit input for generating internal ciock signals.
) An external clock signal can be input through X; 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.
(®Normally 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
4004 (2048). The MSMBOC39P is raised to 5V.

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

RD Read contro! 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 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.

@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.

3 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, @R, and MOVX @R, A)

Input/output ®Quasi-bidirectional port. When usec.i as an input port, FFy 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; output high-order 4 bits of the program counter when using external program memory.

Input/output | @P2p~P2; serve as a4-bit I/0 expander bus for the M5M82C43P.

PROG Program Output Strobe signal for M5MB2C43P /0 expander.

Plg~Ply | Portl Input/output Quasi-bidirectional port. When used 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.

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

Ta Test pin 1 Input external conditions (JT1/JNT1).

@When enabled, event signals are transferred to the timer/event counter (STRT CNT).
9—a5 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5M80C49-XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Condtions Limits Unit
Vce Supply voltage Vgs—0.3~7 \
Vi Input voltage Vgs—0.3~V¢ce+0.3 v
Vo Output voltage Vss—0.3~Vge+0.3 Y]
Pd Power dissipation Ta=25°C 1.5 w
Topr Operating free-air temperature range —40~85 T
Tstg Storage temperature range —65—~ 150 T

RECOMMENDED OPERATI NG CONDITIONS (Ta=— 40~85°C, unless otherwise noted) *
Limits
Symbol Parameter Unit
Min Typ Max
Vee Supply voltage 4.5 5 5.5 Y
Vss Supply voltage 0
VIiH1 High-level input voltage, except EA, RESE T, X1, Xz |0-7%Vce Vee \2
ViH2 High-level input voltage, EA, RESET, ).(1, X2 0.8 XV Voo Y
ViL Low-level input voltage, except EA, RESET, X4, X2 Vss 0.3 X Vg \
ViL Low-level input voltage, EA, RESET, X1, X2 Vss 0.2 XVge
ELECTRICAL CHARACTERISTICS (Ta=—40~85C, Ve =5V +10%, Vss =0V, unless otherwise noted )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou Low-level output voltage loL=2mA 0.45 v
VoH1 High-level output voltage, except P1g~P17,P2¢9~P27| | o4 = —400uA 0.75X Vel v
VoH2 High-level output voltage, P1g9~P17, P2¢9~P27 loH=—1uA 0.75%X Ve \Y
I Input current, Ty, INT.SS,EA, STBY Vss=VIN=Vcoe ~10 10 uA
loz Output current, BU S, Tg , high impedance state Vss=VIN=Vcee - 10 10 ©A
tict Input current during low level, Port ' ViL=Vss —50 ©A
12 Input current during low level, RESE T ViL=Vss —50 “A
lce Supply current | at  6MHz 10 mA
lce Supply current during HAL T at 6MHz (Note1) 3 mA
lce Supply current during STAND BY {Note 1) 10 uA
VCC(‘STB) Stand by power supply voltage 2 v
Note 1. BUS, Tq, T1, EA, §S, STBY, RESET, INT =Vgc or Vss
TIMING REQUIREMENT (Ta=—40~85C, Voc=5V +10%, Vss=0V, unless otherwise noted)
. Limits
Symbol Parameter Alternative Unit
symbol Min Typ Max
tc Cycle time toy 2.5 15 s
th(psen-p) | 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 trD 500 ns
tsu (a-0) Data setup time after RD trD 500 ns
tsu(a-n) Data setup time after ADDRESS tap 950 ns
tsu (prog-p)| Data setup time after PROG tpr 810 ns
th (prog-p) | Data hold time after PROG tpp 0 150 ns
MITSUBISHI —t7
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M5M80C49-XXXP/M5M80C39P-6

: SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS <Ta? —40~85C, Vgoc=5V+10%, Vss=0V, unlessotherwise noted )

tw(aLE) ALE pulse width te 400 ns
td (A-ALE) Delay time, address to ALE signal taL 150 ns
tv (ALE-A) | Address valid time after ALE tea 80 ns
tw(PseN) | PSEN pulse width tco 700 ns
tw(R) RD pulse width tee 700 . ns
tw(w) WR pulse width tce 700 ns
td (0-w) Delay time, data to WR signal tow 500 ns
ty (W-Q) Data valid time after WR two 120 ns
tq (A-W) Delay time, address to WR signal taw 230 ns
tq (AZ-R) Delay time address floating to RD signal taFc 0 ns
td(Az-PSEN) | Delay time, address floating to PSEN signal tarc 0 ns
td(PC-PROG) Delay time, port control to PROG signal top 110 ns
ty(PROG-PC) | Port controf valid time after PROG tec 140 ns
td(o-PROG) Delay time, data to PROG signal top 220 ns
ty(PROG-Q) | Data valid time after PROG tro 65 ns
tw(PROGL) | PROG low pulse width tep 1510 ns
td (0-ALE) | Datatimedatato ALE tpL 400 ns
ty (ALE-Q) | Datavalid time after ALE tp 100 ’ ns

- Note: Conditions of measurement: control output C{ = 80pF
data bus output, port output C_ = 150pF tc = 2 5us

0.7Vee KD
-7Vee
>Q°~3Vcc

0.3Vce
TIMING DIAGRAM

Read from External Data Memory

ae —/ \ /N

Write to External Data Memory

ae—" \_

tw(r) tww)
AD —— — WR _ —
td (Az-R) t fiw-o)
‘(__,‘ n(R-D) ‘d(o-w)r-»
BUS oATA P BUS DATA
ADDRESS ADDRESS
tsu (a-D) tsu(RD) T4 (a-w)
Instruction Fetch from External Program Port 2
Memory to :
= ALE  /\
tw (ALE) : : f_L
¢ - ty(ace-@) td(o-PRoG)
ALE d(Q-ALE) ty(PROG-Q)
tw (PSEN) P2¢~ P23 EXTENDED PORT PORT CONTROL
DURING
— JUTrLe PCh X OUTPUT
— — P2p~P23DATA DATA
“/ tsu (PROG-D) th (PROG-D)
ty (ALE-A) ‘ P2~P23 EXTENDED PORT P29~ P23 DATA | >
tg (a-aLE) d S th (PSEN-D) DURING T
(AZ-PSEN) INPUT PGy X
: PORT CONTROL  INPUT DATA
BUS DATA td (Pc-PROG) ty (PROG-PC)
ADDRESS t
su (PSEN-D) .
tsu (a-D) PROG \ w (PROGL)
o—48 MITSUBISHI
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M5MS80C49-XXXP/M5M80C39P-6

SINGLE-CHIP 8-BIT CM0S MICROCOMPUTER

Low power dissipation mode (2) Standby mode

(1) HALT mode

It will be in HALT mode when HALT instruction is ex-
ecuted and program execution is stopped. In HALT
mode, only the basic clock operates and the others are
all in the halt state. MCU keeps the contents of the reg-
isters in the state before the execution of HALT instru-
citons.

The pin conditions are shown below.

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

Fig.1 Counter operation in the HALT mode

The HALT mode can be cleared by the following 2

methods

(i) By RESET input
When RESET input goes “L”, an internal state is in-
itialized as same as the normal reset operation, and
the program starts from address 0.

(i) By INT input
When INT input gose “L”, and if it is in the interupt
enable state, the interrupt sequence will start after
executing the 2en instruction following HALT instruc-
tions.
If is the interrupt disable state, the program exeution
starts from the next address to HALT instructions.

Table 1 .
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 M5M80C39P-6)
Ports 1, 2 Port data output
ALE L
PSEN, RD " RESET
WR, PROG +
Té Provided clock is continued 1uF
T The first pulse input is effective.
(counter input) After the reset of Halt mode, the count continues. M5MB0C49-XXXP
(Timer) Halt M5M80C39P-6
HALT state STBY[—=
L
L rl 1 count up
r r n Fig.2 Control circuit example for standby mode
L 1. count up
H
" — LI
H —ﬁ
1 count up

MITSUBISHI 949
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MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

DESCRIPTION

The MELPS 8-41 family is a general-purpose 8-bit. CPU
" peripheral LSI microcomputer series configured internally
with a CPU, RAM, ROM, 1/0 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 LSls, they are known as slave micro-
computers.

Data is passed to and from the master CPU and slave mic-
rocomputers asynchronously through the buffer registers
built into the MELPS 8-41 and therefore, when seen from
the master CPU side, the LS! 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
Input clock
Type name ROM RAM 1710 Technology used
(MHz)
(bytes) (bytes) (ports)
M5LB04T1A-XXXP 6 1024 64 18 ED NMOS
M5L8042-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 ~ ~ ~ P2s/IBF
DQ; D@, DQs DQ, " Pl P, Pls Pl,- P2 P% oo
DQ, DQ, DQ, DQg Ply, Pl, Pl Plg P2, P2, ;27/DACK

PORT 2 BUS
BUFFER

1
10{ (20) Vss (OV)
TIMER (8)
(NOTE2)
(NOTE1) S4-WORD () RESET RESET
1024-WORD X 8-BIT = INGLE STEP
. X 8-BIT RAM ‘_éga ©ss s ®
ROM gz (DT TEST PINO
= 39) Ty TEST PIN 1
INSTRUCTION REGIS] Ok A
: T N W
b STRUCTI! ISTER GONTROL LOGIC 9w WRITE
INSTRUCTION DECODER (s :;::RzZ;ECT

9) Ao
‘ (DEA
m C-EXTERNALT/G CONTROL

X; Xz SYNC PROG
~——— SYNCHRONIZED
CLOCK SIGNAL

EXTERNAL ACCESS

Note 1 : The M5L8042-XXXP has a 2048-word X 8-bit ROM.
2 . The M5L8042-XXXP has a 128-word X 8-bit RAM.
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MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

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 meamng and functions of these special
addresses.

Table 1 Reserved, defined addresses
and their meanings and functions

Address Meaning and function
0 The first instruction executed after a system reset.
3 The first instruction executed after an external interrupt is
accepted.
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~ R7. Only one bank is active at a time.
The instructions SEL RB0 and SEL RBI 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 R or Ry. Of course, all addresses can be
indirectly accessed using the general purpose reglsters Ro
and R;.

A géod practice to simplify programming is to reserve
general-purpose register bank 0 for use of the main prog-
ram and register bank 1 for interrupt programs. For exam-
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 processing is complete and control is ’
returned to the main program by the RETR instruction, reg-
ister bank 0 (in this example) is automatically restored as
the working register bank at the same time the main prog-
ram counter is restored.

Addresses 8 ~ 23 comprise an 8-level program counter
stack. More information on using the stack is found in the
section on the program counter and stack and so reference
should be made here for further details.

The general-purpose registers and program counter stack
sections may be used in exactly the same way as the other
RAM sections. '

(Note 3) 63
User RAM
& 32x8 5
32 (Note 4)
31 Ry
T
I .
! General-purpose
| registers/Register bank 1
1
25 Ry
24 Ro
23
8-level stack
16 X8
8
7 Ry
i General-purpose
L registers/Register bank 0
1 R1
.0 Ro
Fig.l 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.

3—4 - MITSUBISHI
A ELECTRIC



MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Program Counter (PC) and Stack (SK)
The M5LB041A-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-
routineé. 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.

PCy| PCs | PCs | PC; | PCg | PCs | PC4 | PC3 | PC2 | PC,| PCo

pem——

(Note 5)
Fig.2 Program counter

Note 5 : PC,ofor M5LB042-XXXP

Stack point RAM register number
ack pointer
S, s, S, : (Data memory address)
1 1 1 } Ra
! R22
1
R2i
1 1 0 } A
| 20
T
R1g
1 0 1 } a
4 18
|
R
1 0 0 4
| R1g
T
Ris
0 1 1 ——
| Ria
T
R
0 1 0 — 13
{ R12
! R
1
0 0 1 4
1 R1o
0 0 0 PSW,)PCs-s| Rg (Note6)
PCa~7lF’Co~3 Rg
MSB. s

Fig.3 Relationship between program counter stack and
stack pointer

Note 6 : PCg~PCsq for M5LB042-XXXP
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MELPS 8-41 SLAVE MICROCOMPUTERS

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 (S, Sy, S2)
Bit3 : Not used
Bit4 : Working register bank indicator
0= Bank 0 :
1= Bank1
‘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 ponl and port2

(1) Port1 and 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 completed.
Ports 1 and 2 are so-called quasi-bidirectional ports
which have a special circuit configuration to accom-
plish this purpose. All the pins of the ports can be used
for input or for output.

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

CY |AC [ Fo |BS| 1 [S2 |S1 [So

CY : Cary

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

BS : Working register bank indicator

Sz

S1 ;Stack pointer’

So

ORL/ANL
5V 5V
L
CPU internal 0 Q |
bus Port 1
/Port 2
1. “,T pins
Reset CLKO ij )
Write pt..w L 2

IN

Flg.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 level 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.

n] ”
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

The individual terminals of the quasi-bidirectional ports
can be used for input or output. Some termﬁnals, 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 (DQy~DQ;) handles the data, commands
and statuses between the master CPU and MELPS 8-4
1. It is controlled by the following 4 control signals.
Table 2 shows the relationship between the control sig-
nals and the data bus.

Ay : Address input indicating data/command bus

- buffer registers and status register

R :Read input

W @ Write input

S : Chip select input

Table 2 Control signals and data bus

H R | W/ A Data bus mode Data on data bus
0 0 1 0 Read Data

0 0 1 1 Read Status

0 1 0 0 Write Data

0 1 0 1 Write Command (Fy +1)

1 X X X High impedance =

The internal configuration of the data bus is shown in Fig. 7.
The functions of the 3 registers indicated (status register,
output data bus-buffer register and input data/command -

bus buffer register) are now described in detail.

DBB(0)

WRITE
- DBB (1)

DQy~DQ-

TRISTATE
CONTROL

‘D_Iﬁ_ ey
DBB (0)

Fig.6 Internal configuration of data bus controt

Status
STy MOV STS, A
- STe 4
R
S 8 Ag STs 7
4———/1;< STa
= il
S-W Fo
IBF
L OBF Internal
bus
DQaDQ 8 8
~DQrt> L
S-R-Ag Output data | |OUT DBB, A
8 2 bus buffer S 8
(DBB(0))
4
— Input INA. D
S'BW data/command| "8 BB
) J | bus buffer r ‘
(DBB (1))
\

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 “1” 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 “1” when the data or
commands are written into the input data/command bus
buffer by the master CPU and it is cleared when the input
instruction (IN A, DBB) is executed inside the MELPS 8-41.

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

MITSUBISHI 3—7
ELECTRIC




MITSUBISHI MICROCOMPUTERS

MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

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 condition of the Aq input.
The F, flag is also set by the flag setting instructions (CPL
Fy, CLR F).
® 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 of 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 Tp 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 low-level
signal at the S and w pins. When such an interrupt is
accepted, the external interrupt pending flip-flop and IBF
flag are set.

Interrupt requests are sampled between the SYNC signal
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.

EN TCNTI S Q
RESET (O}
DIS TCNTI R O

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

Fig.8 Interrupt control section configuration
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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.
When TCNTF Interrupt is not executed or held.
(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| L .
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 Tq and Ty, and the |BF 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 FFq. If it is -

incremented by 1 when it contains FF4¢, the counter will be
reset to 00,6, the overflow flag is set and a timer interrupt
request is issued. The timer flag can be checked using the
JTF conditional branch instruction, and it is cleared by ex-
ecuting the JTF instruction or by resetting the system.
When the timer interrupt is accepted, a subroutine call is
made to address 7 of the program memory.

When both a timer and external interrupt request are
generated at the same time, the external interrupt is given
priority and will be accepted first by automatically calling to
address 3 of the program memory. The timer interrupt re-
quest is kept and will be processed when the external in-
terrupt has been completed and a RETR instruction is ex-
ecuted. A latched timer interrupt request is cancelled when
a timer interrupt request is generated. The STRT CNT in-
struction is used to change the counter to an event counter.

Then the pin Ty 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 (7.5us 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 interal clock is 2z 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 instruction. 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.

MITSUBISHI : 3—9
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Fig.9 Timer/event counter configuration

Cycle Timing

The output of the state counter is ¥ the input frequency
from the oscillator, and a CLK signal is produced which de-
termines the times of each machine state (see Fig. 10).
During the cycle count the CLK signal is prescaled by +
and a machine cycle containing 5 states is produced. The
MELPS 8-41 instructions are executed in one or two
machine cycles. Fig. 12 shows the internal operation with an
instruction formed from one machine cycle.

2.5us (when using a 6MHz crystal)
Instruciton cycle——— 3 -
Xtal__ |1/15 ACCUMU- ] L
0S¢ owvipen " LaToR r 58 il Sz: °3 ] o4 | 55 il
MOVA, T Insdt;‘écot‘l;;n
Instruction| program | Instructi i
on execution
STRTT SVearLow fetch counter
. renewal
ST TIMER
n S RTTIMEHMOVTAA FLAG (TF)
Tro e EvenT Fig.12 Instru
. ction execution timin
- STy PO b
RESET SToP T RESET_
(S:;:r:e: +sTOP 7o) IR ' or RESET e D
ncremented Reset
DGE P . . .
EDGE DETECTOR -The RESET pin is for resetting the CPU. A Schmitt trigger
oonoimionad | circuit along with a pull-up resistor are connected to it on
CONTROL S the chip. A sufficiently long pulse can be obtained for re-
setting by attaching 1«F capacitor as shown in Fig. 13. An
external reset pulse applied at RESET must remain at the

low level for at least 10ms after the power has been turned
on and after it has reached its normal level.

The reset function causes the following initialization within
the CPU.

(1) The program counter is reset to 0.

(2) The stack pointer is reset to0.

(3) The register bank 0 is selected.

(4) Ports 1 and 2 are reset to the input mode.

(5) External and timer interrupts are reset to disable state.
(6) Timer is stopped. :

(7) Timer flag is cleared.

(8) Flags Fyand F, are cleared.

. )(2
6MHz
= 1/3 state
£ ] counter C!_K500ns
X1 2.5us

1/5 cycle /
counter D SYNC

i

Fig.10 Clock generator circuit

500ns{when using a 6MHz crystal)

S1|S2|S3| S4|85|851|852)83]|8Sa]|Ss
Internal _LI"L_J'L_JILI"L_F'L_I‘LJL_I‘L._I‘L_J‘L-

clock

SYNG 1
PROG 1
Fig.11 Clock and generated cycle signals

MELPS 8-41

RESET

O—n 4
1uF

; v

Fig.13 Example of reset circuit
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Single-Step Operation .

The MELPS 8-41 is provided with an SS pin for facilitating
single-step operation where the CPU stops after the ex-
ecution of each instruction is completed. The user can use
this to trace the flow of the program, instruction by instruc-
tion, and find this to be an aid in program debugging.

SS is used in synchronization with the timing of the SYNC
signal output from the CPU. Fig. 14 shows the circuit used
for single-step operation and the timing involved.

5v

5v Single-step mode

) , 10kQ
Ri

Push-button
switch

10kQ

un mode
sv —p Preset 9 55
> Clock MELPS 8-41
Reset
Lq- SYNGC
Buifer

(a) Example of single-step circuit

Instruction I 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.

1

The CPU stops when the next instruciton is
fetched. (If a 2-cycl§ instruction is being ex-
ecuted, the CPU stops after the instruciton is
completed.)

The CPU advises the external equipment that
it has entered the stop mode by setting the
SYNC signal to high.

1
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 levei 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. o

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 accumulator
supplies the operands (HIENZANSUU) to the arithmetic
circuit, receives the results from the same circuit and
keeps them. The flag flip-flop keeps the carry, zero and
other states when various kinds of arithmetic operation in-
structions are executed.

DMA Control

Ports 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).
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R
P2 DAQ DRQn

M5L8257 P

8-41
MELPS ) DMA

P2; pye——————— DACKn

I

FIg.lG DMA control

When the EN DMA instruction is executed, P2z becomes
the DRQ (DMA request) output. Subsequently, when P2 is
set to “1”, DRQ becomes “1” and DMA-based data transfer
is requested.

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

dg (Internal Data Bus)r—j
DQ |

O
P2/DRQ

EN DMA |

OUTL P2.A
ANL P2, #n

RESET

ANL P2, #n

ouUTL P2,A
ORL P2, #n

Fig.l7 Internal coﬁflguration of DMA control

When the EN DMA instruction is executed, P27‘becomes
the DACK (DMA acknowledge) input. The DACK input is
used as the chip select input for DMA transfer. There is,
therefore, no connection with the state of S (chip select)
during DMA transfer.

Interrupt’ Request to Master CPU -

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

MELPS 8-41
F——>>
P2,

P2g

D
IBF .

Interrupt request
to master CPU

Fig.18 Interrupt request to master CPU

When the EN FLAGS instruction is executed, P2, functions
as the OBF pin and P2; as the IBF pin. “1” must be output
to both pins so that the OBF and IBF flag states are output
to each pin, respectively. These states are not output while
“0” is output to the pins. The OBF flag output indicates that
data has been output to the output data bus buffer register;
the IBF flag output indicates that the input data/command
bus buffer register is in the data accept enable mode.

WRITE
DBB (1)

IBF Flag P2
DATA

O ——
P25 iIBF
ouTt

- O
READ P2,/0BF

DBB (0)

P2,
DATA

LATCH
OBF Flag

Fig.19

Internal configuration of IBF/OBF
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INSTRUCTION CODES

ELECTRIC

A D,~D, | 0000 | 0001 | o010 | o011 | o100 | 0101 | o110 | o111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
*e%
) 1
Ib
Ds~Do °’e,,:,’, 0 1 2 3 4 5 6 7 8 9 A B c D E F
INC | XCH [ XCHD| ORL | ANL | ADD | ADDC MOV | MOV XRL MOV
0000 0 NOP |
@ RO |A, @ ROJA, @ ROJA, @ RO|A, @ ROJ/A, @ RO|A, @ RO, STS, A|@ RO, A A, @ RO A, @ RO
INC XCH | XCHD | ORL | ANL | ADD | ADDC NOV XRL MOV
0001 1 )
@R1 |A, @R1|A, @R1|A, @R1|A, @ R1|A, @ R1[|A, @ R1 @R1,A A @R1 A @R1
out IN MOV MOV
0010 2
DBB, A A, DBB AT T A
JMPP
0011 3
@A
0100 4
5 EN DIS EN DIS | STRT | STRT | STOP CLR | CPL | CLR | CPL SEL SEL EN EN
0101 5 |
| | TCNTI | TCNTI| CNT T TCNT FO FO F1- F1 RBO | RB1 DMA |FLAOS
0110 6
DEC INC CLR | CPL | SWAP| DA RRC RR CLR | CPL MOV | MOV RL RLC
o
A A A A A A C C A, PSW|PSW, A| A A
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
1000
A, RO A RO | A RO |ARO|ARO RO, A RO A, RO A, RO
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
1001
A, R1 A,R1 | ARl | ARI|ARI R1, A R1 A, R1 A, R1
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
1010
A, R2 A,R2 | ALR2 | A R2 | A R2 R2, A R2 A, R2 -A R2
XCH ORL | ANL | ADD | ADDC MOV DEC XRL MOV
101 )
A, R3 A, R3| A R3|AR3|ARS3 R3, A R3 A, R3 A, R3
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
1100
A, R4 A,R4 | A R4 | AR4|ARL R4, A R4 A, R4 A, R4
XCH ORL | ANL | ADD [ ADDC MOV DEC | XRL MOV
1101
A, RS A,R5 | AR5 | AR5 | AR5" RS, A R5 A, RS A, RS
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
110
A, R6 A, R6 | ALR6 | A R6 | A, R6 R6, A R6 A, R6 A, R6
XCH ORL | ANL | ADD | ADDC MOV DEC | XRL MOV
m
A R7 | A, R7 | ALR7 | R7,A | A R7 R7, A R7 A, R7 A, R7
2-byte 2-cycle instruction
1-byte 2-cycle instruction
D 1-byte 1-cycle instruction
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MACHINE INSTRUCTIONS

ftem Instruction code el g
Mnemonic % § Function
Type D,DgDsD, DsD,D,D,| Hexadecimal ©
00 10 00 11 2 3
MOV A, #n n,ngngn, ngn,n,ng, n 2|12 |(A)+n
11 11 1 rr,1, F 8 (A) < (Rr)
MOV A, Rr T 111 |r=0~7
!
k] to 10 1rr,1, A8 (Rr) «— (A)
S MOV Rr, A -:: 1 1 r=0~7
=
10 1 1 1 rr,t, B 8 (Rr) = n
MOV Rr, #n n,nghgn, Nan,n ng T 2|2 r=0~7
n
0010 1 rr,7, 2 8 (A) «—(Rr)
XCH A, Rr ¥ 111 | r=0~7
11 11 00 0 rg F O (A) <= (M (Rr))
MOV A, @Rr - T 111 {r=0~1:
1010 000 rg A0 (M (Rr) ) < (A)
MOV @Rr, A T 111 | r=0~1
8 1011 0 0 0 rg B O (M(Rr))+<n
2 | MOV @Rr, #n n,ngngn, nan,n,ng T 22 |r=01
= n
[
£ 1010 c 0 1 1 A 3
& | MOVP A, @A 112 (A~ (M(A))
3
<
H 1110 00 11 E 3
= MOVP3 A, @A 1 2 | (A)—(M (page 3, A))
2
0010 0 0 0 ro 20 (A) «—= (M (Rr))
XCH A, @Rr T 111 |r=0~1
00 1 1 0 0 0 rg 30 (Ag~A3) +— (M (Rro~Rrs) )
XCHD A, @Rr ¥ 11 {r=0~1
11 00 01 11 c 7
MOV A, PSW 111 | (A)«— (PSW)
1.1 01 01 1 1 D 7 . (PSW) « (A)
MOV PSW, A 111 [ (C) (A7), (AC) = (Ag)
: 1.0 0 1 00 0 O 9 0 (STS) « (A)
MOV STS, A 11 1 | (ST4~S8T7) — (As~As)
s ’
g 100 1 01 11
» |CLR C 9 7 111 ((C)~0
& \
(7]
1010 01 .11 o
CPL C A7 111 [(Cc)~(C)
1.0 00 0t 0 1
CLR F, 8 5 111 [(F) =0
100 1 01 01 _
CPL Fq 9 5 111 | (Fo)~— (Fo)
3—1 4 "~ MITSUBISHI
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Affected carry

Description
C AC | Note

Transfers data n to register A.

Transfers contents of register Rr to register A.

Transfers contents of register A to register Rr.

Transfers data n to register Rr.

Exchanges contents of register Rr with contents of register A.

Transfers contents of memory location of current page, whose address is in register Rr, to register A.

Transfers contents of register A to memory location of current page whose address is in register Rr.

Transfers data n to memory location of current page whose address is in register Rr.

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

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

Exch tents 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.

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

2 Transfers contents of register A to status register.

O Clears carry flag and resets it to 0.

O Compliements contents of carry flag.

Clears flag Fg and resets it to 0.

Compliements contents of flag Fo.

MITSUBISHI 315
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tom Instruction code ol s
N * 'q;’, S Function
Typo D,DsDsDs D3DsD;Do| Hexadecimal | = | ©
— 1010 01 01
g |cLrRF A S 111 ]|(F)+0
3
2 10111 01 01 _
S |cPLF - B S5 1|1V | (F)—(F)
0.0 0 0 00 1 1 03 !
ADD A, #n n,ngngn, nzn,n,ng n 2|2 |(A—=(A)+n
) o1 10 1 rr,r, 6 8 (A) <~ (A) + (Rr)
ADD A, Rr ¥ 101 | r=0~7
01 10 00 0 rg 6 0 (A) — (A) + (M (Rr))
ADD A, @Rr T 111 |r=0~1
0 0 01 00 11 13 ‘
ADDC A, #n n,ngngn, ngn,n,n, n . |2|2[(A~(A)+n+(C)
01 11 17,109 78 (A) < (A) + (Rr) + (C)
ADDG A, Rr 7 T[] r=0~7
01 11 000 rg 70 (A) ~(A) + (M (Rr) ) + (C)
ADDC A, @Rr T 1|1 [r=0~1
01 01 00 1 1 5 3 ]
ANL A, #n n,nghgn, nanyn,ng n 22 |(A)+(A) An
01 011 1 rr,rg 5 8 (A) < (A) A (Rr)
ANL A, Rr T 111 [r=0~7
$ 01 0 1 000 rg 5 0 (A) = (A) A (M(RN))
E |ANL A @Rr T 111 {r=0~1
£
0100 00 1 1 4 3
ORL A #n n,ngngn, Ngn,n,ng n 212 (A= (A)Vn
0100 1rr,1, 4.8 (A) < (A) V (Rr)
ORL A, Rr T 111 | r=0~7
01 00 00 0 rg 40 (A) ~(A) V(M (Rn))
ORL A, @Rr T 11 |r=0~1
1101 0-0 1 1 D 3
XRL A, # n n,ngngn, Ngn,n,n, n 2|2 (A= (A)¥n
t 101 1 rpryr, D 8 (A) + (A) ¥ (Rr)
XRL A, Rr T 11 [r=1~7
11 0 1 000 rg Do (A) = (A)¥ (M (Rr))
XRL A, @Rr T 111 [r=0~1
- 0 0 01 01 1 1
INC A . ) 17 111 [(A)—(A)+1
0 00 0 01 11
DEC A 07 111 [ (A)«—(A)—1
3—16 ' MITSUBISHI
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Affected carry

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

to1 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.

Logical product of contents of register A and contents of memory location of current page whose address is in register Rr is stored in
register A,

Logical sum of contents of register A and data n is stored in register A.

Logical sum of contents of register A and contents of register Rr is stored in register A.

Logical sum of contents of register A and contents of memory location of current page whose address is in register Rr is stored in regis-
ter A.

Exclusive OR of contents of register A and data n i stored in register A.

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

Exclusive OR of contents of register A and contents of memory location of current page whose address is in register Rr, is stored in reg-
ister A.

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

D contents of regi A by 1. The result is stored in register A.
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Item .
Instruction code w | @
. 0|2
Mnemomc % 3 Function
Type D,DgDsD4 D3D,D,Do| Hexadecimal ©
0010 o1 1 1
CLR A 2 7 11717 [|(A)«~0
g
% 00 11 01 11 _
§ CPL A . 3.7 11 (A~ (A)
<
01 01 01 11
DA A 5 7 1 | 1 | (A) decimal conversion
A 0100 01 11
SWAP A 47 111 [ (A~A)—(A~A,)
1110 01 .11 (Ant1) — (Aq)
RL A E 7 1 1 (Ag) = (A7) n=0~6
& 11 1 1 01 11 (Ant1) = (A,)
& |RLC A F 7 111 | (A —(C)
. (C)+~—(A;) n=0~6
01 1 1 01 11 77 (An) «~ (An+1)
RR A 11| (A = (A)) n=0~6
01 1 0 01 1 1 6 7 (Aq) — (Ap+1)
RRC A T 1| (A7)« (C)
(C) ~(Ag) n=0~6
0 0 0 1 1 rar,r, 18 (Rr) < (Rr)+1
o |INC PRr T 111 r=0~7
2
£ 00 0 1 0 0 0 rg 10 (M(Rr)) < (M(Rr))+1
& |INC @Rr T 111 [ r=0~1
g
2
o
& 1100 1 rpar,r, C 8 (Rr) < (Rr)—1
DEC Rr T 111 | r=0~7
m,omgm, 0 01 00 94 (PCg~PC10) +~ mg~Mo
JMP m momemgm, mym,m,m, Ma~10 2 | 2 | (PCo~PC7) + mg~my
Q
3 m
3 1011 00 11 B 3 (PCo—PG;) ~ (M(A))
JMPP @A 1] 2
bsbegbsl 001 0 1 2 When (A,) = 1, (PCo~PC7) +m
JBb m m,mgmgm,  mgm,m,m, s 2 | 2 | When (A,) =1, (PC) < (PC)+ 2
m b,bgbs = 0~7
11 01 01 1 0
JNIBF m - m,mgmgm, mam,m,m, D 6 2 | 2 | When (IBF) =0, (PCo—PC7) -~ m
g- 1 0 0 0 01 1 0 8 6
3 |JOBF m m,megmgym, mzm,m,m, m 2 | 2 | when (OBF) =1,(PCo—PC;)  m
5
5 -
g 00 0 1 01 1.0 16 When (TF) = 1, (PC;~PC7) +—m
og JTF m m,memgsm, mam,m,m, m 2| 2 | When (TF) =0, (PC) — (PC)+ 2
11 10 1 ror,r, E 8 (Rr) < (Rr)—1 r=0~7
DJNZ Rr,m m,mgmgym, mym,m,m, T 2 | 2 | when (Rr) # 0, (PCo~PC7) ~ m
m When (Rr) =0, (PC) + (PC)+ 2
11 11 01 10 F 6 When (C) =1, (PCo~PC;) ~m
JC m m,mgmgm, mam,m,mg, m 2| 2 | when(C)=0,(PC)« (PC)+2
3—-18 MITSUBISHI
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

Description
[¢] AC | Note
Clears contents of register A and resets to 0.
Forms 1's complement of register A and stores it in register A,
@] 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 A,.
O Shifts contents of register A left one bit. MSB A; is shifted to carry flag and carry flag is shifted to LSB A,.
Shifts contents of register A right one bit. LSB Ay 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 result is stored in register Rr.

Increments contents of memory location of current page whose address is in register Rr by 1.

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

Jumps unconditionally to address m.

Jumps to memory location of current page whose address is in register A; but when instruction executed was in address 255, jumps to
next page.

Jumps to address m of current page when bit 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.

Decrements contents of register Rr by 1; jumps to address m of current page when resuit is not 0.

jumps to address m of current page if carry flag is 1.

MITSUBISHI 19
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MELPS 8 41 SLAVE MICROCOMPUTERS -

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

ltem '
Instruction code »
M 3|e i
‘ £ |g Function
Type D-,Dsl?sD‘ ngsz.Do Hexadecimal | ® | O
1 110 01 10 E 6 When (C) = 0, (PCo~PC7) «—m
JNC m m,memgm, mgm,m,m, m 2 | 2 | when(C)=1,(PC) ~ (PC)+2
1100 0 1 1 C 6 When (A) =0, (PCo~PC;) +m
JZ m m,megmgm, mzm,m, mg m 2| 2 | when(A) #0,(PC) ~ (PC)+2
1.0 0 1 o110 9 6 When (A) # 0, (PCo~PC7) +m
JNZ m m,megmgm, mam,m,mg, m 2 [ 2 [ when (A) =0, (PC) «~ (PC)+ 2
00 11 o1 1 0 36 When (Tg) = 1, (PCo~PC7) ~— m
o |9TOm m,mgmgm, am,m,m, m 2 1 2 | when (T,) =0, (PC) +— (PC)+2
g .
=
2 001 0 01 10 2 6 When (T,) = 0, (PCo~PC;) < m
§ JNTO m m,mgmgym, mym,m,mg, m 2 | 2 | when (To) =1, (PC) ~ (PC)+ 2
5 ;
(§ 01 011 0110 5 6 When (Ty) =1, (PCo~PC7) + m
JT1 m m,mgmgm, mam,m,m, m 2 | 2 | when (T,) =0, (PC) « (PC)+ 2
0100 01 10 4 6 When (T,) =0, (PCo~PC7)+m
JNT1 m m,memgm, mym,m,m, m 2 | 2 | when(T,) =1,(PC) +(PC) +2
10 1 1 01 10 B 6 When (Fy) = 1, (PCo~PC7) - m
JFO m m,megmym, mam,m,m, m 2 | 2 | when (F,) =0, (PC)+~ (PC) +2
o1 t 1 01 10 7 6 When (Fy) = 1, (PCo~PC7) +m
JF1 m sMgMgm, mam,m,m, m 2 | 2 | when (Fy) =0, (PC) ~ (PC) +2
my,mgmg 1 01 00 14 ((SP)) «— (PC) (PSW,~PSW)
CALL m mg~m,, 212 (sP)«(sP)+1
R m,megmgm, mym,m,m, m (PCo~PCo) + m
~.§ 1000 00 11 (SP) « (SP) — 1
g |rer 8 3 1| 2] (PC)+((SP))
]
: 1 0 0 1 00 11 (SP) — (SP) — 1
RETR 9 3 1] 2 | (PC)(PSW4~PSW;) « ((SP))
00 06 O 10 P, Po 0 8 (A)—(Pp)
IN A, Pp b T2 p=1~2
00 11 10 P, P 38 (Pp) —(A)
OQUTL Pp, A ;‘ 112 |p=1~2
. 100 1 10P,P, 9 8 (Pp) + (Pp)An
3 |ANL Pp.#n n,Ngngn, NaNon ng '5 2|2 {p=1~2
5 n
Q
El 100 0 10P,P, 88 (Pp) ~— (Pp)V,
£ | ORL Pp, #n nynghgn, Nan,n ng ; 2|2 |p=1~2
‘n
001 0 00 10 2 2
IN A, DBB 1] 1](A)~(DBB)
00 0 O 00 10 0 2 . :
OUT DBB, A 1| 1| (DBB) «(A)
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MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Affected carry

[¢]

AC

Note

Description

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.

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

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

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

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

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

Calls subroutine from address m. The program counter and the high-order 4 bits of PSW are stored in address indicated by stack pointer

(SP). SP is incremented by 1 and m is transferred to PCy~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 interrupt disable is maintained.

SP is decremented by 1. Program counter and high-order 4 bits of PSW are restored with saved data in stack indicated by stack pointer.

Interrupt becomes enabled after execution is completed.

Loads contents of Pp to register A.

Output latches contents of register A to Pp.

Logical product of contents of Pp and data n; outputs result to Pp.

Logical sum of contents of Pp and data n; outputs result to Pp.

Enters contents of data bus buffer (DBB) into register A and resets IBF.

Outputs contents of register A-to data bus buffer (DBB) and sets OBF.

MITSUBISHI
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 MELPS 8-41 SLAVE MICROCOMPUTERS

FUNCTIONS OF MELPS 8-41 SLAVE MICROCOMPUTERS

Item.
Instruction code w | @
" o |2 "
% S Function
Type D;DgDsD, D3D,D,Do| Hexadecimal ©
MOVD A, Pp 0 0 0 O 11 P, Po 1] g (A0~A3) ha (Ppo~Pp3) .
' P1Po 1] 2| (A~A;) <=0 p=4~7
° - :
£ 00 11 11 P,P, 3 c (Ppo~Pps) — (Ag~Ag3)
3 |MovD Pp, A pfpo 112 |p=4~7.
£
g 100 1 11P,P, 9 ¢ (Ppo~Ppa) + (Ppo~Pp3) A (Ag~A3)
Z | ANLD Pp, A ppe |12 p = PR ‘
[e] .
=
1000 11 P,P, 8 C  (Ppo~Ppa) + (Ppo~Pp3)V(As~A3)
ORLD Pp, A oee |12 LA peTR
01 00 00 1 0 4 2 . (A) —(T)
MOV A, T 111
MOV T, A 01 10 00 1 0 6 2 . (T) — (A)
3 |stATT 01 0 1 01 01 5 5 1l
g .
[&]
) . .
E STRT ONT 01 00 0t 0 1 45 11
Q
2 01 10 01 01 6 5
£ |sTOP TCNT L
EN TGNTI 0 q 10 01 01 25 11 (TCNTF) —1
DIS TCNTI 6 0 1 1 01 01 35 1114 (TCNTF) -0
00 00 01 01 05 (INTF) — 1
EN | 11
0001 01 01 15 (INTF) < 0
DIS | 1l
1.100 01 01 c 5 (BS) <0
SEL RB, ) 101
B
£ }
5} 11 01 01 01 D5 (BS) « 1
SEL RB, 101
P I I B 01 01 E 5
EN DMA 1)1
11 11 0 1.0 1 F 5 - (P2,) — (OBF)
EN FLAGS 1|1 [(P2s) — (IBF)
s ; 00 00 000 O 00
§ NOP 111

Note 1 : Executing an instruction may produce a carry (overtlow or underfiow). 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 accumulator
(AC)+1 At overflow of bit3 of accumulator
(AC)+«0 Atno overflow
2 : The contents of ST,4-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, Pl bits is shown
below.
P4---P,P, = 00

Logical product of the low-order 4 bits of register A and contents of Pp; Pp contains result. | P5:-P;P, =01
P6---P1P, =10
P7---PyP, =11

Logical sum of low-order 4 bits of register A and contents of Pp; Pp contains result.

Transfers contents of timer/event counter to register A.

Transfers contents of register A to timer/event counter.

Starts timer operation of timer/event counter. Count cycle is 480 times master oscillation.

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

Timer/event Counter

overflow

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 TNCT! 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

ELECTRIC

Symboi Contents Symbol Contents
A 8-bit register (accumulator) PC Program counter )
Ao~Ajz Low-order 4 bits of register A PCo~PC; - Low-order 8 bits of program counter
As~A; High-order 4 bits of register A PCg~PC1o 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 r2ffg " Value. of bits 0-2 of machine code
C Carry flag $281S¢ Value of bits 0-2 of stack pointer
DBB Data bus butfer SP Stack pointer
Fo Flag 0 ST4ST» Bits 4-7 of status register
F4 Flag 1 STS System status
INTF External interrupt enable flip-flop T Timer/event counter
IBF Input buffer full flag To Test pin 0
m Destination address T4 Test pin 1
m;mgmsmsmsm,m;my | Second byte (low-order 8 bits) machine code TCNTF Timer/event counter interrupt flip-flop
corresponding to destination address TF Timer flag
MyoMgMg 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 Aand Exchanges contents of data
n Value of immediate data ( ) Contents of register, memory location or flag
N7NgNsN4N3NLN NG Immediate data of second byte machine code A Logical AND
OBF Output buffer full flag \" Logical OR
P Port number ks Exclusive OR
Pe Port designator — Negation
P1Po Bits of machine code corresponding to port number O Content of flag is set or reset after execution
\
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M5L8041A-XXXP
SLAVE MICROCOMPUTER
DESCRIPTION
The M5L8041A-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— g % \T'°° (&v) TESTPIN 1
s i CLOCK 1 Xy — 3] T,
channel sillicon-gate ED-MOS technology CLOCK 2 %o [3] 5]+~ p2,/DACK
RESET RESET — [4] ]« P2¢/DRQ | INPUT/
= ——" 1OUTPUT
FEATURES _ SINGLESTEP S8 —[F] 3] > P25/IBF | pORT 2
@ Mask ROM: - orrreemsermmmimneereniiiinninn 1024-word by 8-bit CHIP SELECT cs—[F] ) E"’ P2,/OBF
‘ iC RAM - +erverereresmenimaeee 64-word by 8-bit EXTERNAL
® Static RAM . word by ACCESS (NOTE 1) EA™ z ]+~ P1,
® 18 programmable I/O pins Reap R—[E] ] 5]+ P16
® Asynchronous data register for interface to master pro- ADDRESS Ao 9] g [32] + P15
cessor ~WRITE W— Y 31« P1, é'tjel'llj’UT
. SYNCHRONIZED gy — > 53]~ P1 PORT 1
® 8-bit CPU, ROM, RAM, I/0, timer, clock and low power, SIGNAL d 3
DQy++ bl 23]+ P1,
stand-by mode pQ, + [ § ] - P
. 1 1
® Single 5V supply DQ, [ o ]~ P,
® Alternative to custom LSI
DQ, ++ [13 Z] Voo (5V) gyrepa
® Interchangeable with i8041A DATA BUS pQ, « [i& 175] — PROG
Qg+ 7] - P2, CONTROL
APPLICATION DQs + [ Bl P2, | INPUT/
Alternative to custom LS| for peripheral interface . DQ; +[19] [22) ~ P2, PORT 2
(0V) Vss 21] +> P2,
Outline 40P4
Note 1 : Connect to Vgg in the operating condition.
*
BLOCK DIAGRAM
INPUT/OUTPUT PORT 2
pibibuted) St iy
DATA BUS INPUT/OUTPUT PORT 1’ P2,/OBF
“DQ, DQ; bQs_ DQ; Pl, Pl Pl Pl; P2y P2
DQo DQ: DQs DQs  Pl, Pl, Pl, Plg P2 P2
(X1 8N 9—e e8! 3362211222 32833
R M
! DBB PORT PORT2 \ @9 Vec (5V)
BUS BUFFER BUS BUFFER
8 © 18 8 8 26 Voo (5V)
8 |6 8
8 ‘01 Jr8 % % 0 Vss (OV)
! [Timer 8] ]
64X 8 (4) RESET RESET
1024 X 8 ram | [BE ) ss SINGLE STEP
ROM oo
32 O TEST PINO
K =3 @ TESTPIN 1
R READ
INSTRUCTION REGISTER CONTROL % W WRITE
INSTRUCTION Loaic (6)Cs CHIP SELECT
DECODER ‘ A 9) A ADDRESS
L . % £ % g - (D EA EXTERNAL ACCESS
- - - - - ] (NOTE 1)
X: X2 SYN PROG .
N SYNC EXTERNAL I/ O CONTROL
CLOCK SYNCHRONIZED
SIGNAL
MITSUBISHI 3—-25
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MS5L8041A-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-

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 LS|
only by changing the control software. :

PIN DESCRIPTION

Pin Name Input or output Function
Vss Ground - _ Connected to a0V supply (ground).
Vee Main power supply - Connected to a 5V supply.
5 Connected to a5V supply.
Vbp Power supply -
Used as a memory hold when V¢ is cut off.
To Test pin0. 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 . . Y 9 . i P p
clock frequency can be determined. Pins Xy and Xz 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 Single step Input . R | )
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.
— i PU i t dat: hi t Mi 1A-
W Write enable signal Input Serves as the write signal when the master CPU is outputting data from the bus to the M5L804
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~DQy| Data bus {nput/output y
tem data bus.
Quaisi-bidirectional port. When used as an input port, FF,s must first be output to this port.
P2,~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2o~P2; are used when the M5L8243P 1/0 port expander is used.
PROG | Program Output Serves as the strobe signal when the M5L8243P 1/0 expander is used.
uaisi-bidirectional port. When used as an input port, FFss must first be output to this port.
Pl1y~P1; | Portl tnput/output N ) P - input B ® X P s 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).
T4 Test pin1 Input - N -
Can serve as the input pin for the event counter (STRT CNT instructions).
326 MITSUBISHI
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MS5L8041A-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter. Conditions Limits Unit
Vee Supply voltage ~—0.5~7 v
Vbbb Supply voltage —0.5~7 v
v, Input voltage with respect (o Vss —0.5~7 v
Vo Output voltage —0.5~7 v
Pd Power dissipation Ta=25C 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
Vece Supply voltage 4.5 5 5.5 \4
Voo Supply voltage 4.5 5 5.5 \'4
Vss Supply voltage 0 \'4
\"m High-level input voltage 2 v
Vi Low-level input voltage 0.8 \
f(s) Operating frequency 1 MHz
ELECTRICAL CHARACTERISTICS (Ta= —20~75C, Vgs =5V+10%, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Vie Low-level input voltage —0.5 0.8 \2
Vit High-level input voltage (all except Xy, X, RESET) 2 Vee Vv
Vinz High-level input voltage (X1, Xz, RESET) 3.8 Veo \Y;
Vous Low-level output voltage (DQy~DQy, SYNC) loL = 2mA 0.45 \
VoLz Low-level output voltage {all except DQo~DQ7, SYNC, PROG) loo=1.6mA , 0. 45 \Y
Voia Low-level output voltage (PROG) lo. = ImA 0.45 \
Vous High-level output voltage (DQy~DQy7) lon = —4001A 2.4 \
Vounz High-level output voltage (all other outputs) lon = —50uA 2.4 v
I Input leakage current {To, Ty, RD, WR, CS, Ag) Vss = Vq = Voo -—10 10 #A
lozL Off-state output ieakage current (DQy~DQ7)} Vss +0.45 £ Vg < Ve —10 10 KA
1% Low-level input current (P1g~P14, P2p~P2;) ViL= 0.8V —0.5 mA
(1S Low-level input current (RESET, SS) Vi =0.8v —0.2 mA
loo Supply current from Vpp 6 15 mA
lcc + lpp Total supply current 65 125 mA
MITSUBISHI 3—97
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MSL8041A-XXXP

SLAVE MICROCOMPUTER

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

DBB Read
Alternative Limits |
Symbol Parameter - Test conditions Unit
symbol Min Typ Max
te (¢ Cycle time toy 2.5 15 ©s
tw (R) Read pulse with © tma tc () =2.5us 250 ns
tsu (cs-R) Chip-select setup time befor read tan" N 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 X —
su (os-w) CS, Ay, setup time before write taw ' 0 ns
tsu (a0-w)
t - —
h (W-cS) | 5, Ag, hold time after wirte twa 0 ns
th (w-a0) .
tsu (pa-w) | Data setup time before write tow 150 ns
th (w-0Q)’ Data hold time after write two 0 ns
Port 2
Alternative - Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tw (PR) PROG puise width tep 1200 ns
tsy (pc-pr) | Port control setup time before PROG tcp C = 80pF 110 ns
th (PR-PC) Port control hold time after PROG tpe CL = 20pF 100 ns
tsu (@-pR) Output data setup time before PROG top CL = 80pF 250 ns
tsu (o-pR) Input data hold timer before PROG ter C_ = 80pF 810 ns
th (pR-D) Input data hold time after PROG teF CL = 20pF 0 . 150 ns
Alternative " Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tsu (pack-r) | Data acknowledge time before read tacc 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 tcac 0 ns
Note 1 : Input voltage level V|, = 0.45V, V\; = 2.4V.
SWITCHING CHARACTERISTICS (Ta= —20~75T, Vcc =5V£10%, unless otherwise noted)
DBB Read
Alternative ! Limits
Symbol Parameter Test conditions Unit
symbol . Min Typ Max
tezx (cs-pq) | Data enable time after CS tao C.= 150 pF 205 ne
tpzx (a0-pq) | Data enable time after address tap C, = 150 pF 225 ns
tpzx (R-pDq) | Data enable time after read tro CL =150 pF 225 ns
texz (r-pDq) | Data disable time after read tor 100 ng
! Alternative Limits . .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tpzx (DACK-DQ) | Data enable time after DACK taco 150 pF Load 225 ns
teHL (R-DRq) | DRQ disable time after read tecra 150 pF Load 200 ns
terL (w-bra) | PRQ 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

X

CS, Ao )
tsu (csR) th (RCS)
tsu(ac-R) tw(R) th(R-a0)
—
F \ —\—__
tpzx(R-0Q) tPxz(R-DQ)
s n
DQy~DQ; < >
tPzX(Ag-DO) tPZX (CsDQ) Nl
Write
— X
CS. Ao
Tsu(Ag-w) 1t
tsu (€W tw(w) h w-Cs)
l su (CSW) th(w-Ag)
W
tsu(p-w) | [th(w-D)

Port 2 -

SYNGC ) / \

[\

KBRS

[\

tsu (Q-PR)

——

EXPANDER

P2,-P2; DATA

PORT CONTROL

i
OUTPUT DATA

PORT OUTPUT

je———————tsu(D-PR)—y

le->{ th(PR-D)

T
EXPANDER i L
PORT INPUT P2-P25 DATA x PORT CONTROL/ \ |~ eut DATA
t -
tsu(Pc-PR) t h(PR Pc)t
\ W (PR)
PROG . ‘ /
X £
DMA
DACK
\ f \ 1
_lsu(pack-R) . th(R-DACK)
te
A st
tsu(DACK-W) th(w-DACK)
tw(R)
_ \ l
w
S /
tw(w)
DQy~DQ; X X X X
tpzx(DACK-DQ) | |
> tsu(o-w) || th(w-D)
DRQ i y
tPHL(R-DRQ) tPHL(W-DRQ)

¢ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5L8041A-XXXP

SLAVE MICROCOMPUTER

TYPICAL CHARACTERISTICS

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

-8, 0.5
Ve =5V Voo =5V

Ta=25C Ta=25C /

\ 0.4 e

24—
‘1\

3.6

0.3

3.2

1

3

0  -0.2 —-04 -06 -08 —1.0 0 2 T0

3.0

HIGH-LEVEL OUTPUT VOLTAGE Vou(V)
LOW-LEVEL OUTPUT VOLTAGE Vo (V)

HIGH-LEVEL OUTPUT CURRENT  Iou(mA) LOW-LEVEL OUTPUT CURRENT lo(mA)

P4, P, LOW-LEVEL INPUT RESET LOW-LEVEL INPUT
VOLTAGE VS. LOW-LEVEL VOLTAGE VS. LOW-LEVEL
INPUT CURRENT s INPUT CURRENT

\ Vee = 5.\/ Vee =5V
Ta=25C \ Ta=25C

LN
h N\
TN

3 \
\ A\

"0 -005 —-0.1 -0.15 -0.2 -0.25 0 -002 004 -006 —0.08 —0.1

LOW-LEVEL INPUT VOLTAGE V,(V)
~N

LOW-LEVEL INPUT VOLTAGE V,(V)
~N
L~

LOW-LEVEL INPUT CURRENT [,(mA) LOW-LEVEL INPUT CURRENT " )(mA)

NORMARIZED SUPPLY CURRENT (lcc) NORMARIZED SUPPLY CURRENT (lpp)
VS. AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE

(lee)

Voo =5V
Vpp =5V

Voo = 5V
Vop =5V

I~ I~

NORMARIZED SUPPLY CURRENT

NORMARIZED SUPPLY CURRENT (lpp)

—25 0 25 50 75 100 —25 0 25 50 75 100

AMBIENT TEMPERATURE Ta(C) AMBIENT TEMPERATURE Ta(C)

3—30 g MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL8041A-XXXP

SLAVE MICROCOMPUTER

APPLICATION EXAMPLES

(1) Interface with M5L8085AP

—~ —
To
M5L.8041A
B -XXXP
DQo~DQ7 Ty
CS
A P n PERIPHERAL
M5L8085 AP ’ ‘- [ DEVICES
o} E 3 _
ontrol a f § R
g < W
hd c —
:(J 8 8 A\ P2
8 DQo~D
Ag~ A7 Qo~DQ7
L~ L \,J
(2} Interface with MELPS 8-48 Microcomputer and M5L8243P
R R PROG PROG p4®
w w
Port pf———A
° A= P2~P2, 4 P2~P2, P4
Port cs \N————/
/| Ao .
DQo~DQy DQo~-DQ7
M5L.8243P PERIPHERAL
M5L8041A o DEVICES
-XXXP 7
MELPS8-48
Microcomputer P2,~P2, J>
v
P1,~P1, >
L4
To
Ty
\ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5L8042-XXXP

SLAVE MICROCOMPUTER

DESCRIPTION —
The M5L8042-XXXP is a general-purpose programmable in- PIN CONFIGURATION (TOP Vle)
terface device designed for use with a variety of 8-bit mic-
rocomputer systems. The device is fabricated using n- TEcS:o?;? )T(°" : = <_¥°° &v)
" : ‘had 1
channel silicon-gate ED-MOS technology. . OLOCK 2 Xp— 3] 5]+ P2,/DACK
; ©  RESET RESET — [4] <« P2,/DRQ "| INPUT/
FEATURES SINGLE STEP 6 — &)« P2/IBE  [Somrs’
[ Mask ROM ..................................... 2048-word by 8'bit CHIP SELECT&.’ a - P24/OBF
50 RAM +«++eeeerereeeenesmiosersnmmraneeneees . _bi EXTERNAL
® Static RAM 128-word by 8-bit [ACCESS (NOTE 1)EA™ 3]« P1,
® 18 programmable 1/0 pins READ R—[] 5 33 +» P16
® Asynchronous data register for interface to master pro- ADDRESS Ao — L3 5 P15
cessor WRITE W — [i9] g «P1, | INPUT/
; . SYNCHRONIZED gy NG «— o™ ] > P1 gUTPUT
@ 8-bit CPU, ROM, RAM, 170, timer, clock and low-power SIGNAL™ X = 0P1° ORT 1
o X 2
st.and-by mode pQ, « [ 3 28]« P1,
® Single 5V power supply DQ, +[14 - P,
® Alternative to custom LSI DQ; + [ Voo (5V)
@ _Interchangeable with i 8042 DATABUS) o [ 7] PROG XTERNAL
DQs + [24] +» P2, ) CONTROL
APPLICATION Q> 2l P2, | oy reur
Alternative to custom LS| for peripheral interfaces DQ; + “ P2 |poRT 2
(0V) Vgs + P2, s
Outline 40P4
Note 1 ! Connect to Vgg in the operating condition.
BLOCK DIAGRAM
(l)NUPTLILT/ PORT 2
INPUT/ 2T
DATA BUS OUTPUT PORT 1 "é«’/‘l’%’
” DQy; DQ; DQs DQ; '~ P1y_Pl, Pls Pl,- P2 P2 3
5Qz BQ. DQs Ply 'Ply °Pl, Plg | P2 P2 - P2/DAR__

DQO DQZ DQ‘
\D)

RO PACK

RT 1 PORT2
BUS BUFFER BUS BUFFER
8 8 8
s | 1l s s 17 18
) TIMER 8
2048 X 8 128X 81—
ram | |85 |
Sa=
2g
1]

INSTRUCTION
DECODER

CONTROL LOGIC

-

- PROG
Xi X2 SYNC
1 X2 EXTERNAL 1/0 CONTROL
CLOCK SYNCHRONIZED

SIGNAL

Vee (5V)
26) Voo (5V)
0 Vss (OV)
4)RESET  RESET
5SS SINGLE STEP
1) To TEST PINO
39 T, TESTPIN 1
8) R READ
10 w WRITE
6) CS CHIP SELECT
9) Ao ADDRESS
T EA EXTERNAL ACCESS
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MITSUBISHI MICROCOMPUTERS

MSL8042-XXXP

SLAVE MICROCOMPUTER

FUNCTION

The M5L8042-XXXP is designed as an ordinary 8-bit CPU
peripheral LSI chip and it contains a small stand-alone mic-
rocomputer. Although this microcomputer functions inde-
pendently, when it is used as a peripheral controller, it is
called the slave microcomputer in contrast to the master

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 LS|
only by changing the control software.

computer. These two devices can transfer the data alterna-
tively through the buffer register between them. The

PIN DESCRIPTION

Pin Name Input or output i Function
Vss Ground — Connected to a 0V supply (ground).
Vece Main power supply - Connected to a 5V 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 b necting an RC circuit or crystal to these input pins, th
X1, Xg Crystal inputs Input uit is p |A ed so y con g an RC ‘ i ry! Pu pil e
K clock frequency can be determined. X; and X; can also be used toinput 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 Single step Input . . " . -
the command execution of the CPU can be halted every instruction to enable single step operation.
cs Chip select input Input Chip select input for data bus control.
EA External access Input Normally maintained at 0V.
= 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-
DQo~DQ;| Data bus Input/output " 4
tem data bus.
Quasi-bidirectional port. When used as an input port, FFyg must first be output to this port.
P2¢~P2; | Port2 Input/output | After resetting, however, when not used afterwards as an output port, this is not necessary.
P2o~P2;3 are used when the M5L.8243P 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, FFys must first be output to this port.
Plo~P1, | Porti Input/output A P put port, Fie oue 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 - N -
Can serve as the input pin for the event counter (STRT CNT instruction).

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

o M5L8042-XXXP

SLAVE MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol . Parameter Conditions Limits Unit
Vece Supply voltage —0.5~7 v
Voo Supply voltage 3 —0.5~7 Vv
V, Input voltage With respect to Vss ' —0.5~7 v
Vo Output voltage . —0.5~7 v
Pd Power dissipation Ta=25C 1500 mwW
Topr Operating temperature range 0~70 C
Tstg Storage temperature range —65~150 T

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Limits Unit
: Min Nom Max

Vee Supply voltage 4.5 5 5.5 v
Voo Supply voitage 4.5 5 5.5 \4
Vss Supply voltage 0 v
Vin High-leve! input voltage 2.2 . \
Vie Low-level input voltage 0.8 v
f(s) Operating frequency 1 12 MHz

ELECTRICAL CHARACTERISTICS (T2 =0~70C, Voc =5V+10%, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
\/ Low-level input voltage —0.5 0.8 \'/
Vi1 High-level input voltage (all except X;, X, RESET) 2.2 Vee
Vinz High-level input voltage (X4, X,, RESET) 3.8 Vee Y
Vou1 Low-level output voltage (DQo~DQ;) loL = 2mA 0.45 \
VoLz Low-level output voltage (P1y~P1;, P2;~P2;, SYNC) oL =1.6mA 0.45 | \Y
Vois Low-level output voltage (PROG) loL = TmA 0. 45 \Y
Von1 High-level output voitage (DQo~DQy) lon = —400uA 2.4 v
Vouz High-level output voltage (all other outputs) ton = —50uA 2.4 \
I Input leakage current (Tq, Ty, R, W, CS, Aq, EA) Vss < Vi < Ve ' —10 10 uA
lozu High-impedance state output leakage current (DQy~DQ;) | Vss+0.45 < Vo < Ve —10 10 HA
hies Low-level input load current (P1g~P1;, P2g~P2;) Vi =0.8v . —0.5 mA
[T Low-level input load current (RESET, SS) ViL=10.8V 3 —0.2 mA
lbo Supply current from Vop 10 mA
Icc + Ipg Total supply current 145 mA
3—34 MITSUBISHI
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MSL8042-XXXP

SLAVE MICROCOMPUTER

TIMING REQUIREMENTS (T3 =0~70C, Voc = 5V£10%, unless otherwise noted)

ELECTRIC

DBB Read
Alternative ; Limits }
Symbol Parameter - Test conditions - Unit
symbol Min Typ Max
tc (& Cycle time tey 1.25 15 “S
tw (R) Read pulse width tra tc(p=1.25us 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
bol P " Alternative Test conditi Limits Unit
arameter est conditions
Symbo symbot Min Typ Max
tw (W) Write pulse width tww 160 ns
t g —
su (es-w) CS, Aq, setup time before write taw 0 ns
tsu (a0-w)
t . __
h (w-as) CS, Ao, 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 tpp 700 ns
tsu (pc-PR) Port control setup time before PROG tcp C_ = 80pF 80 ns
th (PR-PC) Port control ho!d time after PROG tpc . | CL=20pF 60 ns
teu (G.pr) | Output data setup time before PROG top C_= 80pF 200 ns
tsu (D-PR) Input data hold time before PROG ter C, = 80pF 650 ns
th (pr-D) Input data hold time after PROG tor C_ = 20pF 0 150 ns
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 toac 0 ns
tsu (pack-w)| DACK setup time before write tacc 0 ns
th (w-pack) | DACK hold time after write tcac 0 ns
Note 1 : Input voltage level V,. = 0.45V, V|, = 2. 4v.
SWITCHING CHARACTERISTICS (12=0~70C, Voo =5V£10%, unless otherwise noted)
DBB Read
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tpzx (cs-pa) | Data enable time after CS tap C, = 100 pF 130 ns
trzx (a0-pDq) | Data enable time after address tap Cy =100 pF 130 ns
tpzx (r-pa) | Data enable time after read tro CL=100pF 130 ns
tpxz (R-DQ) Data disable time after read tor 85 ns
Alternative Limits
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
thzx (pack-pa) | Data enable time after DACK taco CL= 150 pF 130 ns
terL (r-DRQ) | DRQ disable time after read tcra 90 ns
teHL (w-pra)| DRQ disable time after write - tcra 90 ns
Note 2 ! Output voltage discriminating levels, low and high, are 0. 8V and 2. 0V respectively.
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M5L8042-XXXP

SLAVE MICROCOMPUTER

TIMING DIAGRAMS

Read
ﬁ.’Ao X
tsu (csR) th (cs)
tsu(ag-R) tw(R) Th(R-Ao)
|
r N N
tpzx(R-DQ) t pxz(R-DQ) ’
}l
DQy~DQ; VALID DATA D,
tpzx(ag-DQ) tPzx (C5-0Q)
Write
5. A ‘j(
’-
tsu(ag-w)
tsu csW tw(w) {Exfi’o)
W f
tsu(p-w) [ |th(w-D)
V. |
DQ~DQ7
Port 2
SYNC ’ \ -
tsu (¢-PR)
EXPANDER

PORT OUTPUT P2o-P23 DATA

OUTPUT
PORT CONTROLX DATA

b

tsu(D-PR)—»{ <> th(PR-D)

EXPANDER y
BORT INPUT P25-P23 DATA X PORT CONTROL l( ‘ \' rJLINPUT DATA
tsu(PC-PR) 14 tN(PA-PO)
PROG e [
A _F
DMA
DACK s ’ s
7
. tsu(pack-R) , th(R-DACK)
te
5 \ /
tsu(pack-w) th(W-DAGCK)
tw(R)
W \ {
tw(w)
X XX
tPzX(DACK-D! | !
(DACKIDQ) tsu(o-w) || thow-p)
DRQ & ; ‘\
tPHL(R-DRQ) tPHL(W-DRQ)
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M5L8042-XXXP

SLAVE MICROCOMPUTER

TYPICAL CHARACTERISTICS

DATA BUS HIGH-LEVEL DATA BUS LOW-LEVEL
OUTPUT VOLTAGE VS. HIGH-LEVEL OUTPUT VOLTAGE VS. LOW-LEVEL
= OUTPUT CURRENT = os OUTPUT CURRENT
Z Vee = 5V Z | vee=5v
RS Ta=25¢C L Ta=25C /
w 3.6 w 0.4 e
B 3.4 N 3 o3
> 7 ~ >
e \\ 5
= P— E o2
2 ) 2
; :
o rr
> 30 > 0.1 A
4 4
1 : V0
g 5
T 285——G57 —o0.4 0.6 08 -1o0 0 ? Y 0
HIGH-LEVEL OUTPUT CURRENT  Ig(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 5 INPUT CURRENT
S ~ Voo = 5V < Vee =5V
= Ta=25C =z Ta=25C
> 4 \\ | : 4 \
8 N 8
5 N\ 5
o 3 o) 3
> \ Y \
= =
2 N\ 2 \
z 2 z 2
o P .
z . &
- 1 \ = 1
2 3 \
9 S
co —0.05 —0.1 —0.15 —0.2 —0.25 0 -—0.02 —0.04 —0.06 —0.08 —90.1
LOW-LEVEL INPUT CURRENT |,(mA) LOW-LEVEL INPUT CURRENT |,(mA)
NORMARIZED SUPPLY CURRENT (lcc) NORMARIZED SUPPLY CURRENT (lpp)
VS. AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE
3 1.8 ~ 1.6
=L Voo =5V 8 Vee =5V
Vpp =5V = Vpp = 5V
g 1.4 E 14
w
T 2
S 4
3 =
§_> 1.2 o 1.2
§ \ E \
@ 1.0 % 1.0
o a
u w
E 0.8 \\ E 0.8 \\
< . o .
Z z
e o
Z g6 z
—25 1] 25 50 75 100 25 0 25 50 75 100
AMBIENT TEMPERATURE Ta(C) ) AMBIENT TEMPERATURE Ta('C)
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MSL8042-XXXP

SLAVE MICROCOMPUTER

APPLICATION EXAMPLES
(1) Interface with M5L8085AP

~ —~ ~—
M5L8042 ) To )
1 N - XXXP T
DQo~DQ7 8 PEAES
v y
Cs
Ao n | PERIPHERAL
M5L8085 AP DEVICES
4 \| o _
, Contro! [i9] 2 » [
o 3,
» = m _
o 2 W
5 g s
2 3 a “
I 8 DQo~ D
Ap~ A7 8 N—— Qo Q7
— Vv
NN

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

R R PROG PROG <I>
w w )
AN
z P2,- P2, 4 P2,~P2, <:I>
Port Cs N
V| Ao
: M5L.8243P
DQo~DQ7 8 DQo~DQ7 <z>
PERIPHERAL
. M5 L8042 DEVICES
-XXXP
MELPSS§-48 A N
MICRO P2,~P2, 4 >
COMPUTER \ Y
A
Ply~P1, 8 >
¥ L4
To
Ty
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

DESCRIPTION

These devices, fabricated using the aluminum gate CMOS
process and used for input/output port expansion, are ideal
LSls for connection to the single-chip 4-bit microcomputer
series.

voo [O hd 40] ++ Ry | INPUT/
The M50780SP and M50782SP are housed in a 40-pin INPUT/ 8]« R ( OUTPUT
plastic mold DIL package while the M50781SP and oureut { e+ 2 o) o
g an PORT R | R3es[3 3 Vss(OV)
Mb0783SP are housed in a 28—pin plastic mold DIL (Notel) | 3T)e- s
CHIP ENABLE INPUT CE 2 | PORT

package. MODE SELECT INPUTMS —» [5] 36]+— s, pSELECT
STROBE DATASTD o [F] S INPUT,

FEATURES P+ [T] 3] «- P33
® Wide operatirrg Yoltége range .. .......... 3~14vV oILTTPrEJJT/ :w—-E 2 [33] «+ P32 (l)r\:JPTuPL/T
® Low power dissipation PORT 1 | Prze+[g] br 3 «+Pa (borT 3

® Interchangeable with TI's TMS1025C and TMS1024C in P15 [ S (31) P30
terms of pin connections and electrical characteristics Pag ++[1]] a 30] +P73 ) NoUT/

/ - s
(M50780SP and M50781SP) aureutd 4 L BleP et
PORT 4 424—o|: 28)«+P1 [ popT 7
P v

APPLICATION o 2P

(0} ion for the single-chip microcomputer series’ P+ [ DA
1/0 expansion for g9 P p! INPUT/ | P51« [if] [25)«-» Ps2 (%P#;TJT
WL e S

FUNCTION P53 «+ [ BerPeo
M50780SP, M50781SP, M50782SP and M50783SP are INPUT/ pzw e Pas | INPUT/
configured with 4 or 7 groups of input/output ports, 1 OPUOTRPTUE{ p21HE ___]..pzz}pgg$l);T

group of input/output ports, a port selector circuit and
mode control circuit, and operation is possible in the latch
or multiplexer mode.

Table 1 Configurations

PIN CONFIGURATIONS (TOP VIEW)

Outline 40P4B

Note 1: M50782SP has a CE pin.

voo [ ™~ [7) «» Ry ) INPUT/
Compatibl INPUT/ (g OUTPUT
Expander Qutline CE pin Requirements for reset ezmp:dler: OUTPUT ZHE DHRO PORT R
pa PORT R | Ry« 3] %) Vs
[ CHIP ENABLE IN(I'[’\‘L?'I!%QE) - =)+ s,
M50780 SP 40-pin So~S, = low TMS1025C] INPUT
MS0781SP| - 28-pin ce STD = (¥) TMS1024C] MODE SELECT INPUTMS — ] 7}« s, pSELECT
STROBE DAT? sTo—[¢] E - s, PORT
782SP|  40-pin __ S ~S,= o
ngnzzp 28 pin CE STD zhigr:v (Pag+[7] S [ es P13
) gagleeed S el
UTPU
PORT 4 | Pz} b [l P11 [ BoRT 7
Pz ++ [ [5] > P70
PsuHE EHPsg
e e e
PORT 5 | Ps2 3] [€)+=>Ps1 [ pORT 6
Psz++{14 [15] «+ Pgo
Outline 28P4B
Note 2: M50783SP has a CE pin.
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S ha el M50780SP/M50781SP
‘ T M50782SP/M50783SP

N INPUT/OUTPUT EXPANDER

Table 2 Pin Description

Symbol - Name - Function
MS Mode select input Latch mode at high; muftiplexer mode at low.
STD Strobe input This input is valid in latch mode and data latched by the fall ($) are output to output port.

Input data are read into latch at high level. At low level latch data are output.

CE (CE) Chip enable input This input is valid in multiplexer mode.

Ro~R3 Input/output port 4-bit bidirectional input/output ports. Input in latch mode; output in multiplexer mode.

P1o~Pi3 Input/output ports 1~7 4-bit bidirectional input/output ports. Output in latch mode; input in multiplexer mode.
P20~P23
P30~Pa3
Pao~Pa3
Pso~Ps3
Peo~Ps3
P1~P13

M50780SP. M50781SP

Table 3 Latch Modes Table 4 Multiplexer Modes
Input Output Input Output
Latch
MS CE | STD |Sg~S2|Ro~R3 Q (Pqo, Pn1, Pnz, Pna) MS CE | STD|Sy~Sz2|Pno~Pn3 |Q (Rg, Ry, Rz, R3)
H X ! n H H H (Pno~Pn3) L L X 0,n X z '
H X l n L L (Pno~Pn3) L H X n H H
H X L 0,n X Qg | QpolAllports) L H X n L L
H X H 0,n X Qg Qo (All ports) L X X 0 X z
H X I 0 X L L {All ports)
L L X o,n X Qo Z (All ports)
M50782SP. M50783SP
Table 5 Latch Modes Table 6 Multiplexer Modes
Input Output Input Output
— Latch —
MS CE | STD |Sp~S2|Ro~R3 Q{(Pno, Pn1, Pn2, Pn3) MS CE | STD [Sp~S2|Pno~Pn3|Q(Rg, Ry, R2, R3)
H X H n H — % | H (Pyo~Pn3) L H X 0,n X z
H X H n L — *| L (Pno~Pn3) L L X n H H
H X ! n H H H (Pno~Pn3) L L X n L L
H X i n L L L (Pnro~Pn3) L X X 0 X z
H X L o,n X Qo Qg (All ports)
H X H 0 X — % | L (Al ports)
L H L n X Qg Z (Aliports)
* Not latched X & High or low
Z ' High-impedance state
4—4 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

BLOCK DIAGRAMS

M50780SP PORT R
(Note 1
CEMSSTD S2 S1 So R3R2 Ry Ro Vop Vss
CONTROLLER DECODER PORT R
,
' 4 4
L BUFFER ” BUFFER ILBUFFERJI BUFFER l I BUFFER lL BUFFER ]I BUFFER ]
| » '
] Jlfa ?4 {4 4 4 ia }4
LLATCH LATCH LATCH LATCH LATCH LATCH LATCH
R T R R . ] 70 e L 7 SE—— A eluaiain I ] R .
PORT 4 PORT 4 PORT PORT 4 PORT PORT 4 PORT
BUFFER BUFFER BUFFER BUFFER .BUFFER BUFFER BUFFER
4 4 4 4 4 4 4
30)29)28)(27 (26 (25 (24 X23)(18 17 (16 15 (14 Y13)12 (11)(34)(33)(32X 31 )22 21 f20 1910 ( 9 B K7
PuPrPnPn  PsPePeiPe  PssPs2PsiPsy  PaaPePa P PuPy PuPum  PaPz PaPa PuPr PuPu
PORT 7 PORT 6 PORT 5 PORT 4 PORT 3 PORT 2 PORT 1
Note 1: M50782SP has a CE pin.
M50781SP PORT R
(Note 2)
CE MSSTD S2 S1 So R3 Rz R Ro Vpp Vss

CONTROLLER DECODER

| I T
[ BUFFETI

—

]
@
C
n
m
m
ol

LATCH LATCH LATCH LATCH
PORT PORT PORT PORT X
' BUFFER BUFFER BUFFER BUFFER
4 4 4 4

- @00.

Yo OO0

S (1507

G0

P Prz Pn Py P& Ps2 Psy Peo Ps3 Pg; Pst Psg Ps3 Pgz Py Pao
PORT 7 PORT 6 PORT 5 PORT 4
Note 2: M50783SP has a CE pin.
MITSUBISHI s
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MITSUBISHI MICROCOMPUTERS

R M50780SP/M50781SP
EU L MS50782SP/M50783SP

INPUT/OUTPUT EXPANDER

Table 7 Function Table

M50780SP, M50782SP
M50781SP, M50783SP
n Sz Sy So | Pio~P13 | Pao~Pz3 | P3o~P33 | Pso~Pa3 | Pso~Ps3 | Peo~Pe3s | 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
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter ' Conditions Limits Unit
Vpp Supply voltage With respect to Vss —0.3~15 \
V) Input voltage . . Vss—0.3~Vpp+0.3 \
Vo Output voltage Vgs—0.3~Vpp+0.3 \
Pd Maximum power dissipation Ta=25C 600 mw
Topr Operating free-air temperature range . —10~70 °C
Tstg Storage temperature range —40~125 °C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Limits Unit
. Min Nom Max
Voo ) Supply voltage 3 14 \
Vi Input voltage . 0, Vbo \
Vi High-level input voltage Vop X0.7 Voo \2
ViL Low-level input voltage 0 VppXx0.3 \
ELECTRICAL CHARACTERISTICS (Ta=25"C, Vpp=9V, unless otherwise noted )
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Voo= 5V, loH=—2mA: 2.5 \Y
Port 1~ port 7 Vpp= 9V, lon=—4mA 6.5 \
Vou High-level output voltage Vop=12V, low=—5.5mA 95 v
Vpp= 5V, lgn=—200uA 4.6 \"
Port R Vop= 9V, lon=—350uA 8.6 %
Vpp=12V, loy=—450uA 11.6 \
Vpp=5V, loL,=1mA 0.4 \
Port 1~ port 7 Vpp= 9V, loL=1.4mA 0.4 \
VoL 1 Low-level output voltage Voo=12V, loL=1.7mA 0.4 v
. Vop=5V, loL=250uA 0.4 \
Port R Vpp= 9V, lgL=450uA ' 0.4 Y
Vpp=12V, loL=550uA 0.4 v
Vbp=5V, loL=4mA 1.8 v
Vorz - Low-leve! output voltage Port 1~ port 7 Vop=9V, lo =12mA : 2.5 \Y
Vpp=12V, loL=17TmA 3.9 v
N Input current Port 1 ~port? Vi=0~ Voo 10 HA
Port R V=0~ Vpp 1 uA
lpp Supply current ) . Output pins open } 50 A

4—6 ' MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50780SP/M50781SP
M50782SP/M50783SP

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vob=5V 0.2
tsu (r-sTD) Data set-up time for STD input, port R input Vpp= 9V 0.15 MS
Vpp=12V 0.1
Vpp= 5V 1
tsu(s-sTD) Data set-up time for STD input, So~ S, inputs Vop=9V 0.5 “s
Vpp=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 “s
Vpp=12V 0.2
Vpp= 5V 1
th(s-sTD) Data hold time for STD input, Sg~S, inputs Vpp= 9V 0.7 us
Vpp=12V 0.5
SWITCHING CHARACTERISTICS
) Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vpp=5V 0.6
tpzx(ce-P) Valid output delay time for CE input, R output Vop=9V 0.5 us
Vpp=12V 0.4
Vpp= 5V 0.8
tpzx(Ms-P) Zjlt:ju?:mm delay time for MS input, Pjo~Ps3 Vop— 9V 0.6 us
RL=10kQ Vpp=12V 0.5
C(=50pF Vpp=5V 0.6
tpxz(CE-R) Output floating delay time for CE input, R output Vpp=9V 0.5 us
Vpp=12V 0.4
) ] ) Vop=5V 0.8
pxz(Ms-P) S;J‘tsl\;ltlsfloatmg delay time for MS input, P1o~Pq3 Voo— 9V 06 us
Vpp=12V 0.5
Vpp= 5V 3
tPHL(S-R) Data output high-to-low delay time; S input, R output Vpp= 9V 1 “s
Vpp=12V 0.7
] ) Vpp= 5V 1.8
tPHL(P-R) I;a;z::‘;uuttput high-to-low delay ‘time; Py ~P53 inputs, Voo= 9V 0.7 us
Vpp=12V 0.5
. ) Vpp=5V : 1.2
t PHL(SFD-P) Eztjtzz:put high-to-low delay time; STD input, Voo= 9V 05 us
RL=200kQ Vpp=12V 0.4
C_=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
Vbp= 5V 1.8
tpLH(P-R) za;:;:‘pm low-to-high delay time; Pyq~P3 inputs, Voo=9 V 0.7 us
Vpp=12V 0.5
) ) Vpp=5V 1.2
tF’LH(STD'F’) S?:iz::pzzlzrt-:&hlgh delay time; STD input, Vop—= 9V 05 us
Vpo=12V 0.4
MITSUBISHI 4—7
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M50780SP/M50781SP
MS50782SP/M50783SP

! INPUT/OUTPUT EXPANDER

TIMING DIAGRAM
Multiplex Mode

MS

cE (Note 1) Aﬁ \
S2~So x X’_
"0 OC X

) L [X j——

tpzx(ce-m)  LPHL(S-R) tPHL(P-R) tPxz(cE-R)
tPLH(S-R) tPLH(P-R)
Latch Mode
MS / N
- A | —
CSs

S2~So )§ X
lN(PFl(J;I' Xr—

tsu (r-sTD) th (R-sTD)
tsu (s-sTD) th (s-sTD)
STD 1? L
tw
tpzx(Ms-p) foed) tpHL(STD-P) tpxz(ms-P)
{Note 3) teLH(STD-P)

OUTPUT
e —< X

Note 1: MB0782SP and M50783SP. have a CE pin.
2: For M50780SP and M50781SP
3: For M50782SP and M50783SP

4—8 ' MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50784SP

INPUT EXPANDER

DESCRIPTION
. PIN CONFIGURATION (TOP VIEW
This device, fabricated using the aluminum gate CMOS { )
process and used for input port expansion, is an ideal LSI ' .
for connection to the single-chip 4-bit microcomputer Voo [ ~ 2 —R1)
. Az O] = fOUTPUT PORT R
series. OUTPUT PORT R{R —*Fo
Itis housed in a 28-pin plastic mold DIL package. el 5 vss
CHIP ENABLE CE—[E [Ees,
PORT SELECT
FEATURES N T
. . NC— 6 o 23}4— S,
® Wide operating voltagerange ............. (4 ~14V) P [7 S e P
® Low power dissipation Pa— [ i3 ) e—pr
INPUT PORT 4 P % ) e Pry INPUT PORT 7
APPLICATION Pa3— [} [5]«— Pyo
Input port expansion in the single-chip microcomputer Pso — 1 5] +— Pe3
series . Ps1—(Z] [+ Psz
INPUT PORT 5.9 e Per INPUT PORT 6
FUNCTION P Ee—Peo
M50784SP comprises 4 groups of input ports, 1 group of
output ports and a port selector circuit. ine 28P4B
It is particularly attractive for implementing a multi- Outline
plexer.
BLOCK DIAGRAM CHIP SELECT bonT
CHIP ENABLE .
CE Sz S1 So R3 R2R1 Ry Vop Vss
CONTROLLER DECODER
I i
4
i
BUFFER BUFFER BUFFER BUFFER
P13 Pz Pn Py Pg3 Ps2 Ps1 Peo Ps3 Psz Psy Py Ps3 Pz Py Pap
PORT 7 POVRT 6 PORT 5 PORT 4
¢ MITSUBISHI 4—g
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I o L MITSUBISHI MICROCOMPUTERS

MS50784SP

INPUT EXPANDER

PIN DESCRIPTION

Symbol Name Function
CE Chip enable input ’ When low, output transistors will be "“off" state.
Ro—Rs Output pert 4-bit output ports, P-channel open drain outputs.
Pao—~Pa3 Input 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~Paz | Pso~Ps3 | Peo~Ps3 | Pro~P73
CE So~S2 Pno~Pn3 Q (Rg, Ry, Rz, R3) 4 H L L O
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 © High or low
ABSOLUTE MAXIMUM RATINGS
Symbot Parameter Conditions Limits Unit
Voo Supply voltage With respect to Vgg —0.3~15 \
Vi Input voltage - Vss—0.3~Vpp+0.3 \"
Vo Output voltage . Vgs—0.3~Vpp+0.3 \2
Pd Maximum power dissipation . Ta=25C 600 mw
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
Vpp Supply voltage 4 14 \
Vi Input voltage 0 . Voo v
ViH High-level input voltage i VppX0.7 . Voo \%
ViL Low-level input voltage 0 . VppXx0.3 \
ELECTRICAL CHARACTERISTICS (Ta=25C, Vpp=9V, unless otherwise noted)
Symbol Parameter Test condition Limits Unit
Min Typ Max
. Vpp=5V, Vou=3.5V 1.5 mA
loH High-level output current Port R Vpp=9V, Vou=17.5V 2.5 mA
Vop=12V, Vou=10.5V | as mA
I Input current Port 4~ Port 7 Vi=0~Vpp 1 #A
oo Supply current Output pins open 50 #A

4—-10 ‘ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

DESCRIPTION

The M50786SP is an input/output expander fabricated using
aluminum-gate CMOS technology. It is designed especially
for connection with the single-chip 4-bit microcomputer se-

PIN CONFIGURATION (TOP VIEW)

(4~14V) Vpp 40] > Ry | INPUT/OUTPUT
PORTR

) . ) - . INPUT/OUTPUT R, +[2] [39] + R
ries, and it comes in a 40-pin plastic molded DIL package. TR { ‘ °
Ry +[3] Vs (0V)
CHIP ENABLE —
puT CE— S,
FEATURES MODE SEu'N%CuTT Ms — 5] B s, hony SEHECT
® Wide operating voltage range -=-««-«--=-seeereeeaeeens 4~14v STROBE DATA_ STD — [€] S
® | ow power dissipation INPU Plo+ > P3,
INPUT/OUTRUT Py |8] z 53]+ P3, %’#JQOUTPUTW
APPLICATION Ply o a 32+~ P3,
170 expansion for the single-chip 4-bit microcomputer se- iichad © N 3L P3,
ries P4g -+ [11] -3 [30) P75
INPUT/OUTPUT | P4y +~[i2 ¢ 2]+ P7, | INpUT/OUTPUT]
PORT4 1 pg, «» ‘ 7] +» P7, [PORT7
FUNCT'ON . P4, « [14} +~ P7,
The M50786SP is composed of seven groups of I/0 ports, P5¢ ++[i3] [76] + P6,
one I/0 port group, a port selector circuit and a mode con- INPUT/OUTPUT | P5; «=[§] -« P6, P’gUTQOUTPUT
trol circuit. It can be used in the latch or multiplexer mode. PORTS 1 ps5, + 24] + P6,
P-channel open-drain output buffers are featured. P55« 18} 23] = PB,
INPUT/OUTPUT { P20+ 113 221+ P2  \NpyT/OUTPUT]
PORT 2 | p2, « [21] « P2, / PORT 2
Outline 40P4B
BLOCK DIAGRAM
CHIP MoDE STROBE PORT
ENABLE SELECT DATA  SELECT PORT R <
INPUT INPUT INPUT __ 00" (4~14v)(0V)
CE Ms STD Sz S, So Rs Rz Ry Ro Voo Vss

paamn

I CONTROLLER l I DECODER I PORT R

1 !
I BUFFER JrBUFFETlI BUFFEF(jI BUFFER

r 1 I
I BUFFER I[ BUFF;][ BUFFER I

SR

LATCH LATCH LATCH LATCH LATCH LATCH LATCH
------- Y] St 1 2 it I ¢l mateiettetan 1 2 shisttont U <] thiebstututes 1 ] phisbottutns 12
PORT PORT PORT PORT PORT PORT PORT
| | BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER BUFFER |

7 P6s . 6 P53 P5 Pas P4 P33 Py P25 Py Py Phy
P Yprg 2 ‘peg o TPsg gy "0 P3O P2 °P1p 'Plo

P72 o P62 P5, 0 P4y o P32 o P2,
—_——
PORT 7 PORT6 = PORTS PORT4 PORT 3 PORT 2 PORT1
MITSUBISHI 4—1
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_ MITSUBISHI MICROCOMPUTERS

) M50786SP

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

Symbol Name Function
MS Mode select input Latch mode when high; muitipiexer mode when low.
sTD Strobe input Valid ln.latch mode; data la:chefl by fall (1) are supplied to output port.
When high, input data are read into latch; when low, latch data are output.
CE Chip enable input Input is valid in multiplexer mode.
Ro~R3 Input/output port 4-bit bidirectional input/dutpm port. Functions as input in latch mode and output in multiplexer mode.
Plo~Pl; .
P20~ P23
P30~ 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~P53
Pﬁu"" PG:,
P7o~P73
LATCH MODE MULTIPLEXER MODE
_ Input atch Output . _ Input OQutput
MS | CE | STD [Sy~S;|Ro~Rj Q (Png, Pny, Pny, Png) MS | CE | STD |So~Ss Pno~Pn; | Q (Ro, R, Rz, Rs)
H X H n H | —% | H(Pno~Pny) L H X [ 0n X z
H X H n L —% | (L) (Png~Png) L L X H H
H X { n H H H (Png~Pn3) L L X n L L
H X } n L L | (L) (Png~Png) L X X 0 X z
H X L 0,n X Qo | Qo (all ports)
H X H 0 X | —* | (L) (all ports)
L H L n X Qg | (L) (all ports) X : Irrelevant
* Not latched Z : High impedance
(L): Output transistor off-state
FUNCTION TABLE
n S, .S So P1o~P1, P2,~P2; P3,~P3; P4,~P4, P50~ P53 P6,~ P63 P70~P73
A L L H ®)
2 L H L o
3 L H H ]
4 H L L ®)
5 H L H ®)
6 H H L &
7 H H H ®)
4—12 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

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

RECOMMENDED OPERATING CONDITIONS
. Limits
Symbol Parameter - Unit
Min Nom Max
Voo Supply voltage 4 14 \
Vi Input voltage 0 Voo v
Vin High-level input voltage VppX0.7 Vob \
VL Low-level input voitage 0 VppX0.3 \%
ELECTRICAL CHARACTERISTICS (Voo =9V, Ta= 25T, unless otherwise noted)
. Limits
Symbol Parameter Test conditions Vin Tve e Unit
Voo = 5V, lon = —TmA 2.5 v
Ports 1 ~7 Voo = 9V, lon = —3mA 6.5 v
Vou High-level output voltag \\;Z:: — ;\ZI‘./};:}; —1;5::A 2'2 z
Port R Vpp = 9V, lon = —250uA 8.6 \"
Vpp = 12V, loy = —450:A 11.6 v
Vpp = 5V, loL = 130¢A 0.4 \'
VoL Low-level output voltage Port R Vpp = 9V, loL = 350uA 0.4 v
, Voo = 12V, loL = 5501 A 0.4 v
Ports 1~7 V= 0~Vop 10 KA
1 Input current
Except ports 1~7 Vi =0~Vpp 1 #A
loo Supply current Output pins open 50 H#A
¢ MITSUBISHI =13
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MITSUBISHI MICROCOMPUTERS

s | M50786SP

INPUT/OUTPUT. EXPANDER

TIMING REQUIREMENTS

Limit
Symbol Parameter Test conditions e Unit .
Min Typ Max
Vpp = 5V .
t Data setup time for STD input, VDD —ov g 2
SuU (R-STD) port R input 'ob 3 us
Voo = 12V 0.4
. . Vop =5V 1
t Data setup time for STD input, Voo = 9V - 0.7
8U (s-sTD) inputs So~S, DD - . s
Vpp = 12V 0.5
Vpp = 5V - 1.5
tw STD input pulse width Vpp = 9V 0.5 . “s
Vpp = 12V 0.3
Vpp =5V Q.
Data hold time for STD input, ° 5 ’
th (r-sTD) ) Vop = 9V 0.5 us
port R input
Vpp = 12V 0.5 )
. Vop =5V - 1
¢ Data hold time for STD input, Voo —ov 0.7
h (s-sTD) port S input DD . MS
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 =10k =
tpzx (ce-R) Vpp = 9V 1 us
R output C, = 50pF
Vpp = 12V 0.8
. Vop = 5V 2.4
Valid output delay time for MS input, RL=2kQ .
tP2x (Ms-P) | by b7, output Gy = 50pF Voo =V 1.8 us
o oulp : L= Voo = 12V 1.2
Vpp = 5V 1.5
Output floating delay time for CE input, AL =10kQ o0
texz (ce-R) Vop = 9V 1 us
R output C, = 50pF
Vpp = 12V 0.8
’ . . Vpp = 5V 2.4
Output floating delay time for MS input, RL = 2kQ2
texz (Ms-P) | by b7 outout CL= 50pF Voo =WV 1.8 us
o - Voo = 12V 1.2
. " Vop =5V 1.2
t Data output high-to-low delay time, v o 2.5 s
PHL (S-R) . bb = . Y7
input, R output R =200k
$input, R outpu L= 200K Voo = 12V 2
’ . Vop = 5V 3.5
Data output high-to-low delay time, - | CL=50pF
teHL (P-R) ) Vop = 9V 1.8 us
P14~P73 input, R output
Vop = 12V 1.2
. ' Vpp = 5V 2.4
Data output low-to-high delay time, R.=2kQ2
1PHL(STO-®) | g1y input, R output ‘ Gy = 50pF Voo = 9V 1.8 us
ot L= Voo = 12V 1.2
) . " Vop =5V 4.2
4 Data output low-to-high delay time, v ov 25
- = . s
PLH (s-R) S input, R output . R = 200kQ L “
Vop = 12V 2
. ) . Vpp = 5V 3.5
‘Data output low-to-high delay time, CL. = 50pF
teun (e P1y~P73 input, R output Voo = 9V 1.8 “s
oI PR Vop = 12V 1.2
i Vpp =5V 2.8
% Data output low-to-high delay time, R = 2kQ VDD v 18
" = . s
PLH (STO-P) | &7 input, P1o~P7s output CL = 50pF oo “
Vpp = 12V 1.2
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M50786SP

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM

Mulitiplexer Mode

MS

S2~So

Input (P)

Output (R)

Latch Mode

MS

S2~So

Input (R)

STD

Output (P)

/
X X
Vg
{ X
=1 [ .
tpzx(CE-R)  LPHL(S-R) tPHL (P-R) texz(ce-R)
teLH(s-R) tpLH(P-R)
tsu (r-sTD) th (r-sTD)
tsu (s-sTD) th (s-sTD)
- N
tw
tpzx(Ms-P) tpxz(Ms-P)
LpLH(sTD-P)

X

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS0790SP

INPUT/OUTPUT EXPANDER

DESCRIPTION v g

The MS50790SP is an input/output expander LSI fabricated PIN 'CONFIGURATIO_N (TOP VlEW)

using aluminum-gate CMOS technology. It is designed (4~18V) Voo [ . 5 NG Co

especially for connection with the single-chip 8-bit micro- P46, «[2] [51] « P46, ('-)Nuer%ﬂr

computer series, and it comes in a 52-pin. shrink plastic INPUT/OUTPUT | Pas, 3] 53] > pas, | PORT P46
molded DIL package. ) P46, + [4] 49) ++ P45, giuP_}JPTdT
P47, ++ 5] 48] > P45, | PORT P45
FEATURES INPUT/QUTPUT P47, ++ ] + P45,
® Wide operating voltage range:«- -+ +seeees 4~14V ;:;z"’ = g - :::a
- —

° vel con n-ch N Pals 2 | OUTPUT
Volfage 'f" e .o vertable than_ks to n-channel open RESET INPUT  RES — [3] 2] — pag, | PORT P43
drain configuration at 170 port (port R) CHIP ENABLE T CE— @] — Paa,

® Input/output ports (ports P45~P4Q) -----eeseeeees 4 bits X 5 READMR.‘% u RIW (] — Pa2,

® Output ports (ports PA0~P44)-+-eoveveeresrinann: 4 bits X 5 R PaT g z @] — P42, | OUTPUT

® High current output Ro + [} S 7] — pag, | PORT P42

® Output latch data can be read wpurouteur | R[] § 3] — P42,

® Input/output setting possible for each bit individually PORTR | R, <[] o [38] —+ P41,
with 20bits 1/0 ports ihed = P41 | ouTPUT

P P4y — (] — P41, | PORT P4t
P44, « [ig] 155] — P41
OUTPUT 1 o

APPLICATION RS Mopat o s

1/0 expansion for single-chip 8-bit microcomputer M50740- Pady — [ — P40, | ouTPUT

XXXSP ‘ ' h Pag, ~ [ (7] — pao, [ PORT P40

INPUT/QUTPUT | P48 =+ 2 31l — Pa0
PORT P48 | P48, « [33] 30] «+ P493 | \npUT/
P48, +» [25] +» P49, | OUTPUT
INPUT/QUTPUT  p4g +\ [F] 8] «» P49, PORT P49
PORT P49
NC  [26] Vgs (OV)
Outline 52P4B
CHP _ R/W
BLOCK DIAGRAM ENABLE CONTROL PORTR (4~14v) (V)
RESETINPUT RES CE R/W ¢ CLOGK Ro Ry R; Ry Voo Vss
- - O——(D)—()———-(® - - @ -
—
(=4
CONTROLLER Zw é: !
1 =W . o
. 22 [a]=
o@ o<
N-ch <
[+
| 08 '
4 (1]
O
Z w
3% wa
55 @a
w o 4 n<
i ity
T
X i i [}
{4 [a ia ’4
I I
[z ] [l [e3 |
VEE | 2E :
! 83 385
TPU OUTPUT
. BUFFER BUFFER
——-{30)29) 2825 24]23f22) 21 ) - -
P493 P49y P483 P48y P473 P47; P46y P46 P45; P45, P44y P44, P43z pasy P423 P42y P41z P41y, PaGy Pady
P49; P4go P4g; P4gg P47, P4y P46, P46y P45y P4Sq,  Pd4y P4dg P43y Pa3g,  P42; Pa2y P41z Palo P40, P40y
PORT P49 PORT P48 PORT P47 PORT P46  PORT P45 PORT P44 PORT P43 PORT P42 PORT P41 PORT P40
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MITSUBISHI MICROCOMPUTERS

MS50790SP

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
170 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 is low, the data are input (or output) by
the same port (port R).

Each 1/0 port (ports P45 ~ P49) has a direction register
(D45~ DA49) 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
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.

¢ Clock input In

If this input is high when @ is high, the internal mode is prevented from being changed by external

CE Chip enable input In )
equipment.

R/W Read/write control input In The port R input/output is controlied by the high/low 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 3 . . "

P42 Output ports 42 out These 4-@1 output p‘ooﬂs h.ave output latches for eac'h |r.|d|v1dua'al bit. The output configuration is n-chapnel

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 n-drain
P40~ P43 - ALL #H» | \-onannel open-dral
OFF
pa4 _ ALL “L* P-channel open-drain
OFF
ALL low
P45~pP49 - No change | High-impedance
(input)

MITSUBISHI i
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M50790SP

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 (). The relationship between
each port or address register and the addresses is shown
below. )

Address and data signs

Address (¢ = high) Data (¢ = low)
Rs Rz Ry Ro Rs Rz Ry Ro
L L L L blank
L L L H P40; P40, P40, P40,
L L H L P41, P41, P41, P41y
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 P45, P45, P45, P45,
L H H H D455 D45, D45, D45,
H L L L P465 P46, P46, P46
H L L H D465 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, P49,
H H H H D493 D49, D49, D49,
Note : D45~D49 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 high-impedance state and
when high, the CMOS output ON mode is established.

Correspondence between
/0 ports and direction registers

Output port/input port
P40, P40, P40, P40,
P41, P41, P41, P41,
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, D463
P47, P47, P47, P47; | D47, D47, D47, D473
P48, P48, P48, P48; | D48, D48; D48, D48;
P49, P49, P49, P49; | D49, D49, D49, D49,

Direction register

None
(Outputs only)

Outbut 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 iow, the .output data must be designated
in the same wéy from port R. In this case, the R/W input is
set low with the ¢ fall (1.).

Input/Output Ports (P45~P49)

In the case of the 1/0 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.

VO 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 operation 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.

MITSUBISHI
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M50790SP

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol . Parameter Conditions Limits Unit
Voo Supply voltage —0.3~15 v
A Input voltage With respect to Vss Vgs—0. 3~Vpp+0.3 \%
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 =9v£10%, Ta = —10~70C, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Nom Max
Voo Supply voltage 4 14 \
\/ Input voltage 0 Voo v
Viue High-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14v VopX0.7 Voo v
Vip Low-level input voltage, P45, P46, P47, P48, P49 Vpp = 7~14V 0 VopX0.3 v
Viur High-level input voltage, R, ¢, R/W, CE, RES Vpp = 7~14V Voo X0.4 Voo \%
ViLm Low-level input voltage, R, ¢, R/W, CE, RES Vpp = 7~14V 0 VppX0.1 v
loLcavg) | Low-level output average current (R) 5 mA
loLcavg) | Low-level output average current, P40, P41, P42, P43 20 mA
loncavg) | High-level output average current, (P44) —10 ) L mA |
loncavg) | High-level output average current, P45, P46, P47, P48, P43 —2 m{\
low avg) | Low-level output average current, P45, P46, P47, P48, P49 2 mA
fo) M50740-X XXSP internal clock oscillation frequency Vpp = 9V 2.5 MH2z
ELECTRICAL CHARACTERISTICS (Voo =9v+10%, Ta= —10~70C, unless otherwise noted)
" Limits 3
Symbol Parameter Test conditions in Tvo Max Unit
I Input current, ¢, R/W, CE, RES 1 A
I Input current, R V, = 0~Vpp 1 “A
I Input current, P45, P46, P47, P48, P49 10 MA
Von High-level output voltage, P44 lon = —10mA Vop—2 Voo \
Vo High-level output voitage, P45, P46, P47, P48, P49 lon = —2mA Vpp—2 Vobp \4
VoL Low-level output voltage, R lo. = 5mA 0 0.4 \
VoL Low-level. output voltage, P40, P41, P42, P43 lo. = 20mA 0 2 \"
VoL Low-level output voltage, P45, P46, P47, P48, P43 lo. = 2mA 0 2 \"
lop Supply current Output pins open 50 A
MITSUBISHI 4—19
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INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (15=—10~70C, Vpot10%, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vpp = 9V 750 ns
tsuca-# Address input set-up time Voo = 12V 500 s
. Vpp = 9V 700 ns
tsu(o-# ‘ Data input set-up time Voo = 12V 550 s
. Vpp = 9V 0 ns
th(s-a) ‘ Address hold time after ¢ fall Voo = 12V 0 e
th(eb) Data hold time after ¢ rise Vop = 9V 0 ns
Vop =12V 0 ns
tsu(TE-» Chip enable set-up time before ¢ fall Vop = 9V 550 s
Vpp = 12V 400 ns
theese Chip enable hold time after ¢ fall Voo = 9V 400 ne
’ : Voo = 12V 300 ns
N Vpp = 9V 650 | ns
tsur/w-¢) Read/write set-up time before ¢ fall Voo = 12V 500 ‘ s
. . Vpp =9V 400 ns
th(s-rw) Read/write hold time after fiall Voo = 12V 300 s
tsucp-#) P input set-up time before ¢ fall Voo = 9V 750 ns
Vpp = 12V 600 ns
. . ) Vop =8V 300 ns
thes-p) P input data hold time after ¢ rise Voo = 12V 200 s
tw(RES) Reset pulse width Voo =%V 400 ne
Vpp = 12V 300 ns
.-<""")‘">
4—20 o MITSUBISHI
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M50790SP

INPUT/OUTPUT EXPANDER

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

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
Duri tput; Vpp = 9V 550 ns
(During outpu) Ports P40~P43 oo
Vpp = 12V 400 ns
P port output propagation Vpp =9V 700 ns
tp(sr " port oufpul propag Port P44 oo
time after ¢ fall (Note 1) Vpp = 2V 550 ns
Vop = 9V 0 ns
Potrs P45~P49 oo Sl
Vpp = 12V 700 ns
(During input) R port outout bro tion time after g rk Vpp = 9V 1000 ns
ort output propagation time after 4 rise
tpxL(#-D) P pul propag Vpp = 12V 800 ns
t R port data valid time after ¢ ri Vop =V 0 ns
al ris

V($-D) port data valid time after ¢ rise Voo = 12V ) e

t Output propagation ti from P input to R port Voo =%V 900 ns
_ utpu ion time,

p(P-D) put propag: P! P! Voo = 12V 700 ns
(When direction registers are changed) Vpo = 9V 0 ns
tv(e-p) P port output data valid time after ¢ fall Vpp = 12V 0 ns
t P port hi h d tate valid time after ¢ fall Voo = 9V 0 ns

0 igh-impedance state valid time aiter al

vz(¢-P) P g P Voo = 12V 0 ns

t P port high-imped tate propagation time after ¢ fall Voo = 9V 1200 ns
- le] ign-tii ance state ation time r al

pxz(D-P) P g 3 propag Voo = 12V 900 ns

t P port valid output tion time after ¢ fall Voo = 9V 1200 ns
N ort valid output propagation time after ¢ fal
PXV(D-P) p put propag: Voo = 12V 900 ns
(During reset) o . Vpp = 9V 800 ns
P port output high-impedance propagation time after reset PP .
tpvz(RES-P) Vop = 12V 600 ns
t R port output high-imped tion time after reset Voo = 9V 700 ne
HES- ort output high-impedance propagation time after rese
PVZ(RES-R) p P g P propag Voo = 12V 500 ns
t P port output high-imped lid time aft tri Voo = 9V 0 ns
RES- ign-| nce valti er reset n
vz (BES-R) port output high-impedance ime af se Vog = 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 © Ro: Port R pull-up resistor {to Voc = 5V)
R;: Port P40~P43 pull-up resistor (to Vpg)
Rz: Port P44 pull-down resistor (to Vss)
Ra: Port pd5~P49 load resistor (to Vpp)
MITSUBISHI 4—21

ELECTRIC



MITSUBISHI MICROCOMPUTERS

‘ | M50790SP

INPUT/OUTPUT EXPANDER

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

During output
, P L______]/—ﬁ__
tsu(a—¢) th(g—A) tsu(D—¢) th(¢—D)

- " q
Ro~ Ra(input) Address | ] C Dpata | p——< Address >———

tsu(CE —¢) | th(s—CE)

EF N | 1% \ e

suR/W—g) | th(s—R/W)
J

R/W—l-\ |, S

tPHL(¢ —P) IPLH(s —P)

—

tPHZ(¢ —P) tPLZ(s —P)

P (output)
During input
¢—"" ’L—Ji
. tpxLis —D)
tsua—# [Tthooh) tvis—P)

Ry~R; —gAddress Data Address )——

Address: Input
Data:Output tsuP—¢)

td(P—D) thig—P)

P (input) === === == mm—mmm < B S D

tsu(R/w—¢) | th(g—R/W)

_—

tsu@E —¢)| th(g—CE)

422 MITSUBISHI
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During direction register changing

¢ —

tsu(a—¢) [ thig—a) tsu(—¢) | th(s-D)

Ro—3 Address Data b Address >—

tsuCE—¢)| this—
|

tsuR/W—g)| thig—R/W)
|

R/W _ﬂ__]l/

tv(g—P) tpxz(D—P)

Al
o

>t pe—>

P K }7 High impedance state
(output)
R tvz(s—P) tpxv(0—P)
e-He
P ——High impedance state ——& ( \ Xt
(output) A

Undefined area

During resetting

tw (RES)
RES —\ /
—
tpvz(RES—P)
P N
(output) High impedance state
tpvz(RES—R) tvz(RES—R)
l(—é
R —_—
N S 2
(output) P \ > 4
tPLZ( D) tPXL(¢ —D)

MITSUBISHI 41—
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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 other 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 1/0 expander.

7~14V
|
Voo
P49
12 ¢
P4g
H R/W
of 52 P47
_ P46
Lﬂ RES
P45 :
1KQ 4%10
x4 P44

Rs
P43

R2
P42

P41

5V
|
_ Ve
— J T
_ o CNTR s B
R/W 32
P3 —
CE 33
RESETour |4 Veo
P2
8X4
Ry &
()=
. R2 28
R |2
<: PO Ro K2
Vss
»
M50740-XXXSP

Ro

J4080uuusy

Vss P40

>
M50790SP

Fig.1 Example of connections between I/O expander (M50790SP) and. microcomputer (M50740-XXXSP)

4—24
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Table 1 Addresses reserved for I/O expander

Address (hexadecimal) Data bit Remarks

in zero page D | D" | Ds" | Do | Ds | D2 | Dy | Do
DF P49 Direction Register 0: Input, 1: Output
DE P49 CMOS 3state 110
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 1/0
D7 P45 Direction Register 0: Input, 1: Output
D6 P45 CMOS 3state 110
D5 P44 Pch. Open Drain Output
D4 P43 Nch OPen Drain Output
D3 P42 4
D2 P41 7
D1 P40 7
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 P4is P4i, P4i, P4i,

0 0 0 0 Input Input Input Input

0 0 0 1 Input Input Input Output

0 0 1 0 Input Input Output Input

0 0 1 1 Input Input Output Output

0. 1 0 0 Input Output Input Input

0 1 0 1 Input Output Input Output

0 1 1 0 Input Output Qutput Input

0 1 1 1 input Output Output Output

1 0 0 0 Output Input Input Input

1 0 0 1 Output Input input Output

1 0 1 0 Output Input Output Input

1 0 1 1 Output Input Output Output

1 1 0 0 Output Output Input Input

1 1 o] 1 Output Output Input Output

1 1 1 0 Output Output Output Input

1 1 1 1 Output Output Output Output

Voo - v
Voo
Output regiéter—‘ Direciton register 3)_'
Output register —b_{ F'—‘D

“17=0N

“0"=ON

Output
register

Vss ’ _oq—
(a) P40~P43 (n-channel open drain) (b) P44 (p-channet open drain) (c) P45~P49 (C-MOS)
3state

Fig.2 Output port format
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M5L8243P

INPUT/OUTPUT EXPANDER

DESCRIPTION N
The M5L8243P is an input/output expander fabricated using PIN CONFIGURATION (TOP VlEW)
N-channel silicon-gate ED-MOS technology. This device is INPUT/
) on-g - 9y OUTPUT 5, « [1] Ve (5V)
designed specifically to provide a low-cost means of /0 PORT 5
. . . X P4g+=|2] 23] «» PS5,
expansion for the MELPS 8-48 single-chip microcomputers INP(L;L/TPUT Pa, - «ps, | INPUT/
; 1 OUTPUT
‘and MELPS 8-41 slave microcomputers. : PORT 4] py, +s[4] 5]« P5, | PORT 5
P4y + [5] 5 20] +~ P6o
FEATURES : CHIP SELECT ¢S —[E] o 15] « P6s | NPUT/
® 16 Input/output pins (I, = 5.0mA(max.)) PROGRAM PROG — g « PGy gg;};tg
® Simple interface to MELPS 8-48, MELPS 8-41 INPUT/ P2+ [ 2] < P63
® Single 5V power supply OAJJ:}J'; P2+~ 3] 18] = P75
® Low power dissipation «+ - «+sssssssssesrssssscaees 50mW(typ.) zzi had 2 g had 5;2 (IJTJI:'_%L/T
- Lo d .
® Interchangeable with i8243 in pin configuration and elec- 2% ' |[PORT 7
. - (0V) GND «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
1/0 expansion for the MELPS 8-41 and the MELPS 8-48.
The M5L8243P consists of four 4-bit bidirectional static 1/0
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 |/
O facility. Its 1/0 ports are accessed by instructions MOVD,
ANLD and ORLD.
BLOCK DIAGRAM pORT2
CHIP SELECT PROGRAM )
: , CS PROG P2, P2, P2, P2,
\ - : -©0O-—OOO— - ———-——
4
RESET .
' CIRCUIT] Veo(5V)
CONTROL '
LOGIC BUS BUFFER
! INSTRUCTION GND(OV)
DECODER
4 4
4 .
BUS
' 4 4 4 4 4 4 4 4
AND/OR AND/OR AND/OR AND/OR !
| LOGIC | | _Loglc | | _LOGIC | _Loaic_ |
H ‘1 LATCH LATCH LATCH LATCH
t
4 4 4 4
(1313 (133 317 .
(13040908 - (2009080 D——1H22)- - —(2EX B
P7,P7,P7,P7s P6o P6; P6, P63 P5q P5,P5, P53 P4y P4, P4, P4y
PORT 7 PORT 6 PORT5 PORT 4
4-26 ; MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M5L8243P

INPUT/OUTPUT EXPANDER

PIN DESCRIPTION

OPERATION
The M5L8243P is an input/output expander designed spe-
cifically for the MELPS 8-41 and MELPS 8-48. The MELPS
8-41 and MELPS 8-48 already have instructions and PROG
pin to communicate with the M5L8243P.
An example of the M5L8243P and the MELPS 8-41 or
MELPS 8-48 is shown in Fig. 1. The following description of
the M5L8243P basic operation is made according to Fig. 1.
Upon initial application of power supply to the device, and
then about 500 s after, resident bias circuits become stable
and each device is ready to operate. And each port of the
M5L8243P is set input mode (high-impedance) by means of
a resident power-on initialization circuit.
When the microcomputer begins to execute a transfer in-
struction

MOVD A,Pi i=4,56,7
which means the value on the port Pi is transferred to the
accumulator, then the signals are sent out on the pins
PROG and P2y,~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
MS5L8243P 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 P24~ P23 and re-
sumes high-level of PROG.
The next example is the case in which the microcomputer
executes

Symbol Name Input or output Function

Cs Chip select In ‘Chl.p select Inpg!. A high on &lcauses PROG 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 fow-to-high transition signifiés that the designated data is available on the disignated port through
PORT 2. The designation is shown in Table 1.

P2y~P2; | Input/output port 2 In/out Tﬁe 4-bit bidirectlorfal port contains the adc.iress and ﬁ:ontro! k.aits shown in Table 1 onla high-to-low tran-
sition of PROG. During a low-to-high transition it contains the input { output) data on this port.

P4g~P4; | Input/output port4 The 4-bit bidirectional 1/0 port. May be programmed to be input, low-impedance latched output or a

PS¢~ P53 | Input/output port5 Infout three-state. This port is automatically set output mode when it is written. ANLed or ORLed then con-

P60~ P63 | Input/output port 6 tinues its mode until next read operation. After reset on a read operation, this port is in high-impedance

P70~P7; | Input/output port 7 and input mode.

MOVD Pi, A
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 P2o~P2;3 and trans-
fers them to the instruction register (D in Timing Diagram).
After this, the microcomputer sends out high to the pin
PROG, transferring the data to pin P2, ~ P23 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 Ps). 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

i=4,56,7

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

are executed, the microcomputer generally operates as
same function as MOVD Pi, A.

it only differs in that the data of port latch after @ in the
Timing Diagram is ANDed or ORed with the data of port
latch before @ and the data of pins P2o~P2,.

When instructions

MOVD Pi, A
ANLD Pi, A
ORLD Pi,A i=4,5,67

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
Vecc Supply voltage —0.5~7 v
v Input voltage With respect to Vss —0.5~7 v
Vo Output voltage ) —0.5~7 \%
Pd Maximum power dissipation Ta=2TC 600 mw
Topr Operating free-air temperature range —20~75 c
Tstg Storage temperature range —65~150 C
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75T, Vco =5V£10%, uniess otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5 Vv
Vss Supply voltage 0 \%
Vin High-level input voltage 2 Vect0. 5) A"
Vi Low-level input voltage —0.5 0.8 \
ELECTRICAL CHARACTERISTICS (Ta = —20~75C, Vcc =5V£10%, unless otherwise noted)
N Limits ]
Symbol Parameter Test conditions - Unit
. Min Typ Max
VoLt Low-level output voltage, ports 4~7 loL = 5mA 0. 45 v
Vorz Low-level output voltage, port 7 loo =20 mA 1 \"
VoLs Low-level output voltage, port2 oL = 0.6mA 0. 45 \4
Vo1 High-level output voltage, ports 4~7 loy = —240uA 2.4 v
Vohnz High-level output voltage, port 2 lon = —100uA 2.4 \'2
[ Input leakage current, ports 4~7 0V £ Vjp = Vge —10 20 A
li2 Input leakage current, port2, CS, PROG OV < Vjp = Voe —10 10 A
lec Supply current from Vee 10 20 mA
low Sum of all lo from 16 outputs loL = 5mA (Vo = 0.45V) Each pin 80 mA |
Table 1 Instruction and address codes
5V
M -
Instruction code | P23 P2, Address code P2, P2, ELPS 8-48 or M5L8243P
MELPS 8-41
Read 0 [¢] port4 0 0 Voo 4
P4l »
Write 0 1 port5 0 1 PROG PROG 4
ORLD 1 0 port6 1 0 PSF=— | Input/output
ANLD 1 1 port 7 1 1 l;g P2  PBfern | devices
P2
P2, P2, BTl
P2 P2:c56ND)
Fig.1 Basic connection
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M5L8243P

INPUT/OUTPUT EXPANDER

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

otherwise noted)

Alternative Limits 5
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tsutinsT-pR) | Instruction code setup time before PROG ta 80pF Load 100 ns
th(pr-INST) Instruction code hold time after PROG ta 20pF Load 60 ns
tsu(oq-rR) Data setup time before PROG tc 80pF Load 200 ns
th(pr-DQ) Data hold time after PROG to 20pF Load 20 ns
twirr) PROG pulse width tx 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-rorT) | Port hold time after PROG tip 100 ns
SWITCHING CHARACTERISTICS (Ta=—20~75C, Voo = 5V+10%, unless otherwise noted)
Alternative " Limits )
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tacpr) Data access time after PROG tacc 80pF Load 0 650 ns
tdvier) Data valid time after PROG th 20pF Load 0 150 ns
1
PHL(PR) Output valid time after PROG tpo 100pF Load 700 ns
teLu(PR)
t,
PZX(PR) Input/output switching time — 800 ns
texz(pR)
MITSUBISHI 429
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M5L8243P

INPUT/OUTPUT EXPANDER

TIMING DIAGRAM

_tsu(cs PR) th(PR CS) ,
cs
Tw(PR)
PROG
N 7
tsu(nst PR)| | th(PR-INST) tsu(og PR) | |th(PR DQ)
PORT 2 @
ta(pR) tdv(pPR)
\
PORT 2 @ 'L
7
tPzx(PR) ;
®
PORTS 4~7
tPHL(PR)
tPLH(PR)
PORTS 4~7 @
tPxz(PR)
PORTS 4~7
tsu(PORT PR) th(PR PORT)
PORTS 4~7

Note 1 : AC test conditions

INPUL PUISE fEVEI:wttorreeeesrreersrneereneees 0.45~24v
Input pulse rise time tr (1096~90%) -+« 20ns
Input pulse fall time tf (109%6~90%) -+ 20ns

Current Sinking Capability

Reference voltage for switching characteristic measurement.
Output  Voy

Each of the 16 1/0 lines of the M5L8243P is capable of sink-

ing 5mA simultaneously (Vo = 045V max). However, the
1251 drive capacity of each line depends upon whether all lines
g are sinking current simultaneously and on the degree of
‘é I%%: D loading. This is illustrated in the curve shown.
P ! Example
g 751 : Assuming that the remaining pins are not loaded, how many
3 | pins would be able to accommodate 20LSTTL loads
3 P (0.4mA) ?
k= 501 i E lo. = 0.4mA X 20 = 8mA (sink current for each pin)
g : ! S lo. = 60mA from curve (POINT A)
= oasb i | (total sinking current)
\ ! Number of pins = 60mA =+ 8mA = 7.5>7
N For this case, each of the 7 lines could sink 8mA for a total
0 1t 2 3 4 5 6 7 8 9 101112 13 of 56mA. Since 4mA reserve sinking capability exists, 9 of
Maximum sinked current a‘(*\’zi":’g. 15V max) (mA) the 1/0 lines of the M5L8243P can be divided arbitrarily.
430 MITSUBISHI
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MSL8243P

INPUT/OUTPUT EXPANDER

Example
To use 20mA sinking capability at port 7, find the effects on
the sinking capabilities of the other I/0 lines.
Assume the M5L8243P is driving loads as shown below.
3lines: —20mA (Vo = 1.0V max, port7 only)
4 lines: —4mA (Vo = 0.45V max)
9lines: —1.6mA (Vo = 0.45V max)
Is this within the allowable limit ?
oL = (20mA X 3) + (4mA X 4) + (16mA X 9) =
90.4mA

From the curve we see that with respect to Io. = 4mA, g
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 [ Kb [ Ko [ Ka
P2,~P2, 4 :‘1 : : : : : : :
M5L8243P M5L8243P M5L8243P M5L8243P
P2, ° P2, P2, P2,
: PROG ~P2,<}I> PROG ~P2,<:I:> PROG *23<I:> PROG ~Pzz<,‘I|'>
P2,~P2; K 4 l—‘ 7
PROG [ 1
Fig.2 Expansion interface example
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M5M82C43P

INPUT/OUTPUT EXPANDER

DESCRIPTION
The M5MB82C43P is an input/output expander fabricated us- PIN CONFIGURATION (TOP VIEW)
ing CMOS silicon-gate technology. This device is designed INPUT/OUTPUT
e R . P5¢ [ 1] Vee (5V)
specifically to provide a low-cost means of 1/0 expansion PORT § Pag > 2 Ps
. . 3 ; . - hig 1
for the MELPS8-48 smgle-chlp 8-bit microcomputers and INPUT/OUTPUT | P = 7]~ P5, 'I’r(l)l;lil'TéOUTPuT
the MELPS8-41 slave microcomputers. PORT 4 P4, [1] z 21] > P5,
Pag «[5] o > P6o
FEATURES CHIP SELECT  C5— [F] £ [@«re |iNpuTioUTRUT
® 16 input/output pins {lo, = 5.0mA (max.)) PROGRAM PROG — S 18] +~ Pe, | PORTE
® Simple interface to MELPS8-48, MELPS8-41 P2, ++ [E] § 7]+ P6s
® Single 5V power supply INPUT/OUTPUT | P2, +> 9] [16] ++ P7,
® Interchangeable with i8243 in pin configuration PORT2 P2, « Ly el P72 | iNpyT/0UTPUT
9 P2, [14] —+ P7, |PORT7
(ov) GND i3]+ P7,
APPLICATION
1/0 expansion for the MELPS8-48 single-chip microcompu- Outline 24P4
ters and the MELPS8-41 slave microcomputers.
FUNCTION
The M5MB82C43P is designed to provide a low-cost means
of 1/0 expansion for the MELPS8-41 slave microcomputers
and the MELPS8-48 single-chip mlcrocomputers The
M5MB82C43P 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
M5MB82C43P serves as the in-resident 1/0 facility. Its 1/0
ports are accessed by instructions MOVD, ANLD and
ORLD.
PORT 2
BLOCK DIAGRAM CHIP SELECT PROGRAM,—H
€S proG  F2opp,Ppy,
- - - 6)HD— - Q0@ —_ -
4 _l’
RESET
! CIRCUIT “"—l @9 Veo(5V)
CONTROL
LOGIC BUS BUFFER
INSTRUCTION| 12 GND(OV)
. REGISTER
4 4
4
INTERNAL BUS '
4 —F 4 14 4 [4 4 a4
i
AND/OR AND/OR AND/OR AND/OR
| _LOGIC | | LOGIC | | _LOGIC | LoGIc_ |
LATCH LATCH LATCH LATCH !
@@@0 o@@@ 0000
7o 7‘ P6o Ptszpe3 PSzPs P4°P4 Pdzpg,
PORT 7 ‘PORT 6 PORT 5 PORT 4
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M5M82C43P

INPUT/OUTPUT EXPANDER

“PIN DESCRIPTION

Symbol Name Input or output| Function

cs Chip select in Chlp‘selef:t input. A high on CS cau.ses PROG input to be regarded high inside the M5M82C43P. This
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 desig d data is available on the designated port through
port 2. The designation is shown in Table 1. R

P2o~P25 | Input/output port 2 In/out 1:h|s 4-b|d|recnonefl port contaln-s the ad-d.ress‘ and cc?ntvfol bl‘ts shown m Table 1 on a.a high-to-low transi-
tion of PROG. During a low-to-high transition, it contains the input (output) data on this port.

P4,~P44 | Input/output port 4 4-bit bidirectional I/0 ports. May be programmed to be input, low-impedance latched or 3-state. These

P5¢~P53 | Input/output port5 In/out ports are automatically set to the output mode when written, ANLed or ORLed and this mode continues

P6o~ P63 | Input/output port 6 until the next read operation. After reset on a read operation, this port is placed in the high impedance

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

OPERATION MOVD Pi, A i=4,567

The M5MB2C43P 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 M5MB0C49-XXXP is
shown in Fig. 1. The following description of the
M5MB8B2C43P 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 transferred 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 P2y~
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 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 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 P2y~ 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 P2y~ 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=4,567
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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MITSUBISHI MICROCOMPUTERS

M5M82C43P

INPUT/OUTPUT EXPANDER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vee Supply voltage Vss—0.3~7 \'
V, Input voltage Vss—0.3~Vgc+0.3 \'
Vo Output voltage Vgs—0.3~Vcc+0. 3 Vv
Pd Maximum power dissipation Ta=2C 1000 mw
Topr Operating free-air temp e range —40~85 c
Tstg Storage temperature range —65~150 C

RECOMMENDED OPERATING CONDITIONS (72 = —40~85C, Vo =5V£10%, unless ctherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max

Vee Supply voltage 4.5 5 5.5 \"

Vss Supply voltage 0 \"

Viu High-level input voltage 0.7XV¢¢ Vee \'

Vo Low-level input voltage Vss 0.3XVee \4

ELECTRICAL CHARACTERISTICS (Ta= —40~85C, Vcc = 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 \
VoLz Low-level output voltage, port 7 loL'= 20mA 1 \'4
Vous Low-level output voltage, port2 toL = 0.6mA 0.45 \
Von1 High-level output voltage, ports 4~7 lon = —240uA 0.75XVee \
Vouz - | High-level output voltage, port 2 low = —100xA 0.75XVee \Y
‘I Input leakage current, ports 4~7 Vss £ Vin < Ve —10 20 #A
li2 Input leakage current port 2, CS, PROG Vss < Vin < Ve —10 10 A
Vee = 5.5V, Vin = Vg o Vs
I Supply current(1) 2
ce pPly - PROG input pulse period = 5us mA
Vee = 5.5V, Vin = Vg Of Vss
| Sy current(2) :
ccz2 pply PROG = Voo 10 A
loL Sum of all i, from 16 outputs loL = 5mA (Vo = 0.45V) each pin 80 mA
Table 1 Instruction and address codes
Instruction code | P2; P2; Address code P2, P2g v
Read 0 0 Port 4 0. 0
Write 0 1 Port5 0 1 MELPS8-48 or MELPS8-41 MSMSZ?SP
ORLD 1 0 | Porté 1 0 Voo pal s
ANLD 1 1 | Port7 1 1 PROG PROG . 4
4 Input/output devices
P2, P2, P6 fe——>
P2, P2, 4
P2 P2, P7
P2, P23CSGNg
Fig.1 Basic connection
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M5M82C43P

INPUT/OUTPUT EXPANDER

TIMING REQUIREMENTS (Ta= —40~85%C, Voo =5V%i0%, Vss =0V, unless otherwise noted)

Alternative X Limits N
Symbol Parameter Test conditions - 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 ts C_ = 20pF 60 ns
tsu(oa-pr) Data setup time before PROG tc C_ = 80pF 200 ns
th(pr-DQ) Data hold time after PROG to C, = 20pF 20 ns
twier) PROG pulse with te 700 ns
tsu(cs-PR) 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 te 100 ns
th(pr-porT) | Port hold time after PROG te 100 ns
SWITCHING CHARACTERISTICS (Ta= —40~85C, Vcc =5V£10%, Vss =0V, unless otherwise noted)
Alternative Limits .
Symbol Parameter Test conditions - Unit
symbol Min Typ Max
tacer) Data access time after PROG tacc Cp = 80pF 0 650 ns
tdv(rr) Data valid time after PROG th CL = 20pF 0 150 ns
1 .
PHL(PR) Output valid time after PROG teo C, = 100pF 700 ns
teLH(pR)
t
PZX(PR) Input/output switching time — 800 ns
texz(pR)
MITSUBISHI -3
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M5M82C43P

INPUT/OUTPUT EXPANDER

\ TIMING DIAGRAM

cs _ltsu(cs pR) th{PR CS) |
tw(pr)
PROG
N 7
tsu(nsT PR)| | th(PR INST) tsu(DQ PR) th(Pr DQ)

Port 2 @ 8

ta(pr) ) tdv(PR)
Port 2 @ >

1 7
tpzx(PR) ,
Port 4~7 @
) . {PHL(PR)
' tPLH(PR)
s
Port4~7 %(
; tpxz(PR)
Port 4~7 ;L
tsu(PORT PR) th(PR PORT)
Port4~7
Note 1 : Input pulse level----+ . - 0.3 X Vge~0.7 X Vge

Current Sinking Capability

125

100.
93

75

60
50

Total sinked current X 1o (mA)

25

Input pulse rise time tr
Input pulse fall time tf
Reference voltage for switching characteristic measurement

0.7XVce Y
><'; . cc
0.3X Voo 0.3XV¢e :

Each of the 16 1/0 lines of the M5M82C43P is capable of
sinking 5mA simultaneously (Vo = 045V 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: .
I Assuming that the remaining pins are not loaded, how many
pins would be able to accommodate 20LSTTL loads
L (0.4mA) ?
loL = 0.4mA X 20 = 8maA (sink current for each pin)
e e . S 1oL = 60mA from curve (point A)
i ! ! (total sinking current)
! ! Number of pins = 60mA + 8mA = 7.5>7 ‘
- } : For this case, each of the 7 lines could sink 8mA for a total
|| : of 56mA. Since a 4mA reserve sinking capability exists, 9 of
P S T W S R S SR S T the 1/0 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(vo_  0.45Vmax ) (mA)

: MITSUBISHI
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M5M82C43P

INPUT/OUTPUT EXPANDER

Example: From the curve it is seen that with respect to lo. = 4mA, g

To use the 20mA sinking capability at port 7, find the effects is 93mA (point B) and that the above load of 90.4mA is with-

on the sinking capabilities of the other I/0O lines. Assume in the limit of 33mA.

the M5MB82C43P is driving loads as shown below: Note: The sinking current of port 4 ~7 must not exceed
3 lines: 20mA (Vo = 1.0V max, port 7 only) 30mA regardless of the value of Vo,.

4 lines: 4mA (VoL = 0.45V max)
9lines: 1.6mA (Vo = 0.45V max)
Is this within the allowable limit ?
S o = (20mA X 3) + (4mA X 4) + (16mA X 9) =
90.4mA

M5M80C49-XXXP ] 1
cs T cs <I:> cs T cs KI>
P2,~P2, [ ‘
M5MB2C43P : : M5MB2C43P : : M5MB2C43P : :: M5MB2C43F) /l\r:V,\
T S > >
P2, P2, P2 P2,
PROG ~P23<:lJ> PROG ~P2_=<:I> PROG ~P23<:I:> prOG \P23<I:>
poRTIK & >
P20~P23< [ ] - .
PROG l J ] ]

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) o (Port P4~Port P7)
T ’ I
Vee =5V Vee =5V /
4.8 N Ta = 25C—] Ta=20C /
4.6 \ 0.2 /

N

/

4.2 N

OUTPUT VOLTAGE Vou(V)
-
IS

OUTPUT VOLTAGE Vo (V)

0 1 3 4 5 5 0 5 10 15 20 % 30

OUTPUT SINK CURRENT lo (mA) OUTPUT SINK CURRENT lon(mA)

OUTPUT VOLTAGE VS. " OUTPUT VOLTAGE VS.
OUTPUT SINK CURRENT OUTPUT SINK CURRENT
(Port P2) (Port P2)
[ 0.6 T
Voo =5V Vee =5V

4.8 \ Ta=25C— 0.5FTa=25C

N
AN
N\

3.8 0

0.4

0.3

0.2

OUTPUT VOLTAGE Vou(V)
/|
OUTPUT VOLTAGE Vo (V)

4.0 0.1

‘OUTPUT SINK CURRENT lou{mA) OUTPUT SINK CURRENT lg (mA)

NORMALIZED SUPPLY CURRENT (lcc) VS. NORMALIZED SUPPLY CURRENT (lgc) VS.
SUPPLY VOLTAGE MCU , OPERATING FREQUENCY
1.4 | 1.5 T
Ta=25C Voo =5V
(MCU) = 6MHz / 1.25-Tq=25C pa

1.0 // ]
/

0.75

0.5

0.8
v
0.25

NORMALIZED SUPPLY CURRENT
5
NORMALIZED SUPPLY CURRENT

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)
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MS5L8155P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

DESCRIPTION

The M5L8155P is a 2K-bit RAM (256-word. by 8-bit) fabri-
cated with the Nchannel silicon-gate ED-MOS technology.
This IC has 3 1/0 ports and a 14-bit 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 1/0 port: 1
Programmable counter/timer: 14 bits
Multiptexed 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, 1/0 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The I/O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated
in a handshake mode. The counter/timer is composed of 14

PIN CONFIGURATION (TOP VIEW)
\J
| PC3 «—[1] 20]  Vec(sv)

V0 PORT C | o [F - pe:
TIMER INPUT TIMER IN—[3] 38-—PCi 1 ¥Sat ¢

RESET INPUT RESET —[4] 37l PCo

110 PORT C PCs —[5] 36— PB;

TMER OUTPUT TTMER GUT (] 35— PBs

RY | 17— —
seLedENREY oM ] 39— Pes
CHIP ENABLE INPUT CE —[B] z 33 PB | |0

READ INPUT RD —{9 i [32)—PB; | PORT B

WRITE INPUT WR —[10 2 37— PB.

opiEy i ae— & [@-re

ADo —{12] % PBo

ADy ‘—‘IB E“‘ PA;

AD, +—[T4] 27)— PAs

somecTionaL | ADs [ 26— PAs

ADDRESS/DATA BUS | AD, -—[Tg] 22— PAd | 1o

ADs H[ﬁ 24)+— PA; [ PORT A

ADs (18] 23— PA;

AD; —([19 22]+— PA;

(0V)Vss @ 21} PAg

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 - - - - - -
(BV)Vee @) %) PA;
(OV)Vss @9 2 :26
\S
H STATIC RAM PORT @ PA | /0
[ AD; (8 (256 WORDS X 8 BITS) 8. A PA; { PORT A
. 3 PA;
ADs (18
) PA,
ADs (7 e
BIDIRECTIONAL | AD, (©~—{DATA BUS| Ao
ADDRESS/DATA BUS | AD; (5 BUFFER 8 8
AD: (i & 2 Pey
D2 8—BIT INTERNAL ) PBs
AD: (13 DATA BUS 39 PBs
ADg (12 8 PORT 3)PBs { IO
! 7 B 32 PB; | PORT B
3D PB;
8 30 P8,
RESET INPUT RESET (4) @ PBo
MEMORY SELECT INPUT 10/M () L
phidd READ/ 5) PC
CHIP ENABLE INPUT  CE (8) WRITE 2 PCS
READ INPUT  RD (§—-9qCONTROL e 1 Pc; 110
WRITE INPUT ~ WR (0—q CIRCUIT c 3 PC, [ PORT C
ADDRESS LATCH
ENABLE INPOT  AEQD 14—BIT COUNTER/TIMER %2 Eg'
0
)
I W S—
TIMER IN  TIMER OUT
TIMER INPUT TIMER OUTPUT
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MITSUBISHI MICROCOMPUTERS

MS5L8155P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 170 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 /0O port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data'is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at low-level, the address information on

address/data bus is stored in the M5L8155P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If I0/M input is at high-level,

the selected contents of 1/0 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)

PC4 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/tlmer

for counting events or time. (3MHz max.)

Timer Output (TlMER OouT)

A square wave signal or puise 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 porté. 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

4—40

When WR is at low-level, the data on the address/data bus [ -
) ) . J . — it | Symbot Function
are written into RAM if I0/M is at low-level, or if I0O/M is at
- . . 5 : 0 pa | PORTA VO FLAG 1: OUTPUT PORT A
high-level they are written into 1/0O pont, counter/timer or 0: INPUT PORT A
command register. ' PORT B I/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 | po, | PORTCFLAG 00: ALTT
CE and I0/M are latched in the M5L8155P on the falling ! 11: ALT2
edge of ALE. 3 PG 01; ALT3
10/Memory Input (IO/M) : 10: ALT4
When 10/M is at low- -level, the RAM is selected, while at 4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the I/0 port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 ieg | PORT B INTERRUPT 1: ENABLE INTERRUPT
/O Port A (PA,~PA,) ENABLE FLAG 0: DISABLE INTERRUPT
Port A is an 8-bit general-purpose 1/0 port. Input/outpui set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 ™I 00: NO INFLUENCE ON COUNTER/TIMER OPERATION
/O Port B (PB,~PB;) 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-
/O Port C (PCo~PCs) 7 1 ™2 TER THE CURRENT COUNTER/TIMER OPERATION
Port C is a 6-bit 170 port that can also be used to output IS COMPLETED
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.
‘MITSUBISHI
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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 1/0 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 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 B 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 PA;~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 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 /O 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.

e ALT 1 ALT2 ALT3 ALT 4
PCs Input Output Output B STB (port B strobe)

PCq Input Output Output B BF (port buffer full)
PCs 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 fuil)

PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI
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- 2048-BIT ‘STATIC RAM WITH 1/0 PORTS AND TIMER

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) wilt be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALTI1 and ALT2. .

M5L8165P

INTERNAL
. - DATA BUS

CLK :l
sTB

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

01 INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of I/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
XXXXX001

1 0 Port A - AD bus

0 1 . | AD bus « port B
XXXXX010

1 0 Port B+ AD bus -

- 0 1 AD bus + port C

XXXXX011

1 0 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 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 2,6 to 3FFF;¢. Bits 14 and
15 are used as mode flags. -

The mode flags select 1 of 4 modes with functions as

follow:
Contro!l Signal Output mod: Input mod
ﬁma u:m mose Tput Tode Mode 0: Outputs high-level signal during the former
n'f“" Input half of the counter operation
BF L . L Outputs low-level signal during the latter half
INTR “H L of the counter operation
MITSUBISHI
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MS5L8155P

2048-BIT STATIC RAM WITH I/O0 PORTS AND TIMER

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 .
6]5)403]2;1]¢ Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS
XXXXX100| T7| Te| Ts| Ta| Ta| T2/ T | To count down ‘ .
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 Mzl M1 ThaTiz T Trol Ts | T oy - THE HIGH-ORDERG 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
is discontinued. To resume counting, a start command must
be written into the command register as shown in Table 2.

Table 8 Timer mode .

M2 M, Timer operation
Outputs high-leve! signal during the former half of the counter operation While operaling 2n+1 count down in mode 0. a high-level
0 0 Outputs low-level signal during the latter half of the counter ope(v::i:;\e 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 ] 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
V, Input voltage With respect to Vgg —0.5~7 A\
Vo Output voltage : —0.5~7 v
Pgq Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 c
Tstg Storage temperature range —65~150 T
RECOMMENDED OPERATING CONDITIONS (7a=0~70C, unless otherwise noted)
Limits
Symbo! 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 Vect0.5 \%
ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vcc=5V+5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou High-level output voltage Vss=0V, logn=—400:A 2.4 \
Vou Low-level output voltage Vgs=0V, lo.==2mA 0.45 v
I Input leak current Vss=0V,V=0~Ve¢ —10 10 A
li(ce) Input leak current, CE pin Vss=0V, V;=0~V¢c —100 100 ©A
loz Output floating leak current Vss=0V, V=0, 45~V¢¢ —10 10 HA
Ci Input capacitance Vie=0V, f=1MHz, 25mVrms, T3=25C 10 pF’
Ci/o Input/output terminal capacitance ViyoL=0V, =1MHz, 25mVrms, Ta=25C 20 pF
lec Supply cutrent from Vcc Vgs=0V . 180 mA
Note 1 : Current floyving into an IC is positive, out is negative. ‘
MITSUBISHI 1—a3
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. T : *_ 2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING REQUIREMENTS (Ta=0~70C, Voc=5V+5%, unless otherwise noted)

Symbol A Parameter . Aternative Test conditions Limits Unit
. symbol Min Typ Max

tsuca-L) | Address setup time before latch taL 50. . ns
thiL-a) Address hold time after latch ta ' ) 80 ns
th(L-rwr)| Read/write hold time after latch ) tc ) 100 ns
twiL) Latch pulse width toe ' - 100 ns
th(rw-1) | Latch hold time after read/write teL 20 ns
tw(rwe) | Read/write low-level pulse width tcc 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(rwn) | Read/write high-level pulse width trv 300 ns
tsucp-ry | Port setup time before read ter 70 ns
th(r-p) Port hold time after read trp 50 ns
twisTe) Strobe pulse width tss 200 ns
tsu(p-sTr)| Port setup time before strobe tess 50 ns
th(sTe.p) | Port hold time after strobe : tens ’ 120 ns
twi#n) Timer input high-level pulse width t2 , 120 ns
twis L) Timer input low-level pulse width t 80 . ns
tecs) Timer input cycle time teve 320 ! ns
tr(s) Timer input rise time tr 30 ns
trc#) Timer input fall time tf . 30 ns

SWITCHING CHARACTERISTICS (Ta=0~70C, Vcc=5V+5%, unless otherwise noted.)

) Alternative Limits
Symbol Parameter Test conditions Unit
. symbol Min Typ Max
texv(r-n0q) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tao 400 ns
tevz(r.oq) | Propagation time from read to data floating (Note 2) troF 100 ns
teHL(w-P) o ) twe
Propagation time from write to data output 400 ns
teLH(w-P) twe
teLm(ste.ar) | Propagation time from strobe to BF flag tser 400 ns
tpuL(r-8F) | Propagation time from read to BF flag tree 400 ns
teLmisTa-INTR) | Propagation time from strobe to interrupt tsi 400 ns
tPHL(R-INTR) Propagation time from read to interrupt tro! . 400 ns
teHi(sTe-sF) | Propagation time from strobe to BF flag tsse 400 ns
teLn(w-sF) | Propagation time from write to BF flag twer 400 ns
tPHLIW-INTR) Propagation time from write to interrupt . twi 400 ns
tpHL(#-0uT) ! ! _ tro
Propagation time from timer input to timer output . 400 ns
tein(¢-our) | tm
tpzx(R-DQ) propagatioﬁ time from read to data enable trDe 10 ns
Note 1 @ Measurement conditions C=150pF
2 Measurement conditions of note 1 are not applled
A—44 MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)
Basic output

PORT

tenL(w—p)
teLH(w—P)

twirwe) tw(rwH)
1

th(L—RwWH) thiw—p)

\ \
o \ / \

10/M

- B
ADo~AD7 ADDRESS DATA
"
tsuta-u) thiL-a) tsuto-w) !_‘h(aw—L)_J
- 1
ALE
tww)
Basic input
tsucp—n)
th(r—p)
RD N J \
e tw(rwH)
to(L—aw) texv(rR-bQ) te(rw—1)
tezx(r-pa)
texz(r—DQ)

10/M

tezx(a—q)

tsu(a—1) th(L—a)

—/ N

twi)

ALE

ADo~AD; ADDRESS DATA —(
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Strobed output

PORT

mo N

tPHL(W—INTR)

‘__l toLw—P)

teniw—r)

/

INTR
teLH(sTE~INTR)
teLH(w—BF)
BF
tenL(sTe—BF) > :
STROBE S{; ; 7 )
Strobed input
]
PORT K
tsu(p—ste) thiste—p)
o
STROBE \ / \
twiste) | teLH(sTB—INTR)
teLH(sTB—BF)
=/ N
teHL(R—BF)
INTR / St
tPHL(R—INTR)
7B N\
Timer (Note 1)
1 5 4 3 2 ] 5
twiso) || twism
A) 7
TIMER OUT et (Note2)
PULSE MODE temL(# —oum)
b -
tonL( $ —ouT) PLH( ¢ ~0OUT)
TIMER OUT /(Note 2 N F

SQUARE WAVE MODE ~
Note 1 :

The wave form is shown counting down from 5 to 1.

2 I Aslong as the M1 mode flag of the timer register is at

high-level, pulses are continuously output.
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ELECTRIC



MITSUBISHI MICROCOMPUTERS

M5L8156P

2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the N-channel silicon-gate ED-MOS technology.
This 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 I/0O port: 2
Programmable 6-bit [/O 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 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)
vo porr ¢ | PO h 0] Veol5V)
PCs (2] 39— PC.
TIMER INPUT TIMER IN —3] 38—rci (KT ¢
RESET INPUT RESET —[4] 37— PCo
1/0 PORT C PCs— 36]— P8,
TIMER OUTPUT TIMER OUT —LB] 35)-— PBs
sece¢tFNBOY 10 M —[Z] 34 Pes
CHIP ENABLE INPUT CE —[8] 33~PBs ||,0
READ INPUT RD —[3] = 37— PB; |PORT B
WRITE INPUT WR —[10] [t 31)— PB;
ARSI ae— g [-ee
ADp 2 29)— PBo
AD; ~— [28]— PA,
AD;— 27— PAs
BIDIRECTIONAL | AD3 = 28] PAs
ADDRESS/DATA BUS | AD, «—[1g 25— P |10
ADs +— E._. PA; PORT A
ADg —[1§] [23)— PA;
AD; (19 22)— PA
(0V)Vgs 21]+— PA
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) Voo @
(0V) Vgs @0
! STATIC RAM PORT
AD; (9 (256 WORDS X 8 BITS) 8 A
ADs (8)
. ADs (7)
BIDIRECTIONAL | ADs (B~—{DATA BUS
ADDRESS/DATA BUS | AD; () BUFFER s 8 8
AD; (9 8—BIT INTERNAL
AD; (9 DATA BUS
ADg (12) g |PORT
T
. B
8
RESET INPUT RESET (4)
MEMORY SELECT INPUT 10/M (7)— READY
CHIP ENABLE INPUT  CE O~~q4 wRiTE
READ INPUT  RD (9—qCONTROL 18 Joorr
WRITE INPUT ~ WR (0—q CIRCUIT c
ESS LATCH
A RNABLE NPy ALE 14—BIT COUNTER/TIMERI
TIMER IN_ TIMER OUT
: TIMER INPUT TIMER OUTPUT

110
PORT A

170
PORT B

170
PORT C
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OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the
data while input or output instructions are being executed by
the CPU. Command and address information is also transfer-
red through the data bus buffer.

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 170 ‘port, counter/timer, or command register.
is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).
Chip Enable Input (CE)
When CE is at high-level, the address information on
address/data bus is stored in the M5L8156P
Read input (RD)
When RD is at low-level the data bus buffer is active. If 10/
M input signal is at low-level, the contents of RAM are read
through the address/data bus. If 10/M input is at high-level,
the selected contents of 170 port or counter/timer are read
through the address/data bus.
Write Input (WR)
When XR is at low-level, the data on the address/data bus
are written into RAM if I0/M is at low-level, or if 10/M is at
high-level they are written into I/O port, counter/timer or
command register.
Address Latch Enable Input (ALE) o
An address on the address/data bus along with the levels of
CE and I0/M are latched in the M5L8156P on the falling
edge of ALE.
10/Memory Input (I0/M)
When IO/M is at low-level, the RAM is selected, while at
high-level the 1/0 port, counter/timer or command register
are selected.
/O Port A (PA,~PA,)
Port A is an 8-bit general-purpose 1/0 port. Input/output set-
ting is controlled by the system software.

" I/O Port B (PB,~PB;)
Port B is an 8-bit general-purpose /0 port. Input/output set-
ting is controlled by the system software.
1O Port C (PCy~PCy)
Port C is a 6-bit }/O port that can also be used to output
control signals of port A (PA) or port B (PB). The functions
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.

Table 1 Pin assignment of control signals of port-C

Pin . Function
PCs B STB (port B strobe)
PCa B BF (port B buffer full)
PC3 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 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 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

Bit | Symbol Function
0 PA PORT A I/0 FLAG 1: OUTPUT PORT A
0: INPUT PORT A
1 PB PORT B I/0 FLAG 1: OUTPUT PORT B
0: INPUT PORT B
2 PC, PORT C FLAG 00: ALT!
11: ALT2
01: ALT3
3 | PG 10 ALT4
4 IEA PORT A INTERRUPT 1: ENABLE INTERRUPT
ENABLE FLAG 0: DISABLE INTERRUPT
5 EB PORT B INTERRUPT 1: ENABLE INTERRUPT

ENABLE FLAG 0: DISABLE INTERRUPT

COUNTER/TIMER CONTROL

6 | TM1 | 05 NO INFLUENGE ON COUNTER/TIMER OPERATION
01: GOUNTER/TIMER OPERATION DISCONTINUED (IF

NOT ALREADY STOPPED)

10: COUNTER/TIMER OPERATION DISCONTINUED AF-
TER THE CURRENT COUNTER/TIMER OPERATION
1S COMPLETED

7 T™M2

: COUNTER/TIMER OPERATION STARTED
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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 1/O 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 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 B BF PORT B BUFFER FULL FLAG

5 INTE B PORT B INTERRUPT ENABLE
(SET TO 1 WHEN THE FINAL LIMIT

6 TIMER COUNTER/TIMER INTERRUPT SI:JTSE:;;E:TTZRQT\MZ: EHREEACHED
STATUS IS READ)

7 — THIS BIT IS NOT USED

/0O 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 1/0 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 1/0 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.

e ALT 1 ALT 2 ALT3 ALT 4
PCs Input Output Output B STB (port B strobe)
PC. 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 full)
PCy Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

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.

M5L8156P
Q D
INTERNAL
TA BUS
DA CLK
r——a
i O—' 1 sSTB
! |
| | %2
|
L _O"—_: *3
RD PORT
D Q
WR PORT LK
CLR

EXTERNAL PIN
—»D (PORT A OR
PORT B

1. WR PORT=I0/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

0 1 AD bus + status register
XXXXX000

1 0 Command register — AD bus

0 1 AD bus+ port A
XXXXX001

1 0 Port A + AD bus

0 1 AD bus — port B
XXXXX010 -
. 1 0 Port B < AD bus

0 1 AD bus + port C
XXXXX011

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 I/0 XXXXX100
is assigned to the low-order 8 bits and address 170
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 2,5 to 3FF;6. 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 g e Outputs low-level signal during the latter half
INTR “Hr uLr of the counter operation
MITSUBISHI
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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
it Numb.
Address Sit Number Function count down
6|5]43)2,1]0 ) Mode 3: Outputs a low-level pulse during each final

THE LOW-ORDER 8 BITS count down

XXXXX100| T7 | To| Ts| Ta| T3|T2| T2 | T,
7178 Te tal T3 T2 T IOl oF THE COUNTER REGISTER

Starting and stopping the counter/timer is controlled by

o1 M1.M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for
7 . : . .
XXXXXTOTM2 M T3 TizT Mo Ts| Te| oy, THE HIGH-ORDERG 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 mo .
© de is discontinued. To resume counting, a start command must

M2 M, Timer operation be written into the command register as shown in Table 2.
) | Outputs nigh-leve signal during the former hall of the counter operation While operating 2n+1 count down in mode 0, a high-level
0 0 Qutputs low-level signal during (ne fatier hail of the counter operaton | 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 as in mode 0 (mode 1)
B 7] e 0 | Outputs a low-level pulse during the final count dowm
(mode 2)
W]"" o 1 7 Butputs 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, Input voltage With respect to Vsg —0.5~7 A\
Vo Output voltage —0.5~7 v
Pdq Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 T
Tstg Storage temperature range —65~150 ‘c
RECOMMENDED OPERATING CONDITIONS (12=0~70C , unless otherwise noted)
. Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 - Vv
Vss Power-supply voltage . 0 \
Vio Low-level input voltage —0.5 0.8 A
Vin High-level input voltage 2 Veet0.5 v
ELECTRICAL CHARACTERISTICS (12=0~70C, Vcc=5V+5%, unless otherwise noted)
. Limits
Symbol Parameter Test conditions i v iox Unit
Vo High-level output voltage Vss=0V, loy=—400A 2.4 v
VoL Low-level output voltage Vss=0V, lo,.=2mA 0.45 \"
Iy Input leak current Vgs=0V,V|=0~Vc¢ —10 10 uA
liice) Input leak current, CE pin Vgs=0V, Vi=0~V¢c —100 ) 100 nA
foz Output floating leak current Vss=0V, V;=0. 45~V¢ —10 10 A
Ci Input capacitance ViL=0V, f=1MHz, 25mVrms, Ta=25°C 10 ‘pF
Ci/o Input/output terminal capacitance ViroL=0V, f=1MHz, 25mVrms, Ta=25C 20 pF
Icc Supply current from Ve V5§¥0V 180 mA
Note 1 © Current flowing into an IC is positive, out is negative.
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TIMING REQUIREMENTS (72=0~70C, Voc=56V£5%, unless otherwise noted) )

Symbol | Parameter Altemative Test conditions Limits Unit
symbol : Min Typ Max
tsu(a-L) | Address setup time before latch taL : 50 . ns
th(L-a) Address hold time after latch ta 80 ns
th(L-rwn) | Read/write hold time after latch tie 100 ns
twiL) 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 ’ tec 250 ns
tsu(o-w) | Data setup time before write tow 150 ns
thiw-p) Data hold time after write two 0 ns
tw(rwh) | Read/write high-level pulse width tav 300 ns
tsu(p-r) | Port setup time before read tpr 70 ' ns
th(r-p) Port hold time after read tae 50 ns
tw(sTe) Strobe pulse width . tss 200 ns
tsup-sTe) Port setup time before strobe tpss 50 ns
th(ste-p) | Port hold time after strobe teHs 120 ns
twi( s H) Timer input high-level pulse width t2 120 ns
tw(s L) Timer input low-level pulse width t 7 80 ns
tecs) Timer input cycle time teve 320 ns
tres) Timer input rise time tr 30 ns
t(s) Timer input fall time tf 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-nq) | Propagation time from read to data output tro ' 170 ns
tpzx(a-pq) | Propagation time from address to data output tao 400 ns
tevz(r-pa) | Propagation time from read to data floating (Note 7) tapr 100 ns
tenL(w-p) o X twe

- Propagation time from write to data output . 400 ns
teLH(w-P) twp
teLn(ste-r) | Propagation time from strobe to BF flag tser 400 ns
teHL(R-BF) Propagation time from read to BF flag tree 400 ns
tpLH(sTenTR) | Propagation time from strobe to interrupt tsi ) 400 ns .
tPHL(R-INTR) Propagation time from read to interrupt troi - 400 ns
tpui(ste-er) | Propagation time from strobe to BF flag tsee 400 ns
teLn(w-aF) + | Propagation time from write to BF flag twer ) 400, ns
teuu(w-inTr) | Propagation time from write to interrupt twi 400 ns
ten(#-oum . . | tro

Prop on time from timer input to timer output 400 ns
teLu($-our) . tru
tezx(r-Da) | Propagation time from read to data enable troe 10 ns
Note 1 . Measurement conditions C=150pF
2 . Measurement conditions of note 6 are not applied.
)
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

TIMING DIAGRAM (reference level, high-level=2V, low-level=0.8V)
Basic output

PORT

tenL(w—r)
teLH(w—p)

tw(rwL) twirwH)
1

thiL—rRwH) thiw—o)

10/M

CE___/ \ /
I

ADo~AD;

N
ADDRESS 1}( : DATA K
!

th(aw—1)

tsua—u) thi—a) tsu(p-w)
ALE

twiw)

b

Basic input

PORT )]‘ - K

tsu(p—
SU(P—R) thinee
o) N 1’4 \_
tw(rRwL) twiawn)
te(—rw) texv(rR—DQ) te(rRw—L)
‘ tpzx(R-DQ)
texz(rR—0Q)
10/M \
CE \ /
tezx(a—Q)
ADo~AD; ADDRESS - DATA —-(7
I I
tsuta-L) thiL—a) N
ALE \ ‘ ‘ _/
tw(v) :
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Strobed output

PORT

i

teLn(w—p)
teHL(W—P)

W\

:

teHL(W—INTR) ‘
—
INTR /
teLH(sTB—INTR)
teLH(w—8F) /
BF
teHL(sTE—BF) > :
STROBE M
Strobed input
PORT zk K

tsu(p—ste)

thiste—p)

\

STROBE

-

twisTe) tpLH(STB—INTR)

teLH(sTB—BF)

terL(R—BF)

N

tPHL(R—INTR)

\

Timer (Notel)

TIMER IN

TIMER OUT
PULSE MODE

A} 7
Mt (Note2)

teLH( # ~ouT)

Yo # —oum)

Ao

)

TIMER OUT ’
SQUARE WAVE MODE == =========/ (Note2)

Note 1 :
2

The wave form is shown counting down from 5 to 1.
As long as the M1 mode flag of the timer register is at
high-tevel, pulses are continuously output.
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MITSUBISHI MICROCOMPUTERS

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 microcomputer systems.

CONFIGURATION
The PC4000, as shown in the block diagram, consists of the
following hardware elements.
(1) M5L8085AP monitor CPU
(2) Serial data input/output interface circuit
(3) EPROM writer circuit
(4) Program RAM (10 bits x 4K)
(5) Keyboard and LED display circuits
(6) Power supply

The PC4000 is used in conjunction with a dedicated
board which allows interface of the PC4000 with the object
microcomputer under development. The dedicated board
insertion access window is located on the right side of the
PC4000. In addition, each dedicated board stores the
control program for the monitor CPU. Therefore, when the
microcomputer type is changed, the PC4000 can be
modified to suit the new type by merely changing the single
dedicated board.

MITSUBISHI
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PC4000

DEBUGGING MACHINE

FUNCTIONAL DESCRIPTION
Object programs developed on such devices as the PC9000
cross assembler machine are sent to the PC4000 via the
serial input/output interface. The serial data transmission
rate can be selected from 1200bps to 9600bps and the
interface is a 20mA current loop type. The transmission
format is Intel-compatible hexadecimal.

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 MS5L8085AP
EPROM PROM WRITER KEYBOARD
2716 INTERFACE "1 DISPLAY
132 M5L8041A-006P M5L8279P-S
q
KEYBOARD
Mo
PROGRAM i SERIAL 1/0 —‘>—
MEMORY i INTERFACE
M5T4044P X 10 =3 M5L8251 AP -5 ——< "‘
. ~ )

DEDICATED BOARD
CONTROL PORTS
M5L8255AP-5 M5L8I155P

If' _______________ B
I
| mMoNIToR | !
| ’ ROM |
: DEDICATED BOARD T2x 2 :
| |
| |
lL |
____________ —I__“—”**___—J

I

|

USER SYSTEM
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PC4000

DEBUGGING MACHINE

KEY FUNCTIONS (BASIC FUNCTIONS ONLY)

SPECIFICATIONS

Symbol Name Function Item Specification
. The system is used with a dedicated board which
. Converts program memory data to serial . . . Lo
SEND | Data transmit key ) . Method | includes the evaluation chip to perform in-circuit
data and transmits to an external device N
emulation
/ i i i i M58840- XX XP
RCV Data receive key Beceuves serial data and writes this data
into program memory M58494- X X XP
Applicable M58496- X X XP
PROG (EPROM) Writes program memory data into the microcomputers M5 L 8048- X X XP
Program key EPROM inserted in the socket M5 L8049- X X XP
and all other Mitsubishi single-chip microcomputers
(EPROM) Sends data from the EPROM inserted
LOAD Load key in the socket o program memory Program RAM Buiit-in, 4K x 10 bits {250ns access time)
Control CPU M5 L808SAP
PRT Print ke Data transmit to the optional printer T - -
Y prionale Builtin EPROM | sable 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: 1 key
EXM i o .
M Examine memory key Verification/correction of RAM contents @ 20mA current loop serial input/output interface
Interface 4800bps, full deplex, one line
RES Reset key Reset of program counter (Selectable from 1200 to 9600bps)
. @ Centronix-compatible parallel interface, one line
RUN Run { ) Re-start of program execution at the
un {execute) key e .
1t .
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 o Transfer of RAM data with an external system
Monitor function * Read and write of EPROM data
0—~F Numerical keys Used for input of address and data o 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 top:
Power supply AC 100V 100VA

tepme:)z'rlgtgu re 5~40°C

%;%ggreature —20—~60°C

‘MITSUBISHI
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PC4000 CONFIGURATION

TO EXTERNAL PRINTER

DEDICATED BOARD
(4-BIT SINGLE-CHIP)

CONTROL CPU

g

USER

M5L8085AP
20mA
CURRENT
LOOP
TO PCI000 / SERIAL
4800 bps INPUT/OUTPUT
CROSS - JINTERFACE /,
— -
ASSEMBL M5L8251 AP
EPROM 5
WRITER g &
I3&
<
M5L2716K M5L8041A $§S
M5L2732K <g
T
DISPLAY M5LB255AP-5
PROGRAM
MEMORY
. 4K X 10BITS
KEYBOARD,
M5L8279P M5T40MP

/ : SYSTEM

USER
SYSTEM

r
[
DEDICATED BOARD
POWER SUPPLY (FOR USE WITH MELPS8-48)
PCA 8400
PC 4100
WRITE ADAPTOR
FOR USE WITH
Pe 4000 M5L8748S
MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

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

® (nput of the source program from the keyboard

® An efficient screen editor allows editing  of source
programs

® Program dump and load to the mini-floppy disk

® Object data write/read for 2708, 2716 and 2732
EPROM devices '

® Listing using a Centronix-compatible printer is possible

® Data transmission is possible to the PC4000 debugging
machine

® Usable with all types of Mitsubishi single-chip micro-
computers

® Compact, desk-top design

AP_PLICATION
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) ASCI! 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 MG5LB085AP 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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; o ‘ PC9000

CROSS ASSEMBLER MACHINE

the disassembly results while the external printer may be  FUNCTIONAL DESCRIPTION
used to output the assembly listing as well as disassembly  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 MB51.8048, M5L8049 and M5L804 1A 8-bit single-chip
unit) microcomputers
. Disassembly of the specified file

Disassemble Output: 20 column printer, externa! printer Same as above

Source editor Igcerlgéli_'ogdiit?:egrtion, modification, character search, and Same as above

‘PROM writer EPROM erase check, write, verification, read M5L2708K, M5L.2716K, M5L2732K

PC9000 CONFIGURATION

PROM S
XTAL ‘ . SOCKET V-RAM| - Q-INCH
CRT
o PROM 1IC RAM PIA : CRT
< BOOTS M51.8255 AP-5 CONTROLLER
-] i — ]
] .
@ )
=
aw BUS LINE
°® [ | [ T |J
fNET’/Ei‘DF‘;Fé'E _PRINTER : Foo UART UART
INTERFACE M5L8251 AP M5L8251 AP
XTAL M51L8279P- 5| l L
' IBUFFERI CURRENT CURRENT
- FDD LOOP LOOP :
AC POWER MINI- g INTERFACE | | INTERFACE
SUPPLY ASC 11 PRINTER T ™
— J

L 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
cCPU Mitsubishi M5L808BAP (2.45 MHz clock)
IC memory 2K byte ROM (bootstrap area), 48K-byte DRAM, 2K-byte VRAM

Memory device

Mini floppy disk x 2 drives, double-sided, double-density

Display

9-inch green CRT display, 80 lines x 25 characters

Keyboard

Modified ASCH specifications, 2-key lockout

Dedicated printer

5 x 7 dot Matrix thermal printer, 20 columns. 2 lines/s. Paper width: 60mm,

Printer interface

Centronix, parallel interface
Interface connector: 36-pin DDK Amphenol

Serial input/output interface

20mA current loop (2 lines)

Data transfer format

MELPS 85 Hexadecimal (equivalent to Intel Hexadecimal)

Applicable microcomputers

MELPS 8—48 (M5L.8048-XXXP, M5L8049-XXXP and others)

MELPS 4 (M58840- X X XP and others)
MELPS 41 (M58494- XX 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
o) ON

FEFFFRELE

2708+
2716 = E

nlEls]%ml&] ] (] = ] m
HAHHHERHNIBANE

X-Ol WRU |TAPE] TAB| — | @ |LINE \/\/\

[Esco le R TlY]UllIGlPlFEEDHETURN .

X-OFFIEOT| RU |BELL| BS VT\FF| + |RUB

CTRLAlle FU|G HIJ|(K LI;OUTI TAB lA @:)

e[z [l o [v e [Ra[ S]] Y smer ] :J

l (SPAGE) l
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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-86T'M' 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 1EEE-796 bus and 4 opened card cages.

® Standard 2 drives for double-sided double-density floppy
disk (Capacity of 1.2M bytes).

® Applicable drive for double-sided double-density,
double-sided single-density, single-sided: single-density
disks by the switch on the rear panel. v

® Capability of programming 2 of 16-bit data at a time by
a builtin EPROM programmer - (corresponds to
M5L2716K, M5L2732K, M5L.2764K)

® Usable CRT device, which contains RS232C senal

interface, on the market

Capability of connecting a centronics pnnter

Capability of connecting the M5L8086S in-circuit

emulator PC9110

One built-in RS232C serial interface for general purpose

RAMsize ..........cciiiiineniinnnnn. 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.
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MITSUBISHI MICROCOMPUTERS

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
M5L8085A) of PCA 8600 series and an 1/0O 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 16-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 monitor
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

MULTI BUS CPU
. MS5L 8086S

SERIAL
PORT
M5L 8251AP

INTERRUPTION | PARALLEL
ONTROLLE PORT
MS5L 8253AP MSL 8255AP -5

' K

INTERFACE FOR CRT

CENTRONICS

PCA8601

MEMORY
REFRESH o

! CONT-
BYTES (WITH
ROLLER PARITY BIT)

M5K4116P

PCA 8602

CPU FDC
MS5L8085AP MSW1791-02P

DMA CONTROLLER[ MEMORY
M5L8257P-5 | | EPROM, SRAM

PRINTER INTERFACE

FDD DOUBLE-
SIDED DOUBLE-

DENSITY NO. 1
DRIVE

FDD DOUBLE-

PCA8603

! SERIAL PARALLEL
PORT PORT
MSL8251AP MS5L8255AP

X 2 X 1

(—__i) SELECTION SWITCH

SIDED DOUBLE OF FLOPPY DISK TYPE

DENSITY NO. 2

>0 PC9110 INTERFACE

GENERAL PURPOSE

Y SERIAL INTERFACE

1/0 BOARD FOR PC9100 i

DC/DC
u |_J CONVER-
EXPANSION ROMH  ROML TER
! CARD CAGE SOCKET SOCKET etc

4 __ PROM PROGRAMMER MODULE

POWER
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MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

FUNCTION EXPLANATION (According to CP/M, CP/M8E. Mitsubishi original utility. S/IW)

Function : Effects Application dév‘loes
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 . e 8085A
For Application. S/W in CP/M-85
RPOM programmer Write, read, verification of EPROM MBL2716K
(Capability of programming upper bytes and lower bytes at the same time for 8086) M5L2732K -
. M51L.2764K
Data communication Bi-directional data communication with an external device in file base ' RS232C standard
Editor Supporter in CP/M Applicable for all uses
Rich applicable S/W which on the market ) ‘
Execution of eg. “CIS COBOLS86", “PASCAL/M-86" etc. which are on the market as the high quality tanguage for 8086 can be ® 8086
application S/W executed in the PC3100. Likewise, the high quality editor (Word star etc.) on the market can be used beside the ® 8085A
standard editor.
SPECIFICATION
Hardware Specification
Item Specification
Structure Desk tap, single cabinet (External CRT, Keyboard, printer)
U Mitsubishi M5L8086S 4.9152MHz
Mitsubishi M6LBOB5AP  2.4576MHz
PCAB601 Program memory 16K bytes
. RAM 16K bytes
IC memory PCAB602 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 ... .. 9600BPS standard
Printer interface Centronics parallel interface (The DDK unphenol 36-pin_is used for a connector)
Interface for PC9110 in-circuit Serial interface (The electrical characteristics and connector are compatible with the R$232C standard)
emulator controller | Transmit speed .. ... 96008BPS

One port (The electrical characteristics and connector are compatible with the RS232C standard)

General purpose serial I/0 interface Transmit speed . .. . . Sefectable from 1200/2400/4800/96008PS 96008PS standard
PROM programming device roorammabie fnto MBL2764K, MBL2732A type, MSL2732K, MSL2716K
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

Operating temperature 5°C ¥40°C

, MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PC9100

16-BIT CPU SOFTWARE DEVELOPMENT SYSTEM

Software Specification

Item Specification
Monitor program Monitor for 8086 which is compatible with the one on the PCA8081
CP/M-86 General purpose O.S. for 8086 of Degital Research Inc,
Operati t
peration system CP/M-80 General purpose O.S. for 8080.0f Degital Research Inc.
ASM86. CMD 8086 Assembler
DDT86. CMD CP/M86 Debugger
STAT. CMD File status utility
N SUBMIT. CMD Batch management utility
Utility software
(8086 base) PIP. CMD File exchange utility
GENCMD. CMVD 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/M80 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
Lt OAD. COM COM file generating utility
ED.COM Editor for program generator
DUMP. COM Hex dump utility
MOVCPM. COM
Library BIOS.A8. DEBLOCK.LIB. BIOS.ASM. DUMP._ASM
Memory Map ,
System map 8086 map 8085 map
0000045 00000+ 000045
PROGRAM
: CPS0 Bo0T
0O0FFF
0100 0“: SUB BIOS
17FF
2 PORT BAM 180070
01FFF 15 RAM
2 7FF [—
' INHIBITED . **,
4000 kit
/ RAM
FFFF6
2000046 200006 0,000*
sk RAM // 64K RAM « [ 6eK RAM
2FFFFIs KA FEEDe ’
E200046
2 PORT RAM
E2FFFe
E30006
FC0006
PROGRAM
FFFFFI1s FFFFFs L

P svsTem 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.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PC9001CPM

CP/M SOFTWARE FOR PC9000

DESCRIPTION
The PCO001CPM 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:

® Functions of a standard CP/M editor and .a PC900
original screen editor - - :

® Used for a high quality EPROM programmer by an
internal EPROM programmer and an option control
program

APPLICATIONS

® Supporting develop machine for MELPS 85
® Personal computer

® Data communication 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 PC3000 original disk and
prescribed disk are compatible after changing a ROM.

MITSUBISHI
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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 PC3000
(Hand shaking operation using a data set ready. DSR)

List device (LST:) Centronics external printer (LPT:) Built-in miniprinter of the PC9000 (UL1:) LPT: = standard assign
Floppy disk storage 2 x 320K bytes (A: and B:}

Key board @ Capital/small letter selection bykey

PROM programmer @ File load, file save, edit, PROM program, PROM read, verify, padding, block moving

@ 8K bytes work area
® Target ROM (2708/2716/2732)

Miscellaneous @ Time-out detector for printer ready
® Automatical warm boot operation by a key input when a programming is begun in the write protected disk

@® Automatically effected DTR output of the MELCOM 70 interface by a warm boot

APPLICATION SOFTWARE LIST IN THE PC9001CPM

Program Function Supplement
EDIT Screen Editor PC9000 original editor
ED % Line Editor
ASM % Assembler for éOSO
LOAD % Modification of execution style
DDT % Debugger for 8080
PROM Programming control The pr'ogram to transfer an assemble result to a PROM by a built-in PRQM 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 indicagor
SUBMIT * Submit file management
XSUB * Optional SUBMIT
CMNA 1 ME LCOM 70 communication The communication of object codes by the MELCOM 70 in the Intel HEX format
CMNA 2 PCA4000 communication The communication of object codes by the PC4000 in the Intel HEX format
MSS s:;?;ﬂn’?gfigf 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 3% is the utility program for CP/M.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PC9004

INTERFACE CABLE BETWEEN PC9000 AND PC4000

DESCRIPTION

The PC9004 is an interface cable to connect the cross
assemble PC9000 and the debugging machine PC4000 by
serial interface. ‘

FEATURES

® High speed data communication for object codes of
assembled and debugged results by connecting the
PC9000 and the PC4000 with the serial interface.

® File communication by a serial interface between two
PC9000s (when CP/M® option is used)

Note: (B CP/M is a registered trade-mark of Digital Research Inc.

FUNCTIONS

The PC9004 makes it possible to execute a data com-
munication used with built-in current loop interface of the
PC9000 and the PC4000. For example, to send a 4K bytes
object code in Intel HEX format (at 9600 baud), it takes
approximately 17 seconds. )

SPECIFICATION
Item Specification
Connector RS232C type connector
Line 7 lines

Pin connection

Connector A Connector B

1 I 10
10 o 9
N 12
12 e n
13 e 14
L 13
22 e 22

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PC9005S

PRINTER INTERFACE CABLE

DESCRIPTION SPECIFICATION
The PC9005 is an interface cable to connect the cross -
. . . Pin. No. Signal Content
assemble machine PC9000 or the debugging machine - ——
. t
PC4000 and a centronics printer. ! STB Strobe output signal of data
2—~9 Do—~0D7 Data output signal to a printer
FEATURES 10 ACK Input signaf of data acknowledgement
® Capability of outputting an assembled list or a dis- 1 BUSY BUSY input signal from a printer
asseml‘)l'ed hSt by connectmg.the PCQOOO and a printer. 12 P.EMP Input signal notifying a printer paper empty
® Capability of outputting a disassembled list or a traced = P ————
o utput signal to 1nitiate a printer
result at the 8080 software debugging by DDT when a 3 Pt P
CP/M is converted to the PC9000. 32 FAULT Input signal to notify printer errors
® Capability of outputting a disassembled list which 18~29 | GND Ground

corresponds to each microcomputer, an internal memory
dump list etc. by connecting the PC4000 and a printer.

FUNCTIONS

The PC9005 is designed based on the centronics specifica-
tion and is used as an interface cable between the PC9000
or the PC4000 and a centronics printer.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS
| PCA8400

MELPS 8-48 DEDICATED BOARD

DESCRIPTION

The PCAB8400 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 8748 writing
adaptor (PC4100)

APPLICATIONS
The development of hardware 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 perlpheral circuitry
(2) ROM with the PC4000 monitor program
(3) Single-step and breakpoint control circuit
(4) Program memory interface circuit
(5) Input/output buffer/latch circuit
The PC4000 is connected to this board using a card

edge connector and this board is connected to the user
system by means of an accessory cable.
FUNCTION
The debugging machine PC4000 operates as a debugging
machine for the MELPS 8-48 using the contents of the
monitor ROM mounted on the dedicated board. The
evaluation chip (M5L8039P-6) loaded on the board ex-
ecutes the program stored in the program memory in the
PC4000 debugging machine.

The internal status of the evaluation chip is read out
under monitor CPU control when single-step operation and
breakpoint operation are halted.

An interface and connector to enable connection to the -

M5L8748S writing adaptor PC4100 has been provided,
allowing programs to be written and read from the
i8748.

BLOCK DIAGRAM
8
PORT DIRECTION PORT D
SWITCHING CIRCUIT
|
|
. 12 _} ADDRESS IDENTITY :
COMPARISON L—+—={ DETECTOR . S ADDRESS LATCH > PORT P1
! M5L8039P-6 !
SINGLE-STEP sS
CONTROL CIRCUIT 41
8
DATA LATCH 4 A
PORT SWITCHING |,
, < circuIT
DATA CLOCK
. GENERATOR
—+>{ DATA BUFFER
I
|
12 1 pcaooo
ADDRESS > MONITOR ROM
i  rou, TO PC4100
M5L273 M5LB155P M5L.8748S
| J | WRITER
INSTRUCTION 3
DATA
i 8748 INTERFACE PORT
515 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8400

MELPS 8-48 DEDICATED BOARD

SPECIFICATIONS

Item

Specification

Applicable
microcomputers

M5L8048-XXXP
M5L8049-XXXP
M5MB8050H-XXXP
M5M8050L-XXXP

Clock Package

6.144MHz

frequency [Variable
L

1—~6.144MHz (By changing the oscillator crystal).

Applicable debugging
machine

PCA4000 {connected by a card edge connector)

Power supply

Supplied from the PC4000 when inserted into the
debugging machine

Connection 1o user’s
system

By an accessory cable

Debugging functions
(contents of monitor
EPROM)

Program execution from any address and halt

Data writing to EPROM and reading

%cm\f)lrmaﬂon and change of the contents ofprogram
Serial data transfer to an external device
Confirmation and modification of the RAM data in
the evaluation chip

(M5L8039P-6) and the contents of the following,
registers and flags:

Program counter

Accumulator

® PSW

o0 o000

Other

By connecting the PC4100, read and write operations
to the 18748 can be performed.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

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
verification and running tests. ‘

FEATURES

® Board computer equivalent to the M5L8048-XXXP,
M51L.8049-XXXP.

® Simple program modification using an EPROM

® Connection to user’s system socket by means of a 40-pin
DIL plug

® Built-in clock generator

® Speed up of a CPU using the M5L2764K

APPLICATIONS
Program and applications equipment development for
MELPS 8-48 8-bit single-chip microcomputers.

FUNCTION
The evaluation chip (M5L8039P-11) outputs the value of
the program counter and reads in instructions from
ERROM and executes them.

The board is equivalent in operation to a single-chip
microcomputer,

CONFIGURATION ‘
As can be seen in the block diagram, the PCA8403 consists
of the following hardware:
(1) Evaluation chip and peripheral circuitry
(2) Program EPROM socket
(3) EPROM power supply circuit
The board and user system can be connected by means
of an accessory cable.

SPECIFICATIONS

Item Specification
Type 8-bit parallel processor
cPU M5 L8039 P-11 (equivalent to Intel 8039)
Cycle time Clock supplied by user system (maximum 11 MHz)
. M5L27.
Memory Program memory: 4K bytes (M5L2732K}

Data memory: 128 bytes (built-in M5L8039P-11)

8-bit parallel port x3

10 Test pin x2

Interrupts INT pin

5V £5%, 600mA (max)

Power supply

Connector used 40-pin DIL accessary plag

Quter dimensions 50 (L) x 170 (W) x 35 (H) mm

BLOCK DIAGRAM
M5L8039P- 11
PSEN .A
! +5v—EA !
OE
cLock " X1, X ADDRESS
y 1. X2 pB
iN| abDRESs |OUT rom  |DATA
8 LATCH .
P 4 P1 —
: ) 4 PORT 2 |
P2 UPPER ORDER 4 BITS ; UPPER
ORDER BITS]
ALE
TEST PIN T1 To poRtS 2
UPPER )
ORDER BITS ¥
TEST PN To | : T ATA BUS !
PD WR PORT
INPUT
T BUFFER
'8
4 PORT 2 b8
—t -
P2 LOWER ORDER 4 BITS | A p— ,
| - DATA BUS
PORT
OUTPUT
PORT 2 LATCH
QUTPUT LATCH
'
"RD WA h - -
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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 M512732K or In-
programs submitted by the customer are written into the tel's 2732, 8748, 8749 or their equivaient. The M5L2732
mask ROMs. and Intel's 8748, 8749 are the standard EPROMs.

An automatic mask ROM design program is prepared 2. “High” is treated as 1 for the EPROM data and
for writing p\rograms into mask ROMSs, and (1) the drafting address.
data for mask ROM generation, (2) the reference list for 3. All the data from the head address to the final address
mask ROM preparation error checks and (3) an automatic are treated as the EPROM'’s effective data.
test protram for the large-scale tester designed to test the
mask ROMs are all automatically generated. CHECKPOINTS

When the object program is stored in the MELPS8-48 1. Cleary indicate the type number of EPROM.

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.

MELPS 8-48 MASK ROM DEVELOPMENT CAD SYSTEM

FROM CUSTOMER MITSUBISHI ELECTRIC

CONFIRMATION
SHEET

1 Mmask rom
PrOGHAY = No ] Autamatic
GENERATION TTTT T ERROR? DESIGN PROGRAM
Ves U
.

1
CHECK LIST MASK
(CODE TABLE) 'PERSAI'FS,IANTGA '

MASK DRAFTING DATA ROM TEST PROGRAM
NO  ORDER TO MAKE MASK [ D
MASK LARGE
CHECK MANUFACTURING
PROCESS TESTER

® WATER
‘ TEST
® FINAL
ACCEPTANCE TEST
ROM
MASK ROM MANUFACTURING ® QA TEST
] PROCESS

MITSUBISHI 6—3
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MITSUBISHI MICROCOMPUTERS

e MELPS 8-48 MASK ROM
R ORDERING METHOD

MELPS8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5L8048-XXXP, M5L8049-XXXP, P-6, M5L8049H1-XXXP, M5MB050H-XXXP,
M5MB050L-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 \/ in the boxes. Three sets of EPROMs should be
the type of EPROMs to be supplied should be specified by supplied.
EPROM type number
pe C2732
microcomputer type number
[CIM5L8048-XXXP : A (00046 ~ 3FFy6) [J8748
[IM5LB049-XXXP
A (000;6 ~ 7FF 8749
CIM5L8049-XXXP-6 DA (0001 ) o
[IM5L8049H1-XXXP [JA (00046 ~ 7FF1¢) 18749
[JM5M8050H-XXXP
CIM5M8050L-XXXP (A (00016 ~ FFF1e)

Note 1 : The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as ‘1", and
low-fevel 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 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.l. and O) or dashes.

COMMENTS

6—a ‘ 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 EPROMSs should be
the type of EPROMSs to be supplied should be specified by supplied.

EPROM type number
microcomputer type number L2732
[CIM5MB0C49P-XXXP [JA (00046 ~ FFFis) [J8749

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 ! The data of the addresses in parentheses on the EPROM are programmed onto the ROM.

4 ! The data from each PROM in the set is compared and if 2 of the 3 are equal, the equal value will be programmed
into the ROM. When the 3 values are different programming is halted and the customer is notified of the error. The
error report will show the address and data.

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

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

MITSUBISHI 6es
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" 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 M5L2732K, or in-
tel's 2732, 8741, 8741A, 8742 or their equivalent. The
M5L2732K are the standard EPROMs.

2. "High” is treated as 1 for the EPROM data and
address.

3. All the data from the head address to the final address._
are treated as the EPROM'’s effective data.

CHECKPOINTS
1. Cleary indicate the type number of EPROM.

FROM CUSTOMER

CONFIRMATION
SHEET

OBJECT
PROGRAM
GENERATION

ERROR?
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473
(03) 218-3499
Facsimile: (03) 214-5570

Overseas Marketing Manager
Kita-ltami Works

4-1, Mizuhara, Itami-shi,
Hyogo-ken 664, Japan

Telex: 526408 KMELCO J
Telephone: (0727) 82-5131
Facsimile: (0727) 72-2329

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Road

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 7907021

Facsimile: (852) 123-4344

TAIWAN

MELCO TAIWAN Co.,, Ltd.
6th fl., Chung-Ling Bldg.,

363, Sec. 2, Fu-Hsing S. Road
Taipei, R.0.C.

Telephone: (704) 0247
Facsimile: (704) 4244

US.A.

NORTHWEST

Mitsubishi Electronics America, Inc.
1050 East Arques Ave.

Sunnyvale, Ca 94086, U.S.A.

Telex: 172296 MELA SUVL
Twx: 910-339-9549
Telephone: (408) 730-5900
Facsimile: (408) 730-4972

SOUTHWEST

Mitsubishi Electronics America, Inc.
991 Knox St.

Torrance, CA 90502, U.S.A.

Telex: 664787 MELA TRNC
Telephone: (213) 515-3993
Facsimile: (213) 324-6578

SOUTH CENTRAL

Mitsubishi Electronics America, Inc.
2105 Luna Road, Suite 320
Canollton, TX 75006, U.S.A.
Telephone: (214) 484-1919
Facsimile: (214) 243-0207

NORTHERN

Mitsubishi Electronics America, Inc.
15612 HWY 7 #243

Minnetonka, MN 55345, U.S.A.
Telex: 291115 MELA MTKA
Telephone: (612) 938-7779
Facsimile: (612) 938-5125

NORTH CENTRAL

Mitsubishi Electronics America, Inc.
799 North Bierman Circle,

Mt. Prospect, IL 60056, U.S.A.

Telex: 270636 MESA CHIMPCT
Telephone: (312) 298-9223
Facsimile: (312) 298-0567

NORTHEAST

Mitsubishi Electronics America, Inc.
200 Unicorn Park Drive

Woburn, MA 01801, U.S.A.

Telex: 951796 MELA WOBN
Twx: 710-348-1229
Telephone: (617)938-1220
Facsimile: (617) 938-1075

MID-ATLANTIC

Mitsubishi Electronics America, Inc.
Two University Plaza .
Hackensack, NJ 07601, U.S.A.
Telex: 132205 MELA HAKI
Twx: 710-991-0080
Telephone: (201) 488-1001
Facsimile: (201) 488-0059

SOUTH-ATLANTIC
Mitsubishi Electronics America, Inc.
6575 The Carners Parkway.

Sulte 100
Norcross, GA 30092, U.S.A.
Twx: 910-380-9555

Telephone: (404) 662-0813
Facsimile: (404) 662-5208

SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Ex. CTR. 6100 Glades Rd. #210
Boca Raton, FL 33433, U.S.A.

Twx: 510-953-7608

Telephone: (305) 487-7747

Facsimile: (305) 487-2046

FRANCE

Mitsubishi Electric Europe GmbH

65 Avenue de Colmar Tour Albert 1er
F-92507 Rueil Malmaison Cedex,
France

Telex: 202267 (MELCAM F)
Telephone: (01) 7329234

Facsimile: (01) 7080405

ITALY

Mitsubishi Electric Europe GmbH
Centro Direzionale Colleoni
Palazzo Cassiopea 1

20041 Agrate Brianza I-Milano
Telephone: (039) 636011
Facsimile: (039) 6360120

SWEDEN

Mitsubishi Electric Europe GmbH
Lastbilsvagen 6B

5-19149 Sollentuna, Sweden
Telex: "10877 (meab S)
Telephone: (08) 960468
Facsimile: (08) 966877

WEST GERMANY

Mitsubishi Electric Europe GmbH
Head Quater Gothear Str. 6

4030 Ratingen 1, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4860
Facsimile: {02102) 486-115

U.K.

Mitsubishi Electric (U.K.) Ltd.
Centre Point, (18th Floor)

103 New Oxford st.,

London WC1, England, U.K.
Telex: 296195 MELCO G
Telephone: (01) 379-7160
Facsimile:  (01) 836-0699

AUSTRALIA

Mitsubishi Electric Australia Pty. Ltd.
73-75, Epping Road, North Ryde,
N.S.W. 2113 Australia

P.O. Box 1567 Macquarie Centre
N.S.W. 2113 Australia

Telex: MESYD AA 26614
Telephone: (02) 888-5777
Facsimile: (02) 887-3635
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MITSUBISHI MICROCOMPUTERS |

MELPS 8-41 MASK ROM |
ORDERING METHOD

MELPS8-41 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SLAVE COMPUTERS M5L8041A-XXXP, M5L8042-XXXP

MITSUBISHI ELECTRIC

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.
EPROMSs to be supplied should be specified by checking )

EPROM Type number
12732
microcomputer type number
8741
M5L8041A-XXXP A (O ~ 3FF
| 8 A (00046 ~ 3FFyg) 087414
[IM5L8042-XXXP [OA (0001 ~ 7FFyg) 8742

‘Note 1 . The high-level data of both data autputs 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.

. 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 n

S~ w

into the ROM. When the 3 values are different programming is haited and the customer is notified of the error. The
error report will show the address and data.

CUSTOMER’S IDENTIFICATION MARK

If you require a special identification mark, please specify in the following format.

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

- MITSUBISHI 6—7
ELECTRIC .



