e

MITCILIRICHI

IVER B v ikhkicaFl il

DATA BOOK

SUPPLEMENT TO
'80 LSI DATA BOOK

}

i
i

LAY

|

MITSUBISHI
ELECTRIC




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 responsibility
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.

MELPS and MELCS are registered trademarks of Mitsubishi
Electric Corporation.



INDEXES

1-1~1-4

ORDERING INFORMATION AND PACKAGE OUTLINES

2-1~2-15

GENERAL INFORMATION

3-1~3-8

RANDOM-ACCESS MEMORIES

4-1~4-6

READ-ONLY MEMORIES

5-1~5-6

MELPS 42 MICROCOMPUTERS

6-1~6-14

MELPS 8-48 MICROCOMPUTERS

7-1~7-36

MELPS 86 MICROPROCESSORS

8-1~8-34

LSIs FOR PERIPHERAL CIRCUITS

9-1~9-50

GENERAL-PURPOSE MOS LSlis

10-1~10-14

MICROCOMPUTER SYSTEMS

11-1~11-20

MICROCOMPUTER SUPPORT SYSTEMS

12-1~12-6

MICROCOMPUTER SOFTWARE

13-1~13-8

BIRIRB]o|e]~|o]un]s[w]n]=







MITSUBISHI LSIs

PREFACE

Thank you for your continued patronage of Mitsubishi
Electric and our semiconductor products.

Semiconductor devices are a mainstay of the burgeoning
electronics industry, where they are finding more and more
applications, and meeting demands for increased sophistica-
tion and diversification of performance and function.

We have already published the 1980 Mitsubishi LS| Data
Book, but after then a number of new products are an-
nounced, then we have prepared the supplement to the 1980
Mitsubishi LSI Data Book. ‘

This supplement provides detailed specifications of new
products, including 16K-bit static RAMs, 32K-bit EPROMs,
MELPS 42 single-chip CMOS 4-bit microcomputer, MELPS
8-48 single-chip 8-bit microcomputers, MELPS 86 16-bit
microprocessor, board computers and their development and
support system, along with additional MOS LSl devices.

We hope you will let us know of any mistakes or omis-
sions that come to your attention, and any suggestions you
might have on improving the usefulness of this data book.

January, 1981

Kimio Sato, General Manager
Semiconductors Division
Mitsubishi Electric Corporation
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INDEX BY FUNCTION

Ambient
Type Former Circuit function and organization Appiication notes Structure | operating
(Note 1) designation 9 PP (Note 2) temp.
Ta(°C)
Static RAMs
M58725P, S-15  « - 16384-Bit(2048x8) Static RAM Power down by CS N.SiL.LED 0~70
M58725P, S * -
Field-Programmable ROMs (EPROMs)
mgtg;ggz_s : - géi?ﬁj";%gsg;g:ﬂa:z?:‘;g&d Electrical programming ultraviolet erasing N.SiI.FA 0~70
Single-Chip Microcomputers
R 77 instructions mask-prog ROM 1K-word _
M58496-XXXP * * — Single-Chip 4-Bit CMOS Microcomputer by 10-Bit, RAM 128-word by 4-Bit C.Al —10~70
o ] ) 96 instructions mask-prog ROM 1K-word _
M5L8048-XXXP x* Single-Chip 8-Bit Microcomputer by 8.bit RAM 64-word by 8-bit N.Si.ED 0~70
B - ) 96 instructions mask-prog ROM 2K-word _
M5L8049-XXXP x* Single-Chip 8Bit Microcomputer by 8-brt RAM 128.word by 8.bit N.SIL.ED 0~70
M5L8039P -6 * — Single-Chip 8-Bit Microcomputer 96 instructions RAM 128-word by 8-bit N.SiLED 0~70
Single-Chip 8-Bit Microcomputer with 96 instructions EPROM 1K-word
M5L8748S * ok EPROM by 8-bit RAM 64-word by 8-bit N.SLED | 0~70
Microprocessors
M5L8086S * % -_ 16-Bit Microprocessor 97 instructions 1M-Byte direct access 16-bit CPU | N.Si,ED 0~70
LSis for Peripheral Circuits
M58990P * * — 8-Bit, 8-channel A-D Converter C.Si 0~70
_ _ 4 different alphanumeric and 8 different _
M5C6847P-1 * Video Display Generator graphic display modes N.SLED 0~70
- o 2048-Bit Static RAM with 1/0 Ports and 256-word x 8-Bit RAM with 22 1/0 low pins
M5L8365P * Timer and 14-Bits counter/timer CE=low active N.SLED 0~70
- 2048-Bit Static RAM with 1/0 Porlsiand 256 word x 8-Bit RAM with 22 1/0 pins and
M5L8156P * Timer 14-Bit counter/timer CE=high active N.SLED 0~70
MS5EL8259AP * — Programmable Interrupt Controller 8 vectored priority interrupts N.SL.ED 0~70
M5W1791-02P * % — Floppy Disk Formatter/Controller Single and double density formats N.SLED 0~70
General Purpose MOS LSlIs
M50110XP * — 30-Function Remete-Control Transmitter C, Al —30~70
M50115XP * — 120-Function Remote-Control Transmitter C. Al —30~70
M50111XP * — 120-Function Remote-Control Receiver C. Al —30~70
M50116XP * — 120-Function Remote-Control Receiver C. Al —30~70
M50117XP * — 120-Function Receiver Remote-Control C. Al —30~70

Note 1. % =New product
2 Al=Aluminum gate B

N=N-channei P

=Bipolar

* % =Under development

C=CMO0S
S =Schottkey

=Pchannei,

ED =Enhancement depletion mode
Si =Silicon gate

FA=FAMOS
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INDEX BY FUNCTION

Supply voltage Electrical characteristics Interchangeable products
Clock
Typ pwr Max. Max Max TTL | Package
v v Vss v \{;)It(ag)e dissi- access cycle fre- com- Mfr Type Page
DD cc GND 88 (8 pasion time time | quency| pati- vP
(mW) (ns) (ns) | (MHz) | bility (Note3)
200 150 150 24P1 TMS4016-15
— 5V+10% oV — — - Yes 2451 Tl 4-3
200 200 200 TMS4016
400 450 - D2732
— 5V+5% ov — — - Yes 24K10 INTEL 5-3
400 550 - D2732-6
— 5V+5% oV — - 5 — 7700 4.2 Yes 72P2 — 6-3
- 5V+10% ov — — 325 — - 6 Yes 40P1 INTEL P8048 7-21
— 5V+10% ov — — 500 — — 6 Yes 40P1 INTEL P8049 7-33
. 5V+10% ov — — 500 — - 6 Yes 40P1 INTEL P8039 7-33
— 5V+5% ov — — 500 — — 6 Yes 40810 | INTEL C8748 7-25
— 5V+10% ov — 3.9v 1375 — — 5 Yes 40S1 INTEL C8086 8-3
— 5V+10% ov — — — — - - Yes 28P4 NS ADC0808 9-3
— 5V+5% ov — 2.4v 500 — — 3.85 Yes 40P1 MOTOROLA| MC6847-1 9-5
— 5V +5% oV - — 500 - — —_ Yes 40P1 INTEL P8155 9-15
— 5V+5% ov — — 500 — — — Yes 40P1 INTEL P8156 9-23
- 5V+10% ov - — 275 — — - Yes 28P4 INTEL P8259A 9-31
WESTERN
— 5V+5% ov — — — 300 — — Yes 40P1 DIGITAL FD1791-02B 9-45
2.2~8V — ov — — — — — — — 16P4 - — 10-3
2.2~8V - ov - — — — — — — 18P4 — — 10-3
4.5~8V — ov — — — — — -_ Yes 16P4 - - 10-9
4.4~8V — ov — — — — — — Yes 18P4 — - 10-9
4.5~8V — ov — — — - — — Yes 18P4 - - 10-9
Note3: Package code: 24 1
LT
Numder of pins
Package structure
K=Glass-sealed ceramic. P=Molded plastic. S=Metal-sealed ceramic
Package outline
1=DIL without fin 2 =Flat without fin
4=DIL without fin.(improved). 10=DIL w/quartz lid
MITSUBISHI
ELECTRIC 1-3
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INDEX BY FUNCTION

Memory capacity 1/0 ﬁr:rb;r?t Supply Dimensions
Type Function Application notes RAM ROM port ptemp 9 voltage (Ixwxh) Page
(Note4) {bytes) | (bytes) | (bits) | Ta (°C) {mm)
Microcomputer System
MELCS 85/2 Memory and ] &6 )
PCA8506 * Parallel 1/O Expansion Board For PCA8501 PCA8540 | 12K(Notel) 48 0~55 125x145x17 11-3
MELCS 85/2 Memory and N 1 _ _ .
PCA8507 * Serial 1/0 Expansion Board Far PCAB501.PCAB540 12K(NoteT) (serial) 0~55 12512 125x145X17 17
PCA8520G01 x | MELCS 85/3 Voice Generat- 16K
PCA8520G02 * | ing Single-Board Computer Using M5L8085AP 256 (Note2) 24 0~55 5—5 125x145x20 11-11
PCA8540G01+* | MELCS 85/2 Color TV Dis- | Using M5L8085AP and 4K _ _ e
PCA8540G02+ | play Single-Board Computer | M5C684 7P-1 256 | (Note3)| 22 5~40 | 55 | 1256x145x20 | 11-15
Note 1:The standard product contains neither M5L2716K 2K-byte EPROMs or M58725P 2K-byte static RAMs
2:The PCA8520G01 does not contains M5L2716K EPROMs
The PCA8520G01 contains standard voice stored in eight M5L.2716K EPROMs
3:The standard product contains no M5L2716K EPROMs
4: % :New Product;
Microcomputer Support Systems
PC0400 MELCS 4/1 Portable Develop- | ¢ 158840 xxxp - - — | 0~855 | Ac100 | 370x360x140|12:3

ment Support System

MELPS Software

ELECTRIC

Program Program code number Normal shipping media Source language
FORTRAN
MELPS 42 Cross Assembler GB1AS0010 Magnetic tape (part in assembler)
MELPS 42 Paper-Tape Generation FORTRAN
: 1SP!
Program for PROM Writers GB1SP0006 Magnetic tape (part in assembler)
-




ORDERING INFORMATION AND PACKAGE OUTLINES







MITSUBISHI LSIs

ORDERING INFORMATION

FUNCTION CODE

Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric

type-codes which define the function of the iCs and the package styie.

For Mitsubishi Original Products

Example: M 5 89 81 S - 45
, T T 7T 7 T

M: Mitsubishi integrated circuit prefix

Temperature range

s: Standard industrial/commercial
(0 to 70/75°C or —20 to 85°C).

9: High reliability (military)

Series designation using 1 or 2 alpha-
numeric characters.

o
1:
3:
10~19:
32~33:

41~47:

9:
S$0~S2:

CMOS

Linear circuit

TTL

Linear circuit
TTL(equivalent to Texas
Instruments’ SN74 series)
TTL

CMOS

P-channel silicon-gate MOS
P-channel aluminum-gate MOS
N-channel silicon-gate MQS

P-channel aluminum-gate ED-MOS

CMOS
DTL
Schettky TTL (equivalent to
Texas Instruments’ SN74S
series)

Circuit function identification code using 2

digits.

Package style
K: Glass-sealed ceramic
P: Molded plastic
s: Metal-sealed ceramic

—— Electrical characteristic identification code

using 1 or 2 digits.

MITSUBISHI
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ORDERING INFORMATION

For Second Source Products
Example: M 65 K 4116

S -2
8- £

PACKAGE CODE

M: Mitsubishi integrated circuit prefix

Temperature range

§: Standard industrial/commercial
(0 to 70/75°C or —20 to 85°C)

9: High reliability (military)

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
Circuit function identification code of the
original source type name

sArx90

Package style

K: Glass-sealed ceramic
P: Molded plastic

S§: Metal-sealed ceramic

Electrical characteristic identification code
using 1 or 2 digits.

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

Example: 24 P

1

Number of pins

Package structure

K: Glass-sealed ceramic
P: Molded plastic

§: Metal-sealed ceramic

Package outline
1: DIL without fin
2: Flat without fin
4: DIL without fin (improved)
10: DIL without fin and with quartz lid

MITSUBISHI
ELECTRIC
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PACKAGE OUTLINES

TYPE 8P1 8-PIN MOLDED PLASTIC DIL

10. 7TMAX

| o I - |

)

1T T J107J

8. IMAX
| 5.0
MAX
0.5 3.0
MIN MIN
+0.1 -
o2t 8 s 0.6 MAX
+3.0 1.54MAX 2.54+0.25
7.6%3
TYPE 14P4 14-PIN MOLDED PLASTIC DIL
- 19.5MAX .
ll_l s B e e B e W rﬁl
8. IMAX
/ | 4.5
| MAX
3.0
+0.1 MIN
—J19:25_¢gs
2.13MAX 2.54+0.25 0.6 MAX
3.0
7.613

MITSUBISHI
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PACKAGE OUTLINES

TYPE 16P4 16-PIN MOLDED PLASTIC DIL

19.5MAX

A M 1M Mo /M

8. IMAX

0.86MAX 2.54+0.25 0.6 MAX

TYPE 16K1 16-PIN GLASS-SEALED CERAMIC DIL

20.0MAX

O M M

. | S8 R NS NN [ NN SR SN R )
8.1MAX
5.0
MAX
! 0.3
|- MIN z
+0.1 U ]
0.25_ i i
0.05 L S
50 1.1IMAX 2.54+0.25 0.6MAX
7.62%2:
MITSUBISHI
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PACKAGE OUTLINES

TYPE 16S1 16-PIN METAL-SEALED CERAMIC DIL

20.8MAX

| | | e T e | | o S s S s | s T s |

[ J
—J g | | — -J J J | —
8. IMAX
\
1] 4.2
E | MAX
Yy
| T 0.55 [2.5
MIN MIN
10,2501 - ! ! ! -
2250 0s e - o
1.65MAX 2.54+0.25 0.6MAX
+1.38
7.62

TYPE 18P4 18-PIN MOLDED PLASTIC DIL

24 .5MAX

| o T e I e NN s O s Y e N e B o |

| SN B WS Ry SN R SRR R SN SN R SR R S |
8. IMAX

4.5

MAX
0.5 3.0
MIN MIN

L

——{‘ -‘ 4
2.09MAX 2.54+0.25 0.6MAX

MITSUBISHI
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PACKAGE OUTLINES

8.13MAX

TYPE 18S1 18-PIN METAL-SEALED CERAMIC DIL

23.2MAX

s W s R s N s S e SN s SN s S s S s |

D)
1

[] 4.2
— | MAX
| [ 0.55' 125
o MIN | MIN
925005 .
_— 1.65MAX 2.54+0.25 0.6MAX
7 gp 138
-62_¢
TYPE 22P1 22-PIN MOLDED PLASTIC DIL
L 28.5MAX N
inleolclEelalelslalel n'1
I
11 .0MAX OO0 0O0 0 0O 0 T
5.5
iMAX
0.5% f2.8
0.p5+0.1 MIN _{MIN
=0 1 55MAX !
. £0.
3 2.5440.25 0.6MAX
10,17,

2—8
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PACKAGE OUTLINES

TYPE 2281 22-PIN METAL-SEALED CERAMIC DIL

27.94MAX

F e S e IO s T e R s B s BN e SO s BS se S e Y e |

D)

11 .OMAX T T 7 O o O T

TT 3.3
MAX
t2.8
0.1 MIN
4'0.25tg.05 ; ! : ! )
= - -
1o 1.65MAX 2.54£0.25 0.6 MAX
10.27 -
-0
TYPE 24P1 24-PIN MOLDED PLASTIC DIL
31.6MAX
nnonoaonnnnnon
X
IS.SMAX | 8 N R R U O O N N N O I O O
[ \ \ fss
it N p | MAX
051 12.8
MIN  { MIN
{0 p5+0. 1 ! i I
,,,__ —0.05 b -t
- 1.83MAX 2.54+0.25 0.6MAX
15.2+1.8
£—p
MITSUBISH:
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PACKAGE OUTLINES

TYPE 24K10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID

32.5MAX

pe———

Hﬂﬂﬂﬂﬂﬂ[‘]ﬂﬂﬂﬂy]

e

OgoOoooooooong

_le.oMAX

1
| +0.1
10-25_ 5 05

[

T a1
15.247 (-

5.1
MAX
-y

3.5

, MIN

TYPE 24S1 24-PIN METAL-SEALED CERAMIC DIL

" 30.8MAX
I—l_l s T o O s SN s S s S o Y e N o Y s O |
1 OO0 OO0 0 ogogld
r_LLQNAAX
: 3 = 3.8
[ UL R - t 38
0.8t 133
+0.1 f MIN {MIN
42250 05 ' - e ,
T 1.65MAX 2.54+0.25 0.56MAX
.76
15.247 o0
MITSUBISHI

210 ELECTRIC
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PACKAGE OUTLINES

TYPE 24S10 24-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID

16.0MAX

- e

11

st0.1

10.25F :
J}L 0.05 ;

+0.76
15.24_ 0724

30 8MAX

S ———

oo

o N e T s T e Y e Y o Y s Y o OO e B |

[ [ W6 I O iy <y e g g o e g 8

ok

-
1.65MAX

-
2.54+0.25 0.56MAX

TYPE 28P4 28-PIN MOLDED PLASTIC DIL

15.8MAX

|

, f

| |
| +0.1

42:25—0.05 |

"

T 5,18

15.2% ]

37.2MAX ‘
\‘ T T =1

! O00000000[0n0Mnm[An

UO00o0oo0o0o0o0oooooog

)

& ) LR
| — MAX
| 1}
i | Tﬁ'4*2_3
| | MINT_ yMIN
L ] I

Sl SR S PR I

2.09MAX 2.54+0.25 0.6MAX

MITSUBISHI
ELECTRIC
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PACKAGE OUTLINES

TYPE 40P1 40-PIN MOLDED PLASTIC DIL

52.0MAX

aaoooaaonAanooaonnoooaonnn

16.0MAX o000 o0 0000000000009

—
I Ny I

1 0.25° , !
~ji= 0.05 i RN
1.8 1.8TMAX 2.544+0.25 0.6MAX
15.27 0

TYPE 4081 40-PIN METAL-SEALED CERAMIC DIL

51.0MAX

W NN NN NN . N ... .0 _ F.N. W1

’

1
16.0MAX T U000 000 D 0 00O oo uUoOuOw

JP—

I

+0.1 U
2% g0

+0.76
—0.24

15.24

MITSUBISHI
2—12 ELECTRIC
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PACKAGE OUTLINES

TYPE 40S10 40-PIN METAL-SEALED CERAMIC DIL WITH QUARTZ LID

51.1MAX |

oo onoonnnnn

> O
1 1 4.6

— i mm
0.25+0.08 I

e it

-
2.5MAX 0.56 MAX
Tos 2.54+0.3 M
15.27 2

TYPE 42P1 42-PIN MOLDED PLASTIC DIL

52.0MAX

AOOO000O0000000000000007(0

uouoouuugudugguuugoaogud

16.0MAX
{ 4 ) 5.5
MAX
2.8
t MIN
|
+0.1
,_.ll.ois—-o‘os ~——~L— ﬁ_:_L ..].L
3.14AMAX 2.54 +0.2 0.6 MAX
1.8
15.2
-0
MITSUBISHI
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PACKAGE OUTLINES

TYPE 60P2 60-PIN MOLDED PLASTIC FLAT
€0 &
S 111
D= e
— =
= | =
= n=r
T
@6 30 5
0.4+0:2 1.0%0.25 3:
\ 24+1.0 Qé 3
4 l a ooo " —?— :
| ]
16+0.5 6+0.5
TYPE 64S1 64-PIN METAL-SEALED CERAMIC DIL
82.0MAX
23.2MAX
'—ﬁa_i-‘yﬂ o T T S = 4 THiAx
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PACKAGE OUTLINES
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

MITSUBISHI LSIs

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 |.Sls for pheripheral
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:-

LN ToT Yo} | R (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When iwo letters are
used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is, at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time interval, the
value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated.

Subscript F  indicates additional information such as
mode of operation, test conditions, etc.

Note 1: Subscripts A to F may each consists of one or more letters.

2: Subscripts D and E are not used for transition times.

3: The “—" in the symbol (1) above is used to indicate ""to”’; hence the sym-
bol represents the time interval from signal event B occuring to signal
event D occuring, and it is important to note that this convention is used
for all dynamic 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:

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

or tgc-DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may be used for specialised signals or terminals if this
aids understanding.

.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

MITSUBISHI
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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
. . . RAS
The letter symbols for the timing requirements of semi- Row address strobe
. . Refresh RF
conductor memories are as follows : .
Read/Write RW
Term Subscript Chip select S
Cycle time c Write (write enable) w
. . . 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.
FaII 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)

. . 3: If the same terminal, or signal, can be used for two functions (for example
Precharglng time pc Data input/output, Read/MWrite) 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 su 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

Characteristi Subscriot Valid steady-state level (either low or high) \Y)

aracteristic ubscri . , .

P Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output Y4
Disable time dis . . " X
Enable time en The direction of transition is expressed by two letters,

. . the direction being from the state represented by the

Propagation time p X R
. first letter to that represented by the second letter, with
Recovery time rec . .
.. . the letters being as given above.
Transition time t R . .
o 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 terminal Subscript high level LH H
Transition from unknown or
Address A changing state to valid state XV \Y
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 \
Data input/output DQ Note Since subs?ripts C and E .may be abbreviated, and éir?ce subscripts B and D
) 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, s0 as to avoid possible confusion.

MITSUBISHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

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

Subscript F should be in upper-case.

Modes of operation Subscript
Power-down . PD
Page-mode read PGR
Page-mode write PGW
Read R
Refresh RF
Read-modify-write RMW
Read-write RW
Write w

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(g) Input capacitance of clock input
f Frequency
f ($) Clock frequency
| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defired as a negative value
¥=1=) Supply current from Vgg
IBB(AV) Average supply current from Vgg
lcc Supply current from Vec
icc(av) Avarage supply current from Vcc
lce(pPD) Power-down supply current from Vee
Iop Supply current from Vpp
| DD(AV) Average supply current from Vpp
lga Supply current from Vgg
lga(av) Average supply current from Vgg
[N Input current
(%) High-level input current—the value of the input current when Vo is applied to the input considered -
e Low-level input current—the value of the input current when Vg is applied to the input considered
| oH High-level output current—the value of the output current when Vo is applied to the output considered
loL Low-level output current—the value of the output current when Vg is applied to the output considered
toz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that
it will establish according to the product specification, the off (high-impedance) state at the output
lozH Off-state (high-impedance state) output current, with high-level 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
Iss Supply current from Vgg
Pd Power dissipation
New Number of erase/write cycles
NRA Number of read access unrefreshed
R 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
Ia(A) ta (AD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals atan output
ta(cas) Column address strobe access time
‘a(E) ta(CE) Chip enable access time
ta ) ta(og) Output enable access time
ta(PR) | Data access time after program
ta (RAS) Row address strobe access time
Ia<s) ta(cs) Chip select access time
ic Cycle time
tCR tc (RD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle
toRF 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
tocrPa te(Pa) Page-mode cycle time
tcRMW tc(RMR) Read-modify-write cycle time—the time interval between teh start of a cycle in which the memory is read and new data is entered, and the start of
the next cycle
tow tc(WR) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
MITSUBISHI
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SYMBOLOGY

New symbol |Former symbol Parameter—definition

id Delay time—the time between the specified reference points on two puises

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

1d (RAS-CAS) Delay time, row address strobe to column address strobe
ta (RAS-W) td (RAS-WR) Delay time, row address strobe to write

tdis(r-Q) |tdis(mr-pDa) | Outputdisable time after read

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

tdis (w) tPxz(wR) Output disable time after write

tDHL 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-Dg)| Output enable time after address
ten (R-Q) trzv( R-DQ) Output enable time after read

ten(S-Q) tpzx(cs,DQ) Output enable time after chip select

tf Fall time

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

th(A-E) th (AD-CE) Chip enable hold time after address

th(A.pR) th (AD-PRO) Program hold time after address

th(cas-ca) Column address hold time after column address strobe
th(cas-p) th(cas-pa)| Datain hold time after column address strobe
th(CAs-Q) 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-wRr) Write hold time after column address strobe

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

th(D-PR) th(DA-PRO) Program hold time after data-in

th(e) th(ce) Chip enable hold time

Ih(E-D) th(CE-DA) Data-in hold time after chip enable

th(e-a) th(ce-0E) Output enable hold time after chip enable

th(r) th(ro) Read hold time

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

th(ras-0) |th (RAS-DA) Data-in hold time after row address strobe
th (RAS-W) |th(Ras-wR)| Writehold time after row address strobe
th(s) th(cs) Chip select hold time

th(w) th(wR) Write hold time.

th(w-cas) th (WR-CAS) Column address strobe hold time after write
th(w-p) th(wRr-pa) | Datain hold time after write

th(w-RAS) |th(wR-Ras)| Row address hold time after write

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

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

tr Rise time

trec (w) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

trec(pPD) tr(PD) Power-down recovery time

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

tarnsition at another specified input terminal
Tsu(a) tsu(AD) Address setup time

tSU(A~F_) tsu (AD-CE) Chip enable setup time before address
tsu(a-w) |tsu(ap-wRr)| Writesetup time before address

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

MITSUBISHI
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New symbol [Former symbol Parameter—definition

tSU(D) tSU(DA) Data-in setup time

tSU(D-E) tSU(DA-CE) Chip enable setup time before data-in

tsu(o-w) |tsu(pa-wr)| Writesetup time before data-in

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

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

tsu(g-g) tsu(oe-ce)| Chipenable 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(Rr-cas) tsu (ra-cAS) Column address strobe setup time before read

tsu (Ra-cas) Column address strobe setup time before row address

tsu(s) tsu(cs) Chip select setup time

tsu(s-w) tSU(CS-WR) Write setup time before chip select

tsu(w) tsu(wm) Write setup time

tTHL 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

trin Low-level- to high-level transition time | the output is loaded by another specified network
tv(a) tdv (aD) Data valid time after address

tV(E) th(CE) Data valid time after chip enable

tv(e)PR ty (CE)PR Data valid time after chip enable in program mode

tV(G) tV(OE) Data valid time after output enable

tv (PR) Data valid time after program

tv (s) tv (cs) Data valid time after chip select

tw Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms
tw (E) tW(CE) Chip enable pulse width

tW(EH) tW(OEH) Chip enable high pulse width

tW(EL) tW(EL) Chip enable low pulse width

tW(PR) Program pulse width

tw(r) tw(rD) Read pulse width

tw(s) tw(cs) Chip select pulse width

tw(w) tw(wr) Wrtie pulse width

twig) Clock pulse width

Ta Ambient temperature B

Topr QOperating temperature

Tstg Storage temperature

Ves Vgg supply voltage

Vee Vcce supply voltage

Vpo Vpp supply voltage

Vae Vaa supply voltage

V) Input voltage

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

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

Vo Output voltage

VoHn High-level output voltage—the value of the guaranteed high-state voltage range at the output
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vgg supply voltage

MITSUBISHI
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16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

MITSUBISHI LSIs

MS8725P, S;P-15, S$-15

DESCRIPTION

This is a family of 2048-word by 8-bit static RAMs, fabri-
cated with the N-channel silicon-gate MOS process and
designed for simple interfacing. These devices operate
on a single 5V supply, as does TTL, and are directly TTL-
compatible.

The input and output terminals are common, and an
OE terminal is provided. S controls the power-down fea-
ture.

FEATURES

® Fast access time:
M58725P, S:
M58725 P-15, S-15:

® Low power dissipation:
Active:
Stand by:

®Power down by S

® Single 5V supply voltage (+10% tolerance)

® Requires neither external clock nor refreshing

® All inputs and outputs are directly TTL compatible

® All outputs are three-state, with OR-tie capability

® Easy memory expansion by chip-select (S) input

® Common data DQ terminals.

® Same pin configuration as M5L2716K 16 384-bit EPROM

APPLICATION

® Small-capacity memory units

FUNCTION

These devices provide common data input and output

terminals. During a write cycle, when a location is desig-

nated by address signals Aq~A,, the OE signal is kept high

to keep the DQ terminals in the input mode, signal W goes

low, and the data of the DQ signal at that time is written.

200ns (max)
150ns (max)

250mW (typ)
25mW (typ)

PIN CONFIGURATION (TOP VIEW)
T \J -
AT — u ﬂ Vee (5v)
Ag - .
° QE @ “= A | appRESs
As —» E E - INPUTS
W  WRITE CON-
ADDRESS | A 4] 21 W FRTEGRN
INPUTS ] A, 55 OUTPUT
As — [5] z 20 < 0E  PUARYE ineut
S I B - PP
o -
wel 3 @es g
Ay —» E E “ DQs )
(001 « [3] 6] +» o0os
DATA DATA
INPUTS/ 4 DQz «» [10 1 D
ol | o [ [E] > os sy
D03 > E 14| +*> DQs
©oveno  [12] i3] < DQ.
Outline 24P1 (M58725P)
24S1 (M58725S)

During a read cycle, when a location is designated by
address signals Ag~A;, the OE signal is kept low to keep
the DQ terminals in the output mode, signal W goes high,
and the data of the designated address is available at the
1/0 terminals.

When signal S is high, the chip is in the non-selectable
state, disabling both reading and writing. In this case the
output is in the floating (high-impedance) state, useful for
OR-ties with other output terminals.

Signal S controls the power down feature. When S
goes high power dissipation is reduced to 1/10 of active
power. The access time from S is equivalent to the address

BLOCK DIAGRAM

access time.
éi\ vee (5V)
:’12% GND (0V)
20) OE OUTPUT

]

DECODER

%3
an
w
o«
Q
[a)
<
2
o]
o«

ROW INPUT BUFFER

128 2048-WORDx8-BIT 8
(128 ROWSx
128 COLUMNS)

\’/ ENABLE INPUT

DATA
INPUTS/QUTPUTS

SENSE AMPLIFIER

ADDRESS INPUTS T

BUFFERS
{w
COLUMN ADDRESS|
DECODER

COLUMN INPUT

_L

CIRCUIT

l\on
RMW CONTROL P=7

CHIP SELECT INPUT

WRITE CONTROL
INPUT
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M58725P, S;P-15, S-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Test conditions Limits Unit
Vce Supply voltage —0.5~7 \%
Vi Input voltage ) With respect to GND —-0.5~7 \%
Vo Output voltage T —-0.5~7 \
Pd Maximum power dissipation Ta=25C 1000 mW
Topr Operating free-air ambiennTm:)erature range 0—-70 °C
Tstg Storage temperature range —65—~150 °C
RECOMMENDED OPE RAT' NG CON D'TIONS (Ta=0~70°C. unless otherwise noted.)
| Limits )
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.5 5 5.5
ViL | Low-level input voltage —0.5 0.8
ViH I High-level input voltage 2 6
E LECTR ICAL cHARACTER'ST'CS (Ta=0~70C, Vcc=5V +10%, unless otherwise noted.)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vi High-level input voltage - T 2 6 \%
ViL Low-level input voltage i —0.5 0.8 \Y
VoH High-level output voltage loH=—1mA  Vgcc=4.5V 2.4 \%
VoL Low-level output voltage o loL=3.2mA 0.4 \
n Input current Vi=0~5.5V ‘ 10 uA
lozH Off-state high-level output current Vi3)=2V,Vo=2.4V ~Vcc 10 A
lozL Off-state low-level output current Vi(5)=2V, Vo=0.4V —10 uA
i V|=5.5V, V|(5)=0.8V, Ta=25C 50 mA
lcer Supply current from Vee
outputs open Ta=0TC 90 mA
V|=5.5V, V|5)=2V Ta=25°C 5 ) 10 mA
lccz Stand-by current
outputs open Ta=170C 7 15 mA
Cj Input capacitance, all inputs Vi=GND, Vi=25mVrms, f=1MHz 3 5 pF
Co Ou\;;u\ oa‘p;cntance Vo=GND, Vo=25mVrms, f=1MHz 5 8 pF
Note 1: Current flowing into an IC is positive, out is negative.
SWITCHING CHARACTERISTICS (For Read Cycle) (Ta=0~70C, Voc=5V + 10%, unless otherwise noted.)
M58725P-15, S-15 M58725P | S
Symbol Parameter Limits Limits Unit
Min Typ Max Min Typ Max
tc (R) Read cycle time 150 B 200 ns
ta (A) Address access time 150 200 ns
ta (s) Chip select access time 150 200 ns
ta(og) Output enable access Lime 50 60 ns
tv (A) Data valid time after address 20 20 ns ]
tpxz(s) QOutput disable time after chip select 50 i 760 ns
tpzx(s) Output active time after chip select 10 20 ns ]
tpyu Power up time after chip selection 0 0 ns
tro Power down time after chip deselection 60 80 ns
MITSUBISHI
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‘ MS58725P, S;P-15, S-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

TIMING REQUIREMENTS (For Write Cycle) (Ta=0~70"C, Voc =5V +10%, unless otherwise noted. )

M58725P-15, S-15 M58725P | S

Symbol Parameter Limits Limits Unit

Min Typ Max Min Typ Max
te(w) Write cycle time 150 200 ns
tsu(s) Chip select setup time 100 120 ns
tsu(a) Address setup time 20 20 | ns

—

tw (W) Write pulse width 80 100 ns
V twr Write rvecovery time o 0 0 o ns
_tsu (OE) Output enable setup time 40 40 ns
tsu (D) Data setup time 60 60 ‘ ns
th (D) Data hold time 10 | 10 ns
tpxz (0E) | Output disable time after output enabie , 40 40 ns
tpxz(w) Output disable time after write enable 1 40 40 ns

TIMING DIAGRAMS ot 2)
Read Cycle 1

Ao ~Aqg ><
ta (oE)
oE gggwms 3)% 4§(NOTE 3»;%
A4 XX

ta (a)

to (R) [

tv(a)

: )

(DATA OUTPUTS)

W = high level
S = low level

Read Cycle 2

to (R)

|

ta(s)
tpzx(s) tPxz (s)

DQ
(DATA OUTPUTS)

[

try trp

‘W = high level
OE = low level
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M58725P, S;P-15, S-15

16 384-BIT (2048-WORD BY 8-BIT) STATIC RAM

Write Cycle (W Control Mode)

to (w)
Ao ~A10 )( )(
L tsu(s)
s gé(w’me 3)2% / @more 3) m
MXX XXAL
tsu(a) ) tw(w) twr
w /
oE /
————-——-/ tsu (oE) | tsu (D) th (D) |
DQ I/ \
(DATA INPUTS) \
Upxz (0E)
DQ N\ \|
(DATA OUTPUTS) /
Write Cycle 2 (S Control Mode)
Ao ~A1o
tsu(a) | tsu(s) twr
- [
§ /
tw(w)
_ XXX
W (NOTE 3) (NOTE 3)
XYY \ XXXX
oe /
___/ tsu (0E) . tsu (D) th(o) ,
DQ !/ >—_————-‘
(DATA INPUTS)
tPxz (oE) \—
DQ

(DATA OUTPUTS)

\ \
[T

Note 2: Test conditions
Input pulse level
Input pulse rise time
Input pulse fall time
Reference level
Input
Qutput
Load = 1TTL, C = 100pF

Note 3: Hatching indicates the state is don't care.

0.8~2V
10ns
10ns

1.5V
1.5V

MITSUBISHI
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MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

DESCRIPTION

These are ultraviolet-light erasable and electrically repro-
grammable 32 768-bit (4096-word by 8-bit) EPROMS.
They incorporate N-channel silicon-gate MOS technology,
and are designed for microprocessor programming applica-
tions.

FEATURES
®Fast programming:
®Access time M5L 2732K: 450ns (max)
M5L 2732K-6: 550ns (max)
@®Static circuits are used throughout
®|nputs and outputs TTL-compatible in read and program
modes
®Single 5V power supply for read mode
(25V power supply required for program)
®Low power dissipation: Operating: 787mW (max)
Standby: 157mW (max)
®Single-location programming
(requires one 50ms pulse/address)
®Interchangeable with Intel’s 2732 in pin configuration

200s/32 768 bits (typ)

APPLICATION

®Computers and peripheral equipment

PIN CONFIGURATION (TOP
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MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)

ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

FUNCTION

Read
Set the CE and OE terminals to the read mode (low-level).
Low-level input to CE and OE and address signals to the
address inputs (Ap ~ A;;) make the data contents of the
designated address location available at the data inputs/
outputs (Dp ~ D;). When the CE or OE signal is high,
data inputs/outputs (Do ~ D) are in a floating state.

When the CE signal is high, the device is in the standby
mode or power-down mode.

Programming

The chip enters the programming mode when 25V is
supplied to the ﬁ/vpp input. A location is designated by
address signals Ag ~ A;;, and the data to be programmed
must be applied at 8 bits in parallel to the data inputs Dy ~
D,. A program pulse, an active low pulse, to the CE at this
state will effect the programming operation. Only one
programming is required, but its width must satisfy the
condition 45ms§tw(ce) <55ms.

Erase

Erase is effected by exposure to ultraviolet light with a
wavelength of 2537/0\ at an intensity of approximately
15Ws/cm?.

Mode selection

HANDLING PRECAUTIONS ‘

1. Sunlight and fluorescent light may contain ultraviolet
light sufficient to erase the programmed information.
For any operation in the read mode, the transparent
window should be covered with opaque tape.

2. High voltages are used when programming, and the con-
ditions under which is it performed must be carefully
controlled to prevent the application of excessively
high voltages. Specifically, the voltage applied to Vpp
should be kept below 26V including overshoot. Special
precautions should be taken at the time of power-on.

3. Before erasing, clean the surface of the transparent lid
to remove completely oily impurities or paste, which
may impede irradiation and affect the erasing charac-
teristics.

(Unit: V)
Pin — —

CE E/Vpp Vece
Mode
Read ViL ViL 5 Qutput
Deselect ViL~ViH ViH 5 Floating
Power down VinH ViL~ViL 5 Floating

Pulsed
Program ViH to 25 5 Input

ViL
Program verify ViL ViL 5 Qutput
Program inhibit ViH 25 5 Floating

5—4 ELECTRIC



MITSUBISHI LSIs

MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

ABSOLUTE MAXIMUM RATING

Symbol Parameter Conditions Limits Unit
Vi Input voltage, OE /Vpp input —0.3-26.5 Y
L — With respect to GND
Viz Input voltage, Vg, address, GE, data inputs —0.3~6 \Y
— — — 4
Topr Operating free air temperature range 070 T
Tstg Storage temperature range —65—~125 T

READ OPERATION
Recommended Operating Conditions (Ta= 0 ~70°C. unless otherwise noted)

Limits
Symbol Parameter — Unit
Min Nom Max
Supply voltage 4.75 5 5.25 \Y
Supply voltage 1] |
ViL Low-level input voltage 0.1 0.8 \V
ViH | High-level input voltage 2.2 | Vec +1 \%
Electrical Characteristics (Ta= 0 ~70°C. Vcc =5V +5%. unless otherwise noted. )
Limits
Symbol Parameter Test conditions Tvp Unit
B _ _ Min (Note 1) Max - ]
[ITR} High-level input current. address, CE input Vi=5.25V 10 oA
L2 | High-level input current, OE /Vpp input Vi=4.75V 10 “A
loz | Off-state output current Vo=5.25V, OE= 5V 10 A
lcct Supply current from Ve (standby) CE =Vin. OE =V 15 30 mA
lco2 Supply current from V¢e (operating) OE =CE = VL 85 150 mA
VoL Low-level output voltage loL =2.1mA 0.45 \ —‘
VoH High-level output voltage loH= — 400 A | 2.4
I
Switching Characteristics (ta=0 70, voc=5V+ 5%. unlessotherwise noted. )
Limits
Symbol Parameter Test conditions  — T —— uUnit
Min yp Max
o (Note 1)
M5L 2732K o 450 ns
ta(a) Address access time OE - CE =ViL tr=20ns r —
M5L 2732K —6 550 ns
- — 1f=20ns -
| M5L 2732K - 450 ns
ta(ce) | Chip enable access time 1 OE =V ViL=0.8V —T—1—
MSL 2732K —6 550 ns
ViH=2.2V —
MS5L 2732K . 150 ns
ta(oe) Output enable access time CE = VL Load: — @r —
MS5L 2732K — 6 100pF+1TTL | 200 | ns
tv(0E) Data valid time after output enable OE = Vi 1 0 100 ns
tv(cE) Data valid time after chip select CE - ViL [ o 100 ns
tv(a) Data valid time after address OE -CE Vi | 0 ns
1
Note 1: at Ta = 25°C and normal supply voltage.
TIMING DIAGRAMS (Read Operation) Mod
Power-Down Mode
When power-Down Mode Not Used Vir
Vin f ) Roman X
A0~ A1 I
\%
I V(A __ VH
ViH La(oE) S CE
— ViL t
oF Vie Vi vog ta(ce)
t OH ey
ala) tv(0E) Do~D7 /E
VoH - “
Do~D7 X vou Note 2: Th line indi
ote e center line indicates
Vou \\\ [// a floating (high-impedance)
/4 \ state
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MSL 2732K, K-6

32 768-BIT(4096-WORD BY 8-BIT)
ERASABLE AND ELECTRICALLY REPROGRAMMABLE ROM

PROGRAM MODE
Recommended Operating Conditions (Ta=25+ 5C. unless otherwise noted. )

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \
Vpp Supply voltage 24 25 26 \%
GNG Supply voltage 0 \Y
ViL Low-level input voltage -0.1 0.8 \%
Vin High-level input voltage 2.2 Vee + 1 V
Electrical Characteristics (Ta=25+ 5C. Vooc=5V+ 5%. Vep=25% 1V. unless otherwise noted. )
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
e High-level input current. address, CE. inputs VIN=5.25V 10 A
Ipp Supply current from Vep CE = Vi 30 mA
lce Supply current from Ve 150 mA
Tlmlng Requirements (Ta=25+5 C. Voc = 5V i 5%. Vpp =25+ 1V. unlessotherwise noted.)
. Limits X
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(a CE) Address setup time before chip enable s
tSU(OE CE) Output enable setup time before chip enable 2 “s
tsu(pQ CE) Data input setup time before chip enable 2 "ws
th(Ce A) Address hold time after chip enable 2 i"°s
th(ce 0€) Output enable hold time after chip enable 2 ”s
th(ce DQ) Data input hold time after chip enable 2 ”"s
Th(vppl-CEH)| Chip enable high hold time after Vpp low 2 25
tw(ce) Chip enable pulse width 45 50 55 ms
Switching Characteristics Ta=25+ 5T, Vco= 5+ 5%, Vep =25+ 1V, unless otherwise noted. )
Limits
Symbol - Parameter Test conditions Unit
Min Typ Max
tv(ce)pr| Datavalid time after chip enable in program mode 0 120 ns

Timing Diagram (for Program and Verify)

ViH

Apg ~ A1 ) ADDRESS N i ADDRESS N+1
ViL
tsu(A-CE) th(ce-A) |
ViH/ Vo \
Do —~D7 H
ViLVou
tv(ce) PR
e T
E/Vpp tsuiog ce:|  thice-DQ) x |
V. [ I
L tsu(oe ce) th(ce OE)
————f e h(vpp -CEH)
ViH | twice)
CE
Vie
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SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

MS58496-XXXP

DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M58496-XXXP is a single-chip 4-bit microcomputer S
fabricated using CMOS technology. Its features are liguid $555535585588888
crystal display direct drive circuit, current saving circuit RAAFRFARRARARARRR
for back-up of a 22-stage frequency divider and RAM. LCio E o OlEm coms
This device is designed for applications in which clock o B B o
o . . . . te, [ [ come
and liquid crystal display functions are included and where Los 5] &) ReseT (Ov)
the low-power dissipation achieved by CMOS is especially o E % Xaor
important. té; % E%:sm(om
FEATURES ol 5 o
® Single 5V power supply A B
® Basic machine instructions . ........... A o E % o
® Basic instruction execution time (at 4.2Mhz) . . . .7.7us S =
® Memory capacity: ROM: 2048 words x 10 bits o B = o
Internal RAM: 128 words x 4 bits "o M58496- XXXP o
External RAM: 256 words X 4 bits BEREEEECEREE RS
® Internal crystal oscillation circuit zg % § %w £58%994 254
® |Internal 22-stage frequency divider ;’ N S Outline 72P2
® |ow voltage detector circuit e Input port (port F) Bt Dit
® Internal current saving circuit while idling TP RAEEE AL r e s s s m s s s s .
® Subroutinenesting ................... 3levels : ?utputport(p?rtP)...,.........._.., 2x1 bit
e Internal timer: Prescaler: 7 bits nterrupt function ............. 4factors, 1 level
Timer: 4 bits APPLICATIONS
® Output ports for liquid crystal display ® Electronic cash registers and calculators with printer
segment signal (port LC): 25 bits ® Office machines, intelligent terminals and data terminals
common signal (port COM): 4 bits ® Electronic Games
® |/O Ports (ports KandS) ........ .+.....2x4 bits @ Electronic coin and changer machines
® OQutputport(portD). ............. ... 1x1bit e Sewing machines
BLoﬁw'gﬂr\JDAl!e(sngMiNTERNAL IQ‘QSSQ?TI' CLOCKRFCOR EREQUENCY
ON/OFF INPUT POWER ON INPUTS ~ (5V)(5V) (0.8v) TIMING OSCILLATION D,;é's%‘%ﬂ l@%\%\é%EAGE
Pwon PWOFF  RESET(ONI. INTAR WTe VooVoo Ves Vio 0 Es  mreur miNPUT INPUT
- {50

SKIP CONTROL
CIRCUIT — TiMER TM,

Y ) Y 22-ST/-\GE

FREQUENCY DIVIDER —,
BINARY
COUNTER

(19),

Ti~T

T™ REGI R PR ALER
INTER ™ F‘) )

_____ NAL
RENT SAVING POWER SUPPLY
T U (4)

X' (4)| Y (4)

G -

GRRE
LOW VOLTAGE
DETECTOR CIRCUIT

4 i

RAM mmm[) ROM
128 WORDS | = REGISTER 5K (1) 2048 WORDS
%, x4 BITS  |STACK REGISTER sk1(1) 48 woRRs

ADDRESS DATA| STACK REGISTER SK0(11) |ADDRESS DATA

CcY’ (1)
1

CARRY F

DATA POINTEEDP

LAG ' PCu(a) | POL(T)
DATA POINTERDP

~

PROGRAM COUNTERPC

CARRY F
CcY (1)

LAG

r3 a

KoKiKz Ky S0S)S283 LGy LC; LC4 LCs LCs LCioLCiz LCia LCig LCus LC20 LG22 LC20 COM; COM3 Pg P, FgF;Fz F3FsFsFgFy DgDyD;D3D4Dg0gD70gDsD1g

LGy LC3 LCs LCy LCg LGyt LC13 LCys LC17 LCig LCo11LC23 GOM,y COM2

PORT P PORT F PORT D
(@) (8) Q)

[ — —
/0 PORT K 1/O PORT S OUTPUT PORT LC FOR OUTPUT PORT COM FOR OUTPUT OUT[FU’:_T gg;@ug

LIQUID CRYSTAL DISPLAY LIQUID CRYSTAL DISPLAY PORT P POR
(COMMON SIGNAL)

(SEGMENT SIGNAL)
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MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

FUNCTION

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

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

The return addresses for subroutines and interrupts are
saved in one of the 11-bit stack registers. The stack consists
of 3 stack registers (SK2, SK1, SKO) and when interrupts
are expected 1 level should be reserved for interrupt pro-
cessing. When an interrupt request is accepted control is
transferred to fixed addresses as follows: in case of an
internal power on reset signal (RESET (ON)) the program
is set to page O address O, for the INTp signal it is set to
page O address 2, for the INTg signal it is set to page O
address 4 and for the output signal INTT (second signal)
of the 22-stage frequency divider it is set to page O
address 8.

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

PERFORMANCE SPECIFICATIONS

pointer. The internal RAM can be augmented by external
RAM consisting of up to 16 files of 16 words. The external
RAM is addressed by the 8-bit combined register Y (4 bits)
and register B (4 bits).

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

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

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

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

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

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

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

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

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

Item Performance
Number of basic instructions 77
Execution time of basic instructions 7.7us (Vec=5V, f=4.1943MHz)
Clock frequency - | 250~s25KHz
ROM 2048 words x 10 bits
Memory Capacity Internal RAM 128 words x 4 bits
External RAM 256 words x 4 bits
WMVH«MVﬁ Lc Liquid crystal 25 x 1 bit (Note 1)
COM display output 4 terminals x 4 bits
Input 4 bits
K Output 4 bits (Note 2)
1/0 Port Input 4 bits
s Output 4 bits (Note 2)
) Output 11x 1 bit (open drain)
F Output 8 x 1 bit (Note 2}
P Output 2x 1 bit (Note 2)
Frequency divider 22-stage built in
Current saving circuit Builtin
Low voltage detector Builtin
Subroutine nesting - 3 levels (including 1 level of interrupt)
Interrupt request T 4 factors, 1 level
Clock generation circuit Built in (4.1943 MHz crystal oscillator external)
N Qutput voltage 6V (max)
Input/output port
Output current -0.5 mA (max)
Vee 5V (nom)
Power supply voltage: Vs oV Note 1: Port LC can be extended to a maximum
Liquid crystal display driving supply voltage 0.8V (nom) of 26 bits, but other ports are elimi-
Element structure CMOS nated.
. - 2: Ports K, S, F, and P are connected to
Package N 72-pin plastic molded flat package high-impedance pull-down resistors.
Power dissipation In operation 5mW (Vee=5V, 525 kHz) When high driving current is required,
(open output terminals) In idle 1.56mW (Vee=6V, 525 kHz) external resistors are required.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

. Input or At reset
P
n Name J output (internal power-on) Function
XIN gﬁ’)’éf?n‘;ﬁ“a"o” Input — Incorporates the clock oscillation circuit, for setting the frequency. An oscillation
reference device such as a crystal oscillator is connected between Xy and XouT.
L When an external clock is used, connect the clock oscillation source to the Xy pin
X Source oscillation Output _
ouT clock output and leave the XouT pin open.
!
Internal power on input Input — . - .
PWON P P npy | Incorporates the power saving circuit. Its control inputs are PWON and PWOFF.
i
The 22-stage frequency divider and RAM are put in the idle state by a PWOFF
PWOFF Internal power off input Input —_ input.
RESET (pv) Frequency divider Input = Incorporates the 22-stage frequency divider as the crystal oscillation reference
reset input device. This is a reset input for the frequency divider.
BDIN Low voltage Input o The low voltage detector circuit is built in. A resistor should be connected to the
detector input BDIN pin for voltage sensing.
Interrupt request . . . . . -
INTA A signa? ques Input Interrupt disable This input signal is for an interrupt request. The request is accepted on the rising
edge of the signal. Besides these external input signals, an interrupt request INTT
interrupt request L. . . .
INTB B signal Input Interrupt disable from the 22-stage frequency divider output signal is sensed as an interrupt.
Liquid crystal displa iaui ; i : T f f -
LCg~LCa2s segment gu(pm play Output — Incorporates the liquid crystal display direct drive circuit. It is suitable for liquid
crystal display at 1/4 duty and 1/3 bias.
L X The output ports for direct drive of the liquid crystal display are port LC (LCo~
COMg~COM Liquid crystal display Output _ P a v play P (LCo
0 3| common output LC,4) and port COM (COM~COM;)
v Power supply for This is the power supply terminal for a liquid crystal display. It includes the bias
LC liquid S - - . .
° iquid crystal display resistor for the sé@yment and common signals.
g This output port consists of 11 bits. Each output is individually latched and can
Do ~D1o Output port D 5 Output — be selected to be set or reset by the contents of register Y. Also 8 bits of the
| port can be used to fetch 8-bit addresses for external RAM.
The output port consists of 8 bits. Each out is indivi
Fo~F1 Output port F Output Low level put pe output is individually latched and can be
set or reset by instructions.
This output port consists of 2 bits from which 1 synchronous signal of 1 machine
Po, P1 Output port P Output Low level cycle width can be output per instruction. The immediate 7-bit field of an instruc-
tion can be output through this port in combination with 5 bits of port F.
Ko —K3 Input/output port K Input/output Low level Ports K and S are 4-bit latched input/output ports through which data can be
transferred to and from register A. When output is low-level the output will be
So—S3 Input/output S Input/output Low level high-impedance so it can be used as an input port.
{
T2 Timing output Output —_ The timing output is used for testing the device.
9
Internal power-on When the internal power supply is switched on, a built in automatic reset circuit
RESET(ON) | reset signpal Output High level

generates a high-level reset signal that resets the 1/0 ports.
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MITSUBISHI MICROCOMPUTERS

MS8496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

OPERATIONS

Program Counter PC

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

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

Stack Registers SKO, SK1, SK2

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

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

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

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

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

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

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

Register B (Auxiliary Register)

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

Arithmetic Logic Unit (ALU)

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

Frequency Divider and Timer

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

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

Power Saving Circuit

The power saving circuit is controlled by the CK flag and
PW. Its output is input to the internal power supply reset
circuit and generates an interrupt request signal RESET
(ON). Control is transferred unconditionally to address O

on page.0 and resets the 1/O ports. The interrupt request
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M58496-XXXP

SINGLE-CHIP 4-BIT CMOS MICROCOMPUTER

signal RESET (ON) generates on the rising edge of inter-
nal power supply on reset output. Internal power supply
is switched off by the external terminal and stop instruc-
tion, but power is maintained to the following circuits:

1. Internal data memory (RAM)

2. Clock oscillation circuit

3. 22-stage frequency divider

4. Low voltage detector circuit

5. Power saving circuit

Low Voltage Detector Circuit

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

Interrupt Functions

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

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

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

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

(1) Program counter

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

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

(3) Skip flags

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

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

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

1/0 ports K, S

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

Output port F

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

Output port P

Port P is a 2-bit latched output port, that is usually in low-
level, but can output the machine cycle high-level synchro-
nous signal by SP, or SP; instructions. The 7 bits (Fs~
Fo., P1, Po) can be used for direct fetching of the imme-
diate field of the OTRO instruction.

Output port D

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

MITSUBISHI
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Liquid Crystal Display Drive Circuit
The liquid crystal display direct drive circuit is composed
of the following units. A block diagram of the units is 4
shown in Fig. 1.
1 Control counter for the liquid crystal display
This is an octal counter composed of 3 bits and is
counted down by the ELC instruction. The contents
of the counter select 1 bit of register A and transfer 5
data in order to the segment register RLC by the TLC
instruction and determines the frame frequency for
the liquid crystal display by transferring the contents
of the counter to common register RCOM.

Register A

N

This 4-bit register is the accumulator. Its function is
to control data processing, arithmetic operations con- 6
trol functions and input/output of the microcom-
puter.

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

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

Common register RCOM

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

Port LC

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

Port COM

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

REGISTER A

BIT DESIGNATION

ELC INSTRUCTION
COUNT DOWN
_|CONTROL COUNTER FOR

MULTIPLEXER

REGISTER RLC

1LIQUID CRYSTAL DISPLAY|
4

REGISTER RCOM

5 v

Voe RLCDJ RLC, ]RLC; RLC3 I SE [RLCZAIRLCZSJ chomo]Rcom l HCOMQIRCOMg] CC
s

S S
2 134 (Voee— Vico) + Vico T - T T T Voo e
] PORT LC PORT COM P
£ Y (Vee—Vien) + Viep| w
o o
w
2 | % (Voc—Vicp) + Vicn 2
2 / Vico ®

Vico LCg LCy LC, LC3 LCza
SUPPLY VOLTAGE FOR LIQUID SEGMENT SIGNAL OUTPUT

CRYSTAL DISPLAY

o O

COMo COM1 COM2 COM3
COMMON SIGNAL OUTPUT

Vico

Fig. 1 Liquid crystal display drive circuit block diagram
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BASIC TIMING CHART

Machine cycle My
B Signal name a7 Symbor State T ;{TZ ;F_‘ T3 N Ta
Clock signal (Note 3) 7] /——_\_—/_——\“/———\*__—\__—
Timing output T2 :
Port D output Do—~D1a |
Port F output Fo—~F7
Port P output Po.P1
Port K output Ko —K3
Port K input Ko~ K3
Port S output Sp—~S3
Port S input So~S3 <
interrupt request input INTA-INTg

Note 3:

INSTRUCTION FETCH TIMING

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

4: XZX indicates an invalid signal input.

\'\\»\‘ Machine cycle Mi Mi +1 Mi +2
- T —
Instruction cycle ——_ State T T2 T3 Ta T T2 T3 | Ta T1 T2 T3 Ta
Instruction fetch I B (Note 5) ]
Instruction execution |
——— (Note 6)
—
Note 5: Instruction fetch time can differ depending on the types of the instructions.
6: The instruction which was fetched in the preceding cycle is executed.
7: The execution of the instruction and addressing of ROM and RAM are performed simultaneously.
Machine cycle:
- achine Mi Mi +1 Mi +2
Signal neme L syp- State | T, T2 T3 | Ta T T2 { T3 l Ts T L T2 | Tz | Ta
Port D output Do~Dio
Port F output Fo~F7
Port P output Po . P1 L [
Port K output Ko~K3
Port K input Ko~ K3z
Port S output So—S3
Port S input So~S3
Port LC output LCo~LCa (Note 9)
Port COM output COMo~ COM3
(Note 10) |
Note 8: When an OTRO instruction is executed, the output is latched.
9: Output voltage of port LC depends upon power supply V| cp for the liquid crystal display.
10:  Output voltage of port COM has 3 levels depending on the power supply V| cp for the liquid crystal display.
ELECTRIC 6—9
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BRANCH AND SUBROUTINE CALL INSTRUCTION EXECUTION TIMING

Machine cycle M;

M +1 Mi+2
Operation State T J T2 I T3 I Ta Ti l T2 1 T3 [ Ta Ta I T2 l T3 ] Ta

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

Program counter ! 4! —_! ]
(PGL) «xy | (PCL)«—(PCL) +1 (PCL) «(PCL) +1
ROM address |..____4 |
+ (ROM address) «(PC) (ROM address) <—(PCI)
i A1 | L | |
E t f T n n 1
xecution of program Execution of the branch instruction Execution of the instruction storLed in the br‘anched add,ress

Instruction B,y (to be operated as the branch instruction to page15,when the instruction BMorBMA was executed before).

Program counter ! | ‘l ] I
(PCy) 15 (PCL) «—(PCL) +1 (PCL) «(PCL) +1

(PCL) <
ROM address i
{ROM address) «(PC) {ROM address) «(PC)
Execution of pro I | I | 1 | J
gram - - - - {
Execution of the branch instruction Execution of the instruction stored in the branched address on page 15
Instruction BM,y, (subroutine call instruction).
Program counter ! II I l
(PCy) 14 (PCU+(PCL) +1 (PCL—(PCL) +1
(PCL) «=xy |
ROM address
(ROM address) « (PC) (ROM address) «(PC)
Stack register ‘!
(SKz) «~(SK1) «-(SKg) «~(PC) }
Execution of program ! } l - - - 4 i
Execution of the subroutine call instruction | Execution of the instruction stored in the subroutine called address
Instruction BL p,xy (branch instruction).
Program counter l J ] ] I
Temporary 1 —
(LZT;E’;’,’”V) P [(PCU—(PCY +1 (PO ((idter ) (PO “~(POL) +1 (PCL—(PCL) +1
ROM address (PCU«xy
(ROM address) «(PC) (ROM address) «—(PC) (ROM address) «—(PC)
. | | ] | | 1 | | |
Execution of program Page number is stored temporarily Execution of branch instruction T Execution ot the instruction stored in the
N N o - b
Instruction BML p, xy (subroutine call instruction). ranched address
Program counter L 1 J J T | —!
Temporar - . (Temporan - + PCL) «(PCL) +1
(regisler V) P (PO« (PCL) +1 (PCw) (register y) (PC\-)1 (PCL) 1 (PCL)«(PC)
ROM address (PCL) r‘__xy_‘
(ROM address)«—(PC) (ROM address) «—(PC) (ROM address) «—(PC)
Stack register I
(SKz) «(SK 1) «=(SKg) «—(PC)
| | Execution of the instruction
Execution of program Page number is stored zempérari!y Execution of the subr)outme call instruction stored in the subroutine called address
Note 11:

The instructions BA, BMA, BLA and BMLA have the same execution timing as B, BM, BL and 3ML respectively as shown. The only difference is that (PC ) < xy
is replaced by (PC_) < x{(A).

INTERRUPT EXECUTION TIMING

Machine cycle | M, _, M, Mi+1 M +2
Operation State Ta Th T2 T3 Ta T T, T3 Ta T T2 T3 Ta
Interrupt request input INTA
(Note 13)
Program counter (PC)
(PCL)«—(PCL) +1 (PCL) «(PCL) (PCr) 0 (PCL)«—(PCL) +1
(PC) <2
ROM address
(ROM address) «—(PC) (ROM address) «——(PC) (ROM address) «—(PC)
Stack register
(SK2)«(SK) «(SKg) « (F‘C){
Execution of program ' .
prog no execution (skip)

Note 12: When the instruction executed in the machine cycle Mi4q isa BL, BML, BLA or BMLA, the value of address 2 of page O is stored in the program counter during M;3.
13:  The interrupt request input INTg has the same execution timing as INT. If the input is low level in the machine cycle M_; and high level in the machine cycle M;,
the interrupt is executed during the interrupt enable state.

MITSUBISHI
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INSTRUCTION CODE LIST

Ds~Da 00 1110 | 01 0000 | 01 1000 | 10 0000 | 10 1000 | 11 0000 | 11 1000
00 0000 | 00 0001 | 00 0010 | OC 0011 { 00 0100 | 00 0101 | 00 0110 | 00 0111 | 00 1000 | 00 1601 | 0C 1010 | 00 1071 § 00 1106 | 00 1101| \ ! y \ ) \
%{»‘9 [RERRREANCTERY K TRRERRN RN IERR AT IRTRTM RRNIERN REIRTRL
%,
D3 $2% |00 |01 o2 |03])oa |05 |06 |07 08|09 |0Aa|oBfoc |o0D [oe-oF10-17f18~1F |20~27] 28~2F |30-37|38-3F
~ Do\,
BL
szB | SEY | SEI | SF | gla TAM |XAMD| A LA
0000 |0 | NOP | TLC | INY - RAR - |oTROfLxY | BM [BMA | B BA
0 0 0 o | BML 0 0 0 0
BMLA
BL
szB | SEY | SEI SF | gLA TAM |xAMD| A LA
0001 |1 |SCOM | DIKS | DEY BML ~ - - |oTRO|Lxr | BM |BMA | B BA
1 l 1 T IBMLA 1 1 1 1
BL
$zB | SEY | SEI | SF | g a TAM [xAaMG| A LA
0010 [ 2] EIA | SFK | XDP * 1K - lotRolixy | Bm !Bma | 8 BA
2 2 2 2 | BML 2 2 2 2
BMLA
- . .
szB | SeY | sEl SF BBLLA TAM |XAMD| A LA
0011 3] DIA | sFs | Tva SEAM| 1S OTRO| LXY | BM [ BMA | B BA
3 3 3 3 | BML 3 3 3 3
BMLA
BL
SEY | SEI | SF | g a TAM [XAMD| A LA
0100 (4] EIB * sc RT x | TBA - |OTRO|LXY | BM |BMA | B BA
) ) a BML a 4 4 4
BMLA
BL
SEY | SEI SF | aLA TAM |XAMD| A LA
0101 |s] oiB | DILC | RC | RTS TAY - - JoTRO|LXY | BM |BmMA | B BA
5 5 s | BML 5 5 s 5
BMLA
BL
SEY | SEI SF | mLa TAM |XAMD| A LA
0110 | 6 {DETS| x XC RTI AND | XAB - |oTRO|LXY | BM |BMA | B BA
6 6 6 |BML 6 5 6 6
B8MLA
BL
SEY | SEI SF | aLa TAM |XAMD| A LA
0111 | 7|DETR | ELC * * EXL | TAB OTRO| LXY | BM | BMA | B BA
7| 7 | BML 7 7 7 7
BMLA
BL
SEY | SEI | RF | g a SB | XAM [xami | A LA
1000 (8| EIT | SPO * * * - |oTRO|LXY | BM [BMA | B BA
8 8 o | BML 0 0 o 8 8
BMLA
BL
SEY | SEI RF | BLA sB | XAM [ xami| A LA
1001 | 9| DIT * sD * amL | CMA — |OTRO|LXY | BM | BMA | B BA
9 9 T | emia 1 1 1 9 9
BL
SEY | SEI RF | BLA sB | XAM | xami| A LA
1010 {A|STM | SP1 * * AM - |oTROfLxY | BM [BMA | B BA
10 10 2 | BML 2 2 2 10 | 10
BMLA
BL i
SEY | SEI RF | BLA SB | XAM | XAMI| A LA
1011 |B|POF2| x * x * OTRO| LXY | BM | BMA | B BA
1 " 3 | BML 3 3 3 1 1
BMLA
- BL
SEY | SEI RF | BLaA RB | XAM [ xAMI| A LA
1100 |C | POF1{OTAD| % * BML. * - |oTRo|Lxy | BM |{BMA | B BA
12 12 4 0 4 4 12 12
BMLA
BL
SEY | SEI RF | BLA RB | XAM | xAMmi| A LA
1101 |D|SDET| x RD * * — |oTRO|LXY | BM |BMA | B BA
13 13 5 | BML 1 5 5 13 13
BMLA
BL
SEY | SEI RF | LA RB | XAM | XAMI| A LA
1110 |E]| TT™ |ADRT| = x BmL | AMC — |oTRO|LXY | BM |BMA | B BA
14 14 6 2 6 6 14 14
BMLA
BL
SEY | SEI | RF | g A RB | XAM [ xAMI| A LA
111 [F] TCK | TPW x | szc BML |AMCS — |oTRO|LXY | BM |BMA | B BA
15 15 7 3 7 7 15 15
BMLA
Note 14: This list shows the machine codes and corresponding machine instructions. Two-word instructions
D3~D, indicate the low-order 4 bits of the machine code and Dy~Dy4 indi-
cate the high-order 6 bits. Hexadecimal numbers are also shown that repre- Second word
sgm the coées_‘An instruction may anS|§t o.f one orfwo wor.ds,btn only the BL 11 0xxx yyyy
first word is listed. Code combination indicated with asterisk (*) and bar
(—) must not be used. BLA 11 Ixxx XXXX
BML 10 Oxxx yyyy
BMLA 10 Ixxx XXXX

MITSUBISHI
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MACHINE INSTRUCTIONS

item instruction code ‘g 12 N
Mnemonic Hexa- E .? Functions Skip conditions %
Class DgDg D7DgDsDs  D3D2D1Dg °l e 2
ification decimal| 2 | 2
- LXY x,y 01 1xxx yyyy |18y | 1 1 | (X)«<x, where, x=0~7 Consecutively X
8 + described
}: x (Y)<y, where, y=0—15
;: INY 00 0010 0000|020 1| 1| (Y)«(Y)+1 — X
« DEY 00 0010 0001 [021 ] 1| 1| (Y)—(Y)—1 — X
% TAB 00 1001 0111 [097| 1| 1/(A)(B) — x
5 | 1BA 00 1001 0100|094 1| 1(B)(A) — x
z XAB 00 1001 0110|096 1| 1| (A)<(B) — X
s TAY 00 1000 0101 085 1| 1| (A)<(Y) — x
5 |TYA 00 0010 0011 (023 1| 1[(Y)—(A) — x
'E; XDP 00 0010 0010 [022| 1| 1| (DP)<(DP’) — x
5 TAM j 00 1010 Ojjij |OAj| 1] 1| (A)<—(M(DP)) — x
% (X)«=(X)¥j, where, j=0~7
g XAM j 00 1010 1jjj 0AB| 11 (A)«=(M(DP)) X
R i (X)<(X)¥j, where, j=0—~7
5 XAMD j 00 1011 0jjij |O0Bj| 1| 1] (A)=(M(DP)), (Y)—(Y)—1 (Y)=15 | X
° (X)=(X) ¥, where, |=0~7
é XAMI j 00 1011 1jiji osf 11 1| (A)<>(M(DP)), (Y)<—(Y)+1 (yY)=o0 X
o« i (X)«=(X)¥ |, where, |=0~7
LA n 00 1101 nnnn | ODn| 1| 1| (A)<n, where, n=0~15 ggg\cssg:gvew X
AM 00 1000 1010 |08A| 1| 1| (A)«(A)+(M(DP)) — x
AMC 00 1000 1110 |08E| 1| 1] (A)«(A)+(M(DP))+(CY) — 0/1
(CY) <« Carry
AMCS 00 1000 1111 |08F| 1| 1]|(A)—(A)+(M(DP))+(CY) (cY)=o0 |0/1
(CY )« Carry
© An 00 1100 nnnn OCn| 1 1| (A)«(A)+n, where, n=0—~15 Carry =0 | X
B sc 00 0010 0100|024 1| 1|(CY)«1 _ 1
§ RC 00 0010 0101 |025| 1| 1| (CY)«0 - 0
xc 00 0010 0110 (026 1| 1[(CY)=(CY") — @)
szc 00 0011 1111 |03F| 1| 1|Skipif (CY)=0 (cY)=o0 x
AND 00 1000 0110 /(086 1| 1| (A)<(A)A(M(DP)) - X
EXL 00 1000 0111 |087| 1| 1| (A)—(A)v¥(M(DP)) — x
CMA 00 1000 1001|089 1| 1| (A)—(RA) — X
RAR 00 1001 0000 |080| 1| 1| (An—1)«(An) — (Ao)
(CY)«(A0), (A3)«(CY)
SB i 00 1001 10ii |098] 1| 1| (Mi(DP))«1, where, i=0~3 — X
i
H RB i 00 1001 11i i oef 1| 1| (Mi(DP))«0, where, i=0~3 - x
§ i
z SZB i 00 0011 0O0i i [03i]| 1| 1|Skipif (Mi(DP))=0, where, i=0~3 (Mi(DP))=0 | X
where, i =0~3
SEAM 00 1000 0011|083 1| 1|Skipif (M(DP))=(A) (M(DP))=(A) | X
SEY y 00 0100 yyyy O4y| 1 1 | Skip if (Y)=y, where, y=0~15 (Y)=y, where, | X
® y=0~15
é SEl n 00 0101 nnnn [0O5n| 1 1 | Skip if (A)=n, where, n=0~15 (A)=n, where, | X
8 n=0~15
scom 00 0000 0001 |001| 1| 1 |Skipif (SCA=0) and (SCB=0) SCA=0and | X
scB=0
MITSUBISHI
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Item Instruction code 8|8
s |2 S
f 3 o . . L. o
Mnemonic Hexa | w | « Functions Skip conditions Ed
Ciass DgDs D7DgDsDs D3D2D1Dg ° 1 ° &
ification decimal S s
B xy 11 Oxxx yyyy |[3xy | 1|1 |(PCL)—16x+y - X
(Note 15) (PCH) <15, (PCL)<«16x+Yy
BL pxy 00 0111 pppp|07p| 2|2 |(PCH)p — X
11 Oxxx yyyy|3xy (PCL)«—16x+y
E BA xX 11 1xxx XXXX|38X| 1| 1/[(PCL)—16x+(A) - x
& x
(Note 15) (PCH) <15, (PCL)<16x+(A)
BLA pxX 00 0111 pppp |07p | 2| 2 | (PCH)<p — X
11 1 xxx XXXX 32X (PCL) < 16x +(A)
x
BM xy 10 Oxxx Yyyyy|2xy 1 1 | (SK2)«—(SK1)«(SK0)<—(PC) — X
(PCH) <14, (PCL)<16x+y
(Note 15) (PCH) <14, (PCL)<«16x+y
- BML pxy 00 O111 pppp|O7p | 2| 2 |(SK2)«(SK1)«(SK0o)—(PC) - X
g 10 OxxXx Yyyyy|2xy (PCH) <—p, (PCL)<16x+Yy
g BMA xX 10 1 xxx XXXX Zix 1 1 | (SK2)«<(SK1)«(SKo)<(PC) — x
3 x (PCH) <14, (PCL)<16x+(A)
(Note 15) (PCH) <14, (PCL) <« 16x+(A)
BMLA pxX| 00 O111 PpPPP|O7p | 2| 2 | (SK2)«<(SK1)«(SKg)<(PC) - x
10 1xxx XXXX zix (PCH) «—p, (PCL)<«-16x+(A)
x
RTI 00 0011 0110|036 |1 1 | (PC)«=(SKp)«(SK1)«(SK2) — X
g Restore interrupt skip flags
& RT 00 O0O0O11 0100|034 | 1 1| (PC)«<(SKp)«(SK1)«(SK2) — X
RTS 00 O0O11 0101|035 | 1 1| (PC)«(SKD )« (SK1)«(SK2) Unconditional | X
DIKS 00 0001 0001|011 1 1 | Port K and S go to floating state — X
IK oo 1001 0010|092 1 1| (A)«—(K) — X
I1s 00 1001 0011|093 | 1| 1| (A)—(S) - X
SFK 00 0O0O0OO1 0010|012 1 1] (K)«—(A) X
SFS 00 0O0OO1 0011|013 1 1] (8)—(A) — X
SD 00 0010 1001|029 1 1| (D(Y))«1, where, 0=(Y)=10 — X
RD 00 0010 1101|02D | 1| 1| (D(Y))«0, where, 0=(Y)=10 - x
ADRT 00 0O0OO1 1110 | 01E 1 1] (D)<0 — X
OTAD 00 0O0O01 1100 |01C | 1 1| (D7~Ds)<(B) — X
2 ‘ (D3~Do)«=(Y)
E]
3 SF m 00 0110 Ommm|06m | 1| 1| (Fm)«1, where, m=0~7 — x
5 RF m 00 0110 1mmm|068 | 1| 1| (Fm)«<0, where, m=0~7 — x
+
m
OTRO mn 01 Ommm nnnn|imn| 1 1| (Fo~F3)«<n, where, n=0~15 — X
(Fa, Po, P1)<m, where, m=0~7
SPO 00 0O0OO1 1000|018 | 1 1| (Po)<1 — X
SP1 00 00O1 1010 |01A | 1 1| (P1)«1 — X
TLC 00 0O0OO1 0000 | O10 1 1| (R(LCo0))«(Ai), where, i=0~3 — X
(R(LCn+1))«—(R(LC n))
ELC 00 0OO0OO1 0111|017 1 1| (P(LCn))«—(R(LCn+1)) — X
(P(COMn))«(R(COMn))
DLC 00 0O0O1 0101|015 1 1| (P(LCn))«(R(LCn+1)) — X
(P(COM)) <+ (Vcc—VLeD) +Viep
. MITSUBISHI
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Item Instruction code 8|8
Mnemonic Hexa | = | = Functions Skip conditions | o
Class DgDg D7DgDsDs D3D2D1Dg 519 &
ification decimal| 2 2
EIA 00 0000 0010 (002 1 1 | Enables interruption of INTa signal. —_ X
DIA 00 0000 OO0O11 (003 | 1 1 | Disables interruption of INTA signal. — X
g EIB 00 0000 0100|004 1 1 Enables interruption of INTg signal. — X
é DiIB 00 0000 0101 005 1 1 | Disables interruption of INTg signal. — x
- EIT 00 0000 1000 |008 1 1 | Enables interruption of INTT signai. — x
DIT 00 00O0OO 10061 |009 1 1 | Disables interruption of INTy signal. — X
s STM 00 0000 1010 [00A| 1| 1| (TM)«<(A), (TM F/F)«<0 - X
€ 7-bit prescaler presetting
" TT™M 00 0000 1110 |00E 1 1 | Skip if (TM F/F)=1 (TMF/F)=1| X
_ TCK 00 0000 1111 |COF |1 1 | Skip if (CK F/F)=1 (CKF/F)=1| X
§ POF1 00 0000 1100 00C | 1 1| (CK F/F)«0 — x
§ POF2 00 0000 1011 008 1 1| (PW F/F)«0 — X
g TPW 00 O0OO1 1111 |01F | 1 1 | Skip if (PW F/F)=1 (PWF/F)=1| X
% DETS 00 0000 O110 006 i 1| (DET F/F)<«1 — X
& DETR 00 0000 O111]|007 1 1| (DET F/F)<0 - RS
SDET 00 0000 1101 00D 1 1 | Skip if (BDouT)=1 (BDouTt)=1 | X
Misc. NOP 00 0000 0000|000 1 1 | No operation — X
Note 15: Instructions B, BA, BM or BMA execute the second function of the functions column when executed, provided that none of instructions

RT, RTS, BL, BML, BLA or BMLA was executed after execution of instruction BM or BMA.
16: When the M58496-XXXP generates a skip it is not necessary to increment the program counter so no additional cycles are required for

execution.
Symbol Meaning Symbol Meaning
A 4-bit register (accumulator) P(COMn) Common output port for liquid crystal display
Ai Indicates the bits of register A, Where i=1~3 P(LCn) Segment output port for liquid crystal display
B 4-bit auxiliary register PW F/F 1-bit power supply control flag display
BDouT Battery detector signal R(COMnN) Common register for liquid crystal display (4 bits)
CK F/F 1-bit 1-second flag R(LCn) Segment register for liquid crysial display (25 bits)
cY i-bit carry flag S 4-bit 1/0 port
cY’ 1-bit carry flag SCA Output of bit A of control counter for liquid crystal display
D 11-bit output port SCB Output of bit B of control counter for liquid crystal display
Di Indicates the bits of port D. Where i=0~3 SKO0 11-bit stack register
D(Y) The bit of port D addressed by Y SK1 11-bit stack register
DP 7-bit data pointer composed of register Y, X SK2 11-bit stack register
™ 4-bit timer/counter
Y, Y 4-bit register ™ F/F 1-bit timer/counter flag
X, X' 3-bit register XX 2-bit binary variable
DP’ 7-bit data pointer yyyy 4-bit binary variable
DET F/F 1-bit battery detector flag mmm 3-bit binary variable
F 8-bit output port nnnn 4-bit binary variable
Fi Indicates the bits of port F. Where i=0~7 ii 2-bit binary variable
K 4-bit 1/0 port Wi . 3-bit binary variable
M (DP) 4-bit data of memory addressed by data pointer DP XX XX 4-bit unknown binary variable (the value does not af?ect
— Indicates direction of data flow execution)
Mi(DP) A bit of data of memory addressed by data pointer DP ( ) Indicates contents of register memory, etc.
where i=0~3 3 Exclusive OR
PC 11-bit program acounter composed of PC| , PCy AND
— Negation
PCL Low-order 7 bits of the program counter X Indicates flag is unaffected by instruction execution
PCH High-order 4 bits of the program counter Xy Label used to indicate the address
Po 4-bit output port c Hexadecimal number C + binary number-X
P 4-bit output port t
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

DESCRIPTION

The MELPS 8-48 LSI family is a low-cost high-performance
single-chip microcomputer series. The functions have been
integrated. For example the CPU, ROM, RAM, 1/O ports,
timer and other circuits are all on one chip. The MELPS 8-
48 family has the following three configurations to meet
the requirements of different applications for various ROM
and RAM capacities.

M5L8048-XXXP
ROM 1024 bytes
RAM 64 bytes
1/0 27 pins
M5L8049-XXXP
ROM 2048 bytes
RAM 128 bytes
1/0 27 pins
M5L8748S
EPROM 1024 bytes
RAM 64 bytes
1/0 27 pins

Timer and interrupt inputs are also built into these
chips. The program memory capacity can easily be expand-
ed to 4K bytes. The M5L8243P input/output expander
chip can be used to extend the |/O capability. The family
of microcomputers allows designers to fabricate systems
for applications simply and quickly.

The M5L8048-XXXP contains 1K bytes of read only
memory and the M5L8049-XXXP contains 2K bytes. The
contents of the memory is set by a mask during manufac-
ture. This makes it practical to mass produce ROMs con-
taining customer developed programs.

The M51L8748S contains 1K bytes of EPROM and is pin-
compatible with the M5L8048-XXXP. Its memory can be
electrically written and changed by the user. This chip can
be used while a system is being developed and subject to
modifications. Once the system has been checked out and
the program debugged, the program can be masked in the
M5L8048-X XXP.

A cross assembler, the MELPS 8-48, is available for use
with this family of microcomputers. Designers will find the
assembler convinient and easy to use.

BASIC FUNCTION BLOCKS

Program Memory (ROM)

The M5L8048-XXXP and M5L8748S contain 1024 bytes
of ROM, in the case of the M5L8748S, it is EPROM and its
contents can easily be changed by the user. 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

S——

0 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’’ section. Please refer to that
section for details.

The remaining section, addresses 32 and above, must
be accessed indirectly using the general-purpose registers
RO or 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
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Fig. 1 Block diagram of M5L8039P, M5L8048-XXXP and M5L8049-XXXP
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can then freely use register bank1 (addresses 24~31) with-
out destroying or altering data of the main program. When
the interrupt processing is complete and control is returned
to the main program by the RETR instruction, register
bank 0 (in this example) is automatically restored as the
working register bank at the same time the main program
counter is restored.

Addresses 0~31 have special functions, but when not
all of the registers are required, the ones not needed can be
used for general storage. This includes both banks of gene-
ral-purpose registers and the stack.

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

PC and 4 bits of the PSW. A 3-bit stack pointer is associ-
ated with the stack. This pointer is a part of the PSW and
indicates the top of the stack. The stack pointer indicates
the next empty location (top of the stack), in case of an
empty stack the top of the stack is the bottom of the stack.
The data memory addresses associated with the stack
pointer along with the data storage sequence are shown in

Fig. 3.

PC14|PCio| PCg| PCg|PCy PCg|PCs|PCy4|PC3|PC,2| PC1|PCq

Fig. 1 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. 2. 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

Fig. 2 Program counter

RAM REGISTER NUMBER
(DATA MEMORY ADDRESS)

STACK POINTER
Sz S1 So
1 1 1

R23
R22
R21
R20
R19
R18
R17
R16
R15
R14
R13
R12
R11
R10
psw(a)P03~n R9
PC4~7|PCo—3|R8
MSB LsSB

Fig. 3 Relation between the program counter
stack and the stack pointer
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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. 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 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 (Sq, Sy, S2)

Bit3: Unused (always 1)

Bit4: Working register bank indicator

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 STACK

—_—

C | AC|Fq | 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

S2

S1 STACK POINTER

So

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. 5. All terminals of ports
1 and 2 can be used for input or output.

ORL/ANL
5V 5v
cPU > ABOUT 50kQ
p
INTERNAL D Q ABOUT
BUS o PORT 1
PORT 2
3 JIJ TERMINALS
RESET GLK H;lr L
WRITE L
PULSE INPU/T]
<
BUFQ’
IN

Fig. 4 Program status word

Fig. 5 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 5kS2 or lower is inserted for
a short time (about 500ns when using a 6BMHz crystal oscil-
lator).

A port used for input must output all 1s before it reads
the data from the input terminal. After resetting, a port is
set to an input port and remains in this state, therefore it
is not necessary to output all 1s if it is to be used for input.
In short a port being used for output must output 1s before
it can be used for input.

The individual terminals of quasi-bidirectional ports
can be used for input or output. Therefore some terminals
can be in the input mode while the remaining terminals
of a port are in the output mode. This capability of ports
1 and 2 is convenient for inputting or outputting 1-bit or
data with few bits. The logical instructions ANL and ORL
can easily be used to manipulate the input or output of
these ports.
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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

Conditional jump instructions are used to alter program
depending on internal and external conditions (states).
Details of the jump instructions for the MELPS 8-48 can
be found in the section on machine instructions.

The input signal status of Ty, 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 Ty, T, and INT have other functions and uses
that are not related to conditional jump instructions. The
details of these other functions and uses can be found in
the section on terminal functions.

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 recognized and accepted, control is transferred to
the interrupt handling program. This is accomplished by an
unconditional jump to address 3 of program memory,
which is the start of the interrupt handling program, at the
same time the program counter and 4 high-order bits of
PSW are automatically moved to the top of the stack.

The interrupt level is one, so the next interrupt cannot
be accepted until the current interrupt processing has been
completed. The RETR instruction terminates the interrupt
processing. That is to say, the next interrupt can not be ac-
cepted until the RETR instruction is executed. The next
interrupt can be accepted at the start of the second cycle of
the. RETR instruction (2-cycle instruction). Time/event
counter overflow which causes an interupt request also will
not be accepted.

After the processing for an interrupt is completed con-
trol is returned to the main program. This is accomplished
by executing RETR which restores the program counter
and PSW automatical and checks INT and the time/event
counter overflow for an interrupt request. If there is an
interrupt request, the control will not be returned to the
main program but will be transferred to the interrupt han-
dling program.

An external interrupt has a higher priority than a timer
interrupt. This means that, if an external and timer inter-
rupt request are generated at the same time, the external
interrupt has the priority and will be accepted first.

When a second level of external interrupt is required,
the timer interrupt, if not being used, can provide this.
The procedure for this is to first disable the timer inter-
rupt, set the timer/event counter to FF,4 and put the CPU
in the event counter mode. After this has been done, if T,
input is changed to low-level from high-level, an interrupt
is generated in address 7.

Terminal INT can also be tested using a conditional
jump instruction. For more details on this procedure, check
the “Conditional Jumps Using Terminals Ty, T; and INT”
section.
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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 FF6. If
it is incremented by 1 when it contains FF,4, 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 6BMHz crystal). The high-level at T; must be
maintained at least 1/5 of the cycle time (500ns when
using 6MHz crystal).

The STRT T instruction is used to change the counter
to a timer. The internal clock signal becomes the input to
the timer. The internal clock is 1/32 of 400kHz (when
using 6MHz crystal) or 12.5kHz. The timer is therefore
counted up every 80us. Fig. 6 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- r 1
TaL | s | /32 accumu-|  ConpITIONA

0SCIT-]COUNTER COUNTER LATOR JUMP

LATOR
STRT |READMRITE | TF
STRT T

CNT TIMER [ TIMER
11— DETECTING L~ o EVENT OVERFLOV\A
EDGE CYCLE| COUNTER FLAG J

sTopT @89
INTERRUPT ENABLE TIMER

INTERRUPT
REQUEST

Fig. 6 Timer/event counter
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MELPS 8-48 CYCLE TIMING

The output of the state counter is 1/3 the input frequency
from the oscillator. When a 6MHz crystal is used for input,
the output would be 2MHz (500ns). A CLK signal is gene-
rated every 500ns (one state cycle) which is used for the
demarcation of each machine state. The instruction ENTO
CLK will output the CLK signal through terminal To. The
input of the cycle counter is CLK (state cycle) and the out-
put is an ALE signal which is generated every 5 state
cycles.

Fig. 8 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. 9.

ENTO CLK
TERMINAL]
JTo/ To
JT RESET
X2 <3
6MHz & STATE CLK 500ns
COUNTER
X1 2.5us
CYCLE / ERMINAL
COUNTER ALE

Fig. 7 Clocking cycle generation

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. 10. 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 Fy and F, are cleared.
11. Clock output for terminal Ty is disabled.

N oA WN

Note 1: On the M5L8748S the RESET terminal, in addition to being used for the
reset function, is also used when reading and writing data in the EPROM
on the chip. Details on this will be found in the section on reading and

writing data in the M5L8748S.

———1<-500ns(WHEN USING A 6MHz CRYSTAL)
S1|S2 | S3| S4| S5(S1|S2|S3|S4] S5

CLK S~ re oo r.r.
(OUTPUT TO T,)
ALE 11 I— 11
PSEN
S
WR 1
PROG 1

Fig. 8 Clock and generated cycle signals

M5L.8748S

ABOUT

RESET 200k02

1uF

L,
l oV

500ns
S1|S2
Yy
|
5|8
=10
g I

Q.

1 MACHINE CYCLE |

INSTRUCTION EXECUTION
5.0us

2 MACHINE CYCLES

Fig. 9 Instruction execution timing

Fig. 10 Example of a reset circuit
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SINGLE-STEP OPERATION

The terminal SS on the MELPS 8-48 is provided to facili-
tate single-step operation. In single-step operation, the CPU
stops after the execution of each instruction is completed
and the memory address (12 bits) of the next instruction
to be fetched is output through the data bus (8 bits) plus
the low-order 4 bits of port 2 (P,o~P,3). The user can
use this to trace the flow of this program instruction by
instruction and will find this an aid in program debugging.
Single-step operation is controlled through SS and ALE as
shown in Fig. 11

5V
SINGLE-STEP
MODE

RUN MODE

PRESET
—p Q (-—’
cLock

RESET

5V

PUSH-BUTTON 10ke
SWITCH

a
0]

5V

<
o

L
8748S

DATA BUS 1—
Dg~D THE LOW-ORDER 8 BITS OF PC
0—ts . (PCg—PC7)
1

THE I
LOW-ORDER —
4 BITS OF 170 THE HIGH-ORDER 4 BITS OF PC
PORT 2 DATA (PCg~PC11)
Pao~Pes3 4
|
EXECUTING Top EXECUTING
INSTRUCTION T+ > INSTRUCTION

Single-step operation timing

Fig. 11 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
+ fn—mlnﬁl

anas 4o

SS goes 1o uign Icvm
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

e +n laws laual

prese goes 16 ow-iever,

next instruction and begins to execute it, but then an ALE
signal is sent to the reset terminal of the type D flip-flop
which turns SS to low-level. The CPU again stops as soon
as execution of the current instruction is completed. When
the push-button switch is again pushed, the cycle is repeat-
ed and the CPU is in single-step operation as shown in Fig.
12. While the CPU is stopped in single-step operation, the
data bus and the low-order 4 bits of port 2 are used to out-
put the memory address of the next instruction to be fetch-
ed. This interferes with input and output, but essential
input/output can be latched by using the rising edge of
ALE as clock.

WHEN SS IS LOW, THE CPU RECOGNIZES THAT

ITISTOSTOP.

WHEN THE NEXT INSTRUCTION IS FETCHED,
THE CPU SETS SWITCHES SO ITWILL STOP AFTER
THE EXECUTION OF THE INSTRUCTION IS COM-
PLETED.

WHEN ALE IS HIGH, THE MEMORY ADDRESS OF
THE NEXT INSTRUCTION TO BE FETCHED IS OUT-

PUT THROUGH THE DATA BUS (8 BiTS) AND THE
LOW-ORDER 4 BITS OF PORT 2.

o

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

!

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

Fig. 12 CPU operation in single-step mode

Central Processing Unit (CPU)

Central Processing Unit (CPU) is composed of an 8-bit para-
llel arithmetic unit, accumulator, flag flip-flop and instruc-
tion decoder. The 8-bit parallel arithmetic unit has cir-
cuitry to perform the four basic arithmetic operations
(plus, minus, multiply and divide) as well as logical opera-
tions such as AND and OR. The flag flip-flop is used to
indicate status such as carry and zero. The accumulator
contains one of the operations and the result is usually
retained in the accumulator.
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

MACHINE INSTRUCTIONS

Item Instruction code EffEC!ed
Instruction cede 28 carry
Mnemonic < E Function 5 Description
Hexa- 2|3 ]
Type D7 Dg Ds Dy D3 Dz Dy Dy decimal C |AC g
o 1 1 2
MOV A, #n ° ° o001 3 22| (A)en Transfers data n to register A,
N;NgNsNs N3Nz2NiNg n
MOV A, PSW 1100 0111 c7 L] aye-Psw) Iv?rr;sitzrsretgr};ec?:;tems of the program status
MOV A Rr 1111 irrgrg F 2 i (A) < (Rr) Transfers the contents of register R, to regis-
) . r=0~7 ter A.
P N Fo A) e (M Transfers the contents of memory location,
MOV A, @Rr t 000f + 1 1 (7) (M(Rr)) of the current page, whose address is in regis-
’7 r r=0-1 ter Ry to register A.
I
MOV PSW, A 1101 0111 D7 11 (PSW) « (A) olo Transfers the contents of register A to the
' } (C)« (A7), (AC)«(As) Il B program status word.
MOV STS, A 1001 00O0O 90 1 } 1| (STS)—(A) 4 | Transfers the contents of register A to the
(Note 3) ‘ (STa~ST7)—(Aa~A7) system status register.
MOV Rr, A 1010 1r,r,rg A i g RO Transfers the contents of register A to regis-
! N r=0~7 ter R,.
5] B8
k7] 1011 1 fFryr Rr) «
é MOV Rr, #n 27170 f 2|2 (Rr)«—n Transfers data n to register R,.
= n,NgngnN, NzN,n,n, n r=0~7
AO Transfers the contents of register A to mem-
1010 0o0OT (M(Rr))«(A) 9
MOV @Rr, A ° + 111 0~ 1 ory location, of the current page, whose ad-
r r= dress is in register R,
BoO
MOV @Rr, #n 1011 000O0T, + 2| 2 (M(Rr))+n Transfers data n to memory location, of the
' n,Ngnsn, nzn,n,n, r r=0-~1 current page, whose address is in register R,
n
A3 Transfers the data of memory location, of
MOVP A, @A 1010 0011 1 | 2 | (A)—=(M(A)) the current page, whose address is in register
| A to register A
1110 001 1 E3 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.
90 Transfers the contents of register A to mem-
1001 OOOT (Mx(Rr))«—(A) | 9
MOVX @Rr, A ° + 1 2 _ ory location, of the current page, whose
(Note 2) r r=0-1 address is in register R,
1000 O0O0OT 80 (A)—(Mx(R Transfers the contents of memory location,
MOVX A, @Rr ° + 112 0 (Mx(Rr)) of the current page, whose address is in regis-
(Note 2) r r -1 ter Ry to register A.
XCH A, Rr 0010 17r1,rM,fg 2 i 11 (A) < (Rr) Exchanges the contents of register R, with
i N r=0-~17 the contents of register A.
20 Exchanges the contents of memory location,
1 r — . .
XCH A, @Rr oo 0 000T, + 111 (A) (M(R) of the current page, whose address is in regis-
r r=0~1 ter R, with the contents of register A.
Exchanges the contents of the low-order four
XCHD A, @Rr 0011 000O0F, 33 11 (Ag~A3)— (M (Rr,~Rr3)) bits of register A with the low-order four
, @ . r=0—1 bits of memory location, of the current
page, whose address is in register Ry.
Adds data n to the contents of register A
ADD A, #n 0000 0011 03 22| (A)—(A)+n S| o] 1 |@nd sets the carry flags to 1 if there is an
’ NN N<Ns NN, N, N n = overflow otherwise resets the carry flags
7776784 TaT2" o to 0. The result is stored in register A.
Adds the contents of register R, to the con-
ADD A, Rr 0110 1r,rr, € i 1 (A) <= (A)+(Rr) oo tents of register Aand sets the carry flags to 1if
4 r=0-17 1| 1 | thereis anoverflow otherwise resets the carry
" flags to 0. The result is stored in register A.
60 Adds the contents of_reg;stfer Aand the con-
11 r A) « + tents of memory_locat;on, of the current page,
o ADD A, «Rr o 0 000T, + 1 1 (A) = (A)+(M(Rr) O | O 1 | whoseaddressis in register Aand sets the carry
s v r=0-1 flags to1if there is an overflow otherwiseresets
qs" tﬁr\‘ecarryflags to0.Theresultisstored inregister
£ .
= Adds the carry and data n to the contents of
< 00O 1 00 11 13 register A and sets the carry flags to 1 if
ADDC A, #n 2| 2| (A)«(A)+n+(C) O || 1 | there is an overflow otherwise resets the
M fighighiy figiighigiig n carry flags to 0. The result is store Gis-
ter A
78 Adds the carry and the contents of register
o1 11 17,0,T, (A) «= (A)+(Rr)+(C) R, to the contents of register A and sets the
ADDC A, Rr + 101 O | O 1 |carry flags to 1 if there is an overflow
r r=0-~7 otherwise resets the carry flags to 0. The
result is stored in register A.
Adds the carry and the contents of memory
0111 0O0O0TF, 70 (A) « (A)+(M(Rr)) + (C) location, of the current page, whose address is
ADDC A, @Rr + 1 1 | O | 1 [inregister R, to the contents of register Aand
r=0-1 sets the carry flags to 1if there is an overflow
r otherwés_e resetsl the carry flags to 0. Theresult |
St0red in register A mm——
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item
Instruction code 8| 8 Efcf:fr[:‘d
Mnemonic 13 % Function Description
Hexa- oS 2
Typd D7DgDsDs D3D2D1Do| gecimal ¢ |ac| 5
o101 o 11 53 i is-
A =0 o o] 2| @emnn Tl ol produt of the contnts of el
7NgNsNy N3NNy N n ' 9 :
1 o1 r,r.r 58 A)— (A) A (Rr) The logical product of the contents of regls
ANL A, Rr ot1o 27170 + 1)1 (_) (A) ter A and the contents of register Ry, i
r r=0~7 stored in register A.
50 The logical product of the contents of
ANL A @R 0101 00O0TCr, - (A) < (A) A(M(Rr)) register A and the contents of memory loca-
» @Rr * r=0~1 tion, of the current page, whose address is
' in register Ry, is stored in register A.
0100 0O 11 43 The logical sum of the contents of register
ORL A, #n n,ngngn, ngnyn,ng n 2| 2| (A)<(A)Vn A and data n, is stored in register A.
ror,r 48 A)« (A) V (R The logical sum of the contents of register A
ORL A, Rr otroo 1f2fafo + 1 1 (A) = (A)V (Rr) and the contents of register R, is stored in
r r=0-7 register A.
40 The logical sum of the contents of register A
ORL A, @R 0100 O00O0O0FTp 1 1 (A) «— (A)V (M(Rr)) and the contents of memory location, of
3 r r=0~1 the current page, whose address is in regis-
r ter Ry, is stored in register A,
1101 o0 11 D3 The exclusive OR of the contents of register
XRL A, £n sNgNsN, Nynyn,ng n 2| 2| (A= (A)¥n A and data n, is stored in register A.
11 1 10,01 D8 P The exclusive OR of the contents of register
o | XRL A, Rr ° 27100 + 11 (A) — (A)% (Rr) A and the contents of register R, is stored
2 r r=1-17 in register A.
€
£ DO The exclusive OR of the contents of register
% | XRL A, @R 1101 000F Yol | B AV MR A and the contents of memory location, of
< ’ ' =0~1 the current page, whose address is in register
r Ry, is stored in register A.
000 1 o111 Increments the contents of register A by 1.
INC A 17 1 1] (A)«(A)+1 The result is stored in register A, and the car-
ries are unchanged.
Decrements the contents of register A by 1.
DEC A 0000 0111 o7 1Ay a)y—1 The result is stored in register A, and the car-
ries are unchanged.
0010 111 | i
CLR A o 27 1 1| ay—o gears the contents of register A, resets to
oo 11 o111 = Forms 1’s complement of register A, and
CPL A 37 LR G Y stores it in register A
6101 0111 Theet(:jomems lof register Ais converted to binary
: coded decimal notion,and it is storedin register
DA A 57 1] 1| (A)«(A) 10Hexadecimal O O 1 | Alf the contents of register Aare more than99
the carry flags are set to 1 otherwise they are
resetto 0. - N
0100 0111 Exchanges the contents of bits 0~3 of regis-
SWAP A 47 1 1| (Ag=A7)e— (Ag—A3) ter A with the contents of bits 4~7 of regis-
ter A
RL A 1110 0111 E7 11 (An+1) (A Shifts the contents of register A left one bit
(Ag)« (A7) n=0-6 A, the MSB is rotated to Ao the LSB.
1111 o1 11 (An+1)—(A,) Shifts the contents of register A left one bit.
RLC A F7 1 1| (Ag)—(C) O A, the MSB is shifted to the carry flag and
(C)« (A7) n=0~6 the carry flag is shifted to Ag the LSB.
AR A o111 0111 77 11y (Ag)«(Ans1) Shifts the contents of register A right one
(A7)« (Ag) n=0~6 bit. Ag the LSB is rotated to A, the MSB.
o110 0111 (A —(Any ) Shifts the contents of register A right one
RRC A 67 1 1] (A« (C) O bit. Ag the LSB is shifted to the carry flag
(C)«(Ag) n=0~6 and the carry flag is shifted to A, the MSB.
00O 1 1rr,r 18 - Increments the contents of register R, by
o | INC Rr 27r7o + 111 (F}r) (Rr)+1 1. The result is stored in register R, and the
g r r=0~7 carries are unchanged.
£ 10 , Increments the contents of the memory
£ |iNc @Rr 0001 0O0O0T, e 11 (M(Rr))«(M(Rr)) +1 location, of the current page, whose address
o -1 is in register R, by 1. Register R, uses bit
2 r . 0~5
%
g 11 cs Decrements the contents of register R, by
00 1r,r,r1 . — .
« [ DEC Rr 27170 + 111 (Rr) = (Rr)—1 1. The result is stored in register R, and the
1L v r=0~17 carries are unchanged.
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item .
Instruction code w | @ Efggrc,wd
8|38 . M )
Mnemonic <0 Function Description
Hexa | @ | 3 clacl &
Typo 07D6Ds5Ds D3D2D1Do| gecimal 2
12 (Ap) =1 then (PCo~PC7)«m Jumps to address m of the current page when
b 1 1 b then 0 7 o ! 0 pag e
JBb m 7bebs 1 0 0 10 Fez 12 |2 | (A=0 then (PC)— (PC)+2 bit b of register A is 1. Executes the next
m;mgmsmg mMamamymg s bsbgbs=0 ~ 7 instruction when bit b of register A is 0.
1101 0110 De Jumps to address m of the current page
JNIBF m 2 | 2 | (1BF)=0 then (PCo—~PC7)+«m when IBF is 0, otherwise the next instruc-
M7MeMsMs M3 M2 My Mo m tion is executed
(Note 3} .
Jumps to address m of the current page
11 . N N
JOBF m 1000 o o 8s 2 | 2| (OBF)=1 then (PCo~PC7)<m when OBF is O, otherwise the next instruc-
) |M7MeMs Mg M3m2mq mo m tion is executed
(Note 3)
Jumps to address m of the current page
JTF m oo0oo0ot1t 0110 16 22 (TF)=1 then (PCo~PC7)«m when the overflow flag of the timer is 1
= otherwise the next instruction is executed.
m;mgmsm, magmamymg|  m (TF)=0 then (PC)«—(PC) + 2 Fiag is cleared after executing.
_ - P Jumps to address m of the current page
JNI m 1000 0110 868 2|2 (INT) =0 then (PGo—PC)«m when external interrupt terminal is low-level,
(Note 3) | M7 MeMsMs  Mam2my mo m (NT)=1 then (PC)«—(PC)+2 otherwise the next instruction is executed.
o4 (PCg~PC1p)—mg~ .
8 10/ «—Mg Mg .
JMP m myemgmg0 O 1 0 O + 2| 2| (PCo~PCy)e—mo~ Jumps to address m on page m;o Mg Mg iN
(ms ~m1o) 0 7)"me=m7 the memory bank indicated by MBF.
X2 (PCy1) « (MBF)
M7 Mg Ms Mgy  M3mM2 My Mg m
Jumps to the memory location, of the cur-
rent page, whose address is in register A.
JMPP @A 1011 0011 B3 1| 2 | (PCo~PC1)«—(M(A)) But when the instruction executed was in
address 255, jumps to next page.
ES8 (Rr) — (Rr)—1 r=0~ Decrements the contents of register R, by 1.
1110 1r7,0,7, + ' i Jumps to address m of the current page
DJNZ Rr, m r 2| 2| (Rr)+0 then (PCo~PC7)—m when the result is not 0, otherwise the next
fEl m;mgmgm, Mzmzm; mg m (Rr) =0 then (PC)«(PC)+ 2 instruction is executed
= .
= 11 1 1 o110 Fe C)=1 th PCo—~P Jumps to address m of the current page if
JCm 2|2 © then (PCo C7)em the carry flag C is 1, otherwise the next
M7 MeMsMs M3zM2 My Mo m (6)=0 then (PC)— (PC) +2 instruction is executed.
1110 o110 E6 (C)=0 then (PCo~PC7)<—m Jumps to address m of the current page if
JNC m 2|2 the carry flag C is O, otherwise the next
mzmgmsm, mzmamy mg| m (C)=1 then (PC) <« (PC)+2 instruction is executed.
Jumps to address m of the current page
— PCo~P ;
JZ m 1100 o110 ce 2|2 (A)=0 then (PCo C7)=m when the contents of register A are O,
mzMeMs My M3mz My Mo m (A)*0 then (PC)«—(PC)+2 otherwise the next instruction is executed.
1001 o110 96 A)+0 th (PCg~PC7)«—m Jumps to address m of_the current page
JNZ m 212 (A)'* then Iy '; 7 when the contents of register A are not O,
m;mgmsmg  mzmzm; mg m (A)=0 then (PC)<« (PC)+2 otherwise the next instruction is executed.
11 0110 36 To) =1 (PCg~PC7)+m Jumps to aeress m of the current page
JTO m oo 202 (To) then ° ’ when flag To is 1 otherwise the next instruc-
mz;mgmsmg  mzmzmy my) m (To) =0 then (PC)<« (PC)+2 tion is executed.
o 11 2 To) =0 PCo~PC Jumps to address m of the current page
JNTO m o1 ° o N 212 (To) then (PCo Vem when flag Ty is 0, otherwise the next in-
m;mgmsmg mzmamy mo| m (Tg) =1 then (PC) <+ (PC)+2 struction is executed.
- Jumps to address m of the current page
1 1 1 5 Ty =1 PCo—P - A . A
JT1m ° ° o1 ° N 2|2 (T then (POo—PCs)«=m when flag T, is 1. otherwise the next in-
m7mgmsmgs Mzmzmy mg) m (T1)=0 then (PC)« (PC)+2 struction is executed.
Jumps to address m of the current page
1 4 =0 thel PCo—~ . A
JNT1 m 0100 o1 ° € |, |, | (T)=0 then (PCo~PC;)e—m when flag T, is O. otherwise the next in-
m;mgmsmg  mzmzmy mg m (Ty)=1 then (PC)+« (PC)+2 struction is executed.
JFO 1011 0110 B& 2|2 (Fg) =1 then (PCq~PC7)+«m Jumps to address m of the current page
" mymgmgmg mgmpmimg = m (Fp) =0 then (PC)«-(PC)+2 when flag Fo is 1.
JF1 o111 0110 76 2|2 (F1) =1 then (PCo~PC7)+m Jumps to address m of the current page
m mymgmsm, Mzmzm,mg m (F1) =0 then (PC)« (PC)+ 2 when flag F, is 1.
1001 o1 1 1 S Clears the carry flag C, resets it to 0. AC is
P I
CLR C e7 1T ©eo . not affected.
1010 0111 = Complements the carry flag C. AC is not
CcPL C A7 111 (@©—(©) - affected
o 0101 .
© |CLR Fo 100 85 1 (1 [ (Fo)«0 Clears the flag Fg, resets it to 0.
<
Q
8
g 1001 0101 _
2 |cPL Fo 95 1|1 ] (Fo)—(Fo) Complements the flag Fo.
CLR F, totreo o010 AS 111 | (Fi)o Clears flag F, resets it to 0.
1 11 1 1 —
CPL Fy ° ° ° BS 11| (Fi)(F1) Complements the flag F .
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

tem Instruction code ¢ Efcfgrcr(\(;zd
Mnemonic m §> —g Function - Description
exa- ald ]
Ty D7D060sDs D30201D0f yoi o AC g
CALL m miomgmg1 0 1 0 O 14 ((SP)) — (PC) (PSWa~PSW1) Calls subroutine from address m. The pro-
+ (SP) «(SP)+1 gram counter and the 4 high-order bits of
(Mg -myo) 212 ;o Ye—m the PSW are stored in the address indicated
o e m x2 0-10 by the stack pointer (SP). The SP is incre-
7MeMs Mg M3 M2 M Mo m (PC1y) «— MBF mented by 1 and m is transferred to PCo~
= PCyo and the MBF is transferred to PC,, .
153
@ .
<€ | RET 1 011 83 The SP is decremented by 1. The program
5 0coo o (SP) «—(SP)—1 counter is restored to the saved setting in
<4 112 the stack indicated by the stack pointer.
2 (PC) «~ ((SP)) The PSW is not changed and interrupt dis-
2 abled is maintained.
The SP is decremented by 1. The program
RETR 1001 0011 93 (SP) « (SP)—1 counter and the 4 high-order bits of the
12 PSW are restored with the sazed data in %he
stack indicated by the stack pointer. The
(PC) (PSWa~PSW1)«—((SP)) interrupt becomes enabled after the execu-
tion is completed.
IN A, Pp 0000 10pPIP os (A)— (P
° + 112 (Fe) Loads the contents of Py, to register A.
M p=1-~2
OUuTL Pp, A 0011 10 PiPo 3 3 il (Pp) —(A) QOutput latches the contents of register A to
p p=1-~2 b
|
ANL Pp, £n 1001 10ppo| 28 2 |2 | PR)=(PpIAN Logical ANDs the contents of Py and data
n,Ngngn, Nan,n N, "n p=1~2 n. Outputs the result to Py
ORL Pp, #n 1000 1 0pipo Bi 2|2 (Pp)—(Pp)Vn Logical ORs the contents of P, and data
n,ngnsn, nan,n,n, P p=1~2 n. Outputs the result to Pp
INS A, BUS 0 00O 1000 o8
1|21 (a)—(BUS) f;;z;sisér;eAconrents of data bus (port 0)
{Note 2)
OUTL BUS, A 0000 OOT1TO0 02 Qutput latches the contents of register A
1| 2| BUS)—(A) data to data bus (port 0)
(Note 2)
Logical ANDs the contents of data bus
ANL BUS, # 1 1 1
" °0 000 o8 2| 2| (BUS)« (BUS)An (port 0) and data n. Outputs the result to
(Note 2)|M7MeMsMa N3MN N, n data bus (port 0)
< | ORL BUS, # 10 Logical ORs the contents of data bus (port
3 " 00 1000} 88 | ,|,]| gus)—(BUS)Vn 0) and data n. Outputs the result to data
3 (Note 2){M7MeNsN4s N3Nz N, n bus (port 0)
2
5
001 1 22 f f
g IN A, DBB o oo o Y 1 (A) — (DBB) (ES:BEB(? Ir:r:s;gi;:;rr\t:ns of data bus buffer
(Note 3)
OUT DBB, A 0000 O0OT11TO 02 ( Outputs the contents of register A to data
1| 1| (0BB)(a) bus buffer (DBB). OBF is set.
(Note 3)
00O0O 11 ocC Inputs the contents of I_’p
MOVD A, Pp P1Po + (Ap~Aj)«(Ppg~Pp3) to the low-order 4 bits
PwPo| 1| 2 of register Aand inputsO | Py’s  used
(Ag~A7)—0 p=4~7 to the high-order 4 bits | for multi-
of register A plying 8243
3C ports are Py
MOVD Pp, A 0011 11Piro + 112 (Ppo~Pp3)«—(Ao~As3) Outputs the low-order 4 | ~Pq.
PiPo p=4~17 bits of register A to Pp. Correspon-
denceto p,,
is shown
1001 1 1pypo ocC Logical ANDs the 4 low- P1iss
ANLD Pp, A p:p . (Ppg~Pp3) —(Ppo~Pp3) A(Ag~A3z) order bits of register A below.
° p=4~7 and the contents of Pp.| P4:pspz=00
Ppcontains the result P5:--p,p2=01
P6:-:pyp2=10
c
1000 1 1ppo| 8 Logical ORs the 4 low- | P+ Ppz=11
ORLD Pp, A + . — — ogical s the OW- 1
Pwpo | 1|2 (PPo=Pps) —(Ppo~Pp3)V (Ao ~As) order bits of register A
p=4~17 and the contents of Py
Pp contains the result
7—14 ELECTRIC
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FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Item Effected
Instruction code al 8 carry
8
Mnemonic <10 Function Description
Hexa- o 5 ¢ |ac 2
Typ D7 D6 Ds Ds D3 D2 D1 Do| gocimal g
EN | 0000 O101 05 1 1| (INTF)«1 Enables outside interrupt.
DIsS | 0001 o101 15 1 1 | (INTF)«0 Disables outside interrupt.
SEL RBg 1100 0101 Cs 111](@BS)«0 Selects working register bank 0.
SEL RB, 1101 o101 Ds 1 1] (BS)«1 Selects working register bank 1.
°
€ | SEL MBo 1110 0101 ES 111 (MBF)«0 Selects memory bank 0.
8 (Note 2)
SEL MB, 17111 0101 Fs5 1] 1] (MBF)«1 Selects memory bank 1.
(Note 2)
i inal
ENTO CLK 011 1 0101 75 1 J _'E_nables output of clock signal from terminal
°
(Note 2)
EN DMA 1110 0101 ES 11 Enables DMA hand shake lines
{Note 3)
(P2y) «(0BF
EN FLAGS 1111 0101 Fs 10 (P?‘)FEIBF)) Enables interrupts from master.
(Note 3) i
MOV A, T 0100 0010 a2 1] )= ;rra::f:;i;t:: Eonlems of timer/event coun-
Transfers the contents of register A to timer/
MOV T, A o110 0010 62 T 1] (M (a) event counter.
- Starts timer operation of timer/event coun-
._9:, STRT T 0101 0101 55 1 1 term. Minimum count cycle is 80us.
3
o} Starts operation as event counter of time/
IS event counter. Counts up when terminated
3 STRT CNT 6100 0101 45 T T, changes to input high-level for input low-
S level. Minimum count cycle is 7.5us.
c
]
kS
5 STOP TCNT o110 O101 65 1 1 Stops operation of timer or event counter
€
=
EN TCNTI 0010 0101 25 1| 1| (TCNTF)«1 Enables interrupt of timer/event counter.
Disables interrupt of timer/event counter.
. Resets interrupt flip-flop of CPU which is
DIS TCNTI 0011 0101 3s ! 1 (TCNTF) 0 set during the CPU stands-by. Timer over-
flow flag isn‘t affected.
g NOP 00O0O0O OOOO oo 1 1 No operation. Execution time is 1 cycle.
Note 1: Executing an instruction may produce a carry (overflow or underflow). The carry may be disregarded (lost) or it may be transferred to C/AC (saved). The saving of

acarry is n

ot shown in the function equations, but is instead shown in the carry columns C and AC. The detail affection of carries Yor instructions ADD ADDC and

DA'is as follows:

(C) <1
(C)+0
(AC) «1
(AC) <0

at overflow of the accumulator is produced.

at no overflow of the accumulator is produced.
at overflow of the bit 3 of the accumulator.

at no overflow.

2: These instructions are available in M5L8039P, M51.8048-X X XP, M5L8049-XXXP and M5L8748S.
3: These instructions are available only in M5L8041A-XXXP.
4: The contents of ST4~ST, is read when the host computer reads the status of M5L8041A-XXXP.
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Symbol Details Symbol Details
A 8-bit register (accumlator) pPC Program counter
Ao~ Az The low-order 4 bits of the register A PCo~PCy The low-order 8 bits of the program counter
Ag~A7 The high-order 4 bits of the register A PCg~-PCio| The high-order 3 bits of the program counter
Ap~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
b7bgbs The bits 5~7 of the first byte machine code Rr Register designator
BS Register bank select r Register number
BUS Corresponds to the port O (bus 1/0 port) fo The value of bit 0 of the machine code
rorqrg The value of bits 0~2 of the machine code
AC ] Auxiliary carry flag S$281S0 The value of bits 0~2 of the stack pointer
C Carry flag SP Stack pointer
oBB j Data bus buffer ST4~ST7 | Bits 4~7 of the status register
STS System status
Fo Flag 0 T Timer/event counter
Fiq 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
mymegmsmamamzmimgo ;rggrsef-.;gond byte (low-order 8 bits) machine code of the 11-bit
mioMmg Mg g’fhtehl;x%sﬁ‘)t;‘ifza%fdt'ggsﬁrst byte (high-order 3 bits) machine code # Symbol to indicate the immediate data
(M (A)) The content of the memory location addressed by the register A |l Symbol to indicate the content of the memory location
(M (Rr)) The content of the memory location addressed by the register Rr addressed by the register
(Mx(Rr)) ;l'hheer%zgtér;t':?(f the external memory location addressed by — Shows direction of data flow
MBF Memory bank flag — Exchanges the contents of data
n The value of the immediate data « ) Contents of register, memory location or flag
NN g5 43N 2NN g The immediate data of the second byte machine code A Logical AND
0OBF Output buffer full flag \ Inclusive OR
ha Exclusive OR
p Port number — Negation
Pe Port designator O Content of flag is set or reset after execution
pP1pPo The bits of the machine code corresponding.to the port number
MITSUBISHI
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Instruction Code List (M5L8039P, M5L8048- XXXP, M5L.8049- XXX P, M5L 8748S)

ELECTRIC

D,~Ds | 0000 | 0001 | 0o10 | o011 |owo [ow1 |01 {0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 11
Hexa-
D3~00 \ gocimal| O 1 2 3 4 5 6 7 8 9 A B c D E F
wop | NG | XCH | XCHD| ORL | ANL | ADD | ADDC | MOVX | Movx| MOV XAL MoV
0000 Y @RO |A, @R0|A, @ RoJA, @R0|A, @Ro|A, @ Ro|A, @ RolA, @ RojeRo, Al Ro, A A, @R0 A, @Ro|
INC | XCH |XCHD | ORL | ANL | ADD |ADDC fMOVX [MOVX | MoV XRL MOV
0001 ! @R1 [A @R1|A @RI1|A @R1|A, @R1|A, @R1|A, @R1]A, @R1}@R1,Ale@R1, A A, @R1 A, @R1
MOV MoV
0010 2 AT Ta
[ i Réﬁ MOVP MOVP3
oon 3 ” L s ea A @A
0100 4
eN | ois | EN | ois |sTRT [sTRT [sTop|enTo] cLr | cp | cur | oL | seL | seL | sec | sev
0101 5 | i |tonTi{TeNTif oNT | T |TonT] ok ) Fo | Fo | F1 | F1 | RBO | RB1 | MBO | MB:
0110 6 . g -
DEC | INC | CLR | cPL |swaP| DA | RRC | RR CLR | cPL Mov [ Mov | RL | RLC
e 7 A A A A A A A c c APSW|PSW.A| A A
NS ‘l INC | XCH ORL | ANL | ADD |ADDC MOV DEC | XRL MOV
1000 8 lagus| ro | A ro A, RO | ARO | A RO | A RO RO, A RO | ARO A.Ro
N | nc | xcH [ouTL | ORL | ANL | ADD |ADDC MoV DEC | XAL MoV
1001 9 L apri| ”R1 [ar | PLalAaRi|aR | AR AR R1, A R1 | A R1 A R1
N | INC | xcH [ouTL | oRL | ANL | ADD |ADDC MOV DEC | XAL MoV
1010 A lape| re |Ar2|P2,A| AR |AR|AR|AR2 0| A2, A R2 | A, R2 A, R2
ING | XCH ORL | ANL | ADD |ADDC MOV DEC | XAL MoV
won 8 R3 | A, R3 A R3 | AR3 | ALR3 | AR3 R3, A R3 | A, R3 A, R3
MOVD| INC | xCH |mMovD| ORL | ANL | ADD |ADDC [ORLD | ANLD | MOV DEC | XAL MOV
1100 C laPa| ra |ARa|Paalanri|ars|anrs|aRs|Panalprs alrea R4 | A, Ra A, R4
movo| NG | xcH |movp | orL | anL | ADD |ADDC |0RLD | ANLD | MOV DEC | XRL MOV
nm O laps| RS |ARs|Ps,A|ARs|AR |ARS|ARs|P5 A|Ps a|Rs al RS | A, R5 A, RS
MovD| INC | xCH [mOvD| ORL | ANL | ADD |ADDC |0ORLD | ANLD | MOV DEC | XAL MoV
1110 E [aPs| re | A re|PsAlaRs|aRs|ARs|ARs|PsA|RsA|PSs Al R6 | A, R6 A, R6
MovD | INC | xCH [MOvD| oRL | ANL | ADD |apDC |0RLD |ANLD | MOV | bec | xRL MOV
m Flar| rt |arr|rralari|ari AR | AR |PLA |[PLA | R AR &4 RT | A A7 A, R7
2-byte, 2-cycle instruction
D 1-byte, 2-cycle instruction
MITSUBISHI
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MELPS 8-48 MICROCOMPUTERS

FUNCTION OF MELPS 8-48 MICROCOMPUTERS

Instruction Code List (M5L8041A-XxXXP)

D;~D4 | 0000 | 0001 | 0ot0 | 0011 | 0100 | o101 | 0110 | 0111 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 111
D3~Do \ g@ |l 0 | 1 2| 3| a|5| 6| 7| 8| 9| a|B]c |0 |E|F
o NOP INC | XCH | XCHD| ORL | ANL | ADD {ADDC MoV | Mmov . XRL MOV
0000 i
@RO |A, @R0|A, @ROJA, @R0O|A, @RO|A, @R0|A, @RO sTs.AlaRo, A jeF A, @RO A, @RO
INC | XCH | XxCHD| ORL | ANL | ADD |ADDC mov | . XRL MOV
0001 ! @R1 |A, @R1|A, @R1)A, @R1|A, @R1|A, @R1|A, @R @R1,A n A, @R1 A, @R1
o0 ) out IN MOV MOV
001 . .
DBB.A ADBB} AT T.A n -
: MOVP | IMPP
11 RET |RETR
00 3 q ; . |Aea] ea
0100 4 ’ .
EN | DIS | EN | DIS |STRT |STRT [STOP CLR | CPL | CLR | CPL | SEL | SEL | EN EN
1
010 5 I TCNTI FLAGS
0110 6
; DEC | INC | CLR | CPL |SWAP| DA | RRC | RR CLR | CPL MOV | MOV | RL | RLC
o A A A A A A A A c c APSW|PSWA| A A
o 8 INC | XCH ORL | ANL | ADD |ADDC MoV XRL
1000
RO | A,RO A.RO | A,RO | A RO | A, RO RO, A A, RO
1001 N INC | xCH [OUTL| ORL | ANL | ADD |ADDC | ¢ MoV DEC | XRL
e A,P1 R1 A,R1 | P1L,A| ARI|ARI|ARI|ARI R1,A R1 A,R1
010 IN | INC | XCH |OUTL | ORL | ANL | ADD | ADDC MOV { | DEC | XRL
o A A P2| R2 | AR2|P2,A|AR2|AR2|AR2|AR2 |P2 . R2, A sl R2 | AR2|
INC | XCH ORL | ANL | ADD |ADDC MOV i | oec | xAL
1 .
0 8 R3 | A,R3 A,R3 | A,R3 | A,R3 | A R3 R3,A R3 | A R3
0 MOVD| INC | XCH |[MOVD| ORL | ANL | ADD |ADDC |ORLD | ANLD | MOV DEC | XRL
1 C i
AP4| R4 | ARs|PsA|ARS|ARI|ARI|ARS|PEA|IPEA|RSA R4 | A.R4
o1 MOVD| INC | xcH |MOVD ] ORL | ANL | ADD |ADDC [ORLD | aNLD | MoV DEC | XAL
e A, PS RS AR5 | P5,A| AR5 | AR5 | AR5 | AR5 [P5 A | PS5 A | R5 A RS A,R5
o e MOVD| INC | xcH |[MOvD| ORL | ANL | ADD |ADDC |ORLD | ANLD | MOV DEC | XAL
11
'AP6| R6 |AR6 |P6,A|AR6|ARE|AR6|AR6| P6AIPEA|REA R6 | A,R6
" . MovD| INC | xcH |[MovD| ORL | ANL | ADD |ADDC [ORLD |ANLD | MOV | ec | xAL
1 . i |
AP1| RT | ART|IPT,A|ART|ARI|RI,A|ARI|PI,A|PLA|RTA R7 | AR7 |
y S— b
2-byte 2-cycle instruction
[___] 1-byte 2-cycle instruction
MITSUBISHI
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MELPS 8-48 MICROCOMPUTERS

DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

MITSUBISHI MICROCOMPUTERS

GENERAL INFORMATION

This information explains how to specify the object
program for the automatic design system for mask ROMs.
This system for mask ROM production has been developed
to accept a customer’s object program specifications for the
automatic design system for a mask ROM.

The main segments of the automatic design system are:
1. The plotter instructions for mask production.

2. A check list for verifing that the customer’s specifica-
tions have been met.

3. A test program to assure that the production ROMs
meet specifications.

An EPROM in which a program is stored is used for a
customer’s specifications. A separate (set of) EPROM(s)
should be produced for each object program.

Three sets of EPROM(s) should be supplied with the
confirmation material.

EPROM SPECIFICATIONS

1. The Mitsubishi M5L2708K, M5L2716K, M5L2732K or
M5L8748S are standard, but Intel 2708, 2716, 2732,
8748 or equivalent devices may be used.

2. 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’.

3. All the data stored in the EPROM are considered as valid
and processed to make masks.

4. The object program specifications should be stored on
each of a set of 3 EPROMs. During the mask ROM
development, the data from each address of the 3
EPROMs are compared. If 2 or 3 of the 3 values com-
pared are equal, the value will be considered valid and
programmed into mask ROM. If the 3 values are all
different, it is an error condition and the mask ROM is
not produced.

ITEMS TO CONFIRM FOR ORDERING

1. Specify the type number M5L8048-XXXP or
M5L8049-XXXP. The 3-digit number XXX will be
assigned by Mitsubishi.

2. Cleary indicate the type number of EPROM and address
designation letter symbols A and B on the supplied
EPROMs. For the M5L8049-XXXP, 2 sets of EPROMs
are required when the object program is contained in
M5L2708K EPROMs or equivalent devices. To identify
these 2 sets of EPROMs, address designation letter
symbols A and B are used which are specified in the
confirmation material.

MASK ROM DEVELOPMENT FLOW CHART

CONFIRMATION FROM CUSTOMER

SHEET

[ OBJECT
PROGRAM I
GENERATION

NO
Vo= aw

YES

MITSUBISHI ELECTRIC

MASK ROM
AUTOMATIC
DESIGN PROGRAM

I

CHECK LIST
(CODE TABLE)

MASK DRAFTING DATA
NO _ ORDER TO MAKE MASK [ |

ROM TEST PROGRAM

MASK
DRAFTING
Q TEST DATA Q

CHECK

M.
MANUFACTURING
PROCESS

ASK

ACCEPTANCE

MASK ROM

1y

LARGE
TESTER
® WATER
TEST
® FINAL
TEST

A e ]

ROM
MANUFACTURING
N PROCESS

® QA TEST
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MITSUBISHI MICROCOMPUTERS

MELPS 8-48 MICROCOMPUTERS

DEVELOPMENT OF MASK-PROGRAMMABLE ROMs

MELPS 8-48 MASK-PROGRAMMABLE ROM CONFIRMATION MATERIAL
SINGLE-CHIP 8-BIT MICROCOMPUTERS M5L8048-XXXP, M5L8049-XXXP

MITSUBISHI ELECTRIC

Signature
Customer
Company name
pany Prepared
Company address Tel
Company contact Date Approved

The single-chip microcomputer type number to order and checking v/ in the boxes. Three sets of EPROMs should be
the type of EPROMs to be supplied should be specified by supplied.

EPROM type number
Single-chip 2708 2716 2732 8748
microcomputer type number

[JM5L.8048— XX XP [JA(000 16~ 3F F 16) [JA(000 16~ 3FF 16) [JA(000 16~ 3FF 16) [JA(000 16~3F F 46)

A(000 16~ 3F F 16)
B(400 16~ 7FF 16)

[IM5L.8049— XX XP [JA(00015~T7FF 16) CJA(00016~TFF 16) -

Note 1: The high-level data of both data outputs and address inputs of the supplied EPROM will be programmed as '1’, and low-level as ‘0".
2: Cleary indicate the type number of EPROMs and address designation letter symbols A and B on the supplied EPROMs.
3: The data of the addresses in parenthesises 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 mark should be no more than 12 characters consisting of
alphanumeric characters (except J.I. and O) or dashes

COMMENTS

MITSUBISHI
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SINGLE-CHIP 8-BIT MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

MSL8048-XXXP

DESCRIPTION

The M5L8048-XXXP is an 8-bit

frabrica

+ad Am o
fateG On a

parallel microcomputer
g hi

ainmala ahin 1icin
QINYIT Uil UdITi

silicon-gate ED-MOS technology.

FEATURES
® Single 5V power supply
® |nstructioncycle ................. 2.5us (min)
® Basic machine instructions: . ............. .. 96
1-byte instructions: 68
2-byte instructions: 28
® Directaddressing .............. up to 4096 bytes
® Internal ROM . ................... 1024 bytes
® internal RAM ........ e ...... 64bytes
® Built-in timer/event counter . ....... ...... 8bits
® [/OPOMtS . ..ottt e ... 27 lines
® Easily expandable Memory and 1/0:
® Subroutinenesting .......... e 8 levels
® External and timer/event counter interrupt . 1 level each
® | ow power standby mode:
® External RAM . ....................256bytes
® |nterchangeable with Intel’s P8048 in pin configura-
tion and electrical characteristics
APPLICATION

Control processor or CPU for a wide variety of applications

PIN CONFIGURATION (TOP VIEW)
TEST PIN 0 To «»[1] ~ [©] Voe (5V)
CLOCK INPUT 1 X1 —[Z] [35) ¢ T1 TEST PIN 1
CLOCK INPUT 2 X2 —[5] ] er P2y
RESET INPUT RESET =& T]e P2
ET-[ S ® L1/0 poRT 2
SINGLE-STEP INPUT SS —» 3] [Fe]es P25
INTERRUPT g
REQUEST INPUT INT = (] (=) e> P24
EXTERNAL ACCESS EA —»[7] Flerri1,)
READ RD (7] E [BlerPig
STORE ENABLE PSEN « (5] C GzlesP1s
WRITE WR «[i0] 2 GlesPi, )
x 1/0 PORT 1
LaTcH ENABLE ALE <[] x )& P13
Do+ [Z] o} [Flesri,
D1 ] o E"PH
D2 « [37] [Z]ePi1g)
1agusd 2L [2] Voo (5V)
DATA BU
D4 @[] 25]—»PROG E,g;:‘iENAL
Ds « [i7] F)e P23) GOTRGY"
Ds &
D= P22y o oar 2
D7 e[ 2] e P2,
(oVv) vss [z ] e»P2g
Outline 40P1
FUNCTION

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

BLOCK DIAGRAM

Plo Pl Ple Pl P2y P2 P2 P2
DDy Dz D3 D405 Dg D7 Pl P13 Pl1s Pl P21 P23 P2 P2:
““'?@? @@e@ DOOAO® - S
PORT 1 PORT 2 | [—— 0S¢ FREC ]
BUS BUFFER BUS BUFFER BUS BUFFER | PROGRA
T SELECT 10 Rom PRESCALER
ﬁ ! U 12 BITS PROGRAM|
PORT 1 0~ MEMORY. STATUS
PORT 2 LATCHS< ey [MEmMoORY
it ¥ LATCH EXTENDED /G2 | |3 1K x 8 | [REGISTER
Q
] [ = I
)
i \ \ 1 Il
FLAGS 5 STRUCTI rlsTAack [ROREGISTER O
. < 8| <7 o REGISTE OINTE R1REGISTER |
AcCuMULATOR| | [FEMFQRARY W 3! RZREGISTER 2|
L §6§ RIREGISTER 3]¥
CUMULATOR Eg> INSTRUCTION i R4REGISTER 4|
(5V) Voo @ POWER A 5 ~ DECODER 'ADDRESS |&|REREGISTERs|®
SUPPLY CONTROL |Q[REREGISTER®
(5v) Voo @ FOR RAM CIRCUIT| |0 [R7REGISTERT
|
OV Vss @ @DDTFRE@E & sTack
< LCIRCITI o [ROREGISTER®
' . To w R1REGISTER 1
2 e —L[RZREGISTER?
pe—— INT 14 -
éé‘l’ N o Q[RIREGISTERS) -
F 20 p=—FLAG! R4REGISTER4|> '
za9 [T TIMERFLAS RSREGISTER S| <
[RSREGISTER 5}
CONTROL CIRCUIT 2% [—acc R6REGISTERS
] K——acceir test R7REGISTER?
RAM 64 BYTES
6 4 7 2 3 n 9 5 8 -
To T iNTARESETPROG EA X1 X2 ALE PSEN SS RD WR
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MITSUBISHI MICROCOMPUTERS

MS5L8048-XXXP

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or Output Function
Vss Ground Normally connected to ground (OV).
Vvce Main power supply Connected to 5V power supply.
Voo , \ (D Connected to 5V power supply.
ower su )
PPy (@ Used for memory hold when V¢ is cut.
PROG Program Output Strobe signal for M5L8243P 1/0 Expander.
i . i rt, FF,¢ must fi t t i
P1g~P1y Port 1 Input/output Quasi-bidirectional port. When used as an input port f 16 Must first be output to this
port. After reset, when not used as an output port nothing can be output.
Input/output @ The same as port 1.
Output @ P2,~P23 output the high-order 4 bits of the program counter when using external
P2o~P24 Port 2 program memory .
Input/output @ P2,~P2; serve as a 4-bit 1/O expander bus for the M5L8243P.

(@ Provides true bidirectional bus transfer of instructions and data between the CPU and
external memory. 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 pro-
gram counter are synchronized with ALE. After that the transfer of the instruction

Do~D7 Data bus [nput/output ) . I
code or data from external program memory is synchronized with PSEN.

@ The output of addresses for data using external data memory is synchronized with
ALE. After that the transfer of data with the external data memory is synchronized
with RD/WR.

(MOVX A, @Rr and MOVX @Rr, A)
(@ Control signal from an external source for conditional jumping in a program. Jump-
T "0 Input ing is dependent on external conditions.
st pin
To est P (JTO m and JNTO m)
Output (@ Used for outputting the internal clock signal. (ENTO CLK)
(D Control signal from an external source for conditional jumping in a program. Jump-
T Test pin 1 Input ing is dependent on external conditions. (JT1 mand JNT1 m)
(@ When enabled event signals are transferred to the timer/event counter. (STRT CNT)
(@ Control signal from an external source for conditional jumping in a program. Jump-
INT Interrupt Input ing is dependent on external conditions. (JN1 m)
@ Used for external interrupt to CPU.
Read control signal used when the CPU requests data from external data memory or ex-
RD Read control Output ternal devices to be transferred to the data bus.
(MOVX A, @Rr and INS A, BUS)
Write control signal used when the CPU sends data through the data bus to external data
WR Write control Qutput memory or external device.
(MOVX @R, Aand OUTL BUS, A)
RESET Reset Input Control used to initialize the CPU.
A si latchi h . ignal in
ALE Address latch enable Output signal used for latching the address on the data bus. An ALE signal occurs once during
each cycle.
PSEN Program store enable Output Strobe signal to fetch external program memory.
== I si i j i ith ALE t he CPU through each instruction,
SS Single step Input Contro- signal used in conjunction with ALE to stop the CPU gl il

in the single step mode.

(@ Normally maintained at OV.

EA External access Input @ When the leve! is raised to 5V, external memory will be accessed even when the ad-
dress is less than 400, 6(1024).
X1, Xz Crystal inputs Input External crystal oscillator olr RC circuit input for generating internal clock signals. An

external clock signal can be input through X, or X,.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL8048-XXXP

SINGLE-CHIP 8-BIT MICROCOMPUTER
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit

Vce Supply voltage —0.5—7 \

Voo Supply voltage —0.5—7

] Input voltage With respect to Vs —0.5~7 \

Vo Output voltage —0.5—7 \

Pd Power dissipation Ta=25TC 1.5 w

Topr Operating free-air temperature range 0~70 T

Tstg Storage temperature range — 65~ 150 T

RECOMMENDED OPERATING CONDITIONS (ta=0~707,

unless otherwise noted )

Limits
Symbol Parameter Unit
Min Nom Max

Voo Supply voltage 4.5 5 5.5 Y
Voo Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 \Y
ViH1 High-level input voltage, except X1, X2 and RESE 2 Vce \Y
ViH2 High-level input voltage, except X1, X2 and RESE 3.8 Vee \
Vi Low-level input voltage —0.5 0.8 \

ELECTRICAL CHARACTERISTICS (Ta=0~70C, Vco=Vpp=5V +10%, Vss=0V, unlessotherwise noted )

Symbol Parameter Test conditions in L;r:lpts Max Unit
VoL Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 v
VoLt Low-level output voltage, except the above and PROG loL=1.6mA 0.45 \%
Vorz Low-level' output voltage, PROG loL=1TmA 0.45 \%
VoH High-level output voltage, BUS, RD, WR, PSEN, ALE loH= — 100 A 2.4 \Y
VoH1 High-level output voltage, except the above loH= —50/A 2.4 \Y%
1L Input leak current, T1, INT Vss= ViNSVee —10 10 LA
oL Output leak current, BUS, TO high-impedance state Vss+0.45=VINSE Vce —10 10 HA
i Input current during low-level input, port ViL=0.8V —0.2 VmA
ILi2 Input current during low-level input, RESET, 55 ViL=0.8V —0.05 mA
IpD Supply current from Vpp 10 20 mA
lop+!co Supply current from Vpp and Vee 65 135 mA
TIMING REQUIREMENTS (Ta=0~70C. Voc=Vpp=5V +10%. Vss=0V. unlessotherwise noted )
Symbol Parameter Alstig\ta):’ve Limits Unit
Min Typ Max
tc Cycle time toy 2.5 15.0 “s
th (PSEN-D) | Data hold time after PSEN tor 0 200 ns
th (R-D) Data hold time after RD tor 0 200 ns
tsu (PSEN-D) | Data setup time after PSEN trRD 500 ns
tsu (R-D) Data setup time after RD trRD 500 ns
tsu (a-D) Data setup time after address T tap 950 ns
tsu (PROG-D) | Data setup time after PROG ter 810 ns
th (PROG-D) | Data hold time before PROG ter 0 150 ns

Note 1: The input voltage level of the input voltage is Vi =0.45V and Vyy=2.4V.

MITSUBISHI
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MSL8048-XXXP

SINGLE-CHIP 8-BIT MICROCOMPUTER

SWITCHI NG CHARACTER IST'CS (Ta=0~70C., Vec=Vop=5V+10%, Vss=0V. unlessotherwise noted)

Symbol Parameter Alstyex;t)ilve i L:::s r——M;x-—~ Unit
tw(aLE) | ALE pulse width T 400 I 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(pseEN) | PSEN pulse width tce 700 ns
tw (R) RD pulse width tce 700 ns
tw(w) T wR pulse width tce 700 ns
td(o-w) Delay time, data to WR signal tow 500 ns
tv(w-0) Data valid time after WR t wo 120 ns
td(a-w) Delay time, address to WR signal t Awﬁ 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 Tt AFC 0 ns
td (PCc-PROG) | Delay time, port co_n{rol 10 PROG signal tep ﬂ(; ns
tv (PROG-PC) [ Port control valid time after PROG tec 100 ns
tp(Q-PROG) | Delay time, datato PROG signal top 250 ns
tv(PROG-Q) | Data valid time after PROG tep 65 I ns
tw (PROGL) | PROG low pulse width tep 1200 ns
td(Q-ALE) Delay time, data to ALE signal tpL 350 | ns
tv(ALE-Q) Data valid time after ALE tLp 150 ns

Note 2: Conditions of measurement: control output C|_=80pF
data bus output, port output

CL=150pF, tc=2.5uS

3: Reference levels for the input/output voltages are low level=0.8V and high level =2V

TIMING

DIAGRAM

Read from External Data Memory

ALE —/ .

T

tw (R)

BUS

/T

N /

td(az-r) —:—(—‘eth(ﬂ-u)
I N |

DDRESH { DATA W

Write to External Data Memory

ALE ﬂ

WA ————————

S\

tw(w)

—

td (-

tv(w-@)
w)

BUS 4ADDRESSH-

td (a-w)

t i
tsu(a-p) U (RD)
Instruction Fetch from External Program Memory Port 2
to
tw(ALE) ALE -/ \ _){ . \ J/ A\
V(ALE-Q) 1tp(Q-PROG)
ALE — N T\ td (o-ALE) ety (PrOG-Q)
tw(psen) P2g- P23 EXTENDED PORT PORT CONTROL =
DURING Y PCn X "JUTPUT DATAL
OUTPUT ) 1
PSEN — P2g~P23 DATA
\ tsu(PROG-D) IIh(PROG»D)
tv (ALE-A 0 P2¢—~P23 EXTENDED PORT P2p~P23 DATA
td (a-ALE) d >t DURING ) X
< (AZ-PSEN) INPUT :X Pos ) X
W tdion PORT CONTROL INPUT DATA
BUS DDRES: DATA d (PC-PROG ) >t= IV(F’ROL}‘F"C,‘
tsu(PSEN-D)
t PROG tw(PROGL)
Su(A-D)
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SINGLE-CHIP 8-BIT MICROCOMPUTER WITH EPROM

MITSUBISHI MICROCOMPUTERS

MSL8748S

DESCRIPTION
. . . . PIN CONFIGURATION (TOP VIEW)
The M5L8748S is an 8-bit parallel microcomputer frabri-
cated on a single-chip using high-speed N-channei silicon-
. . S
gate ED-MOS technology. This contains ultraviolet-light TEST PIN 0 To «[0 (] Vec (5V)
. T T PIN 1
erasable and electrically reprogrammable ROM (EPROM) cLock INPUT 1 X1 -] )¢ T1 TES
. . . CLOCK INPUT 2 X2 = 5] s]e» P2,
on a chip, so it is easy to change the program stored in the
EPROM RESET INPUT RESET —» 1] 57] e P2 /O PORT 2
’ SINGLE-STEP INPUT 55 — ] c]es P25
INTERRUPT o=
REQUEST INPUT INT = [E] [55]e» P2,
FEATURES EXTERNAL ACCESS EA —[7] e Py
® Single 5V power supply READ RD «[E] [3)e» Pig
® Instructioncycle ................. 2.5us (min) sTORETOGTN PSEN «[5] 2 z]erP s
f— (2]
® Basic machine instructions . ................ 96 WRITE WR <[] [ e P, $1/0 PORT 1
1-byte instructions: 68 LatcBRRESS ALE <[] s o] e P
. . Do & |2 23| ¢ P1
2-byte instructions: 28 o 0% n %»mz
. . 1 13 2 1
®
Direct addressing ........ . .. . up to 4096 bytes 02 & [ Ferpio
® Internal EPROM . ... ............... 1024 bytes 0s & 5] 7] Voo
e Internal RAM R e 64 bytes DATA BUS 1, e (] =)+ PROG EXTERNAL
® Built-in timer/event counter . . ....... . 8 bits Ds @ [17] z]e P23) SONTROL
® [/OPorts........... e e 27 lines De «» 1] m]e P2,
® Easily expandable memory and 1/0: D7« [] e P2, (o PORT 2
. R 2] &P
® Subroutinenesting . ................ .. 8levels (ov) vss [z 2]+ P2,
® External and timer/event counter interrupt . 1 level each Outline 4010
in
® External RAM . ........ e e e 256 bytes utline
® Interchangeable with the Intel’s D8748 in pin configura-
tion and electrical characteristics ® A debugging CPU for program, application and system
design development
APPLICATIONS ® A CPU for prototype and preproduction systems prior
® A CPU for special repetitive processing or control for to factory-programmed mask ROM production
which a small number of units are to be produced.
BLOCK DIAGRAM DpD, Dz D3 D40¢ Dg Dy P|np‘lplzp‘lé’1f‘sP|:’h P?olePZZPZJP?FZSPsz’
— _?Q??Q?m AD(8X19) 2i X)) € - - g__
s
sS4
PORT 1 PORT 2 1K BYTES S22 0SC. FREQ !
BUS BUFFER BUS BUFFER BUS BUFFER o -_:;Eosm}ggg
a Q %) :ano &.‘Eg PRESCALER
BUS LATCH PORT 1 < MEMORY P@S&g;\ﬁ” STATUS
PC TEMP. REGISTER| |8 LATCH PORT 2 LATCHIG™ BANK 8 o dister| [T
(LOW-ORDER 8 BITS) EXTENDED '/05 5%@0 eprom |LFEC!S C[g 2
I L
8
| 0 0T 5
INSTRUCTION STACK ROREGIS
2, REGISTER JIECINTE poiNTER RTREGISTE
oI, SELECTO RZ -
%gz (RB) [R3 4 '
T B
£9° INSTRUCTION RAREGISTER ¢l ¢
(v, 25) Voo % DECODER = [RSREGISTER 5|
G|REREGISTER &
(V) Vee 8““7 REGISTER 7
(ov) Vss H a STACK
4 |ROREGISTER 0
_ le— 7o W[RTREGISTER 1
pe— T,
EPROM PROGRAMMING CONTROL <. N 3 Fﬁ‘gzgg:ggg o
OO QU je—FLAGO < v
ZZ2Z0 jle—rFLAGH RAREGISTER 4| '
5a9 [<—IIMER FLAG RSREGISTER 5| <
CONTROL CIRCUIT 29 [ acc REREGISTER &
3 RTREGISTER 7
(::Acc BIT TEST
—l RAM 64 BYTES
1 6 4 7 2 3 ) 9 5 8 10) - - J
To T, INTRESETPROG EA X | X, ALE PSEN 5§ RD WA
* MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MS5L8748S

SINGLE -CHIP 8-BIT MICROCOMPUTER WITH EPROM

PIN DESCRIPTION

Pin

Name

Input or Output

Function

Vss

Ground

Normally connected to ground (0V).

Vce

Main power supply

Connected to 5V power supply.

VoD

Program power supply

(D Normally connected to 5V power supply.
(@ When programming to EPROM, 25V is required.

PROG

Program

Input

(@ Used to supply 25V program pulses (50 ms width) from an outside source when pro-
gramming to EPROM.

Output

(@ Strobe signal for M5L8243P |/0 Expander.

P1o~P17

Port 1

Input/output

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

P2o~P27

Port 2

Input/output

(D The same as port 1.

Output

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

program memory.

Input/output

@ P2,~P2, serve as a 4-bit 1/O expander bus for the M5L8243P.

Do~ D7

Data bus

Input/output

(@ Provides true bidirectional bus transfer of instructions and data between the CPU
and external memory. 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 pro-
gram counter are synchronized with ALE. After that the transfer of the instruction
code or data from external program memory is synchronized with PSEN.

@ The output of addresses for data using external data memory is synchronized with
ALE. After that the transfer of data with the external data memory is synchronized
with RD/WR.

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

To

Test pin O

Input

(D Control signal from an external source for conditonal jumping in a program. Jumping
is dependent on external conditions. (JTO m and JNTO m)

Output

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

Test pin 1

Input

(@ Control signal from an external source for conditional jumping in a program. Jump-
ing is dependent on external conditions. {JT1 mand JNT1 m)

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

|

z
=

Interrupt

Input

(D Control signal from an external source for conditional jumping in a program. Jump-

ing is dependent on external conditions. (JN1 m)

@ Used for external interrupt to CPU.

Read control

Output

Read control signal used when the CPU requests data from external data memory or
external devices to be transferred to the data bus. (MOVX A, @Rrand INS A, BUS)

Write control

Output

Write control signal used when the CPU sends data through the data bus to external data
memory or external devices. (MOVX @R, Aand OUTL BUS, A)

RESET

Reset

Input/output

(D Control used to initialize the CPU.

@ Latch signal for the EPROM address when programming to EPROM and for reading
from EPROM (verify mode).

ALE

Address latch enable

Output

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

PSEN

Program store enable

Output

Strobe signal used to fetch from external program memory.

EA

Single step

External access

Input

Input

Control signal used in conjunction with ALE to stop program execution at the finish of
each instruction, in the single step mode.

(D Normally maintained at OV.

(2 When the level is raised to 5V, external memory will be accessed even when the ad-
dress is less than 400, (1024).

@ When in the programming mode for the EPROM a 25V power supply must be avail-
able at this terminal.

X1, X2

Crystal inputs

Input

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

MITSUBISHI
ELECTRIC




MITSUBISHI MICROCOMPUTERS

MS5L8748S

SINGLE-CHIP 8-BIT MICROCOMPUTER WITH EPROM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
vee Supply voltage —0.5~7 \Y
VDc)i Supply voltage —0.5~26.5 7 \%
Vi Input voltage With respect to Vss —0.5~7 \Y
Vo Output voltage, all outputs except ¢, and ¢, —-0.5~7 \
Pd Pov;; dissipation Ta=25T 1.5 w
Topr Operating free-air temperature range 0—~70 T
Tstg S{o?;ge temperature range — 65—~ 150 T
RECOMMENDED OPERATING CONDITIONS
CPU Operation (Ta=0-~70°C. unless otherwise noted )
Symbol Parameter Limits — Unit
. Min Nom Max
Veo Supply voltage 4.75 5 5.25 \
Vpp Supply voltage, except programming EPROM 4.75 5 5.25 \"
Vop Supply voltage, programming EPROM 24 25 26 \%
Vss Supply voltage 0 Vv
ViH1 High-level input voltage, except X, X,, RESET
2 vVce \Y
ViH2 High-level input voltage, X;, X,, RESET 3.8 vce Vv
Vie Low-level input voltage —0.5 0.8 \4
EPROM PROGRAMMING (Ta=25+5°C, V cCc=5V+5%, VDD =25+ 1V, unless otherwise noted)
Limits
Symbol Parameter i Nom Viox Unit
VDD(H) High-level program supply voltage 24 . 26 Vv
VDD(L) Low-level program supply voltage 4.75 5.25 \,
VIH(PROG) High-level program pulse input voltage 21.5 24.5 Vv
VIL(PROG) | Low-level program pulse input voltage 0.2 \V
VEA(H) High-level EA input voltage 21.5 24 .5 \V
VEA(L) Low-level EA input voltage 5.25 \Y
ELECTRICAL CHARACTERISTICS
CPU Operation (Ta=0~70C, Vcc=Vpp=5V+ 5%, Vss=0V, unlessotherwise noted)
Limits X
Symbol Parameter Test conditions Min Typ Max unit
VoL Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 Vv
VoLi Low-level output voltage, except the above and PROG loL=1.6mA 0.45 \
VoLz Low-level output voltage, PROG loL=1mA 0.45 \
VOH High-level output voltage, BUS, RD, WR, PSEN, ALE lon= —100uA 2.4 \
VOH1 High-level output voltage, except the above lon=—50uA 2.4 \%
[N Input leak current, T1, INT VsssViNSVee —10 10 uA
len Low-level input current, ports ViL=0.8V —0.2 mA
L2 Low-level input current, RESET, SS ViL=0.8V —0.05 mA
(1555} Supply current from Vpp Ta=25C 10 20 mA
lpp+lce Supply current from Vpp and Vce Ta=25C 65 135 mA
EPROM PROGRAMMING (Ta=25+5C, Vcc =5V 5%, VDD =25+ 1V, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
lop Supply current from Vpp 30 mA
liH(PROG) | High-level input current, PROG 16 mA
LIH(EA) High-level input current, EA 1 mA
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MSL8748S

SINGLE -CHIP 8-BIT MICROCOMPUTER WITH EPROM

TIMING REQUIREMENTS
Read/Write of External Memory (Ta=0~70°C, Vcc=V0D =5V +5%, VSs=0V, unless otherwise noted)

Symbol Parameter Alstj:]:vggilve in L:\::s Vox Unit
1o Cycle time tey 2.5 15.0 s
th(PSEN-D) | Data hold time after PSEN tor 0 200 ns
th(r-D) Data hold time after RD tor 0 200 ns
tsu(PSEN-D)| Data setup time after PSEN tro 500 ns
tsu(R-D) Data setup time after RD q - tRD 500 ns
tsu(a-n) Data setup time after address tap 950 ns
Note 1: The input voltage level is V|| =0.45 and V|4=2.4V.
Port 2 (Ta=0~70°C, Vcc =VOD =5V +5%, Vss=0V, unless otherwise noted)

Symbol Parameter Alstye:gglve i Ljr'::S Vion Units
tsu (pROG.b) Data setup time after PROG ter 810 ns
th(PROG-D) | Data hold time after PROG tpr 0 150 ns

Note 2: The input voltage level of the input voltage is V| = 0.45V and V|4=2.4V.

EPROM PROGRAMMING (Ta=25+5C. Voo=5V+5%. Vpp=25V + 1V, unless otherwise noted)

Symbol Parameter A‘S‘:;‘géi‘ve er" L:‘:ss Yo Unit
tsu (A-RES)| Address setup time before RESET taw atg
th (RES-A) Address hold time after RESET twa 4tc
tsu (D-PROG) | Data setup time before PROG tow ate
th (PROG-D) | Data hold time after PROG two atg
th (To-RESH) | RESET high hold time after To (verify mode) tpH ate
tSu(VooPROG)| Vpp setup time before PROG tvoow atc .
th(PROG-vop)| VoD hold time after PROG tvooH 0 ns
tw(PROG) PROG pulse width trw 50 60 ms
tsu(Tg-gs) | Setup time before RES trw ate
th (VDD-To) Hold time after Vpp twr atc
tw (RES) RESET pulse width tww ate

Note 3:  CPU cycle time t¢ requires 5us min, .
4: Rise time (t;) and fall time (t¢) of Vpp and PROG should be within the range of 0.56~2us.
5. RESET setup time for the positive-going EA requires 4 to min.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M5L8748S

SINGLE -CHIP 8-BIT MICROCOMPUTER WITH EPROM

SWITCHING CHARACTERISTICS
Read/Write of External Memory (Ta=0~70C, Vecc=VDD=5V +5%. Vss=0V, unless otherwise noted )

Symbol Parameter Alternative Limits Unit
symbol Min Typ Max
tw (ALE) ALE pulse width Lo 400 ns
td(a-ALE) Delay time, address to ALE signal taL 120 ns
tv(ALE-A) Address valid time after ALE LA 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(o-w) Delay time, data to WR signal tow 500 ns
ty(w-q) Data valid time after WR twp 120 ns
td(a-w) Delay time, address to WR signal taw 230 ns
td(az-r) Delay time, address floating to RD signal taFc 0 ns
td(az-PSEN)| Delay time, address floating to PSEN signal tAFC 0 ns
Note 6: Conditions of measurement: control output C, =80pF
data bus output C =150pF, t.=2.5us
7. Reference level for the input/output voltage is low level=0.8V and high level=2V.
Port 2 (Ta=0~70C, Vcc=Vop=5V +5%, Vss=0V, unlessotherwise noted )
Symbol Parameter Alternative Limits Unit
symbol Min Typ Max
td(Pc-PROG) | Delay time, port control to PROG signal tcp 110 ns
tv(PROG-PC) | Port control valid time after PROG tec 100 ns
tp(Q-PROG) | Delay time, data to PROG signal top 250 ns
tv(PROG-Q) | Data valid time after PROG tep 65 ns
tw (PROGL) PROG low-level pulse width tpp 1200 ns
td(Q-ALE) | Delay time, data to ALE signal teL 350 ns
tv(ALE-Q) Data valid time after ALE tep 150 ns
Note 8: Condition of measurement is C_=150pF, t;=2.5us
9: Reference level for the input/output voltage is low level=0.8V and high level=2V.
EPROM PROGRAMMING (Ta=25+5C. Vocc=5V +5%. Vop=25V + 1V, unless otherwise noted )
Symbol Parameter Alternative Limits Unit
symbol Min Typ Max
tp(Te-Q) Propagation time between T, and data. tpo atc

MITSUBISHI
ELECTRIC 7—-29



MITSUBISHI MICROCOMPUTERS

M5L8748S

SINGLE -CHIP 8-BIT MICROCOMPUTER WITH EPROM

TIMING DIAGRAM
Instruction fetch from external program memory

tc
tw(ALE)
N S\
ALE
' tw(PSEN)
PSEN
‘\—_/
tv (ALE-A) ‘
ros;
t _BSEN th (PSEN-D)
td (A-ALE) 1 d (a2 PSEE?
BUS -—é ADDRESS

DATA >\\
74
tsu(PSEN-D)
1
1

tsu(a-0) ‘
1

Reading from external data memory

tw(R)

D T\ *

H lth(n-o)
-
td (az-R)

tsu(R-D)

tsu(a-D)

Writing to external data memory

tw(w)
WR \
tv (w-q)
: td (e-w)
td(a-w)
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MITSUBISHI MICROCOMPUTERS

MSL8748S

SINGLE-CHIP 8-BIT MICROCOMPUTER WITH EPROM

Port 2
ST\ N\ /T
tv (ALE-Q)
td (Q-ALE) T tp (Q-PROG)
I tv (PROG-Q)
P20—P24 EXTENDED PORT ! 1

P2,~P2, PORT
ouUTPUT X PCH X DaTA X CONTROL XOUTPUT DATA

tsu(PROG-D)

EXTENDED PORT

P2¢o~P2
&pui“ PC P2o~P2, PORT INPUT
H DATA CONTROL DATA
1

td(pc-PROG)| ! ith (PROG-D)
tv (PROG-PC) T
e}
tw(pPROGL)
PROG —\

PROGRAMMING to EPROM

PROGRAM MODE VERIFY MODE PROGRAM MODE

tsu(T-RES)

T r \

\ i th(To-RESH)

tw(RES)

RESET
N\ th(RES-A) 1p (To-Q)

\
tsu(A-RES)

{ PROGRAMMING ]
ADDRESS K 70 EPROM DATA NEXT ADDRESS
X ADDRESS 'l x

T
tsu(voo-PROG) th (PROG-Vip )
/y \  th(voo-Tg)
Voo =
. ] tw(PROG)
t . <-j/ <—>}1n(PRoG-D)
PROG ————— su (D-PROG) \g " \
I
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MITSUBISHI MICROCOMPUTERS

M5L8748S

SINGLE -CHIP 8-BIT MICROCOMPUTER WITH EPROM

PROGRAMMING TO EPROM AND ERASING
Details of how to program data onto the EPROM for the
M51.8748S is shown in Fig. 1. The EPROM can be erased
by approximately 15 Ws/cm? of exposure to high-intensity
25374 short-wave ultraviolet rays.

Fig. 1 Flowchart of programming onto the EPROM

START

For example: the S-52 ultraviolet lamp has an intensity
of 17,000uW/cm? at a distance of 2.4 cm from the lamp.

The necessary exposure would be:

156Ws/cm?

17,000uW/cm?

Once data has been entered on the EPROM an opaque
label should be pasted over the window of the M5L8748S
to prevent inadvertent erasure.

=900 seconds = 15 minutes

Vpp <5V
EXTERNAL CLOCK (OR USE INTERNAL CLOCK)
* RESET <0V, TO« 5V, EA< 5V

DATA BUS AND PROG TERMINALS ARE FLOATING

{

M5L8748S IS PUT INTO THE SOCKET

|

!

r To <0V

I<— —_ —-‘[ PROGRAMMING MODE :l

|

[ EA <25V

l@—— _ —'[ STARTS PROGRAMMING ]

I
e |

THE LOW-ORDER 2 BITS OF PORT 2 AND DATA BUS « 10-BIT ADDRESS

EPROM ADDRESS WHERE DATA IS TO
- BE PROGRAMMED.

{

| RESET <5V

ON VOLTAGE RISE THE EPROM ]
ADDRESS IS LATCHED.

{

r DATA BUS « DATA

!

I Vpp <25V

——[ PROGRAM DATA ONTO THE EPROM ]

POWER REQUIRED TO PROGRAM ]

{

| PROG«—0V

{

I 25V 50ms PULSE TO PROG

- —*{: PROGRAMMING

!

r Voo« 5V

PROGRAMS 1 BYTE

T7T T71T

|
L

I TO«5V

i

’ OUTPUT WRITTEN DATA THROUGH DATA BUS

} _ | VERIFICATION OF PROGRAMMED
DATA

VERIFIES PROGRAMMED DATA IS
- CORRECT

!

[ To—0vV

{

PREPARATION FOR PROGRAMMING
THE NEXT DATA BYTE

[ RESET <0V

5 ) L —

INCREMENT ADDRESS,
AND DATA LEFT TO BE
WRITTEN

NO

[ WHILE POWER IS STILL ON (AT %) REMOVE THE M51L8748S FROM THE SOCKET. }— —_ —[ ENDS ]

END
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SINGLE-CHIP 8-BIT MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

MS5L8049-XXXP, M5L8039P-6

DESCRIPTION
The M5L8049-XXXP and M5L8039P-6 are 8-bit parallel
microcomputers frabicated on a single chip using high-speed

N-channel silicon gate ED-MOS technology.
FEATURES
® Single 5V power supply
® |Instructioncycle ................. 2.5us (min.)
® Basic machine instructions ... ..... e 96
1-byte instructions: 68
2-byte instructions: 28
® Directaddressing . ............ . up to 4096 bytes
® Internal ROM (for M5L8049-XXXP) . 2048 bytes
® internal RAM . .................... 128 bytes
® Built-in timer/event counter .. ............ 8 bits
® [/OPorts........ e e 27 lines
® Easily expandable Memory and 1/O:
® Subroutinenesting ................... 8levels
® External and timer/event counter |nterrupt 1 level each
® Low power standby mode
® External RAM .......... ... i, 256 bytes
® M5L8049-XXXP/M5L8039P-6 are interchangeable with
Intel’s PB049 (6MHz operation)/P8039-6 in pin configu-
ration and electrical characteristics.
APPLICATION
® Control processor or CPU for a wide variety of appli-

cations

PIN CONFIGURATION (TOP VIEW)
TesTPINO Toew[] @  Vee (5V)
CLOCK INPUT 1 X1 —»E Ed— T1 TEST PIN 1
CLOCK INPUT 2 X2 = [5] e P2,
RESET INPUT RESET —=»[3 e P2
ET[] ] & 41/0 PoRT 2
SINGLE-STEP INPUT SS — [5] ) P25
INTERRUPT —=
REQUEST INPUT INT =[] [Eler P2,
EXTERNAL ACCESS EA — [T} Giler Py
READ RD «[3] 2 FlePig
—— o
STOREL ENABLE PSEN &3] C Fles P
WRITE WR <[ 1 S]er Py
© 1/0 PORT 1
ADDRESS LATCH ALE < (1] x 0]e» P13
ENABLE X
( DQ“E x E”F”-Z
D1 e[ R Zs]esP1,
D2 @ 1] TleP1g
pata sus 4 O3 L ] Voo (5V)
D4 o [F] 7] —+PROG ¢ EXTERNAL
Ds & [17] ) er P23 CONTROL
TPUT
Ds «» [2] ]e P2,
1/0 PORT 2
D7 & [} B d
(0V) vss [z e p2,
Outline40P1
FUNCTION

The M5L8049-XXXP and M5L8039P-6 are integrated 8-bit
CPUs, with memory (ROM, RAM) and timer/event counter
interrupt all contained on a single chip.

BLOCK DIAGRAM

DD D2 D3 D405 Dg D7

Plo P12 Pli pig

Ph Pl Pis P17 P2

P2 P22 P2
P2;

P2

P2
s P2y

@m@@ OBODG OO - -
PORT 1 PORT 2 0SC FREQ
BUS BUFFER BUS BUFFER BUS BUFFER |PROGRAM !
SELECT ROM
. @ a Q Z 2 BITS . PRESCALER
pC TENP, REGISTER| |s I PR5&H | PORT 2 CATCH %"’ MEMORY, | MEMORY RSETGAIQER
(LOW-ORDER 8 BITS) Z EXTENDED 1/0f & SELLEACBT)OR 2K x 8
8 O«
< z 10!
3
| , [ 1T DS O »
J 11 FLAGS o INS TERGLIJ IE%N REG'STER%@CTER [ JROREGISTERO
) = BANK R1REGISTER!
ACCUMULATOR| | {EMEORARY 51 B3e Jof  SELECTOR RZREGISTER?Z| o
‘_QJ: £33 n = DSRECISTERYY i
ACCUMULATOR =9 INSTRUCTION S R4REGISTER4|¢
(5V) Voo ROWER, LATCH = g~ DECODER DDRESS E RSREGISTERS|®
CONTROL |Q[REREGISTERS
(5V) Vee FOR RAM CIRCUIT § RTREGISTER?
(0V) Vss ﬁ AORRESY 18 sTack
CIRCUITT | [ROREGISTER®
. - e— o E"mREGI TERT
ES ‘—J\J‘T o |R2REGISTER 2
850 F—Flaco Q|R3REGISTER3|
EZ0O [=FLAG R4REGISTER¢|Z '
54O j=—TIMER FLAG RS5REGISTER S|
O« I |le—carRy = ©
CONTROL CIRCUIT (N 297 [—ace R6REGISTERs
! — ——— © '— acc BIT TEST R7REGISTER?
RAM 128 BYTE
OO D010 -
To T, NTAESET PROG EA X1 X2 ALE PSEN 5§ RD WR
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MITSUBISHI MICROCOMPUTERS

MSL8049-XXXP, MSL8039P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

PIN DESCRIPTION

Pin Name input or Output Function
Vss Ground Normally connected to ground (OV)
vce Main power supply Connected to 5V power supply
Connected to 5V power supply
VoD Power supply O] )
@ Used for memory hold when Vg is cut
PROG Program Output Strobe signal for M5L8243P 1/0 Expander
i-bidirecti i FFye must firs tput his
P1g~P1y Port 1 Input/output Quasi-bidirectional port. When used as an input port, ‘ 16 irst be output to this
port. After reset, when not used as an output port nothing can be output.
Input/output (D The same as port 1
Output @ P2,~P23 output the high-order 4 bits of the program counter when using external
P2o~P2, Port 2 program memory
Input/output @ P2,~P2; serve as a 4-bit 1/0 expander bus for the M51.8243P
(D Provides true bidirectional bus transfer of instructions and data between the CPU and
external memory. 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 pro-
gram counter are synchronized with ALE, After that the transfer of the instruction
Do~ D7 Data bus Input/output ) . U —
code or data from external program memory is synchronized with PSEN.
@ The output of addresses for data using external data memory is synchronized with
ALE. After that the transfer of data with the external data memory is synchronized
with RD/WR.
(MOVX A, @Rr and MOVX @Rr, A)
(@ Control signal from an external source for conditional jumping in a program. Jump-
o Input ing is dependent on external conditions.
Test pin
To s (JTO m and JNTO m)
Output @ Used for outputting the internal clock signal. (ENTO CLK)
(@ Control signal from an external source for conditional jumping in a program. Jump-
T1 Test pin 1 Input ing is dependent on external conditions. (JT1 mand JNT1 m)
(@ When enabled event signals are transferred to the timer/event counter. (STRT CNT)
(D Control signal from an external source for conditional jumping in a program. Jump-
INT Interrupt Input ing is dependent on external conditions. (JN1 m)
@ Used for external interrupt to CPU
Read control signal used when the CPU requests data from external data memory or ex-
RD Read control Output ternal devices to be transferred to the data bus.
(MOVX A, @Rr and INS A, BUS)
Write control signal used when the CPU sends data through the data bus to external data
WR Write control Output memory or external device.
(MOVX @R, Aand OUTL BUS, A)
RESET Reset Input Control used to initialize the CPU.
A signal latching th the data bus. An ALE signal occurs once durin
ALE Address latch enable Output signal used for latching the address on the data bus. signa g
each cycle.
PSEN Program store enable Output Strobe signal to fetch external program memory.
T . Control signal used in conjunction with ALE to stop the CPU through each instruction,
SS Single step Input )
in the single step mode.
(@ Normally maintained at 0V
EA External access Input (@ When the level is raised to 5V, external memory will be accessed even when the ad-
dress is less than 400,, (2048)
. | illat RC circuit input fo nerating int I clock signals. An
X1, X2 Crystal inputs Input External crystal oscillator or circuit inpu r generating internal clock sig
external clock signal can be input through X, or X,.
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M5L8049-XXXP, M5L8039P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

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

RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unies otherwise noted)
Symbol Parameter Limits Unit
| Min Nom Max
vee Supply voltage 4.5 5 5.5 o \
Voo AS;Jpply voltage 4.5 5 5.5 \%
B Vss Supply voltage 0 \
—
ViK1 High-level input voltage, except for Xy, X, , RESET 2 Vee \
ViH2 High-level input voltage, X, , X,, RESET 3.8 Vce \
ViL Low-level input voltage —0.5 0.8 v
ELECTR'CAL CHARACTER'STICS (Ta=0~70C, Vcc=Vpp=5V +10%, Vss=0V, unlessotherwise noted )
Symbol Parameter Conditions Limits Unit
Min Typ Max
Vou Low-level output voltage, BUS, RD, WR, PSEN, ALE loL=2mA 0.45 \Y
Voui Low-level output voltage, except for the above and PROG loL=1.6mA 0.45 \
Vorz Low-level output voltage PROG loL= 1mA } 0.45 \
Von High-level output voltage, BUS, RD, WR, PSEN, ALE loH= — 100 A 2.4 | \
VOoH1 High-level output voltage, except for the above loH= —50/A 2.4 \"
1L Input leak current, T1, INT Vss=ViNSVce —10 10 HA
loL Qutput leak current, BUS, TO, high-impedance state Vss+0.45< VNS Vce —10 10 uA
i Input current during low-level input, port ViL=0.8V —0.2 mA
ILi2 Input current during low-level input, RESET, 58 ViL=0.8V —0.05 mA
oD Supply current from Vpp Ta=25T 25 50 mA
Ipp+lcc | Supply current from Vpp and Ve Ta=25T 100 170 mA
TlMlNG REQU'REMENTS (Ta=0~70C. Vcc=Vpp=5V +10%. Vss=0V, unlessotherwise noted)
i Limits
Symbol Parameter Ax:;&ve Py - Vax Unit
tc Cycle time T toy 2.5 15.0 “s
th(PSEN-D) | Data hold time after PSEN tor 0 200 | ns
th (R-D) Data hold time after RD tor 0 200 | ns
tsu (PSEN-D) | Data setup time after PSEN " trD 500 | ns
tsu(R-D) Data setup time after RD' tro 500 ns
tsu(A-D) Data setup time after address tap 950 i ns
tsu(PROG-D) | Data setup time after PROG ter 810 i ns
th (PROG-D) Data hold time before PROG tpr 0 150 I ns

Note 1: The input voltage level of the input voltage is V| =0.45V and V|4=2.4V.
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MSL8049-XXXP, M5L8039P-6

SINGLE-CHIP 8-BIT MICROCOMPUTER

SWITCHING CHARACTERIST'CS (Ta=0~70C, Voc=Vpp=5V+10%, Vss=0V, unless otherwise noted )

Symbol Parameter A's‘s’::‘s:‘ve Ve L_:::S o Unit
tw (ALE) ALE pulse width ti 400 ns
td(A-ALE) Delay time, address to ALE signal taL 150 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(g-w) Delay 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 t AW 230 ns
td(Az-R) Delay time, address disable to RD signal t AFC 0 ns
td(az-PSEN) | Delay time, address disable to PSEN signal taFc 0 ns
Ivd(pc.pﬁoc) Delay time,‘;);} control to PROG signal tep 10 ns
tv (PROG-PC) Port control valid time after PROG tpc 130 ns
tp(Q-PROG) | Delay time, data to PROG signal ) top 220 ns

t—V(I;HL;G-Q) Data valid time after PROG i tpD 65 ns
tw (PROGL) PROG low pulse width tpp 1510 ns
td(Q-ALE) Delay time, data to ALE signal tpL 400 ns
tv(ALEQ) Data valid time after ALE tp 150 ns

Note 2: Conditions of measurement: control output C| =80pF

data bus output, port output

CL=150pF, tc=2.5S

3: 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

ALE —/_—\

/S N\

tw(R) e tww)
RD N WR \ —
tv(w-Q)
td (az-
d (Az-R) t4(0-w)
BUS [ADDRESS BUS &A »
tsu (R-D) td(a-w)
tsu(A-D)
Instruction Fetch from External Program Memory Port 2
tc
tw(ALE) ALE \ j t \. I v —
(ALE-Q p (Q-PROG)
td (0- v
ALE —/ \ / — Q-ALE) tv (PROG-Q)
) EXTENDED PORT PORT CONTROL
W (PSEN) P2 SJR'T N?Ga PCH X X “QUTPUT DATA[
PSEN OUTPUT P2o~P23DATA ' 1
tsu(PROG-D) ||th (PROG-D)
tv (ALE-A) EXTENDED PORT P2o~P23 DATA ) T
td (A-ALE) - td >t th(PSEN-D) pzo_p23:x PCH N X X H&
(AZ-BSEN) DURING ! PORT CONTROL INPUT DATA
), W INPUT t e 1
BUS CQDDRESS « 0ATA P d (PC-PROG)™H tv (PROG-PC)
tsu(PSEN-D)
PROG tw(PROGL)
tsu (A-D)
MITSUBISHI
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MSL8086S

16-BIT PARALLEL MICROPROCESSOR

DESCRIPTION
The M5L8086S is a 16-bit parallel microprocessor fabri- PIN CONFIGURATI?JN (TOP VIEW)
cated using high-speed N-channel silicon-gate ED-MOS oV A;Sj»% ;_—gl“/\:;?s (8v)
techology. It requires a single 5V power supply and has a AD13++[3] 58] — A16/S3
maximum basic clock rate of 5SMHz. AD 12+ [1] 37— A17/Sa
The M5L8086S is upward compatible, both in hardware AD 11 +[5] [36] — A18/Ss
and software, with the M5L8080AP, S and M56L8085AP, S AD 10 6] 5] —A19/Se
therefore it can replace either of these devices. It has higher 28::% %: 325%7
performance because of additional and more powerful AD; <+ [3] z 37 ~RD
operation and addressing functions and instructions. ADg «» [iT] E [31) «»RQ /G T o (+— HOLD)
ADs«s[i]] 2 30 » RQ/GT1 (— HLDA)
FEATURES AD 4[] @ 75 +LOCK (- WR)
® Direct addressing: 1M byte AD3«+[i3] 28— S2 (= Mm/i0)
® |nstruction set upward compatible with that of M5L— ADz+ (1] 27—+ S1 ~DT/R)
8080AP, S NN S  (~DEW)
! . AD g+ [ig] 5] —+QSo (- ALE)
® Enlarged powerful addressing: 24 modes NMI 7] 72— QS (- INTA)
® On chip 16-bit registers: 14 registers INTR i3] 23]+ TEST
® Arithmetic operations include multiplication and divi- CLK—[i9] [22]«— READY
sion, signed or unsigned and 8-bit or 16-bit operands. (ov) Vss 21« RESET
® Basic clock rate: 5MHz (max_) () terminal name during minimum mode operation
® Multi-CPU functions Outline 40 S1
® Single 5V power supply
® |nterchangeable with the Intel 8086 in pin configuration FUNCTIONS
and electrical characteristics The M5L8086S has a minimum and maximum mode, which
allows the composition to be selected to match the scale of
APPLICATIONS the system in which it is used. The internal function con--
Central processing unit for 16-bit microcomputer and con-  sists of execution unit (EU) and bus interface unit (BIU).
trol units The BIU controls the 6-byte instruction queue, while gene-

rating addresses, and decodes instructions to be executed
by the EU. Each unit operates asynchronously and can

BLOCK DIAGRAM Vs (V) Vee(5V)
\ 0@ ' T ]
BUS HIGH INABLE __ i |
AND STATUS OUTPUT BHE/SA;Q——ﬂ BUS INTERFACE UNIT (BIU) i
[ As/se " i
ADDRESS AND | Au/Ss I
STATUS QUTPUT | avvs %s ‘ %s ! | MASKABLE
Aw/S i - INTERRUPT INPUT
o ADDRESS | FiFoo@® ] z @\‘Nfﬂ NON-MASKABLE
* ADD CIRCUIT \ FFror @ 1,8, (DN INTERRUPT INPUT
ADe 'U_Jn-gw‘ < @D RESET RESET INPUT
AOn F.* | ;‘;%(5; >Sok | —(@9) READY READY INPUT
ADiz 8 Pr3S! S » p—@TEST TEST INPUT
S (16) £1F0 4 (8) [©FCm z 2
AD1 | = S (15) 2 < 3 [-QDR/GT ) REQUEST/GRANT
ADic ES WO,S“” = w 3 |Gyro/ct | INPUT/QUTPUT (MAX)
ADs w SSUE)ISEGMENT | ! 2 € |~G) (HoLo) HOLD REQUEST INPUT (MIN)
ADDRESS AND | 4Dy o ES (15) I;!,\IIESGlET%EI(_'éI’:IID i =5 L @ HLDA)BU%F@UAC(KAN’%WLEDGE
{ I
BIDIRECTIONAL DATA BUS | a0; § 1P (6)  IpOINTER + 3 |- @ik CLOCK INPUT
| ADs W 16 Y E  [~—@mvix MODE CONTROL INPUT
ADs = i - 29 L0CK LOCK REQUEST OUTPUT (MAX)
A0 Q % - T AL 4L i z 8 8105 ) QUEUE_STATUS
AD; (3~ 4 i ! = ——28) 051 }OUTPUT (MAX)
a0 (e B L[AR(E) AL (8) 16-BIT L e
ARITHMETIC/ ! >
AD: (19— LOGIC UNIT \ 2 P—~@)5 ]STATUS OUTPUT (MAX)
(MIN) INTERRUPT _ADo (19~ T | | b2 5
ACKNOWLEDGE QUTPUT (iNTA) (24 L |
IN) WRITE CONTROL OUTPUT (WR) (39— - :‘ 1
MIN) 'READ CONTROL OUTPUT (D) (32~ GS (16) ! |
{MIN) DATA DIRECTION (M 0) @B L ! i
MIN TA ?RLE%IEEOUTPUT TR @) | |(MIN): TERMINAL NAME DURING
- i H
(MIND DATA SRS S SuTeuT (BEN) Gor—d GENERAL PURPOSE ' ‘ MINIMUM MODE OPERATION
(MIN] R60R ENABLTE QUTPIT (ate) o | REGISTER (MAX): TERMINAL NAME DURING
(MIN) - ADDRESR L EBuTeut ; EXECUTION UNIT (EU) | : MAXIMUM MODE OPERATION
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16-BIT PARALLEL MICROPROCESSOR

access the instruction queue.

The pipeline architecture increased the throughput of
the system. The ability to select 8-bit bytes or 16-bit words
by using terminals A, and BHE, allows more efficient use
of memory. This along with a large direct addressable
memory (up to 1M bytes) makes it practical to process large
complicated programs. Two kinds of external interrupt in-

PIN DESCRIPTIONS

put are provided. The INTR is a maskable interrupt input
for the normal interrupt applications, while the NMI is a
nonmaskable interrupt for the use of a higher priority inter-
rupt such as power down. In addition to external inter-
rupts, internal interrupts can be initiated by software with
the overflow and so on.

Pins which have the same functions in minimum or maximum mode

: Input or .
Pin Name Output Functional description
Address and ADp~AD;s is used as both an address bus (Ap~A;s) and a data bus (Do~ D;s). Though time sharing it outputs addresses
ADp~ADgs Input/output N .
data bas during T, state and outputs data during T, T3, Ty, T4 states.
The high-order 4 bits (A;6~A,9) and status (S3~Sg) are output using time sharing techniques. The address bits are output
during T, state and data are output during T, , T3, T\, T4 states. The status bits S3 and S4 determine which segment register
A19/Ss is used in the bus cycle as follows:
Address and
§ Qutput Sa Ss
A s status 0 0 extra segment
16/S3 0 1 stack segment
1 0 code segment or none
1 1 data segment
while Sg shows the interrupt enable flag and starts the beginning of a clock cycle. Status bit Se is aways 0.
Bus high enable (BHE) and status are output using time sharing techniques. Bus high enable is output during T, state and
status is output during T,, T3, Ty, T4 states. BHE along with Ag is used to select byte or word unit processing. The selection
is as shown below.
BHE A
—_— Bus high enable o
BHE /S Output 0 0 word processing (16 bits)
and status . .
0 1 high-order byte processing (8 bits)
1 0 low-order byte processing (8 bits)
1 1 undefined
This pin goes to low-level during the first clock cycle of an interrupt acknowledge cycle. S, is a spare status bit
RD Read control Output An active “L" signal indicates read timing from memory or an 1/0 port.
READY Ready Input Signa‘J indicating ‘data transfer to or from memo'ry and 1/0 device. When the READY signal is at low level the CPU waits for
the signal to go high level. When the signal is at high level the CPU ends the read or write.
INTR Maskable Input This signal is sampled at the final clock cycle of each instruction for its level. Enable can be masked by software to inhibit
interrupt request interrupts. An interrupt vector of 256 types can be made using an M5L8259A.
The CPU samples this pin while in the wait state. As the result of executing a WAIT instruction this pin is at high level. If the
TEST Test Input pin is still at high level when sampled the CPU continues to idle until it goes to low level and when that happens the CPU will
resume operation.
NMI Non-maskable Input This signal is sampled during the final clock cycle of an instruction execution cycle. It is used for urgent interrupts such as
interrupt request power down. A type 2 interrupt is generated by this signal.
RESET Reset Input This signal is used to initialized the CPU. When used it must be maintained at high level for 4 clock cycles to be eftective.
CLK Clock Input This signal is used for internal clocking. It is normally attached to the clock output of a M5L8284P or similar device.

MITSUBISHI
ELECTRIC



MITSUBISHI LSIs

-MSL8086S

16-BIT PARALLEL MICROPROCESSOR

Pin Description During Minimum Mode

: Input or . .
Pin Name output Functional description
= Data direction o X . X .
M/10 control Output This pin indicates whether the CPU is accessing memory or an /O device at the time.
e Write Lo . . .
WR control Qutput This signal is used for timing when writing data to external memory or 1/0O device.
N e Interrupt L N
INTA Output This pin is used as the read strobe for the interrupt vector on the data bus during the interrupt acknowledge cycle
acknowledge
ALE Address out This signal is the output strobe from the CPU for write address. This is output using time sharing techniques to an external
t
latch enable utpu latch.
= Data transfer S - . .
DT/R ol Output This signal indicates the direction of data transfer between the data bus buffer and an external device.
contro
DEN Data enable Output This signal enables the external data bus buffer.
When a hold request is received by the CPU it will enter the hold state and surrender control of the data bus at the end of the
HOLD Hold request Input X -
current instruction execution cvcle.
HLDA Hold Outout This signal shows that the CPU bus accepted a hold request from a peripheral device and that control of the data bus has been
u
acknowledge L surrendered to the peripheral device.

Pin Description During Maximum Mode

Input or L
Pin Name Output Function description
S S 5
0 0 0 Interrupt acknowledge
0 0 1 Read 1/0 port
0 1 0 Write /O port
S S2,S1,| Status Output 0 1 1 Hold
1 0 0 Instruction fetch
1 0 1 Read memory
1 1 0 Write memory
1 1 1 Passive cycle
RQ /G_T_o R /Grant | y This pin is used by other local bus masters to input a hold request to the CPU and then used to output acknowledge
ﬁé /G_fl equest/Gran nput/output RQ/GT, has higher priority than RQ/GT, .
LOCK Lock . Output This signal forbids the use of the system bus by any other system bus masters when the CPU is using the systém bus.
reques’
The status signal is used for indicating queue operations.
QSo QS
Queue 0 0 No operation
0S1,Q0So Output
status 0 1 fetch first byte (operation code) of the instruction
1 0 clear the contents of queue
1 1 fetch the next byte of the instruction

MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbec! Parameter Conditions Limits Unit
Veo Supply voltage —1.0~7 \
With respect to GND
Vi Input voltage —1.0~7 A\
Pd Maximum power dissipation Ta=25°C 2.5 w
Topr Operating free-air ambient temperature range 0~70 c
Tstg Storage temperature range —65~150 T
RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 \%
ViH High-level input voltage 2.0 Vee+0.5 \
ViL Low-level input voltage —0.5 0.8 \%
ViIH(¢) High-level clock input voltage 3.9 Vee+1.0 \%
ViL(¢) Low-level clock input voltage —0.5 0.6 Vv
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoL Low-level output voltage loL=2mA 0.45 \"
VoH High-level output voltage loH= — 400uA 2.4 \
icc Supply current Ta=25C 340 mA
[N Input leak current ovV<V < Vce +10 A
ILo Output leak current 0.45=Vo=Vcc +10 HA
Ci Input capacitance fo=1MHz 10 pF
Co Output capacitance fc= 1MHz 20 pF
TIMING REQUIREMENTS
DUR'NG MlNlMUM MODE (Ta=0~70"C, Voc=>5V +10%, unless otherwise noted )
: Limit
Symbol Parameter A‘s(em;;:ve Test conditions ms Unit
ym Min Typ Max
tc (¢) Clock cycle time TCLCL 200 500 ns
tw (sL) Clock input low-level pulse width TCLCH %lc(,)%s ns
tw (gH) Clock input high-level pulse width TCHCL '315“)4»2 ns
tr (4) Clock input rise time TCH1CH2| ViL=1.0V, V|4=3.5V 10 ns
tf (4) Clock input fall time TCL2CL1| ViL=1.0V, V|g=3.5V 10 ns
tsu (DQ-¢) Data input setup time before clock TDvVCL 30 ns
th (¢-DQ) Data input hold time after clock TCLDZ 10 ns
tsu (RDY-¢) RDY setup time before clock (Note 1, 2) TRIVCL 35 ns
th (¢-RDY) RDY hold time after clock (Note 1, 2) TCLRIX 0 ns
tsu (READY-¢) READY setup time before clock TRYHCH %‘c(¢)‘15 ns
th (4-READY) READY hold time after clock TCHRY X 30 ns
tsu (READY-¢) | READY data invalid setup time before clock (Note 3) | TRYLCL -8 ns
tsu (HoLD-¢) HOLD setup time before clock THVCH 35 ns
tsu (INTR-¢)
tsu (NMI-¢) INTR, NMI, TEST setup time before clock (Note 2) TINVCH 30 ns
tsu (TEST-¢)

MITSUBISHI
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SWITCHING CHARACTERISTICS
DURING MINIMUM MODE (Ta=0~70"C, Voc=5V +10%, CL=20~100pF, unlessotherwise noted )

Limits
Symbol Parameter Alternative Conditions Unit
Min Typ Max

texv (¢-A) Propagation time, clock to address valid TCLAV 15 110 ns
tpvx (¢-A) Address hold time after clock TCLAX 10 ns
tpvz (¢-a) Propagation time, clock to address float TCLAZ tpvx(a-¢) 80 ns
tw (ALE) Address iatch enable pulse width TLHLL tw(oLy 20 ns
tPLH (4-ALE) Propagation time, clock to address latch enable TCLLH 80 ns
tPHL (¢-ALE) Propagation time, clock to address latch enable TCHLL 85 ns
tPvz (ALE-A) Propagation time, address latch enable to address float | TLLAZ tw(gH)~10
tpxv (¢-DQ) Propagation time, clock to data valid TCLDV 15 110 ns
tPVZ (#-DQ) Propagation time, clock to data float TCHDZ th(a-g) 85 ns
th (WR-DQ) Data hold lime after write TWHDZ tw(gL)~30| ns

UPHL (¢-DEN)
— Propagation time, clock to data enable, clock to write,
UPHL (¢-WR) clock to INTA TCVCTV 10 110 ns

PHL (4-INTA)

UPHL (¢-DT/R)
teLH (¢-DT/R) Propagation time, clock to data send and return con-

tPHL (8-M/10) trol signal, clock to data transfer control signal TCHCTV 15 110 ns
tPHL (¢-M/T0)

::t: Eg:\%—?ﬂ’:) Propagation time, clock to data enable and write TCVCTX 10 110 ns
tPHL (A-RD) Propagation time, address float to read TAZRL 0 ns
tPHL (¢-RD) Propagation time, clock to read TCLRL 10 165 ns
tPl_H(qsz[‘)) Propagation time, clock to read TCLRH 10 150 ns
tpzv (RD-A) Next cycle address propagation time after read TRHAV te(s) 45 ns
tPLH(¢-HLDA) | HLDA propagation time after clock. TCLHAV 10 160 ns

Note 1: Signal at M51.8284P is shown for reference.
2: Setup time required to be recognized at next clock
3: Requirement during T2 state

TIMING REQUIREMENTS
DURING MAX'MUM MODE (Ta=0~70°C, Vgc="5V +10%, unless otherwise noted)

Limits

Symbol Parameter Alternative Conditions i Tvo Vo Unit
tc (¢) Clock cycle TCLCL 200 500 ns
twsL) Clock input low-level pulse width TCLCH %lc(,)’1 5 ns
tw (¢H) Clock input high-level pulse width TCHCL %tc(‘)ﬁ—z ns
tr (¢) Clock input rise time TCHICH2 | VIL=1.0V V|u4=3.5V 10 ns
tf (¢) Clock input fall time TcL2CcL1 | ViL=1.0V V| u=3.5V 10 ns
tsu (DQ-4) Data input setup time before clock TDVCL 30 ns
th (¢-DA) Data input hold time after clock TCLDZ 10 ns
tsu (READY- ) Ready setup time before clock TRYHCH 35 ns
th (#-READY) Ready hold time after clock TCHRYX 0 ns
tsu (READY-¢) Ready invalid setup time before clock (Note 6) TRYLCL 'ifc(,ﬂs ns
tsu (ROY-9) RDY setup time before clock (Note 4, 5) TR1VCL 35 ns
th (¢-RDY) RDY hold time after clock (Note 4, 5) TCLRIX 40 ns
tsu (INTR-¢)
tsu (NMI-) INTRO, NMI, TEST setup time before clock TINVCH 30 ns
tsu (TEST-¢)
tsu (RQ/GT-¢) RQ/GT setup time before clock TGVCH 30 ns
th (3-Rg) RQ hold time after clock TCHGX 30 ns
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SWITCHING CHARACTERISTICS
MAXIMUM MODE (2) (Ta=0~70°C, Voc=5V +10%, CL=20~100pF, unlessotherwise noted )

Limits .
Symbol Parameter Alternative Conditions Unit
Min Typ Max
UPHL (4-MR0G)
LPHL (¢-TORC)
UPHL (4-ATOWCT) ) SESE T5RE AOWE
PHL (5 -ARWO)| oPagation time. clock to MRDC, [ORC, AIOWC. | 1y pm | c=80pF 10 35 ns
t — AMWC, INTA, MWTC, IOWC (Note 4)
PHL (¢-INTA)
tPHL (¢ -MWTC)
UPHL (4-TOWC)
LPLH (4-MRDC)
tPLH (4-TORC)
UPLH (4-ATOWC), I R ——
tPLH (¢ -AMWG) Propagation time, clock to MRDC, TORC, ATOWC, TCLMH 10 35 ns
t — AMWC, INTA, MWTC, IOWC (Note 4)
PLH (¢-INTA)
LPLH (¢-MWTG)
UPLH (¢-TOWO)
tpvz (RDY-S) Propagation time, RDY to status 3~7 float (Note 6) TRYHSH 110 ns
tPHL (4-5) TCHSV 10 110 ns
tPLH (¢-8) Propagation time, clock to status 0~2 TCLSH 10 130 ns
tPLH (8-08)
tPHL (4-0S)
tpxy (¢-A) Propagation time, clock to queue status, address lock | TCLAV 15 110 ns
tPHL (4-COCK)
tPLH (4-CO0K)
tpvx (¢-A) Propagation time, clock to address TCLAX 10 ns
tevz (¢-A) Propagation time, clock to address float TCLAZ tevx(g-a) 80 ns
— P i
tPLH(S-ALE) ropagation time, status 0~2 to address latch enable TSVLH 15 ns
(Note 4)
EPLH (S-MCE) Propagation time, status 0~2 to MCE, PDEM (Note 4) TSVMCH 15 ns
PLH (S-PDEN)
teLm ($-ALE) Propagation time, clock to address latch enable TOLLH 15 ns
(Note 4)
t MOGE N
tPLH(""MCE) Propagation time, clock to MCE, PDEN (Note 4) TCLMCH 15 ne
PLH (¢ -PDEN)
Propagation time, clock to address latch enable
- s
tPHL (¢-ALE) (Note 4) TCHLL 15 n
LPHL (#-MOE) | propagation time, clock to MCE, PDEN (Note 4) TCLMCL 15 ns
LPHL (4-PDEN)
texv (4-00) Propagation time, clock to data and status 3~7 valid TCLDV 15 110 ns
texv (¢-s)
t -
tPVZ (#-00Q) Propagation time, clock to data and status 3~7 float TCHDZ teyx(g-a) 85 ns
PVZ ($-S)
tPLH (¢-DEN) Propagation time, clock to DEN (Note 4) TCVNV 5 45 ns
tPHL (¢-DEN) Propagation time, clock to DEN (Note 4) TCVNX 10 45 ns
tPHL (A-RD) Propagation time, address float to read TAZRL 0 ns
tPHL (¢-RD) Propagation time, clock to read TCLRL 10 165 ns
LPLH (¢-RD) Propagation time, clock to read TCLRH 10 150 ns
tpzv (RB-A) Propagation time, invalid read to next address TRHAV tog) 45 ns
tPHL (4-DT/R) Propagation time, clock to data S/R control (Note 4) | TCHDTL 50 ns
tPLH (¢-DTR) Propagation time, clock to data S/R control (Note 4) | TCHDTH 30 ns
tpHL (¢-GT) Propagation time, clock to data S/R control (Note 4) | TCLGL CL =30pF 85 ns
tpLH (¢-GT) Propagation time, clock to data S/R control (Note 4) | TCLGH CL =30pF 85 ns
Note 4: Signal of M5L8284P is shown for reference.
5: Setup time required to be recognized at next clock.
6: Applies only to T3 and wait states.
7: Applies only to T, states.

ELECTRIC




MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

TIMING DIAGRAM (During Minimum Mode)

T \ T2 T3 Tw Ta
Ve L i = e ) {_\ [
RDY (8284 input) ¥ \ {—'\’\_
tp )| Ve t t 1
LH(¢-M | H
tPHL(¢-M_TO) i J) e
M/10 ) | X
t
Pxv(g-a) ..ﬂtvaw-DQ)
In(g-A)
BHE/S7.A19/Sg~A16/S3 AE;9~—EA{15 S71-8S3 )‘
tw(ALE) J
’., t LE-
tPvziace-a) | -
ALE 1 /
ISURDY-¢)| —s  foe I
RDY (8284 input) Vir
Note 13 v\L§ \1\ \\ \ \
tSU(READY-¢) 4 F | th(g-Rov)
|
Ready (8086 input) tL(w-READY)
‘an '\l
During Read (WR,_I\I’TA) tPXV(4-A) !su«HEfxvamI,}mD.owﬂ u»(‘w‘o) ’
= VOH t tPvz(¢-A) e |
ADis ADg Ais-Ag Input data L
— ote
t .
tPHL (A-RD) - LPLH(4-RD) PZV(RD-AD)
RD
tPHL(4-AD) tPLH(4 OT/R)
- b3 /
tPHL(4-DT R) /
DT/R i /
T i 7
'p"LW”DlEN) - / - tPLH(¢-DEN)
DEN ] ‘\;T
During Write (RD, INTA, toxvig-A)|  th(g-A) .
B = PVZ(4-DQ)~]
DT/R = Von) ! i
AD1s ~ADg Ars-Ag Qutput da(a]
fesd t 5 Note 11
t et . n(wa-%
PHL( ¢-DEN) >} tpxv(4-DQ) w9 5ER)
BEN |
‘fw.(wﬁ)—ﬂ tPLH(4-WR) =
L
WR | ’
. U SOE = tsu(DQ- 4)
During Interrupt (RD, WR = Vg ; BHE = Vg ) th(4-00)
AD15~ADg i Note £2 Pointer —{
tPLH(4-DT )=
OT/R
INTA
i

During Software Halt (5ex = v, ;

RD, WR, INTA, DT/R = Vg, after that a new T, is

ADis~ADg

started by NMI or INTR)
: 4 — —_—
X Unvalid address
f LB E—
tPXV(g-A)

Note 8:

9

13

14:

M the center line indicates floating (high-

impedance) state.
Input signal is entered within the range of Vo ~Vgy un-
less otherwise noted.

: When the T, state is entered the RDY signal is sampled

near theend of T,, T3 and Ty, .

: Only when the M5L8086S enters a hold acknowledge

cycle does the local bus go to a floating state after a write
cycle.

An interrupt cycle requires 2 clock cycles. The AD bus
goes to a floating state during the second cycle of an
interrupt.

Signals of the M5L8284P are shown for reference.

All timing signals are tested at 1.5V unless otherwise
noted.

MITSUBISHI
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MITSUBISHI LSis

MS5L8086S

16-BIT PARALLEL Mi

CROPROCESSOR

TIMING DIAGRAM (During Maximum Mode)

T T2 T3 Tw Ta
Ite(g) ti(e
Ve
e B i EI__/-l h__
cL
tWigH) tw(gL)
UPLH(¢-0S) - - —
tPHL(4-0S) *-t
0S0.0S1 | X
tPHL (¢-S) - tPLH(¢°S)
$2.51.50 -
EXCEPT FOR HALT K {Note 22)
! TPxv(4-5)
tPXI/(wA)- P tPvz(¢-A)
BHE.A19/S6 - A1s/S3 AR 16 S~ S3 ‘
tPLH(S-ALE) |
UPLH(¢-ALE) {PHL(-ALE)
-
ALE (8288 OUTPUT) ‘ !
»—te LSU(RDY- &)
| !
RDY (8288 INPUT) [\m
‘ > th(¢-RDY)
lsumE,&Dw_rr-—
READY (8086 INPUT) LSU(READY- ) - Lth( ¢-READY)
| | | \
| L |
. TSTA AWTE ANTNC 1
During Read “NTA, MWTC, AMWC, [!, tSU(DA- ) (m’.).LDA)
TOWeE AIOWC } il Ll
JOWC, AIOWC ,_ .. N —
- VOH) tPXV(pA)m| o | \‘ ¢ 1 A
| Lo (A-FD) | tPLH(y-FD ’
™ | s
|
1 A=
tP‘HL(\A-DVR), Tﬁv—ﬂo/ e PLH(4-DT R)
DT/R I
{PHL (4 FIROC) oL H( 4~ MRPC) /
tPHL (¢ TORG) | tp 5RTS |
8288 OUTPUT |TABG OR \ T"‘” e
(Note 19, 20) TORC l I s
(PLH(WDEN)——VL [THL(WDEN)»—
DEN ] |
|
tPxv(¢-00)
L |
( AD1s~ADg Ais—~ Ao | OUTPUT DATA
During Write (RD T T 1
During V¥rite {RL, toxviama | e DEN) (Note 17)
MRDC, INTA, } [
DT/R = Vou) OEN | Pl \.L:
f IPHL (¢~ AMWT) UPLH( ¢- AMWO)
| t . 5 1t b
8288 output ZWWG OR F"HL(J AIOWC) PLH( ¢-AIOWC) Note 15:
(Note 19, 20) AIOWC |
KPHL(WMWTCL_? N tPLH(¢-MWTC) 16
tPHL(4-TOWC) tPLH( y-10WC)
MWCT _OR T
TOWC | | ‘ ! | ‘ 17:
During Interrupt (RD, MRDC, IORC, MWTC, IOWC, AIOWC =V,
’ ' OH.,
BHE =VoL)  a0s-ap, N 18) i 8
]
\ l
tPvz(g¢-a)>f 19
AD7 ~ ADg —"f‘_ (Note 18) R
——y 20:
IPLH(S-MCE_).‘ TPHL (¢-MGE )’
tPLH(SPOEN) TPHL (¢-POEN
MCE/ | r= 21:
PDEN | \ !
TPLH(¢-MCE), | -
UL (y-POEN) | tPHL(¢-0T R) > tPLH(¢-OT F) 22:
DT/R
8288 output LPHL (¢ TNTA) tPLH( ¢ TNTA) /
/
NTA k / ; /
tPLH( ¢-DEN) >} - tPHL(¢-DEN)-
DEN l

During Software Halt (RD, MRDC, IORC, AWMC, TOWC,

AD1s~ADg

INVALID ADDRESS i

.

8—10

1
tPxv(y-A)

Input signals are entered within the range Vo ~VonH un-
less otherwise noted.

: When the T, state is entered the RDY signal is sampled

near the end of T,, T3 and T,y.
Only when the M5L8086S enters a hold acceptance cycle
does the local bus go to a floaling state after a write cycle.

: An interrupt cycle requires 2 cycles. The AD bus goes to a

floating state during the second cycle of an interrupt.

. Signals of the M5L8284P and M5L8288 are shown for

reference.

The M5L8288 sends a command and a control signal soon
after the CEN signal.

All timing signals are tested at 1.5V unless otherwise
noted.

Status is invalid just before T4 state.

INTA, DT/R = Vgn, DEN = Vg, TI’s follow T,

then T, is started by NMI or INTR).

MITSUBISHI
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MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

TIMING DIAGRAM

Asynchronous Signal Recognition Timing

CLK
- tsu(nmE-¢) ETC,
NMI o’ —
INTR »SIGNAL x Note 23: Setup time required for being recognized in
TEST — the next cycle.

Bus Lock Signal Timing (For Maximum Mode Only)

ANY CLOCK CYCLE ANY CLOCK CYCLE
f =~ f 1

tPHL(4-TOCK) LPLH(4-TOTK)

Request/Grant Sequence Timing (For Maximum Mode Only)

20CLOCK
CYCLE o T120 CLOCK

T1
CYCLE T T Ta

tsu(RO/GT-

T¢) (Note 26) (Note 27)
th(¢-R0)

(Note 25)

PULSE 2
CPU GT

tPLH(¢-GT)

. PULSE 3
4 MASTER GT ?

t J— 8086 sampling
PHL(4-GT) Master grant is sampled by M5L8086S.

Master request is
sampled by M5L8086S.

Hold Acknowledge Timing (For Minimum Mode Only)
21 CLOCK CYCLE 1~2CYCLES

DA VU UV &
tSU(HOLD-
\ & (Note 28) tSU(HOLD- 8)
46 m
5§
HOLD
45 —5
EPLH( #-HLDA) -4 IPHL($-HLDA) =
s
HLDA
[; 4’

Note 24: S,, S; and S, are changed to floating from the states of

(1,1, 1) at this edge.

25: AD bus, RD and LOCK are changed to floating at this
edge

26: S;. Sy and Sy of the other master are changed to floating
from the states of (1, 1, 1) at this edge.

27: AD bus, RD and LOCK of the other master are changed
to floating at this edge.

28: Bus is changed to floating at this edge.

MITSUBISHI
ELECTRIC 8—11



MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

MACHINE INSTRUCTION INSTRUCTION SET SUMMARY

Item Instruction code
Mnemonic i
Type of D7 Ds Ds D D3 Dz Dy Do | D7 Dg  Ds Da Dy Dy Dy D | occedma
instruction
(MOV  EA1/r1,EA2/T2 )] 1 0 00 1 0 d W MOD REG R/M 88— 8B
(oisPL ) | (oiseH )
MOV  r1,r2 10 0 0 170 o W 11 REG R/M
MOV  ri1, EA2 1 0 0O 1.0 1 W MOD REG R/M
(DISP-L ) (DISP-H )
MOV  EA1,r2 1.0 0 0 1. 0 0 W MoD REG R/M
(DISP-L (DISP-H )]
(Mov EA1/r1, DATA ] 11 00 o 1 1 W MOD o 0 o R/M c6—-C7
(DISP-L J (DISP-H )
_(DATA-L )| (DATA-H 1.
MOV  r1, DATA 11 0 0 o1 1w 11 o oo R/M
(DATA-L ) (DATA-H )
MOV  EA1, DATA 1 1 00 o1 1w MOD o o0 o R/M
(DISP-L ) (DISP-H )
o (DATA-L ) (DATA-H )
ks MOV  ri, DATA 10 1 1 w REG (DATA-L )] BO— BF
§ (DATA-H )
= MOV  Acc, ADDR 1 0 1 0 0O 0 O W (ADDR-L )] A0~ A1
S (ADDR-H )
g MOV  ADDR, Acc 1 0 1 0 0 0 1 W (ADDR-L )] A2-A3
(ADDR-H )
(MOV  SEG, EA2/r2 )] 1 0 0 O 1 1 1 0 MOD 0 SR R/M 8E
(DISP-L )| (oisP-H 3
MOV  SEG,r2 10 00 111 o0 11 o SR R/M
MOV  SEG, EA2 1 0 0 O 11 1 0 MOoD o SR R/M
(DISP-L ) (DISP-H )
g (MOV  r1/EA1, SEG ) 1 0 0 O 11 0 0 MOD 0 SR R/M 8C
- (DIsP-L )| (oise-w ]
jd MOV  r1, SEG 1 0 0O 11 0 0 11 0 SR R/M
g MoV EA1, SEG 1 0 0o O 11 0 o0 MOD 0 SR R/M
a (DISP-L ) (DISP-H )
(XCHG  r1,EA2/2 ) 1 0 0 O o1 1 W MOD REG R/M 86— 87
(DISP-L ) | (oisp-H )
XCHG  ri1,r2 10 0 o o1 1w 11 REG R/M
XCHG  r1, EA2 1 0 0 O o1 1w MoD REG R/M
(DISP-L ) (DISP-H )
XCHG  AX,r2 1 0 0 1 o 90 - 97
XLAT _ m 11 0 1 o D7
(PUSH EA1/T1 )] 11 11 1 MOD 1 1 0 R/M FF
(DISP-L (DISP-H B )
PUSH 1 11 1 1 1 11 11 0 R/M
PUSH  EA1 11 1 1 1 MOD 11 0 R/M
2 (Disp-L (DISP-H )
S PUSH ri o 1 0 1 o 50— 57
14 PUSH  SEG 0o 0o SR 06, OE, 16, 1E
g (POP  EA1/T1 J 1 0 0 O 1 MOD o 0 o R/M 8F
ol _(DisP-L . (DISP-H . 2
2 POP 1 1 00 O 1 101 1 0 0 R/M
POP EA1 1 0 0 O 1 MOD o 0 o R/M
(DISP-L (DISP-H J
POP 1 o 1 0 1 1 58— 5F
POP _ SEG 0 0o o SR 11 1 07, OF, 17, 1F
IN  Acg, Port 11 1 0 0 1 o W (PORT ) E4—ES5
3 IN _ Acc, DX 1110 11 0 W EC—~ED
g3 OUT  Port, Acc 11 1 0 o1 1w (PORT ) E6~E7
OuUT DX, Acc 111 0 111w EE - EF
LEA 1, EA2 1 0 0 O 11 0 1 MOD REG R/M 8D
g8 (DISP-L ) (DISP-H )
£ i LDS r1,EA2 11 00 o 1 0 1 MOD REG R/M Ccs
3E (DISP-L ) (DISP-H )
LES r1, EA2 1 1 0 0 o1 0 o0 MOD REG R/M ca
(DISP-L ) (DISP-H )
o LAHF 1.0 0 1 1.1 1 1 9oF
m% SAHF 1.0 0 1 i1 10 9E
&8 POPF 1 0 0 1 1 1 0 1 9D
PUSHF 1. 0 0 1 1 1 0 0 9C
MITSUBISHI
8—12 ELECTRIC




MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

Flags
Bytes in o
Clock cycles h " Bus cycles Function description OD I T S Z A P ¢C
the code F FFFFFFFF
X X X X X X X X X
2 2 0 (ri)«(r2)
8+EA 2~4 1 (r1)«(EA2) MOD =11
9+EA 2~4 1 (EA1)—(r2) MOD =11
X X X X X X X X X
4 3~4 0 (r1)«<DATA
10+EA 3~6 1 (EA1)«<DATA MOD=# 11
4 2~ 3 0 (r1)«-DATA X X X X X X X X X
10 3 1 (Acc )+« (ADDR) X X X X X X X X X
10 3 1 (ADDR)«(Acc) X X X X X X X X X
When SR = 01: undefined X X X X X X X X X
2 2 0 (SEG)«(r2)
8+EA 2—~4 1 (SEG)«(EA2) MOD=#11
X X X X X X X X X
2 2 0 (r1)«<(SEG)
9+EA 2—4 1 (EA1)«—(SEG) MOD+11
X X X X X X X X X
4 2 0 (r1)«—(r2)
17+EA 2—~4 1 (r1)«—(EA2) MOD=+11
3 1 0 (AX)—(r2) X X X X X X X X X
11 1 1 (AL)«—((BX)+ (AL)) : (m) X X X X X X X X X
X X X X X X X X X
1 2 1 (SP)«(SP)—2, ((SP)+1: (SP))«(r1)
16+EA 2—4 2 (SP)«(SP)—2, ((SP)+1: (SP))«(EA1) MOD=11
10 1 1 (SP)<—(SP)—2, ((SP)+1: (SP))—(r1) X X X X X X X X X
10 1 1 (SP)«—(SP)—2, ((SP)+1: (SP))«(SEG)WhenSR=01: undefined X X X X X X X X X
X X X X X X X X X
8 2 1 (r1)«<((sP)+1:(SP)), (SP)«(SP)+2
17+EA 2~4 2 (EA1)«((SP)+1:(SP)), (SP)«—(SP)+2 MOD=+11
8 1 1 (r1)«<((SP)+1:(SP)), (SP)<(SP)+2 X X X X X X X X X
8 1 1 (SEG)«<((SP)+1: (SP)), (SP)«(SP)+2WhenSR=01:undefinred X X X X X X X X X
10 2 1 (Acc)«(Port) X X X X X X X X X
8 1 1 (Acc)«((DX)) X X X X X X X X X
10 2 1 (Port)«(Acc) X X X X X X X X X
8 1 1 ((DX))«(Agc) X X X X X X X X X
2+EA 2—4 0 (r1)«EA2 X X X X X X X X X
When MOD = 11: undefined
16+EA 2~4 2 (r1)«(EA2), (DS)«(EA2+2) X X X X X X X X X
When MOD = 11: undefined
16+EA 2—4 2 (r1)«—(EA2), (ES)«-(EA2+2) X X X X X X X X X
When MOD = 11: undefined
4 1 0 (AH)—(SF) : (ZF) : X: (AF) : X : (PF) : X : (CF) X X X X X X X X X
4 1 0 (SF): (ZF) : X1 (AF) : X : (PF): X : (CF)«(AH) X X X X OO O OO
8 1 1 (FR)«<((SP)+1: (SP)), (SP)«(SP)+2 O OO0 O 0000 Oo
10 1 1 (SP)«(SP)—2, ((SP)+1: (SP))«(FR) X X X X X X X X X

MITSUBISHI
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MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

Item Instruction code
Mnemonic Hexadecimal
Type of D7 Dg Ds Dq D3 D2 Dy Dy Dy Ds Ds D4 D3 D; Dy Dy notation
instruction
(ADD  EA1/r1,EA2/r2 ) o 0o 0 O 0 0 d W MOD REG R/M 00~ 03
,,,,, (otsP-L ) | (owsPew )
ADD r,r2 0o 0 0 O o o w 1 1 REG R/M
ADD r1,EA2 o0 0 O 0 0 1 W MOD REG R/M
(DISP-L ) (DISP-H )
ADD  EA1,r2 o0 0 0 O 0 0 oW MOD REG R/M
(DISP-L ) (DISP-H )
(ADD  EA1/r1, DATA ) 1 0 0 O 0 0 S W MOD o 0 o R/M 80— 83
(DISP-L ) (DISP-H )
. LoavaL I (DATA-H 1
ADD  r1, DATA 1o 0o o 0 0 S W 101 00 o0 R/M
(DATA-L ) (DATA-H )
ADD EA1,DATA 10 00 0 0 S W MOD o o o R/M
(DISP-L )] (DISP-H ]
(DATA-L ) (DATA-H )
ADD  Acc, DATA o 0 0 O o1 oW (DATA-L ) 04-05
(DATA-H )
2 (ADC  EA1/r1,EA2/r2 ) 0o 0 0 1 0 0 d W MOD REG R/M 10~13
S| B lospL ) | (DiSPW )
R ADC  ri,r2 00 0 1 00 d W 11 REG R/M
2 ° ADC  r1,EA2 o 0 o0 1 00 1 W MOD REG R/M
S s (DISP-L ) (DISP-H )
g g ADC EA1,r2 o 0 o0 1 0O 0 O W MOD REG R/M
£ ] (DISP-L ) (DISP-H )
& < (ADC  EA1/r1, DATA ) 1 0 0 O 0 0 s W MOD o 1 0 R/M 80~ 83
(DISP-L ]
,,,,, (DATA-L )
ADC  r1, DATA 1 0 00 w
(DATA-L )
ADC  EA1, DATA 1 0 0 O 0 0 S W MOD o1 0 R/M
(DISP-L ) (DISP-H )
(DATA-L ) (DATA-H )
ADC  Acc, DATA 0 0o o 1 o1 oW (DATA-L ) 1415
(DATA-H )
(INC  EA1/T1 ) 1111 11 1 W MOD o 0 o FE~FF
’ L ) (DISP-H .
INC 11 1 1 11 1w 11 o o0 o0 R/M
INC  EA1 11 1 1 11 1 W MOD 0 o0 o R/M
(DISP-L ) (DISP-H )
INC 11 0O 1 0 o o REG 40— 47
AAA o 0 1 1 o 1 1 1 37
DAA o 0 1 o0 o 1 1 1 27

MITSUBISHI
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MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

Flags
Clock cycles ?h\gizg:a Bus cycles Function description O DI T S Z AP C
F F F F FF F F F
O X X X GO O OO
3 2 0 (r1)e(r1)+(r2)
9+EA 2—~4 1 r1)«(r1)+(EA2) MOD=11
16+EA 2~4 2 (EA1)« (EA1)+(r2) MOD=+11
When S:W = 01 then DATA is DATA-L and DATA-H O X X X OO OO O
When S:W = 11 then DATA is DATA-L and DATA-H is filled with the
sign of DATA-L (sign extended)
4 3~4 (4} r1)—(r1)+DATA
17+EA 3~6 2 (EA1) < (EA1)+DATA MOD=+11
4 2~3 0 (Acc)« (Acc) +DATA O X X X OOOO0OO
O x X X OO0 OO0 O
3 2 0 (1) (r1)+(r2) +1
9+EA 2~4 1 (r1)«(r1)+(EA2) +1 MOD=+11
16 +EA 2~4 2 (EA1)« (EA1)+(r2) +1 MOD =11
.When S:W =01 then DATA is DATA-L and DATA-H O X X X OO O O O
When S:W = 11 then DATA is DATA-L and DATA-H is filled with the
sign of DATA-L (sign extended)
4 3~4 0 (r1)«(r1)+DATA +1
17+EA 3~6 2 (EA1)« (EA1)+DATA +1
4 2~3 0 (Acc)«— (Acc) +DATA +1 o X X X O O O O
O X X X O O O O
3 2 0 r1)—(ri1)+1
15+EA 2~4 2 (EA1)«— (EAT1)+1 MOD=+11
2 1 0 (r1)—(r1)+1 O X X X OO O O X
4 1 g When (AL) OF j¢ or (CF) = 1: (AL) « (AL) + (AL) + 60,4 A X X X aana Oa O
(AH) < (AH)+1, (AF)«1,(CF)« (AF)
(AL) < (AL) AOF1s
4 1 0 When (AL) OF 16 or (CF) = 1: (AL) < (AL) + (AL) + 6046 A X X X OO O O O

(CF)« (AF)V(CF), (AF)«1
When (AL) > 9F 4 or (CF) = 1: (AL) < (AL) + 60,6
(CF) 1

MITSUBISHI
ELECTRIC

8— 15



MITSUBISHI LSIs

MSL8086S

16-BIT PARALLEL MICROPROCESSOR

Instruction code

8— 16

ELECTRIC

Item
Mnemonic Hexadecimal
i.l;\);tprel.lgtffon D7 DS 05 DA 03 DZ D1 Do D7 D5 D5 D‘ D3 DZ Dl Do notation
(suB  EA1/r1,EA2/r2 ) o1 0 1 0 d W MOD REG R/M 28—2B
LloiseeL DI (DISP-H_ 1
SUB ri,r2 "o 0 1 0 1 0 d W 11 REG R/M
SUB ri,EA2 oo 1 o0 1.0 1 W MOD REG R/M
(DISP-L ) (DISP-H )
suB EA1,r2 o o 1 0 1 0 O W MOD REG R/M
(DISP-L ) (DISP-H )
(SUB  EA1/r1, DATA ] 1 0 0O 0 0 S W MOD 1 0 1 R/M 80— 83
(DisP-L ) (DISP-H )
_(DATA-L D (DATA-H 1
SUB  ri, DATA "1 0 0 o0 0 0 S W 11 1 0 1 R/M
(DATA-L ) (DATA-H )
SUB  EA1, DATA 1 0 00 0 0 S w MOD 1 0 1 R/M
(DISP-L ) (DISP-H )
(DATA-L ) (DATA-H )
SUB  Acc, DATA 0o 0 1 o 11 0 W (DATA-L ) 2C—~2D
(DATA-H J
(sBB  EA1/r1,EA2/r2 ) 0 0 0 1 1 0 d W MOD REG R/M 18~ 1B
,,,,, (DISP-L ) | (oisPH )
sBB rir2 0 o0 o0 1 10 d w | 1T REG R/M
SBB r1, EA2 0O 0 0 1 1.0 1 W MOD REG R/M
(DISP-L ) (DISP-H )
SBB EA1,r2 0 0 0 1 1 0 0 W MoOD REG R/M
(DISP-L ) (DISP-H )
(SBB  EA1/r1, DATA ) 1 0 0O 0 0 S W MOD o 1 1 R/M 80~ 83
(DISP-L ) (DISP-H )
- _(DATA-L D (DATA-H . 1
k) SBB  r1, DATA 1 00 0 ‘0 0 s w 011 R/M
é B (DATA-L ) )
> | = SBB  EA1, DATA 100 0 00 S W 11 R/M
s (DISP-L ) )
5| s (DATA-L ) )
5 s SBB Acc, DATA o 0 0 1 1 1 0 W )] 1C~1D
< |8 (DATA-H )
5 £ (DEC EA1/r1 )] 11 1 1 1 1 1 W o 1 R/M FE~FF
£ 3 (DISP-L D ovseen ).
<E( DEC riy 11 11 11 1 W o 1 R/M
DEC EA1 11 1 1 117 1 W o 1 R/M
) )
DEC i ) 1 REG 48— 4F
(NEG EA1/r1 ) 1 11 W 101 R/M F6—F7
) ]
NEG 11 S T S A
NEG EA1 1 o1 1w 1 1 R/M
) )
(CMP EA1/r1,EA2/r2 ) 1 1 0 d W REG R/M 38-38B
) )
CMP r,r2 1 1 OdW REG R/M
CMP 1, EA2 1 1 0 1 W REG R/M
) )
CMP  EA1r2 1 1.0 0W REG R/M
) )
(CMP  EA1/r1, DATA ) [ 0 0 S W 11 R/M 80— 83
) (DISP-H )
,,,,,,,,,,,,,,,,,,,,,,,, oA | (DATA-H U B
CMP  r1, DATA o 00 S W P T T B R/M
) (DATA-H )
CMP  EA1, DATA o 0 0 S W MOD 111 R/M
) (DISP-H )
) (DATA-H )
CMP  Acc, DATA 1 11 0 W (DATA-L ) 3Cc—-3D
)
AAS 1 1 1 1 1 3F
DAS o 0 10 11 11 2F
MITSUBISHI
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When (AL) V OF 4 or (AF) =1 (AL) « (AL) -6
(CF )« (AF)V(CF), (AF)«1

When (AL) > 9F,¢ or (CF) = 1: (AL) « (AL) 6046
(CF)«1

Flags
Clock cycles tBI’:geczi;e Bus cycles Function description OD I T S Z A P C
F FFFFFFFF
O X X X OO0 O O O
3 2 0 (r1)«(r1)—(r2)
9+EA 2~4 1 (r1)«(r1)—(EA2) MOD=+11
16+EA 2~4 2 (EA1)— (EAT1)—(r2) MOD =11
When S:W = 01 then DATA is DATA-L and DATA-H O X X X OO0 O OO0
When S:W = 11 then DATA is DATA-L and the signs of DATA-L are
extended to form 16-bit operand.
4 3—-4 0 (r1)«<(r1)—DATA
17+EA 3-6 2 (EA1)« (EA1)—DATA MOD =11
4 2~3 0 (Acc) « (Acc)—DATA O X X X OO0 O O O
O X X X OO O O O
3 2 0 (r1)«(1)—(r2) -1 when (CF) =1
9+EA 2~4 1 (r1)«—(r1)—(EA2) -1 when (CF)=1 MOD=+11
16+EA 2~4 2 (EA1)« (EA1)—(r2) -1 when (CF) =1 MOD=+11
When S:W = 01 then DATA is DATA-L and DATA-H O X X X OO0 O O O
When S:W = 11 then DATA is DATA-L and the sign of DATA-L is
extended to form a 16-bit operand.
4 3~4 0 (r1)«(r1)—DATA -1 when (CF)=1
17+EA 3~6 2 (EA1)« (EA1)—DATA -1 when (CF)=1 MOD+11
[ 2~3 0 (Acc) < (Acc) —DATA when (CF) =1 O X X X OO 0O O O
O X X X O O O O X
3 2 0 (r1)«—(r1)-1
15+EA 2—4 2 (EA1)«—(EA1)—1 MOD=+11
2 1 0 r1)e(r1)—1 O X X X O O O O X
When W=0 (SRC)=FFH O X X X OO O O 1
When W=1 (SRC)=FFFFH
3 2 0 (r1)«(SRC)—(r1), (r1)«0—(r1)
16 +EA 2~4 4 (EA1)« (SRC)—(EA1), (EA1)«—0—(SRC) MOD=11
O X X X OO O OO
3 2 0 ri)y—(r2)
9+EA 2~4 1 r1)—(EA2) MOD=+11
16+EA 2~4 2 (EA1)—(r2) MOD=+11
—
When S:W = 01 then DATA is DATA-L and DATA-H O X X X OO0 O O O
When S:W = 11 then DATA is DATA-L and the signs of DATA-L are
extended to form 16-bit operand.
4 3~4 0 (r1)—DATA
17+EA 3~6 2 (EA1)—DATA MOD=+11
4 2~3 0 (Acc)—DATA O X X X OO O OO
a 1 0 When ((AL) V OF ;) or (AF) = 1: AX X X A a O a0
When (AL) V OF 6 or (AF) =1: (AL) « (AL) -6
(AH)«—(AH)—1, (AF)«1, (CF)«(AF)
(AL) < (AL) V OF ¢
a 7 0 When ((AL) V OF ) or (AF) = 1: A X X X OO O O O
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Mnemonic Hexadecimal
Type of D7 Dg Ds Ds D3 Dz D1 Do D7 Ds Ds D4 D3 Dz D1 Do notation
instruction
(MUL EA1/T1 11 1 0o 1 1 W MOD 1 0 R/M F6—~F7
MUL r1
1 1 1 o 1 1 1 1 1 1 0 R/M
MUL EA1 111 o1 1 0 MOD 1 0 R/M
- (DISP-L ) (DISP-H )
£ 11 1 o1 1 1 MOD 1 0 R/M
® (DISP-L ) (DISP-H )
e
c (iMmuL EA1/r1 111 o1 1 W MoD 10 R/M F6—F7
2 (DISP-L ) (DISP-H )
L
2 IMUL T 171 o110 1 10 R/M
3
1 1 1 o 1 1 1 1 1 1 0 R/M
El IMUL EA1 1 1 1 o 1 1 0 MOD 1 0 R/M
g (DISP-L ) (DISP-H )
= 111 o1 1 1 MOD 10 R/M
5 (DISP-L ) (DISP-H )
8 AAM 11 0 o1 0 O o o oo o 1 0 D4
g (o EA1/T1 11 1 o 1 1 W MOD 101 R/M F6—F7
g (DISP-L ) (DISP-H )
£
b
piv 1717 o1 10 | 11 1 R/M
11 1 o1 1 1 101 101 R/M
DIv EA1 11 1 o1 1 o0 MOD 11 R/M
3 (DISP-L ) (DISP-H )
@ 1101 o1 1 1 MOD 101 R/M
o (DISP-L ) (DISP-H )
s (IDIV  EA1/m1 11 1 o1 1 W MOD 11 R/M F6—~F7
o (D1sP-L ) (DISP-H )
=
2
DIV T T - TR T - T TR T R R/M
111 o1 1 1 11 11 R/M
IDIV  EA1 111 o1 1 0 MoD 11 R/M
(DISP-L ) (DISP-H )
11 1 o1 1 1 MOD 101 R/M
(DISP-L ) (DISP-H )
AAD 1 1 0 1.0 1 ) ) o 1 0 D5
cBW 1 0 o i 0 0 o o8
CcWD 1 0 0 1 0 0 1 99
8— 18 ELECTRIC
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Clock cycles

Bytes in
the code

Bus cycles

Function description

Flags

mnp

70~17
118~133
(76~83) +EA

(124~139) +EA

(EXT) < overflow digit of operation; when (EXT) =0: (CF) <0
When (EXT) #0: (OF) « (CF), (CF) « 1 - (CF)
When W = 0: (EXT) = (AH)

(AX)« (AL) *(r1)

When W = 1: (EXT) = (DX)

(DX 2 AX) = (AX) *(r1)

When W = 0: (EXT) = (AH)

(AX)« (AL) * (EA1)

When W = 1: {EXT) = (DX}

(DX : AX) = (AX) * (EA1)

MOD=#+11

MOD=11

mo
x| Mo
x| M-
x| M
nmon
MN

>
>
>
>l Mo
O] mo

0

8098
128~ 154
(86~ 104) +EA

(134—160)+EA

(EXT) < overflow digit of operation; when (LOW) changes to (EXT) by
extending the sign bit of (LOW): (CF)«< 0
Otherwise: (OF ) +=(CF), (CF) « 1

When W =0: (EXT) = (AH), (LOW) = (AL)
(AX)<—(AL)*(r1)

When W = 1: (EXT) = (DX), (LOW) = (AX)
(DX : AX)« (AX) *(r1)

When W = 0: (EXT) = (AH), (LOW) = (AL)
(AX) <« (AL) * (EA1)

When W = 1: (EXT) = (DX), (LOW) = (AX)
(DX : AX) < (AX) * (EA1)

MOD=+11

MOD=11

O X X X a &6 o s O

83

(AH) < (AL) + 0As6,
(AL) < remainder

A X X X OO a O .o

80~ 90
144~ 162
(86~96) +EA

(150~ 168)+EA

(temp) < dividend; when W = 0: MAX = FF 4

When W = 1: MAX = FFFF4; (temp) + (EA1/r1)

When results of the division are larger than MAX, an interrupt of TYPE =0
is generated, (SP) « (SP) - 2, ((SP) + 1: (SP)) « flag

(IF) <0, (TF) <0, (SP) « (SP) -2, ((SP) + 1: (SP)) < (CS)

(CS) « contents of address 2, {SP) « {SP) -2, ({SP) +1: (SP)) « IP

(IP) < contents of address O, the result of the division is undefined.

(AL) < (AX)=(r1), (AH) <« Remainder

(AX)«— (DX : AX)+(r1), (DX)« Remainder
(AL) <« (AX)<+(EA1) (AH) <« Remainder MOD=*11

(AX)« (DX : AX)=+(EA1), (DX)<Remainder MOD=+11

H X X X oA A o AL

101~-112
165~184
(107~118)+EA

(171~190)+EA

(temp) « dividend; when W = 0: MAX =7F ¢

When W = 1: MAX = 7FFF 14 MIN = 81,4

when the result of the division is positive and over MAX or when negative
and more negative than MIN an interrupt of TYPE = 0 is generated and
the result of the division is undefined.

(AL) < (AX)=(r1), (AH) < Remainder
(AX) < (DX : AX)=(r1), (DX)<« Remainder
(AL) <« (AX)-+(EA1), (AH)<«-Remainder MOD %11

(AX) <« (DX : AX)=(EA1), (DX)< Remainder MOD=+11

AX X X & & o AN A

60

(AL) « (AH) * 0A;6 + (AL), (AH) <0

O
o)
()

2

When (AL) <8046 (AH) <0
When (AL) 2 80;6: (AH) « FF ¢ (extended sign bit)

X
X

x| 1>

AN
X

|0

X X Ay
X X X

x
x

When (AX) < 800046 : (DX) «< 0
When (AX) 2 8000, : (DX) < FFFF ¢ (extended sign bit)

X X X X X X X X X

2
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item instruction code
Type of Mnemonic Dy Dg Ds Ds D3 D2 Dy Do | Dy Dg  Ds Dy D3 Dz Dy Do Hexadecimal
instruction notation
[NU?’ EA1/T1 ) 11 1 1 o1 1 W MOD o1 0 F6—F7
. (oisp-L ) (DISP-H o
NOT r1 11 1 1 o1 1 W 11 o1 0
NOT  EA1 1111 o1 1 W MOD o1 0
(DISP-L ) (DISP-H
(AND  EA1/r1,EA2/r2 ) o o 1 o0 0O 0 d W MOD REG 20— 23
osp-L )] (Disp-H
AND r1,r2 00 1 o0 0 0 d W 11 REG
AND r1,EA2 o0 10 o0 1 W MOD REG
(DISP-L ) (DISP-H
AND  EA1,r2 oo 1D 0O 0 d W MOD REG
(DISP-L ) (DISP-H
(AND EA1/T1, DATA ) 1 0 0 O 0O 0 O W MOD 1 0 0 80— 81
(DISP-L ) (DISP-H
(DATA-L L L (DATA-H
AND  r1, DATA 1 0 0 0 o 0 oW 11 1 0 o0
(DATA-L ) (DATA-H
AND  EA1, DATA 1 0 0 O 0O 0 O W MOD 1 0 0
(DISP-L ) (DISP-H
(DATA-L ) (DATA-H
AND  Acc, DATA o o0 1 o0 o1 0O W (DATA-L 24-25
(DATA-H )
(TEST  EA1/r1,EA2/T2 ) 1 0 0 O 01 0 W MOD REG R/M 84— 85
(Disp-L J (DiIsP-H ]
TEST  ri,r2 10 0 o o1 0o W 11 REG R/M
TEST r1, EA2 } 1 0 0 O o1 oW MoD REG R/M
TEST EA1,r2 (DISP-L ) (DISP-H )
(TEST  EA1/r1, DATA )] 11 1 1 o1 1 W MOD o o o R/M F6—~F7
(DISP-L ) (DISP-H )
c (DATA-L o .| (DATA-H L I
<} TEST  r1, DATA 11 11 o1 1w 101 o 0 o R/M
2 o (DATA-L ) (DATA-H )
g1 8 TEST  EA1, DATA 1101 1 o1 1w MOD o oo R/M
g | - (DISP-L ) (DISP-H )
z (DATA-L ) (DATA-H )
TEST  Acc, DATA 10 1 0 1. 0 0O W (DATA-L ) A8— A9
(DATA-H )
(OR EA1/r1, EA2/T2 ) o 0 0 o0 1 0 d W MOD REG R/M 08— 08B
(DISP-L J. | (oisPH )
OR ri,r2 o0 o0oO0 1 0 w 11 REG R/M
OR r1, EA2 o o 0 o 1.0 1 W MOD REG R/M
(pisP-L ) (DISP-H )
OR EA1, T2 0 0 0 O 1. 0 0 W MOD REG R/M
(DISP-L ) (DISP-H
(oR EA1/r1, DATA ) 1 0 00 0O 0 oW MOD o o 1 80— 81
(DISP-L ) (DISP-H
(DATA-L )
OR r1, DATA 1 0 0 0 0O 0 oW o 0o 1
(DATA-L )]
OR EA1, DATA 1 0 0 0 0O 0 O W o o0 1
(DISP-L )
(DATA-L )
OR Acc, DATA 0 0o 0O 11 0 W (DATA-L oc-oD
(DATA-H )
(XOR EA1/r1, EA2/r2 ) 0o 0 1 1 0O 0 d W MOD REG R/M 30—33
(DISP-L . DI . (DISP-H B
XOR  r1,r2 o0 1 1 00 d W 1717 REaG R/M
XOR 1, EA2 o0 1 1 0 0 1 W MOD REG R/M
(DISP-L ) (DISP-H )
XOR EA1,r2 o0 1 1 0O 0 oW MOD REG R/M
(DISP-L ) (DISP-H )
(XOR  EA1/r1, DATA ) 10 0 0 0O 0 O W MOD 1 1 0 R/M 80— 81
(DISP-L ) (DISP-H 3
_(oATA-L DI (DATA-H .
XOR ri, DATA 1 0 0 0 00 oW 11 110 R/M
(DATA-L ) (DATA-H )
XOR  EA1, DATA 1 0 0 0 0O 0 oW MOD 11 0 R/M
(DISP-L ) (DISP-H )
(DATA-L ) (DATA-H )
XOR  Acc, DATA o o0 1 1 o1 0 W (DATA-L ) 3435
(DATA-H )
MITSUBISHI
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Flags
Bytesin E .
Clock cycles e coge | BUsOYeles unction description 0ODI T S Z AP C
F FFFFFFFF
1 When W = 0: (SRC) = FFyq X X X X X X X X X
When W = 1: (SRC) = FFFF 4
3 2 0 (r1)« (SRC)—(r1)
16 +EA 24 1 (EA1) < (SRC)—(EA1) MOD=*11
After execution of the instruction (CF) «< 0, (OF) < 0 0 X X X O Oa O o0
3 2 0 1) (r1) A(r2)
9+EA 2~4 1 (r1)«(r1) A(EA2) MOD =11
16+EA 2—4 2 (EA1)« (EA1) A(r2) MOD +11
After execution of the instruction (CF) < 0, (OF) < 0 0 X X X O O a O o0
4 3~4 0 (r1)«(r1) A DATA
17+EA 3~6 2 (EA1)«— (EA1) A DATA MOD=+11
4 2~3 0 (Acc) <« (Acc) A DATA 0 X X X OO a O o0
After execution of the instruction (CF) < 0, (OF) «< 0
After execution of the instruction (CF) «< 0, (OF) « 0 0 X X X OO a O o
3 2 0 1) (r1) A (r2)
9+ EA 2~a 1 (F1)« (r1) A (EA2) ‘
(EA1)« (EAT) A (r2) MOD=11
After execution of the instruction (CF) «< 0, (OF) <0 0 X X X OO a O o
5 3~4 0 (r1)«(r1) A DATA
11+EA 3~6 2 (EA1)«—(EA1) A DATA MOD=* 11
4 2~3 0 (Acc) A DATA, (CF)«<0, (OF)«0 0 X X X OO a O o0
After execution of the instruction (CF) «< 0, (OF) « 0 0 X X X OO a O o0
3 2 0 (r1)—(r1) v (rz)
9+EA 2~4 1 (r1)« (1) v (EA2) MOD=*11
16+EA 2~4 2 (EA1)«—(EA1) V (r2) MOD=#11
After execution of the instruction (CF) « 0, (OF) « 0 0 X X X O O a O o0
4 3~4 0 (Fr1)«(r1) VvV DATA
17+EA 3~6 2 (EA1)« (EA1) V DATA MOD=#11
4 2~3 0 (Acc)« (Acc) V DATA, (CF)«0, (OF)«0 0 X X X OO a O o
After execution of the instruction (CF) « 0, (OF) « 0 g0 X X X OO a O o
3 2 0 (r1)y«(@1) & (2)
9+EA 2~4 1 (r1)« (1) ¥ (EA2) MOD=+11
16+EA 2~4 2 (EA1)«(EA1) ¥ (r2) MOD=#11
After execution of the instruction (CF) « 0, (OF) < 0 0 X X X OO a O o0
4 3~4 0 (r1)«(r1) ¥ DATA
17+EA 3~6 2 (EA1)«< (EA1) % DATA MOD=#11
4 2~3 0 (Acc)«(Acc) ¥ DATA, (CF)«0, (OF)«<0 0 X X X OO a O o0
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MACHINE INSTRUCTION INSTRUCTION SET SUMMARY

Item Instruction code
Mnemonic N
Type of D7 D Ds Dy D3 D; Dy Dg | Dy Dg  Ds Dy Dy Dy Dy D | Mocoecne
instruction
(SHL/SAL EA1/r1,1/CL ) 1t 1 0 1 0O 0 V W MOD 1 0 O R/M DO~D3
(DISP-L ) (DISP-H )
SHL/SAL 1,1 DR T T I T 00 0 W EIEE R T T T R/M
SHL/SAL  ri1,CL 11 0 1 o0 1 W 11 1 00 R/M
SHL/SAL EA1, 1 11 0 1 0 0 0 W MOD 1 0 0 R/M
(DISP-L ) (DISP-H )
SHL/SAL EA1,CL 11 0 1 o 0 1 W MOD 1 0 O R/M
(DISP-L ) (DISP-H )
(SHR EA1/r1, 1/CL ) 11 0 1 0O 0 V W MOD 1 0 O R/M DO~D3
(DISP-L ) (DISP-H )
%
SHR r1,1 1T 101 oo ow |1 10 R/M
SHR ri,CL 11 0 1 00 1 W 101 1 0 1 R/M
SHR EA1, 1 1 1 0 1 0O 0 O W MOD 1 0 1 R/M
(DISP-L ) (DISP-H )
SHR  EA1,CL 11 0 1 o0 1 W MOD 1.0 1 R/M
(DISP-L ) (DISP-H )
| (SAR  EA1/r1, 1/CL ) 11 0 1 0 0V W MOD 11 1 R/M DO~ D3
(DISP-L ) (DISP-H )
SAR  r1,1 B T T T T T T AV A T T T R ‘R/M
SAR ri,CL 11 0 1 o0 1 W 11 101 1 R/M
SAR EA1, 1 1.1 0 1 0O 0 oW MOoD 1 1 1 R/M
5 (DISP-L ) (DISP-H )
E SAR  EA1,CL 11 0 1 o0 1 W MOD 11 1 R/M
8 (DISP-L ) (DISP-H )
s (ROL  EA1/r1, 1/CL ) 11 0 1 0O 0V W MOD o 0 o R/M DO~D3
5 (oisp-L ) (DISP-H )
2
Q
S ROL r1,1 B T T T Y T T T 2 R R o 0o o “R/M
E ROL ri,CL 11 0 1 00 1w 11 0 0o o0 R/M
@ ROL  EA1, 1 11 0 1 0 0 oW MOD o o o R/M
(DISP-L ) (DISP-H )
ROL EA1,CL 11 0 1 00 1 W MOD o 0 o R/M
(DISP-L ) (DISP-H )
(ROR  EA1/r1,1/CL )] 11 0 1 0 0 V W MOD o 0 1 R/M DO~ D3
(DISP-L ) (DISP-H )
ROR r1,1 171 01 oo o w [ 1 00 1 R/M
ROR ri,CL 11 0 1 00 1 W 101 o o0 1 R/M
ROR  EA1,1 11 0 1 0o 0 oW MOD o 0o 1 R/M
(DISP-L ) (DISP-H )
. ROR  EA1,CL 11 0 1 00 1 W MOD o 0 1 R/M
£ (DISP-L ) (DISP-H )
3 (RCL EA1/r1,1/CL ) 11 0 1 0O 0V W MOD o1 o0 R/M DO~ D3
(DISP-L ) (DISP-H )
RCL r1,1 1 e o0 0o o w |11 0.1 o R/M
RCL ri,CcL 11 0 1 0O 0 1 W 101 o 1 o0 R/M
RCL EA1, 1 11 0 1 0O 0 O W MOD o1 o0 R/M
(DISP-L ) (DISP-H )
RCL  EA1,CL 1101 ° 00 1 W MOD o1 o0 R/M
(DISP-L ) (DISP-H )
(RCR EA1/71, 1/CL J 11 0 1 0 0 V W MOD o 1 1 R/M DO~D3
(DISP-L ) (DISP-H )
RCR r1,1 11 0 1 00 0w 11 o1 1
RCR riCL 11 0 1 o 0 1w 101 o 1 1
RCR  EA1 11 0 1 0O 0 O W MOD o 1 1
(DISP-L ) (DISP-H
RCR EA1, CL . 11 0 1 0O 0 1 W MOD o 1 1
(DISP-L ) (DISP-H
MITSUBISHI
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Flags
Bytes in ) .
Clock cycles N Bus cycles Function description 0ODI T s zZ AP G
F F F F F F F F F
When V = 0: COUNT « 1 O X X X X X X X O
if the high-order bit of (EA1/r1) = (CF) : (OF) <0
if the high-order bit of (EA1/r1) # (CF) : (OF) « 1
When V = 1: COUNT « (CL), (OF) is undefined
Shift one bit as indicated below and reduce COUNT by 1,
2 2 0 Repeat until COUNT becomes 0.
8+ 4/bit 2 0
15+EA 2~4 2 CF -~| (EA1/r1) 0
20+EA -+ 4/bit 2~4 2
When V = 0: COUNT « 1 O X X X X X X X O
if the high-order bits of (EA1/r1) are equal : (OF) < 0
if the high-order bits of (EA1/r1) are not equal: (OF) « 1
When V = 1. COUNT <« (CL), (OF) is undefined
Shift one bit as indicated below and reduce COUNT by 1,
Repeat until COUNT becomes 0.
2 2 0 |
8+4/bit 2 0 L
15+EA 2~4 2 0— (EA1/r1) -
20+EA +4/bit 2~4 2 ‘
When V =0: COUNT « 1, (OF) <0 o X X X X X X X O
When V = 1: COUNT « (CL), (OF) is undefined
Shift one bit as indicated below and reduce COUNT by 1,
2 2 0 ]Hepeat until COUNT becomes O
8+4/bit 2 0
15+EA 2~4 2 { ‘I (EAT/r1) -

20+EA +4/bit 2—4 2 ‘

When V = 0: COUNT « 1 O X X X X X X X O
if the high-order bit of (EA1/r1) = (CF) : (OF) <0
if the high-order bit of (EA1/r1) # (CF) : (OF) « 1
When V = 1: COUNT « (CL), (OF) is undefined
2 2 0 Rotate one bit as indicated below and reduce COUNT by 1.
8+ 4/bit 2 0 Repeat until COUNT becomes 0.

15+EA 2~4 2 t
i (EA1/r1)

20+EA+4/bit 2~4 2
When V =0: COUNT « 1 O X X X X X X X O
if the high-order bits of (EA1/r1) are equal: (OF) < 0
if the high-order bits of (EA1/r1) are not equal: (OF) «< 1
When V = 1: COUNT <« (CL), (OF) is undefined
Rotate one bit as indicated below and reduce COUNT by 1.
2 2 0 Repeat untit COUNT becomes 0.
8+4/bit 2 0
15+EA 2~4 2 l ({ (EA1/r1)
20+EA+4/bit 2—~4 2 )
When V =0: COUNT « 1 o X X X X X X X O
if the high-order bits of (EA1/r1) are equal: (OF) < 0
if the high-order bits of (EA1/r1) are not equal: (OF) « 1
When V = 1: COUNT « (CL), (OF) is undefined
Rotate one bit as indicated below and reduce COUNT by 1
2 2 0 Repeat until COUNT becomes 0.
8+4/bit 2 0
15+EA 2~4 2 L (EA1/r1) b
20+EA +4/bit 2~4 2
When V = 0: COUNT « 1 ) O X X X X X X X O
if the high-order bits of (EA1/r1) are equal: (OF) « 0
if the high-order bits of (EA1/r1) are not equal: (OF) « 1
When V = 1: COUNT < (CL), (OF) is undefined
Rotate one bit as indicated below and reduce COUNT by 1.
2 2 0 Repeat until COUNT becomes 0.
8+4/bit 2 0
15+EA 2~4 2 (EA1/r1) —
20+EA +4/bit 2~4 2
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Item Instruction code
Mnemonic Hexadecimal
Type of D; Ds Ds Da D3 Dz Dy Do D7 Dg Ds D4 D3 Dz D1 Do -
. notation
instruction
x (REP IO D R B [ R Y - S F2—~F3
% REPE/REPZ 17T 00 1 1
boy REPNE/REPNZ 11 11 oo 10
g
ﬂ)
o
MOVS MEM1, MEM2 1 0 1 O o1 O W A4~ AS
8
g
&
=
CMPS MEM1, MEM2 10 1 0 o1 1 W A6~ A7
c
[=}
&
&
Q
=
a
S SCAS  MEM 10 1 0 111 W AE ~ AF
E
2
= c
LODS MEM 1 0 1 0 11 0O W AC—AD
hel
3
-
STOS MEM 1 0 1 0 1 0 1 W AA—AB
®
S
&
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Flags
Clock cycles Bytesin Bus cycles Function description
the code O DI T S Z A P C
F F FF F F F F F
(Note 29) (Note 29)
Register CX becomes a counter. The prefixed instruction is executed and X X X X X X X X X
2 1 0 CX is counted down by 1. The execution of the prefixed instruction and
2 1 0 counting down of CX is repeated until CX becomes 0.
The instructions SCAS and CMPS, which may alter some flags will not
repeat when the value of Z # (ZF)
18 1 2 (DI) = MEM1, (ST) = MEM2 X X X X X X X X X
When W = 0: {{D1}} < ((SI})
if (DF) =0: (DI) < (DN+2, (SI) < (S)+2
, if (DF) =1: (DI) < (DI)-2, (Si) « (S1)-2
BRIt 2/L00P | e S (Drad i+ aishe st
it (DF) =0: (DI) « (D1)+2, (SI) « (S1)+2
| if (DF) =1: (DI} < (DI)-2, (SI) « (SI)-2
22 1 2 (SI) = MEM1, (DI) = MEM2 DX X X O O O
When W =0: ((S1)) < ((D1))
if (DF) =0: (D1) « (D1)+1, (SI) < (St)+1
if (DF) = 1: (D1) « (D1)-1, (S1) < (S1)-1
9+22/LOOP 2/LOOP When W = 1: ((SI+1:S1)) « ((DI+1:D1))
if (DF) = 0: (DI) « (DI)+2, (SI) < (S1)+2
if (DF) =1: (DI) « (DI)-2, (SI) « (S1)-2
15 1 1 (D1} = MEM O X X X O O O O O
When W =0: (AL) « ((DI))
if (DF) =0: (D1) « (DI)+1
it (DF) =1: (DI) « (DI)-1
9+15/LOOP 1/LOOP When W = 1: (AX) < ((DI+1:D1))
if (DF) =0: (DI) « (DN+2
if (DOF)=1: (D) « (D1)-2
12 1 1 (S1) = MEM X X X X X X X X X
When W = 0: (AL) « ((S))
if (DF) =0: (SI) + (S1)+1
if (DF) =1:(S1) « (SI)-1
9+ 13/LOOP 1/LOOP When W = 1: (AX) « ((SI+1:S1))
if (DF) =0: (SI) < (SH+2
if (DF) =1:(SI) < (SI)-2
11 1 1 (DI) = MEM X X X X X X X X X
When W = 0: ((D1)) « (AL)
if (DF) =0: (DI) « (D)+1
if (DF)=1: (DI) < (DI)-1
9+10/LOOP 1/LOOP When W = 1: ((DI+1:D1)) « (AX)
it (DF) =0: (DI) « (D1)+2
it (DF)=1:(DI) « (D1)-2
Note 29:The number of clock and bus cycles depend on the number of
time an instruction is repeated.
The numbers shown are the number per loop and to determine
the number of cycles the listed figures must be multiplied by
the number of times the instruction is repeated.
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Item Instruction code
Type ol Mnemonic Dy D¢ Ds Da Ds D, Dy Do Dy Dg Ds Ds D3 D2 Dy Do Hexadecimal
instruction notation
JMP DISP 16 11 1 0 10 0 1 (DISP-L 3 Eo
(DISP-H )
g JMP DISP8 1 1.1 0 1.0 1 (DISP-L ) EB
El JMP EA1/T1 11 1 1 11 11 MOD 1 0 o R/M FF
® (DISP-L ) (DISP-H )
2 JMP  FAR-LABEL 1 1 1 0 1 01 0 (Oftfset-L ) EA
2 (Otfset-H ) (Seg-L )
8 (Seg-H )
= JMP EA1/T1 11 11 11 1 1 MOD 1 0 1 R/M FF
(DISP-L ) (DISP-H )
CALL NEAR-PROC 11 1 0 1 0 0 O (DISP-L ) E8
(Disp-H J
CALL EA1/m1 11 11 11 11 MOD o1 o0 R/M FF
5 (DISP-L ) (DISP-H )
2 CALL FAR-PROC 1.0 0 1 1 0 1 0 (Oftfset-L ) 9A
£ (Oftset-H ) (Seg-L )
° (Seg-H )
€ E CALL  EA1/T1 11 1 1 11 11 MOD o 1 1 R/M FF
© (DISP-L ] (DISP-H )
RET 11 0 O o 0 1 1 c3
RET  DATA 11 0 0 o o0 1 0 (DATA-L ) c2
(DATA-H )
s RET i1 0 0 1 0 1 1 [
a
RET DATA 11 0 0 1 0 1 0 (DATA-L )] CA
(DATA-H )
MITSUBISHI
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16-BIT PARALLEL MICROPROCESSOR

Flags
Bytes in . e
Clock cycles the code Bus cycles Function description ODI TS zZ AP G
F F F F F F F F F
15 3 0 Jump within current segment X X X X X X X X
(DEST) <~ (IP) +DISP
15 2 o] Jump within current segment X X X X X X X X X
18+EA 2~4 1 When MOD = 11: (IP) « (r1) X X X X X X X X X
0 When MOD # 11: (IP) « (EAT)
15 5 0 Jump to other segment X X X X X X X X X
(1P} < Offset, (CS) + Seg
24+EA 2—4 2 Jump to other segment X X X X X X X X X
(IP)«—(EA1/M1)
(CS)«— (EAT+1/r1+1)
1 3 1 Call within current segment X X X X X X X X X
(DEST) < (IP)+DISP
Call within current segment X X X X X X X X X
13+EA 2~4 2 When MOD = 11: (DEST) «<r1_ When MOD # 11: (DEST) < (EA1)
20 5 2 Call to other segment X X X X X X X X X
(DEST) « Offset, (SEG) < Seg.
29+EA 2~4 4 Call to other segment X X X X X X X X X
(DEST)« (EA1/r1), (SEG)«— (EA1+1/r1+1)
(SP)«(sSP)—2
((SP)+1: (SP))«(CS)
(CS)« (SEG)
(SP)«(SP)—2
((SP)+1:(SP)) «(IP)
(IP)«— (DEST)
8 1 1 Return within current segment X X X X X X X X X
(IP)= ((SP)+1: (SP)), (SP)«—(SP)+2
12 3 1 Return within current segment X X X X X X X X X
(IP)—((SP)+1: (SP)), (SP)« (SP)+DATA
18 1 2 Return to other segment X X X X X X X X X
(IP)«=((SP)+1: (SP)), (SP)« (SP)+2
(CS)« ((SP)+1:(SP)), (SP)«-(SP)+2
17 3 2 Return to other segment X X X X X X X X X

(IP) < ((SP)+1: (SP)), (SP)« (SP)+2
(CS)« ((SP)+1: (SP)), (SP)« (SP)+DATA

MITSUBISHI
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16-BIT PARALLEL MICROPROCESSOR

ltem Instruction code
Mnemonic i
Type of D7 Ds Ds Da D3 Dz Dy Do D7 Ds Ds Dq¢ D3 D2 D1 Do Hexadecimal
N notation
instruction
JE/JZ LABEL o1 1 1 o1 0 O (DISP ) 74
JL/JINGE LABEL o1 1 1 11 0 0 (DISP ) 7C
JLE/JNG LABEL o1 1 1 1 1 1 0 (DISP )] 7E
JB/JNAE LABEL o1 1 1 o 0 1 o (DISP )] 72
JBE/JNA LABEL o1 1 1 o 1 1 0 (Disp ) 76
JP/JPE LABEL o1 1 1 1 0 1 0 (Disp ) 7A
Jo LABEL o 1 1 1 0O 0 0o o (pisp ) 70
Q
5 Js LABEL o 1 1 1 i 0 0 0 (Disp 3 78
8
%’ JNE/JNZ LABEL o1 1 1 o1 0 1 (Disp ) 75
o
5l
g JNL/JGE  LABEL o 1 1 1 11 0 1 (Disp ) 7D
8
§ JNLE/JG LABEL o1 1 1 11 11 (DISP ) 7F
K
3
o JNB/JAE LABEL o1 1 1 o o0 1 1 [GIE )] 73
JNBE/JA LABEL o 1 1 1 o 1 1 1 (DISP ) 77
JNP/JPO LABEL o1 1 1 1.0 1 1 (DISP ) 78
JNO LABEL o 1 1 1 o 0 0 1 (DISP ) 71
JNS LABEL o1 1 1 1 0 0 1 (DISp ) 79
LOOP LABEL 11 1 0 o 0 1 o (Disp )] E2
_ LOOPZ/LOOPE LABEL 11 1 0 0O 0 0 1 (DIsP ) E1
o
I
3
B LOOPNZ/LOOPNE LABEL 11 1 0 o 0 0 o (DIsp J EO
JCcxz LABEL 11 1 0 o o0 1 1 (DiSP ) E3
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16-BIT PARALLEL MICROPROCESSOR

Flags
Bytes in E ion d L
Clock cycles the code Bus cycles unction description O DI T S Z A C
F F F F F F F F
16 2 [¢] When (ZF) = 1: (IP) < (IP) + DISP (extends sign bit) X X X X X X X X
4 2 0 When (ZF) = 0: (IP) « (IP) + 2 {executes the next inst.}
16 2 0 When (SF) ¥ (OF) = 1: (IP) « (IP) + DISP (extends sign bit) X X X X X X X X
4 2 0 When (SF) ¥ (OF) = 0: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (SF) ¥ (OF) V (ZF) = 1: (IP) < (IP) + DISP (extends sign bit) XX X X X X X X
4 2 0 When (SF) ¥ (OF) V (ZF) = 0: (IP) < (IP) + 2 (executes the next inst.)
16 2 0 When (CF) = 1: (IP) < (IP) + DISP (extends sign bit) X X x x x X X X
When (CF) = 0" (IP) « (IP) + 2 (executes the next inst.}
4 2 0
16 2 0 When (CF) V (ZF) = 1: (IP) < (IP) + DISP (extends sign bit) X X X X X X X X
6 2 0 When (CF) V (ZF) = 0: (IP) < (IP) + 2 (executes the next inst.)
16 2 0 When (PF) = 1: (IP) « (IP) + DISP (extends sign bit) XX X X X X X X
4 2 0 When (PF) = 0: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (OF) = 1: (IP) « (IP) + DISP (extends sign bit) X x X X X X X X
4 2 o When (OF) = 0: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (SF) = 1: (IP) < (IP) + DISP (extends sign bit) X X X X X X X X
4 2 o When (SF) = 0: (IP) < (IP) + 2 (executes the next inst.)
1 z 0 When (ZF) = 0: (IP) « (IP) + DISP (extends sign bit) X X X X X XX X
4 2 0 When (ZF) = 1: (IP) < (IP) + 2 (executes the next inst.)
16 z 0 When (SF) ¥ (OF) = 0: (IP) < (IP) + DISP (extends sign bit) X x X X X x X X
4 2 0 When (SF) ¥ (OF) = 1: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (SF) ¥ (OF) V (ZF) = 0: (IP) « (IP) + DISP (extends sign bit) XX X X X XX X
4 2 0 When (SF) ¥ (OF) V (ZF) = 1: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (CF) = 0: (IP) « (IP) + DISP (extends sign bit) X X X x X X X X
s 2 o When (CF) = 1: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (CF) V (ZF) = 0: (IP) < (IP) + DISP (extends sign bit) X XX XX oxoXx X
4 2 0 When (CF) V (ZF) = 1: (IP) « (IP) + 2 (executes the next inst.)
16 z 0 When (PF) = 0: (IP) « (IP) + DISP (extends sign bit) X X X X X x X X
4 2 0 When (PF) = 1: (IP) « (IP) + 2 (executes the next inst.)
16 2 0 When (OF) = 0: (IP) < (IP) + DISP (extends sign bit) XXX X X XX X
4 2 0 When (OF) = 1: (IP) «< (IP) + 2 (executes the next inst.)
16 2 0 When (SF) = 0: (IP) « (IP) + DISP (extends sign bit) X X X X x o x X X
4 2 0 When (SF) = 1: (IP) « (IP) + 2 (executes the next inst.)
17 2 0 (CX) < (CX) =1 X X X X X X X X
When (CX) = 0: (IP) « (IP) + DISP (extends sign bit)
5 2 0 When (CX) = 1: (IP) « (IP) + 2 (executes the next inst.)
18 2 0 (CX) « (CX) -1 X X X X X X X X
When (ZF) =1 and (CX) # 0: (IP) « (IP) + DISP (extends sign bit)
6 2 0 When (ZF) = 0 or (CX) = 0: (IP) « (IP) + 2 (executes the next inst.)
19 2 0 (CX) < (CX) -1 X X X X X X X X
When (ZF) =0 and (CX) # 0: (IP) « (IP) + DISP (extends sign bit)
5 2 0 When (ZF) =1 or (CX) = 0: (IP) « (IP) + 2 (executes the next inst.)
18 2 0 When (CX) = 0: (IP) « (IP) + DISP (extends sign bit) X x X X X X X X
6 2 0 When (CX) = 1: (IP) « (IP) + 2 (executes the next inst.)
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16-BIT PARALLEL MICROPROCESSOR

item instruction code
Mnemonic Hexadecimal
Type of D7 Dg Ds Dg D3 D, Dy Do D7 Ds Ds D4 D3 Dz- D1 Do notation
instruction
(INT  type 1 o o0 1 1oV | (WhenV=1: Specify type 1. cc~co
INT  type 3 11 00 11 00
INT  (any) 1100 11 0 1 ( type )
Kl
H
< INTO 1 1.0 0 1 1 1 0 CE
& a
a7 S
g E
8 g
hat <
3 IS
<
Q
Q
IRET 1 1 0 0 11 1 1 CF
CcLC 11 1 1 1 0 0O F8
cMmC 11 1 1 o1 0 1 F5
g STC 11 11 1 0 0 1 F9
w CLD 11 1 1 1 1 0 o FC
STD 11 11 1 1 0 1 FD
CLI 11 1 1 1 0 1 0 FA
STI 11 1 1 1.0 1 1 FB
3 HLT 11 1 1 o1 0 o Fa
€
8
8 WAIT 1 0 0 1 10 1 1 9B
8
o
€3
8 ESC 11 0 1 1 X X X MOD X X X R/M D8 - DF
;;’ (DisP-L ) (DISP-H )
£
LOCK 1111 0o 0 0 o FO
NOP 1 0 0 1 0 0 0 O 90

Note 30: The preceding tables are summaries of details of the instructions of the M5L8086S. Basic instructions with variation are shown in brackets “'[

column followed by the variations.

Instructions are from 1 to 6 bytes in length. Details of the first byte are given in the left half of the instruction code column, the second byte in the right half, the third

byte below the first, the fourth byte below the second, the fifth byte below the third and the sixth byte below the fourth.

The hexadecimal column shows the value of the first byte of an instruction. When in has a single value the single value is shown. When it has a range of values, the range

is shown.

" in the mnemonic

MITSUBISHI
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16-BIT PARALLEL MICROPROCESSOR

Flags
Clock cycles ﬁ‘fizc‘; Bus cycles Function description ODI TS Z AP GC
F F FF F F F F F
X X 0 0 X X X X X
52 1 5 When V =0: Type =3
51 2 5 When V = 1: Type = type (0~ 255)
(SP)« (SP)—2, ((SP)+1: (SP))« Flag
(IF)—0, (TF)«0, (SP)«(SP)—-2
((SP)+1: (SP))«(CS). (CS)« (type *x4+2)
(SP)« (SP)—2, ((SP)+1: (SP))« (IP) (IP)« (type %x4)
4 1 0 When (OF) = 0: No operation X X 0 0 X X X X X
53 1 5 When (OF) = 1:
(SP)«(SP)—2, ((SP)+1:(SP))« Flag
(IF)«o0, (TF)«<0
(SP)«(SP)—2, ((SP)+1: (SP))<(CS)
(CS)«— 12
(SP)«(SP)—2, ((SP)+1:
(IP) <« 10,6
24 1 3 Return from interrupt routine OO OO0 COO0O O
(IP)« ((SP)+1: (SP)), (SP)« (SP)+2
(CS)«((SP)+1:(SP)), (SP)«— (SP)+2
(Flag) «— ((SP)+1: (SP)), (SP)« (SP)+2
2 1 0 (CF)«o0 X X X X X X X X o0
2 1 0 When (CF) = 0: (CF) « 1 (complement CF) X X X X X X X X O
When (CF) = 1: (CF) <0
2 1 0 (CF)«1 X X X X X X X X 1
2 1 0 (DF)«0 X 1. X X X X X X X
2 1 0 (DF ) «1 X 1 X X X X X X X
2 1 0 (IF)«0 X X 0 X X X X X X
2 1 0 (IF) <1 X X 1. X X X X X X
2 1 0 When this instruction is executed the CPU is put in the HALT state. X X X X X X X X X
: An interrupt or RESET will take the CPU out of the HALT state.
3 1 0 The CPU is kept in the wait state until the TEST pin is Vo . X X X X X X X X X
When
2 2 0 AAA and BBB are not specified X X X X X X X X X
8+EA 2~4 1 When MOD = 11: No operation
When MOD # 11: (DATA BUS) « (EAT)
2 1 0 When this 1s prefixed to an instruction, during the execution of the X X X X X X X X X
instruction a bus lock is output through the LOCK pin.
3 1 0 NO OPERATION X X X X X X X X X
MITSUBISHI
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PARALLEL MICROPROCESSOR

SYMBOLS USED AND THEIR MEANING

Symbol Symbol
Acc Accumulator (AX, AL or AH) LABEL Label name
ADDR Memory address \ Inclusive OR
DATA Immediate data (data which is part of the instruction) ¥ Exclusive OR
DISP Displacement A Logical AND
d When d = 0 source is REG, destination is EA (R/M) - Subtraction
When d = 1 source is EA (R/MO, destination is REG + Addition
EA Effective address * Multiplication
EA1,EAZ2| Firsteffective address, second effective address - Division
Port 1/0 port - Direction of data transfer
ri,r2 First register, second register - Exchange of data
SR Segment register code ) Contents of register or memory
SEG Segment register (CS, DS, SS and ES) Vi:iv2 Pair of register or data treated as one unit
w When 0: byte processing When 1: word processing X Does not affect the flag or instruction
—L Suffix indicating low-order 8 bits o Flag may be changed by the instruction
—H Suffix indicating high-order 8 bits A Flag is undefined after execution of the instruction
DEST Transfer address (Destination address) FR Flag register

ADDRESSING MODE AND REGISTER

1.

Instruction Format

on

byte/word

l V I variable

Table 1 EA Determination based on R/M and MOD

First byte Second byte Third byte Fourth byte Fifth byte Sixth byte
7 6 5 4 3 2 1 0[151413121110 9 8
Operation code W|MOD| REG R/M
Displacement or data
f Code to specify a register 3 bits)
Code to specify an address mode (5 bits)

[ D : direct between memory and register
S . used to specify sign bit extension

MOD Memory mode Register mode
Calculation for EA (effective address) 1"
R/M 00 01 10 W=0 | W=1
000 (BX)+(SI) (BX)+(S1)+D8 (BX)+(S1)+D16 AL AX
001 (BX)+(DI) (BX)+(D1)+D8 (BX)+(DI)+D16 cL CX
010 (BP)+(Sh) (BP)+(S1)+D8 (BP)+(SI)+D16 DL DX
011 (BP)+(DI) (BP)+(DI1)+D8 (BP)+(D1)+D16 BL BX
100 (sh) (s1)+Ds8 (ShH+D16 AH SP
101 (D1 (DI)+D8 (DN+D16 CH BP
110 Direct address (BP)+D8 (BP)+D16 DH Si
111 (BX) (BX)+D8 (BX)+D16 BH DI
Note 31: D8: 8-bit displacement variable, D16: 16-bit displacement variable

Table 2 Register code

Segment override prefix

REG W=0 w=1
000 | AL AX [olofi[sr [1][1]0]
00 1 CL CX
010 DL DX Segment register code
011 BL BX P SEG
100 AH SP
101 CH BP 0o ES
01 Cs
110 DH Sl 10 ss
111 BH DI 11 | bs
MITSUBISHI
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2. Effective Address (EA) Calculation Time

EA configuration (esigtg:e::ed Computing time
Displacement only Direct address DS 6 (clocks)
Base or index register BP SS
BX, SI, DI Ds 5
Displacement + base or index register (BP + D8 or D16) SS
(BX + D8 or D16,S1 + D8or D16,D1 + D8 or D16) DS 9
Base register + index register ) o BP + DI SS
BX+SlI DS 7
BP+SlI SS
BX+DI os 8
Displacement + base register + index register BP +DI+D8or D16 SS
BX+SI+D8or D16 DS "
BP+Si+D8or D16 SS 12
BX+DI+D8or D16 Ds

Note 32: When the segment override prefix is used the segment register used (column 2) is changed to the segment register specified by

0{0|1|SR|1]1]0]and 2 clock cycles must be added to the time (column 3) above.

3. Flag Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ x| x]x [ x [or JoF [iF [TF]sF[zF] x IAFI X TPF[ x [oF]

High-order 8 bits Low-order 8 bits

Table 3 Flag code and name

OF : overflow flag When an arithmetic overflow occurs, when 2 operands are exclusive ORed up to the high-order bit and the high-order bit
bitis 1, OF is set.

DF direction flag

IF: interrupt enable flag

TF trap flag

SF : sign flag When the high-order bit is 1, SF is set.

ZF zero flag When the result is zero, ZF is set.

AF : auxiliary flag When there is a borrow from the low-order 4 bits, AF is set.

PF . parity flag When the number of 1's in the low-order 8 bits is even, PF is set.
CF carry flag When a carry is generated from the high-order bit, CF is set.

OF, SF, ZF, AF, PF and CF are set/reset after the operation is completed.
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8086 INSTRUCTION SET MATRIX

D:~Ds |0000|0001|0010({0011]0100{0101{0110(0111}1000/1001{1010(1011]1100({1101|1110{1111
HEXade -
D3 ;""arm’ ) 1 2 3 4 5 6 7 8 9 A B c D E F
ADD | ADC | AND | XOR | INC | PUSH| Nop | MOV | MOV _ LOOPNZ
00000 b,ear | b,ear | b,ear | b,ear AX AX J0 AL<m| AL« /LOOPNE LOCK
00011 ADD | ADC | AND | XOR INC |PUSH - JNO XCHG| MOV | MOV o LoorPz;,
w,ear | w,ear | w,ear | w,ear | CX cX Sge CX |AX<m|CL«i See | LOOPE
table table
0010]| 2 ADD | ADC | AND | XOR INC |PUSH o JB/ | below | XCHG| MOV | MOV | RET | below Loop REP
b,rea | b,rea | b,rea |b,rea | DX | DX JNAE DX |AL<m| DL«i |(i+SP) z2=0
ADD | ADC | AND | XOR INC |PUSH INB/ XCHG| MOV | MOV REP
00113 w,rea [ w,rea | w,rea | w,rea BX BX - JAE BX |AXem| BL«i RET lexz z=1
ADD | ADC | AND | XOR INC |PUSH JE/ | TEST| XCHG | MOVS| MOV IN
0100 4 [ 5 | bi | byi | bi | sSP | sp | T | Uz |bea| SP | b |AH—i| SES | AAM 0 HLT
ADD | ADC | AND | XOR INC |PUSH JNE/ | TEST | XCHG | MOVS| MOV IN
010115 ) Wia | wi | wi | wi | BP | BP | — | INZ [wea| BP | w |CHei| DS | AAD | | OMC
0110 6 PUSH |PUSH | SEG | SEG INC |PUSH - JBE/ | XCHG | XCHG | CMPS| MOV | MOV - ouT
ES SS ES SS Si Sl JNA | b,ea Si b DH<«—i| b,ea,i b See
table
POP | POP INC |PUSH IJNBE /| XCHG | XCHG | CMPS| MOV | MOV OUT | below
0N 7 es | 'ss | PAATAAAL 5l I o | T | Ja |wea| DI | w | BHei|weai| XFAT] Ty
OR SBB | SUB | CMP | DEC | POP MOV TEST| MOV ESC | CALL
10001 8 |\ car | b,ear |b,ear |b,ear| AX | AX | — | ¥ |v.ear | OBW |bia |Ax—i| — 0 4 | CLC
OR SBB | SUB | CMP | DEC | POP MOV TEST| MOV o ESC | JMP
10019 w,ear | w,ear | w,ear | w,ear CX CX - INS w, ear cwWD w,i,a | CX«i 1 d STC
1010/ A OR SBB | SUB | CMP | DEC | POP _ JP/ | MOV |CALL|STOS| MOV | RET | ESC | JMP oLl
b,rea | b,rea | b,rea | b,rea DX DX JPE |b,rea l,d b DX«i |I.(i+SP) 2 J,.d
OR SBB | SUB | CMP | DEC | POP JNP/ | MOV STOS| MOV | RET | ESC | JMP
101118 w,rea | w,rea | w,rea | w,rea BX BX - JPO | w,rea WAIT w BX<«i | 3 si,d sTI
OR SBB | SUB | CMP | DEC | POP JL/ | MOV LODS | MOV | INT ESC IN
110000 5 % | bui | b | sP | sp | — |INGE| easr |PUSHFI T e | sPei|type 3| 4 |bw=1| OLD
OR SBB | SUB | CMP | DEC | POP JNL/ | LEA LODS | MOV | INT ESC IN
t101/D w,i w,i w,i w,i BP BP - JGE POPF w BP«i| (any) 5 w,v=1 STD
PUSH| PUSH| SEG | SEG | DEC | POP JLE/ | MOV SCAS | MOV ESC | OUT
THI0E | 6s DS cs DS St St ~ | ING | srea |SARF| T si—i | INTO 6 |b,v=1 s&e
table
. POP DEC | POP _ |INLE | POP SCAS | MOV ESC | OUT | below
1111 F DS DAS | AAS DI DI /3G oa LAHF w Di—i IRET 7 W=
TABLE GROUP INSTRUCTION CODE LIST
mod(Jr/m| 000001010011 |100| 101110111
immed ADD | OR ADC | SBB | AND | SUB | XOR | CMP
shift | RoL | ROR | RoL | RoR [SHY/ | spyr | — | saR
SAL
Grp1 TEST| — | NOT | NEG | MUL |IMUL | DIV | IDIV
CALL |CALL | JMP JMP
Grp2 INC DEC id I id id . id PUSH| —
Note 33: Special symbols used only in the “Instruction set matrix”’ and the Note 34: The length of instructions varies from 1 byte (8 bits) to 6 bytes. The

“Group Instruction Code List"".
EAmpeffective address (including register mode), REG 4mregister

o

: byte operation

w : Word operation
- this code should not be used

because the result and function

are undefined
a :accumulator
d :direct address
ea : calculation of EA
ear . processing results of EA and
REG are transferred to EA

easr: (EA) «< (SR)

i :immediate data
ia :immediate data and

accumulator

id :indirect address

is : immediate data in sign v

extended form

I :segmentisincluded in «

the jump
m  memory

rea : processing results of REG and
EA are transferred to REG
si :sign of 8 byte displacement is

extended
srea: (SR) « (EA)

z iz bit

: variable

“Instruction Set Matrix"* is ordered by the hexadecimal value of the first
byte of the instruction. The instruction and its operands (an instruc-

shown in the “Group Instruction Code List".

: shows direction of transfer.

tion may have no operand) are listed in mnemonic or symbolic form.
The group instructions (those instructions with different functions
depending on bit Ds, Dg, D3 in the second word of the instruction) are
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MS8990P

8-BIT 8-CHANNEL A-D CONVERTER

DESCRIPTION

The M58990P A-D converter is used to convert analog
signals to 8-bit digital values. The A-D converter is fabri-
cated using silicon-gates and CMOS technology. The
M58990P can selectively multiplex 8 channels of analog
input.

FEATURES

Single 5V power supply

Conversion resolution of 8 bits

Broad range of analog input voltages: OV ~ V¢
Conversion time: 100us

Conversion by successive approximation

Can be used online through the data bus of a micro-
processor

The 1/0 pins can be connected directly to TTL circuits
Interchangeable with NS’s ADC0808 (in pin configura-
tion)

APPLICATION

® Used with microcomputers to control analog systems

FUNCTION

The M58990P has eight analog input terminals that are
selected by the input signals to the 3 address terminals
(ADD A~ ADD C). The address signals of these terminals
are read and latched in the internal address latches by the
ALE signal. When the OE terminal is at low-level, the out-
put terminals 27 ~ 2% are in a floating state so they can
be connected directly to the data bus of a microcomputer.

PIN CONFIGURATION (TOP VIEW)

IN3 =[] ~ 28] «— IN2
INa —[Z] )« 1INy }ﬁ\,'\éﬁ%os
ANRROTS INs =[] 5]+ INo )
IN6 —[7] [5)¢— ADD A
CONVERSION N~ <+ A00 8 T NPT
NG OF ST L 2 e ane A%DRESS LATC
CON\/ERSION EoC «[7] § 22) 4= ALE ENABLE INPUT
(GITAL DUTPUT 25 *—[F] 8 2]+ 2" MSB
OUTPUT ENABLE O (5] T 7] — 22
CLOCK INPUT CLK —»[T] 5] 273 OIGITA
(5V) vec [0 o] —» 27
EEEERer (1) O - 2 * Lse
(ov) GND  [F] El REF (=) {6IFACES
oSk 2~ ~ gt

Outline 28P4

The input terminal START is used to call for the start of
an analog to digital conversion and a signal is output
through terminal EOC when the conversion is completed.

BLOCK DIAGRAM START
CONVERSION
INPUT CLOCK INPUT
START CLK
- - (®) (i10) -
INg CONTROL 7) EOC END OF
CIRCUIT CONVERSION
N1 ouUTPUT
IN 2 S & H
Wy x
IN3 (1 §§§ SUCCESSIVE |
ANALOG INPUT INa (3 %%; APPROXIMATION @ 2
- ] -
N5 (3 oz3 GISTER . @) 22
N6 (2 2 COMPARATOR ig w 19 273
8 (gl i
IN7 (5 ~ ?_38 (g 274 DIGITAL OUTPUT
r 8 3:E ® 2°°
ol e
ADD A @ ADDRESS SWITCH TREE 3 G 27
ADDRESS INPUT { ADD B @ AND @ 28
ADD C @ DECODER J
' L D Voo (5v)
ADDRESS LATCH ALE
ENABLE INPUT LADDER (3 GND (0V)
- {12} - (&) 9 -
REF(+) REF (—) OE
REFERENCE (+)  REFERENCE ( —) OUTPUT ENABLE INPUT
VOLTAGE VOLTAGE
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M58990P

8-BIT 8-CHANNEL A-D CONVERTER

PIN DESCRIPTIONS

Pi N Input or F .
in ame Output unctions
INg
¢ Analog signal Input These are analog signal input pins. Which of the 8 inputs is selected, is determined by ADD A ~ ADD C. An analog voltage
9 Py applied at the selected pin is converted to a digital value in the range of 2" ~ 27 and output
IN7
ADD A
; Add | Input The input is used for selecting which of the 8 terminals INg ~ IN; is to be converted from analog to digital. The address
signal . R -
ress sig P input through ADD A ~ ADD C is read to the address latch by the riseing edge of ALE
ADD C
ALE Address latch Input This is the strobe signal which causes the address signal input through ADD A~ ADD C to be read and latched for use as
enable signal P an internal address
. . . hat i " _—
REF( +) | Referencevoltage ( +) Input ThIS.IS ohe of the input terminals for the reference ‘voltage that is applied to .tlt]e 256R resistor ladder circuit. The other
terminal is REF (—) and the voltage levels of these two inputs must meet the condition: REF (+) > REF (—)
REF(—) | Reference voltage ( —) Input ThISvls o.ne of the input terminals for the reference \./onage that is applied to Fhe 256R resistor ladder circuit. The other
terminal is REF (+) and the voltage levels of these two inputs must meet the condition: REF (+) > REF ().
S S
0E Output enable signal Input .Th.e signal at this pin cgntrols the digital output. When the signal is low-level, pins 27! ~ 27® are in a floating state. When
it is high-level, the data is output.
-1
2 The analog signal, which was input through INy ~ IN,, is converted to digital data and is output from these terminals.
§ Digital signal Output | When OE is low-level, these terminals are floating. When OE is high-level, the converted digital data is output. The MSB
2-8 is 27" and the LSB is 278
This terminals is used to indicate the completion of an analog to digital conversion. It is reset by a START signal (high-
EOC End of conversion signal QOutput level to low-level) and is set on completion of the conversion (low-level to high-level). This output is normally used to
generate an interrupt request for the CPU.
The input signal at this terminal is used to start a conversion cycle by setting the successive approximation register. The
START Start conversion signal Input successive approximation register is reset by rising from low-level to high-level and conversion is started after being set by
falling from high-level to low-level.
CLK Clock input Input The signal at this terminal is the basic clocking signal used to determine internal timing.
9—-4 ELECTRIC
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MS5C6847P-1

VIDEO DISPLAY GENERATOR

‘DESCRIPTION
The M5C6847P-1 is a color or monochrome television

interface device frabricat

1eina N_chann
ao T

ad
inweriaCeé Gevice, Tatel USING v~

ED-MOS technology. The M5C6847P-1 has a 64-character
(6-bit ASCII code) generator and memory interface.

FEATURES

® Can be easily connected to the MELPS 85 series 8-bit

CPUs.

Alphanumeric display: 4 modes

Graphic display: 8 modes

Can connect directly with the M51342P RF modulator

Alphanumeric display: 32 characters per line by 16

lines

Character generator for 64 ASCI| characters

Can be used with an external character generator

Generates composite video signals

Generates intensity signal Y, color signal R-Y (¢A) and

B-Y (¢B)

® Display RAM capacity (depends on mode): 512~6K
bytes

® Single 5V power supply

® |nterchangeable with the Motorola’s MC6847P in pin
configuration

APPLICATION

® Microcomputer system or terminals using a color or
monochrome CRT.

PIN CONFIGURATION (TOP VIEW)
(ov)vss [0 ™~ 40]«—D7  DATA INPUT
( COLOR SET
Ds—[2] 3] CSS SEledt iNbuT
TS RIZON
Do—[3] 38 ~HS  ERESNTAS
D1—[4] 37 —-FS EHELR SYNC
DATA INPUT | D2 —[F] E__,ﬁ §8\{_VPG?§SET
% PHA/GRAPHI
D3—[g] 35)— A/G G SRAR'
A/S ALPHA/SEMIGRA
De—[T] 3] —A/s GLPHASRNGE
t Ds—[7] 2 [33]«— CLK CLOCK INPUT
CROMA BIAS cHB «[3] ‘0" [32]+— INV  INVERT INPUT
= cyr IN
crrominance| #a <[] 3 [37)+— INT/EXT EXTEANAL.
OUTPUT{ = GMg, SELECT INPUT
MEMORY fE’_F—T ) 30+ GMo| anpric mope
SELECT INPUT MS —[1Z] . 23] +— GM 1 | SELECT INPUT
NANCE
Ase- m-y b
PHIC M
Apppess | As+—[14] 27— GM2 GEAREIC MORE
OUTPUT | ;o [ 7 Aa
Ave [ 2+ s
(5v) Voo [I] 24— Az | Appgess
A3« i3 75— Ay [ OUTPUT
905553 | Avo-— [ -+ Ao
A11+—[20] 2] > A1z
Outline 40P1

chronization signals such as horizontal synchronization
signal, vertical synchronization signal and color burst signal,
and syncronizing serial data. M5C6847P-1 can generate
these signals. The information or data to be shown on the
screen is written in the display memory by the CPU. (When
the picture is to be composed on a CRT) the data for one

FUNCTION screen in the display memory is read in the order of the
The picture on the television set is composed of the syn- scan cycles and synchronization signals are added. This
BLOCK 39 Fs HORIZONTAL SYNC OUTPUT
DIAGRAM INFS FIELD SYNC OUTPUT
36) AP ROW PRESET OUTPUT
. ) A/G ALPHA/GRAPHIC SELECT INPUT
= ALPHA/SEMIGRAPHIC
o 13) Y A/S SELECT INPUT
§ TIMING 33 CLK CLOCK INPUT
ADDRESS OUTPUT < 2 AND 32) INV INVERT INPUT
w MODE CONTROL 3V INT /EXT INTERNAL/EXTERNAL INPUT
8 21)GM2
< 29 GM 4 GRAPHIC MODE INPUT
30GMo
39 CSS COLOR SET SELECT INPUT
MEMORY SELECT INPUT H] l D7
| (2) s
(8)Ds
CHARACTER o)
(sv)Vee (7 GENERATOR MULTIPLEXER (6) D3 DATA INPUT
(5)D2
(ov)vss (1 8 (4) D,
(3) oo
PARALLEL TO SERIAL Y LUMINANCE OUTPUT
1
CON\;ENRDS'ON & ::B CHROMINANCE OUTPUT
VIDEO OUTPUT LOGIC
(3)cHB CHROMA BIAS OUTPUT
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MS5C6847P-1

VIDEO DISPLAY GENERATOR

serial is sent to the RF modulator. The M5C6847P-1 per-
forms these functions by reading the display memory in the
order of the CRT scan, adding the required synchroniza-
tion signals such as luminance signal, color signal and then
transferring the data stream serially to the RF modulator.

OPERATION

Address Outputs (A, ~A,)

Thirteen address lines are used by the M5C6847P-1 to
access the display memory (refresh memory). The starting
address of the display memory is located at the upper-left
corner of the display screen. As the television sweeps from
the left to right and top to bottom, the VDG increments
the RAM display address. The address lines are TTL-com-
patible and may be forced in a high-impedance state when
input MS goes low.

Data Input (D;~D,)

Eight TTL-compatible data lines are used to input data
from the display memory to be processed by the M5C-
6847P-1. The data is interpreted and transformed into
video analog level signals.

Video Output (Y, 95, ¢g, CHB)

These video outputs are used to transfer luminance and
color information of pictures displayed on television with
standard NTSC systems. These outputs can be directly con-
nected to the RF modulator M51342P.

Luminance Output (Y)

The luminance output is a 6-level analog output. The six
level analog outputs contain composite, blank, and four
levels of video intensity.

Chrominance Output (¢4 )

The chrominance output ¢ is a 3-level analog output.
The signal is used in combination with ¢g and Y to specify
one of eight colors.

Chrominance Output (¢g)

The chrominance output ¢g is a 4-level analog output.
These levels of the signal are used in combination with ¢
and Y to specify one of eight colors. The other level is used
to specify the time of the color burst reference signal.
Chroma Bias Output (CHB)

The chroma bias output is a single level analog output that
provides the DC reference for chrominance outputs.
Synchronization Input (MS, CLK)

Memory Select Input (MS)

This is a TTL compatible input. When it goes low-level,
address outputs (A;;~A,) are forced in high-impedance
state. When other devices such as the CPU access the dis-
play memory, it must be kept at low-level to prevent inter-
ference.

Clock input (CLK)

The clock input requires a 3.579545 MHz clock with a
duty cycle of 50+5%. The M51342P RF modulator may

be used to supply the 3.579545 MHz clock.
Synchronization output (FS, HS, RP)

The synchronization outputs FS, HS and RP are TTL-com-
patible and provide circuits, exterior to the M5C6847P-1
states.

Table 1 Operation modes

A/G|A/S|INT/EXT|INV |GM2|GM1|GMo Mode
0 0 0 0 X X X | Internal alphanumerics
0 0 0 1 X X X | Internal alphanumerics inverted
0 0 1 0 X X X | External alphanumerics
0 0 1 1 X X X | External alphanumerics inverted
0 1 0 X X X X | Semigraphics 4
0 1 1 X X X X | Semigraphics 6
1 X X X 0 0 0 64< 64 Color graphics
1 X X X 0 0 1 |128X 64 Graphics
1 X X X 0 1 0 128X 64 Color graphics
1 X X X 0 1 1 |128x 96 Graphics
11X X X |1 0 0 {128 96 Color graphics
1 X X X 1 0 1 |128% 192 Graphics
1 X X X 1 1 0 |128< 192 Color graphics
1 X X X |1 1 1 |256 192 Graphics

Note 1: X is “don’t care’ bit

Table 2 Alphanumeric mode display memory,
color and, display element

Memory .
Mode capacity iColor Display elements
(bits)
gﬂi Character is
Internal alphanumerics 512X 8 2 5 x 7 dots
12 dots
8 dots
External alphanumerics 512x8 2 ‘Ijz dots
Elements
Semigraphics 4 512x8 8 %/ 64 <32
Elements
Semigraphics 6 512x8 a4 %K 64 <48

Table 3 Graphic mode display memory, color and
display element

Memory
Mode capacity Color| Display elements
(bits)

64X 64 Color graphics 1K X8 a4 64<64
128 < 64 Graphics 1K <8 2 X
128 64 Color graphics 2K % 8 4 12864
128 X 96.Graphics 2K x 8 2
128X 96 Color graphics Kxg | 4| 12879
128> 192 Graphics 3K %8 2
128192 Color graphics 6K X 8 4 128x192
256 X 192 Graphics 6K < 8 2 256 X192
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MSC6847P-1

VIDEO DISPLAY GENERATOR

Field synchronization output (FS)
The high to low transition of the FS output coincides with
the end of active display area. The low to high transition of
FS coincides with the trailing edge of the vertical synchro-
nization pulse. The CPU should not access display memory
while FS is at low-level to avoid undesired flicker on the
screen.
Horizontal synchronization output (HS)
This signal is used for horizontal synchronization on the
CRT. A fall from high-level to low-level indicates the lead-
ing edge of the horizontal synchronization signal.
Row preset output (RP)
This signal can be used when an external character gene-
rator ROM that is used with the VDG. An external 4-bit
binary counter must also be added to supply rowselection.
The counter is clocked by the HS signal and cleared by
the RP signal. See Table 4 (2) for details.
Mode Control Inputs (A/G, A/S, INT/EXT, GM,,
GM,, GM,, CSS and INV)
These eight TTL-compatible input signals are used to deter-
mine and control the operational modes of the M5C6847P-
1. Outline and details of the operational modes are shown
in Table 1~3.
Alphanumeric mode
A screen in the alphanumeric mode is composed of 32
characters x 16 lines. Each character occupies space equi-
valent to an 8 x 12 dot matrix. The internal character
generator can generate 64 characters (6-bit ASCII). Each
character is formed by a 5 x 7 dot matrix. The low-order
6 bits of the 8-bit data input are used to select 1 of 64
characters and the remaining 2 bits can be used to imple-
ment the CSS and INV signal inputs. Operation in this
mode requires a display memory of a least 512 bytes.
Semigraphic 4 mode
A screen in the semigraphics 4 mode is composed of 64 x
32 display elements. A display element is a 4 x 6 dot
matrix; that is to say, each 8 x 12 character dot matrix is
split into 4 display elements, each display element being a
4 x 6 dot matrix. The low-order 4 bits of the 8-bit data in-
put correspond to the 4 display elements of a character.
Three data bits of the remaining 4 bits may be used to select
one of eight colors for the entire character box. The extra
bit is available to switch the operation mode. Operation in
this mode requires a display memory of at least 512 bytes.
Semigraphics 6 mode
A screen in the semigraphics 6 mode is composed of 64 x
48 display elements. A display element is a 4 x 4 dot matrix;
that is to say, each 8 x 12 character dot matrix is split into
6 display elements, each display element being a 4 x 4 dot
matrix. The low-order 6 bits of the 8-bit data input to the 6
display elements of a character and the remaining 2 bits
are used to determine color. Operation in this mode re-

quires a display memory of at least 512 bytes.
Full Graphic Modes
There are 8 full graphic modes. The border color (green or
white) is selected by the level of the CSS signal. The CSS
pin selects one of two sets of four colors in the four color
graphic modes.
Color Graphic Mode 64 x 64
A screen in the 64 x 64 color graphic mode is composed of
64 x 64 display elements. Each display element can be 1 of
4 colors. Operation in this mode requires a display memory
of at least 1024 bytes.
Graphic mode 128 x 64
A screen in the 128 x 64 graphic mode is composed of
128 x 64 display elements. Each display element can be
green or white depending on the level of the CSS signal.
Operation in this mode requires a display memory of at
least 1024 bytes.
Color graphic mode 128 x 64
A screen in the 128 x 64 color graphic mode is composed
of 128 x 64 display elements. Each display element can be
1 of 4 colors. Operation in this mode requires a display
memory of at least 2048 bytes.
Graphic mode 128 x 96
A screen in the 128 x 96 graphic mode is composed of 128
x 96 picture elements. Each display element can be geeen
or white depending on the level of the CSS signal. Opera-
tion in this mode requires a display memory of at least
2048 bytes.
Color graphic mode 128 x 96
A screen in the 128 x 96 color graphic mode is composed
of 128 x 96 display elements. Each display element can be
1 of 4 colors. Operation in this mode requires a display
memory of at least 3072 bytes.
Graphic mode 128 x 192
A screen in the 128 x 192 graphic mode is composed of
128 x 192 display elements. Each display element can be
green or white depending on the level of the CSS signal.
Operation in this mode requires a display memory of at
least 3072 bytes.
Color graphic mode 128 x 192
A screen in the 128 x 192 color graphic mode is composed
of 128 x 192 display elements. Each picture element can be
1 of 4 colors. Operation in this mode requires a display
memory of at least 6144 bytes.
Graphic mode 256 x 192
A screen in the 256 x 192 graphic mode is composed of
256 x 192 display elements. Each display element can be
green or white depending on the level of the CSS signal.
Operation in this mode requires a display memory of at
least 6144 bytes.

Details of the 8 graphic modes are shown in Table 4
which gives more information in an easy to understand form.
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VIDEO DISPLAY GENERATOR

M5C6847P-1

MITSUBISHI LSIs

sapow 21ydesb snoiiea ayy uj sansiialaeIeyd jeuonnesad ¢ ajqe

x MITSUBISHI
ELECTRIC




MITSUBISHI LSIs

MSC6847P-1

VIDEO DISPLAY GENERATOR

Internal Character Generator

The M5C6847P-1 generates the 64 standard ASCII charac-
ters in a 5 x 7 dot matrix form. it generates the 64 standard
ASCII characters according to a 6-bit code. The code for
each character is showed in Table 5.

Table 5 M5C6847P-1 character set

Code Code
Character Character
Ds Dgy D3 D2 Dy Dy Ds Dy D3 Dz Dy Dg
0 0 0 0 0 O @ 1 0 0 0 0 O SP
0 ¢ 0 0o 0 1 A 0 0 0 ¢ 1 e
0 0 0 0o 1 o0 B 1 0 0 o0 1 O "
0 0 0 0 1 1 C 1 0 0 o0 1 1 #®
0 0 0o 1 0 o© D 1 0 0 1 0 O $
0 0 0 1 0 1 E 1 0 0 1 0 1 %
0 0 0 1 1 0 F 1t 0 0 1 1 0 &
0 0 0 1 1 1 G 10 0 1 1 1 '
0 0 1 0 0 o© H 10 1 0 0 O (
0o 0 1 0 0 1 | 1 0 1 0 0 1 )
0 0 1 0 1 o0 J 1 0 1 0 1 O *
0o 0 1 0 1 1 K 10 1 0 1 1 +
0o 0 1 1 0 0 L 1 0 1 1 0 O ’
0 0 1 1 0 1 M 10 1 1 0 1 -
o0 0 1 1 1 0 N 1 0 1 1 1 0
0 0 1 1 1 1 [0} 1 0 1 1 11
0 1 0 0 0 O P 1 1 0 0 0 O 0
0 1 0 0 0 1 Q 1 t 0 0 0 1 1
0 1 0 0 1 o0 R t 1 0 0 1 0 2
0 1 0 0 1 1 S 1 10 0 1 1 3
0o 1 0 1 0 0 T 1 10 1 0 O 4
o 1 0o 1 0 1 U 1 10 1 0 1 5
0o 1 0 1 1 0 \% 1 1 0 1 10 6
0o 1 0 1 1 1 w 1 1 0 1 1 1 7
0 1 1 0 0 O X 1 1 1 0 0 O 8
0 1 1 0 0 1 Y 1 1 10 0 1 9
0 1 10 1 0 z 1 1 10 1 0 :
0 1 1 0 1 1 ( 1 1 10 1 1 H
0 1 1 1 0 0 AN 1 1 1 1 0 0 <
0 1 1 1 0 1 ) 1 1 1 1 0 1 =
0 1 1 1 10 T 1 1 1 1 1T 0 >
0 1 1 1 1 1 « 1 1 1 1 11 ?

EXAMPLE OF DISPLAY ON CRT

The M5C6847P-1 can be used to generate characters for
dispiay on a video screen. An exampie of a dispiay is shown
in Fig. 1.

Vv
Vs
TOP
BORDER BORDER
35,76 us
ACTIVE DISPLAY AREA
51.8us
13
DISPLAY AREA E
1)
o
o~
BOTTOM =
BORDER
LEFT 1 1
BORDER | 1 _

]
BURST ) T
COMPOSITE
mSHAYINFORMAﬂONk1ll S 5

RIGHT BORDER

4.9us

g

1 l <& HS
-~

Hsyne

! 63.5us

Fig. 1 Example of a display by a M5C6847P-1

APPLICATION EXAMPLE

One example of interfacing a M5C6847P-1 with a television
set for home use is shown in Fig. 2. A M5L8085AP is used
as the CPU in the example shown. The CPU executes the
programs to control display and write the information for
one screen into display memory. The M5C6847P-1 per-
forms the main functions of interfacing with the CRT such
as synchronizing scan, reading the display information from
the display memory while adding necessary synchronization
signals and sending to the RF modulator.

CONTROL
PROGRAM
MEMORY
B
DATA
_—DATA BUS BUFFER
AEORE
ADDRESS| %
DATA
cPU LATCH éggggég VDG 1 Lieren |oispiay
AND MEMORY
m5Ls085AP | | omive M5Co847P-1 f—T ]
8 |voof arod—o
3.58MHz MODULATOR 0 Tv
ANTENNA

Fig. 2 Application example using the M5C6847P-1
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MSC6847P-1

VIDEO DISPLAY GENERATOR

A schematic for using the M5C6847P-1 with the
M51342P RF modulator is shown in Fig. 3. M51342 re-
quires 5V power supplies. The video signal and chroma
signal from the M5C6847P-1 can be modulated with the
sound signal to form a RF signal that appears the same as
the television antenna input signal. The video amp circuit to

enable direct connection to a M5C6847P-1 is shown in Fig.
4. This can be connected to the monochrome video moni-
tor. In this case, the inpedance is 7552.

Four levels of brightness (black, low, medium and high)
can display a clear picture.

13 8

5.6k
5009 SOUND
W [2sc1312
47p =
1415 ka
13| 0,014
b= L
T 5z T
} =
1k§ 0.014 9% 2% D% P (T} o FF
1 ==0.014 ——-L o ouT
"CD4043UBE -
CPU 1o
CLK
M74LS 04P
M
289 [10]11
33
CLK Y CHB éB ¢A s 37
R1| S —
M5C6847P-1 36
_ 36
Ao—12 (MODE) Do-7 L, :91.25MHz (FOR CH1) M 10H (166 1) MITSUMI MADE
_l_ L2 :97.25MHz (FOR CH2) M 10H ( 1662) MITSUMI MADE

L3 : 450MHz (FOR SOUND) M 10H (1660) MITSUMI MADE

-?

Fig. 3 Schematic for using the M51342P (RF modulator) with the M5C6847P-1

-
#a.mFmev
710
M5C6847P -1
VIDEO SIGNAL 1004F /10V VIDED
(28 PINS) OUTPUT

Fig. 4 Video amp circuit
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MS5C6847P-1

VIDEO DISPLAY GENERATOR

Data and Display Relation

The relation between data and 5 display modes is shown in

Tabie 6.

Table 6 Data and display relation

Semigraphic 4

Mode Data Display
D; Dg Ds Dgsg D3 D, Dy Do 5 dots
(7777 =
Character 6-bit ASCH Height 12 dclts 4 7 dots
Width 8 dots
D7y Dg Dg Dy D3 D Dy Dy
I I 5 o st D1 |0

Display element
ON/OFF indication

Color designation

D; [)34/ Display element

Semigraphic 6

D7 De Ds

L

[e——
Color designation

Ds D3 D2 Dy Do

AN

Display element
ON/OFF indication

O
[x)
o
N

Ds|D Display element

'y

—

Color-graphic (4 colors)

D; D¢ Ds D4 D3 Dz D1 Do

(LTI

e I ———

N — ~
Color Color Color

Display element

I I
.

designation designation designation designation
| L

Graphic (2 colors)

D; Dg Ds D4 D3 Dz Dy Do

LIl T[T 1T

Display

| [ 1 [ ] (f e

Display element ON/OFF indication

MITSUBISHI
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M5C6847P-1

VIDEO DISPLAY GENERATOR

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.3~7 \"
\ Input voltage With respect to Vss —-0.3~7 \"
Vo Output voltage —0.3~7 \"
Pd Power dissipation Ta=25C 1000 mwW
Topr Operating free-air temperature range 0—~70 °
Tstg Storage temperature range — 65~ 150 °
RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Nom Max
Vco Supply voltage 4.75 5 5.25 \%
Vss Supply voltage 0 Vv
ViH(¢) High-level input voltage, clock 2.4 Vce \Y
VIH High-level input voltage 2 Vee \%
VIL (4) Low-level input voltage, clock —0.3 0.4 \%
ViL Low-level input voltage —0.3 0.8 \%
ELECTRICAL CHARACTERISTICS (Ta=0~70°C . Voo=5V +5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vo giuigsdsvel output voltage, except for A, ¢8, Y, and CHB Vss=0V, lon= —100u A, C_=30pF 2.4 Vi
VoL éﬁgﬁvel output voltage, except for A, #B8, Y and CHB Vss=0V, loL=1.6mA, C_=30pF 0.4 Vv
i1 High-level input current Vss=0V , V|=5.25V —10 10 uA
he Low-level output current Vss=0V, V|=0V —10 10 ©A
loz Output floating leak current Vss=0V, V|=0.4V, MS =0.4V —10 10 rA
lco Supply current from Vec Vgs=0V 150 mA
Ci Input capacitance 10 pF
V=0V, f=1MHz Ta=25C
Co QOutput capacitance 20 pF
VcHB Chroma bias voltage 0.6Vee \%
V¢A‘ H @ A chrominance high-level output voltage :.’/C:"EBVZXJ \"
Vga M $ A chrominance medium-level output voltage VcHB \"
VeHB -
V, @A chrominance low-level output voltage
$A. L 0.16Vce v
V¢B. H ¢ B8 chrominance high-level output voltage XC:"EV'CC \%
VoﬁB‘ M $ B chrominance medium-level output voltage VcHB A\
V¢B.B @B chrominance burst-level output voltage g%';%;c Vv
Vss=0V, C_=20pF , R_=200kQ
V¢B L @B chrominance low-level output voltage ss L P L VeHe - \Y
’ 0.16Vce
VysyNG Luminance sync output voltage 0.74Vce \%
v ; 0.85
YBLANK Luminance blank output voltage \Y
Vysyne
v Lo 0.81
YBLACK Luminance black output voltage \
Vysync
VYw (H) White luminance high-level output voltage 0.62 \%
VysyNGC
V . 0.69
YW (M) White luminance medium-level output voltage \Y)
Vysyne
v Wh 0.77
YW (L) ite luminance low-level output voltage \"
Vysyne
9—12 ELECTRIC
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M5C6847P-1

VIDEO DISPLAY GENERATOR

T'M'NG REQU'REMENTS (Ta=0~70"C, Voc=5V +5%, VYss=0V, unlessotherwise noted )

~ Limits
Symbol Parameter Test conditions Unit
Min Typ Max
fo(s) Clock frequency 3.579535(3.579545|3.579555 MHz
foury Clock duty ratio 45 50 55 %
tr (g) Clock rise time 10 ns
ti(g) Clock fall time 10 ns
ta(a-D)I Address access time of display memory Internal character mode 900 ns
aaoe | A et dler oy % | ns
SWITCHING CHARACTERISTICS
Composite video and chroma (Ta=0~70"C, Voo=5V+5%, Vss=0V. uness otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw (YSYNC) Luminance output synchronization signal pulse width 4.89 us
tw (YFP) Luminance output front pot signal pulse width 1.96 us
tw (YHBLANK) Luminance output horizontal blank signal pulse width 11.73 “s
tr (YHSYNC) Luminance output horizontal synchronization signal riseltime 250 ns
te (YHSYNC) Luminance output horizontal synchronization signal fallzme 250 ns
ty (YHBLANK) Luminance output horizontal blank signal rise time 340 ns
tf (YHBLANK) Luminance output horizontal blank signal fall time 340 ns
CHROMA
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tr (gA) ¢ A chrominance output rise time . 60 ns
tf (gA) @ A chrominance output fall time 60 ns
tr (¢B) @B chrominance output rise time 60 ns
tf (¢B) $ B chrominance output fall time 60 ns
teuusvo-eumst) L8t ™ se0 e
tw (BURST) @ B chrominance output burst signal pulse width 2.93 us
tr (BURST) ¢ B chrominance output burst signal rise time 60 ns
tf (BURST) # B chrominance output burst signal fall time 60 ns
tpHL (Y-CH) Chrominance propagation time after luminance 0 ns
tPLH (Y-CH) ouwut
MISCELLANEOUS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw (Fs) Field syncronization pulse width 2.03 ms
tw (RP) Row preset pulse width 980 ns
tPHL (HS-RP) RP propagation time after HS 980 ns
tw (HS) Horizontal syncronization pulse width 4.9 us
tw (CH) Character width i 1.12 us
tw (DOT) Dot width 140 ns

MITSUBISHI
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M5C6847P-1

VIDEO DISPLAY GENERATOR

TIMING DIAGRAM
Display memory access

|
tw(ooT)
e
Az~Ag X
ta(A-D)I
D7 ~Do ta(Aa-D)E
css,A/s,
i VALID DATA
A/G.INV. ) S ) S
INT/EXT tw (CH) |

INTERNAL DATA
LATCH

o

1 I 1

INTERNAL DOT
COUNT

[ =]

1| oo

r e fs]efafaf o]

Composite video and chroma

T
1 WORD
CHARACTER MODE

DISPLAY ELEMENT (LEFT SIDE) | DISPLAY ELEMENT (RIGHT SIDE)

SEMIGRAPHIC MODE

tr (YHSYNC) tf (YHsYNC)
== === Vvysync
———— v
tw (YsYne) YBLANK
—======= VvsLACK
Y -L-VL(YFP) —————— == VywL
——————— Vv
tr (YHBLANK) Tt (YHBLANK) ———————= VywH
PHL(SYNC-BURST) TPLH(Y-CH) UPHL (Y-CH)
P
tf (BURST) tr (BURST) r—\ HL ————— V $BH
VgBm
éB - ! ’ -—————— V¢BB
! | —————\ gL
tw(sursT)  tr(¢B) |_tf(¢8) ¢
> e—————
‘] === Vgam
bA \ s ’
tr (4A) t (pn) Vear
@4 ACTIVE DISPLAY AREA ,
DISPLAY § 35.76us )
o
) 3
HORIZONTAL SCAN TIME
63.57us
Miscellaneous timing
FS A [
tw(Fs)
tw (Hs)
tPHL (HS-RP)
P LS
tw(rP)
MITSUBISHI
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MSL8155P

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

DESCRIPTION
. PIN CONFIGURATION (TOP VIEW
The M5L8155P is a 2K-bit RAM (256-word by 8-bit) ¢ ( )
fabricated .wvth the N-channel smcon-gate' ED-MOS t.ech- PC3 s [T] W Voo (5v)
nology. This IC has 3 |/O ports and a 14-bit counter/timer 1/0 PORT C PCa e [3] 5]« PCo
which make it a good choice to extend the functions of an TIMER INPUT TIMER IN—» 58] ++PC) L/gm .
8-bit microcomputer. It is incased in a 40-pin plastic DIL RESET INPUT RESET-+[q] [37]«>PCo
package and operates with a single 5V power supply. 1/0 PORT C PCs «+ E“P&
TIMER OUTPUT TIMER OUT +— [§] [35)«»PBs
FEATURES seLeCT INpOY 10 M+ 3]+ PBs
. . . CHIP ENABLE INPUT ~ CE —+[8] [33]++ PB4| i/0
Compatlble with MELPS 85 devices READ INPUT  RD —+[3] z [57)++PB3| PORT B
Static RAM: 256 words by 8 bits WRITE INPUT WE —» Z 37+ PB.
Programmable 8-bit 1/0 port: 2 ADDRESS LAPGH ALE — § [30]++PB,
Programmable 6-bit 1/0 port: 1 ADg +* v 23] «+PBg
Programmable counter/timer: 14 bits ADj e (28] «+P A7
Multiplexed address/data bus igz “ %Hzis
; BIDIRECTIONA 3 *FEAs
Single 5V power supply ADDRESIS/DATA aué ADg ++[i8] [Z5)++PAs| 110
Interchangeable with Intel’s P8155 in pin ADs « 7] 72« PA, [ PORT A
Configuration and electrical characteristics ADg +» 23] ++PA,
AD7 «» E¢»PA‘
APPLICATION (0V)Vss 2] ++PA,
® Extension of I/O ports and timer function for MELPS .
8/85 and MELPS 8-48 devices Outline 40P1
FUNCTION

The M5L8155P is composed of RAM, |/O ports and as control terminals for the 8-bit ports, so that the 8-bit
counter/timer. The RAM is a 2K-bit static RAM organized ports can be operated in a handshake mode. The counter/

as 256 words by 8 bits. The /O ports consist of 2 program- timer is composed of 14 bits that can be used to count
mable 8-bit ports and 1 programmable 6-bit port. The down (events or time) and it can generate square wave
terminals of the 6-bit port can be programmed to function pulses that can be used for counting and timing.

BLOCK DIAGRAM T - - - '
(5V) Ve (a0) | >~ @9 PA7
(UV)Vss@ r><PA6
I @ PAs
. STATIC RAM PORT>=~25) PA4{ 1/0
AD7 (i (256 WORDS x 8 BITS) 8 | A == 22 PA3| PORT A
ADs (18 23 PA;
ADsg (17 »*«%% PA,
> )
BIDIRECTIONAL JAD4 (1) DQJQF?FJ{S . e & PAo
ADDRESS/DATA BUS |AD3 (15) 8 4 PB7
14 <
AD2 8-8IT INTERNAL L~ (35 PBs
AD; (13) DATA BUS . . Gy PBs
ADo @2 8 |PORT ’—wq& PB4l 1/0
B |>~(32) PB3[ PORT B
i s - -] ..@j PB,
-~ P8,
RESET INPUT RESET =29 PB,
MEMORY SELECT INPUT  [0/M (7
CHIP ENABLE INPUT CE (8 SV%’T% ~—(5) PCs
READ INPUT RD (3 CONTROL 6 “*—“}\/ PCy
o CIRCUIT PORTI=—1) PC3{ 1/0
WRITE INPUT R Q)—m I 39 PC, [ PORT C
ADDRESS LATCH  ALE (11 38) PC
ENABLE INPUT 14-BIT COUNTER/TIMER 1

3) PCy

—-

TIMER IN  TIMER OUT
TIMER INPUT TIMER OUTPUT

MITSUBISHI
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MSL8155P

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

transferred 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 falling

edge of ALE. Then if 10/M input signal is at high-level, the

address of 1/0 port, counter/timer, or command register is

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

or write input (WR).

Chip Enable Input (CE)

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

data bus is stored in the M5L8155P

Read Input (RD)

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

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

read through the address/data bus. If IO/M input is at high-

level, the selected contents of I/O port or counter/timer are

read through the address/data bus.

Write Input (WR)

When WR is at low-level, the data on the address/data bus

are written into RAM if 10/M is at low-level, or if 10/M is

at high-level they are written into I/O port, counter/timer

or command register.

Address Latch Enable Input (ALE)

An address on the address/data bus along with the levels

of CE and 10/M are latched in the M5L8155P on the falling

edge of ALE.

10/Memory Input (10/M)

When 10/M is at low-level, the RAM is selected, while at

high-level the 1/0 port, counter/timer or command register

are selected.

1/0 Port A (PA, ~ PA;)

Port A is an 8-bit general-purpose |/O port. Input/output

setting is controlled by the system software.

1/0 Port B (PB, ~ PB,)

Port B is an 8-bit general-purpose 1/O port. Input/output

setting is controlled by the system software.

1/0 Port C (PC, ~ PC;)

Port C is a 6-bit I/O port that can also be used to output

control signals of port A (PA) or port B (PB). The functions

of port C are controlled by the system software. When port

C is used to output control signals of ports A or B the assig-
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)
PC,4 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)
PCy 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

output through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The low-

order 4 bits (bits 0 ~ 3) are used for controlling and deter-

mination 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

command register are shown in Fig. 1.

2 1 0

7 6 5 4 3
lTMngM1lIEB[ IEA]PCZ po,] p;inﬂ

[ —

LPORT A 1/O FLAG

1: OUTPUT PORT A
0: INPUT PORT A

———PORT B I/0 FLAG

1: OUTPUT PORT B
0: INPUT PORT B

PORT C FLAG

00: ALT1
11: ALT2
01: ALT3
10: ALT4

PORT A INTERRUPT
ENABLE FLAG

1:ENABLE INTERRUPT
0:DISABLE INTERRUPT

PORT B INTERRUPT
ENABLE FLAG

1: ENABLE INTERRUPT
0: DISABLE INTERRUPT]

[: COUNTER/TIMER CONTROL

00: NO INFLUENCE ON COUNTER/TIMER OPERATION
01: COUNTER/TIMER OPERATION DISCONTINUED (IF NOT
ALREADY STOPPED)
10: COUNTER/TIMER OPERATION DISCONTINUED AFTER THE
CURRENT COUNTER/TIMER OPERATION IS COMPLETED.
: COUNTER/TIMER OPERATION STARTED

,

Fig. 1 Bit functions of the command register

MITSUBISHI

9— 16

ELECTRIC



MITSUBISHI LSIs

MSL81SSP

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

Status Register (7 bits)

The status register is a 7-bit latched register. The low-
order 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 the status register are transferred into the CPU
by reading (INPUT instruction, address I/O XXXXX000).
Details of the functions of the individual bits of the status
register are shown in Fig. 2.

7 6 5 4 3 2 1 0
INTE B INTR | INTE A INTR
TIMER B BF A A BF A

i ‘— PORT A INTERRUPT REQUEST

PORT A BUFFER FULL FLAG
PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST

PORT B BUFFER FULL FLAG
PORT B INTERRUPT ENABLE

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)

Fig. 2 Bit functions of the status register

1/0 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

instruction 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 Fig. 1.
Port A can be operated in basic or strobe mode and is

assigned 1/0 terminal PA, ~ PA,.

Table 2 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
register as shown in Fig. 1. Port B can be operated in basic
or strobe mode and is assigned 1/0 terminals PB, ~ 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 Fig. 1. Details of the functions of the
various setting of bits 2 and 3 are shown in Table 2. Port C
is assigned 1/0 terminals PC,~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.

State ALT1 ALT2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PCa Input Output Output B BF (port B buffer full)
PC3 Input Output Output B INTR (port B interrupt)
PC, Input Output A STB (port A strobe) A STB (port A strobe)
PCy Input Qutput A BF (port A buffer full) A BF (port A buffer full)
PCqo Input Output A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI

ELECTRIC

9—-17




MITSUBISHI LSIs

MSL8155P

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

Configuration of Ports The basic functions of the 1/O ports are shown in Table 3.
A block diagram of 1 bit of ports A and B is shown in The control signal levels to ports A and B, when port C is
Fig. 3. While port A or B is programmed as an output port, ~ Programmed as a control port, are shown in Table 4.

if the port is addressed by an input instruction, the con-

tents of the selected port can be read. When a port is put in Table 3 Basic functions of 1/0 ports

input mode, the output latch is cleared and writing into the Address RD | WR Function
output latch is disabled. Therefore when a port is changed 0 ] AD bus < status register
to output mode from input mode, low-level signals are XXXXX000 1 0 Command register < AD bus
output through the port. When a reset signal is applied, all 0 1 AD bus < port A
. . . XXXXX001
3 ports (PA, PB, and PC) will be input ports and their 0 Port A < AD bus
output latches are cleared. Port C has the same configura- XXXX010 0 1 AD bus < port B
. . 0
tion as ports A and B in modes ALT1 and ALT2. 1 0 Port B < AD bus
0 1 AD bus « port C
XXXXX011
1 0 Port C « AD bus
loouteur Table 4 Port control signal levels at ALT3 and ALT4
LaTcH Q Y
2 CLK CLR Control signal Input mode QOutput mode
20}
< BF oLt Lt
g oA/PB INTR Lt “He
;(J WR PORT MD K_——)OPIN’ STB Input Input
E MUX
z e
fosol* 2 4 Counter/Timer
* . . . . .
L_°h = 1 The counter/timer is a 14-bit counting register plus 2 mode
INPUT —I . N
— LATUCH flags. The register has two sections: address I/0O XXXXX100
CLK is assigned to the low-order 8 bits and address 1/O
XXXXX101 is assigned to the high-order 8 bits. The low-
RD PORT ST8B X . .
order bits 0~ 13 are used for counting or timing. The
1. %1 OUTPUT MODE is initialized by th d th ted
%2 INPUT MODE | MULTIPLEX CONTROL counter is initialized by the program an en counte
*3 STROBE INPUT MODE J down to zero. The initial setting can range from 2,4 to
2. MD=1: OUTPUT MODE 3FFF 6. Bits 14 and 15 are used as mode flags.
0 : INPUT MODE . .
3. RD PORT —10/M-RD - GE - The mode flags select 1 of 4 modes with functions as
(PORT ADDRESS SELECTED) follow:
4. WK PORT =10/M-WR-CE* Mode 0: OQutputs high-level signal during the former
(PORT ADDRESS SELECTED) half of the counter operation

Outputs low-level signal during the latter half
of the counter operation
Mode 1: -Outputs square wave signals as in mode 0
Mode 2: OQutputs a low-level pulse during the final
count down
Mode 3: Outputs a low-level pulse during each final
count down
Starting and stopping the counter/timer is controlled by
bits 6 and 7 of the command register (see Fig. 1 for
details). The format and timer modes of the counter/timer
register are shown in Fig. 4 and Table 5.

Fig. 3 Configuration for 1 bit of port A or B

MITSUBISHI
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MSL8155P

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

The counter/timer is not influenced by a reset, but count-

ing is discontinued. To resume counting, a start command

[ve [ ™ [ 7ol e[ 0] ] ™ [ %] g e 9 2 &1 .
must be written into the command register ‘as shown in
TIMER MODE THE HIGH-ORDER 6 BITS Fig. 1. While operating 2n+1 count down in mode 0, a high-

OF THE COUNTER REGISTER B A . .
level signal is output during the n+1 counting and a low-

level signal is output during the n counting.

N A

THE LOW-ORDER 8 BITS OF THE COUNTER REGISTER

Fig. 4 Format of counter/timer

Table 5 Timer mode :
Mz My Timer operation
Qutputs high-level signal during the former half of the counter
0 0 operation
Outputs low-level signal during the latter half of the counter
operation (mode 0)
0 1 Outputs square wave signals as in mode O (mode 1)

Outputs a low-level pulse during the final count down
(mode 2)

Outputs a low-level pulse during each final count down

(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
'7&_‘7 Supply voltage i | 0.5-7 Vv
V) Input voltage With respect to Vss -0.5~7 \%
Vo Output voltage - -0.5-7 \%
Pd Maximum power dissipation Ta=25C 1.5 w
Topr Operating free-air temperature range 0~70 “C
Tstg Storage temperature range — 65~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0-~70°C, unless otherwise noted )
Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.75 ‘5 5.25 \%
Vss Power-supply voltage 0 \%
B ViL Low-level input voltage ) ~-0.5 0.8 \%
ViH High-level input voltage 2 Ve +0.5) \%
ELECTRICAL CHARACTERISTICS (Ta=0-70"C, Vog=5V +5%. unle - therwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage Vss=0V, loH= —400uA 2.4 \%
VoL Low-level output voltage Vss=0V, loL=2mA 0.45
) Ai;—“_ Input leak current Vss=0V, V=0~ Vgc —10 10 nA
1y (cE) lnput'@k current, CE pin Vss=0V, Vi=0~Vgc — 100 100 A
loz Output floating leak current Vss=0V, V|=0.45~Vcc —10 10 HA
Ci Input capacitance ViL=0V, f=1MHz 25mVrms, Ta =25°C 10 pF
Ci/o Input/output terminal capacitance VisoL=0V, f=1MHz 25mVrms, Ta - 25C 20 pF
——Izo_ “Supply current from \/éc Vss=0V 180 mA

Note 5 Current flowing into an IC is positive, out is negative.

MITSUBISHI
ELECTRIC 9—19



MITSUBISHI LSIs

MSL81SSP

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

TlMlNG REQUIREMENTS (Ta=0~70°C, Vec=5V +5%, unless otherwise noted )

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu (A-L) Address setup time before latch taL 50 ns
th (L-A) Address hold time after latch tia 80 ns
th (L-RWH) Read/write hold time after latch tie 100 ns
tw(L) Latch pulse width tL 100 ns
th (Rw-L) Latch hold time after read/write toL 20 ns
tw(RWL) Read/write low-level pulse width tee 250 ns
tsu (p-w) Data setup time before write tow 150 ns
th (w-D) Data hold time after write two 0 ns
) tw (RWH) Read/write high-level pulse width trv 300 ns
tsu (P-R) Port setup time before read ter 70 nsi
th (R-P) Port hold time after read tre 50 ns
tw(sTB) Strobe pulse width tss 200 ns
tsu (P-sTB) Port setup time before strobe tpss 50 ns
th (sTB-P) Port hold time after strobe tpHs 120 ns
tW(¢H) Timer input high-level pulse width t, 120 ns
tw(gL) Timer input low-level pulse width t, 80 ns
tc(¢) Timer input cycle time tove 320 ns
tr (¢) Timer input rise time tr 30 ns
t(4) Timer input fall time tf 30 ns
SWITCHING CHARACTERISTICS (Ta=0-70C, Voo=5V £5%, uriessotherwise noted.)
Symbol Parameter Als‘\?r:?baglve ‘ Limits it
Min Typ Max
tpzx(R-Q) Propagation time from read to data output trD 170 ns
tpzx(A-Q) Propagation time from address to data output tao 400 ns
tpvz(R-Q) Propagation time from read to data floating (Note 7) troF 100 ns
LPHL(W-P) : twp
Propagation time from write to data output 400 ns
toLH(w-P) twp
tPLH(STB-BF) Propagation time from strobe to BF flag tser 400 ns
tPHL (R-BF) Propagation time from read to BF flag tree 400 ns
tpLH(STB-INTR)| Propagation time from strobe to interrupt tsi 400 ns
tpHL (R-INTR) Propagation time from read to interrupt tRDi 400 ns
tPHL(STB-BF) Propagation time from strobe to BF flag tsee 400 ns
tPLH(W-BF) Propagation time from write to BF flag twer 400 ns
tPHL(W—lNTR) Propagation time from write to interrupt th 400 ns
LPHL (4-0UT) I ) tro
Propagation time from timer input to timer output 400 ns
tpLH(4-0UT) tth

Note 6: Measurement conditions C = 150pF
7: Measurement conditions of note 6 are not applied.
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TIM l NG DlAG RAM (reference level, high-level=2V, low-level=0.8V)

e T\ / \
TN

10/M \ / \
tpzx(A-Q)
ADg ~AD+ >§ ADDRESS > >§‘ DATA
A
tsu(a-L) th(L-A) tPvz(R-Q)
ALE [
/ N ,
a0 Tw (L) th (L-RWH) tPzx(R-Q)
N
th (RwW-L)
tw (RwWL) tw (RWH)
tsu (P-R) th (R-P)

PORT )g‘ }(

Basic Output

oE \
N /
10/M 5 / \
"4 p
ADg~AD7 >§ ADDRESS E( >§ DATA §<
X Z 7
tsu (A-L) th (L-A) tsu (D-w) th (RW-L)
P
ALE N /|
tw (L) S
th (L-RWH) th (w-D)
- p
WR N ’Z N\
tw (RWL) tw (RWH)
tPHL(W-P)
tPLH(W-P)
PORT X
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Strobed Input

tPLH(STB-BF)

STROBE 5

o /,

|

Z TPLH(STB-INTR)

tw (sTB)

INTR

tPHL(R-BF)

tsu (p-sT8) | th(sTB-P)

\

"'ﬁ\\/

N\
tPHL(P—lNTR)/
J S

PORT X

X

Strobed Output

BF

tPHL(STB-BF)

STROBE

L

tPLH(W-P)

f—\
/

p——

tPLH(STB-INTR)

(PHL(W——!NTR)/ j

| -
WE \ tPLH(W-P)
WR Gz_jtpm_(w,p)
-

PORT

X

Timer (ot 8

TIMER IN

TIMER OUT

\ 14
PULSE MODE M ———— (Note 9)

tPHL(¢-0UT))

tPLH(g-0UT)

—
tPHL (¢-0UT)

TIMER OUT

/
SQUARE WAVE MODE == == o= == e o o e o e o wf

Note 8: The wave form is shown counting down from 5to 1.

(Note 9)

9: As long as the M1 mode flag of the timer register
is at high-level, pulses are continuously output.

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

DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit)
fabricated with the N-channel silicon-gate ED-MOS tech-
nology. This IC has 3 I/O ports and a 14-bit counter/timer
which make it a good choice to extend the functions of an
8-bit microcomputer. It is incased in a 40-pin plastic DIL
package and operates with a single 5V power supply.

FEATURES

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit 1/0 port: 2
Programmable 6-bit I/0 port: 1

& Programmable counter/timer: 14 bits

® Multiplexed address/data bus

® Single 5V power supply

® [nterchangeable with Intel’s P8156 in pin
® Configuration and electrical characteristics
APPLICATION

® Extension of I/O ports and timer function for MELPS
8/85 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 program-
mable 8-bit ports and 1 programmable 6-bit port. The
terminals of the 6-bit port can be programmed to function

PIN CONFIGURATION (TOP VIEW)
PC3«s[1 hd 40 Ve (5V)
1/0 PORT
19 FORT C PC4~E 33]++ PC2
TIMER INPUT  TIMER IN —[3] D eI A,
RESET INPUT ~RESET —+[4] [37]«>PCo
1/0 PORT C PCs «[5] [36]++ PB7
TIMER OUTPUT TIMER OUT — [§] [35]++PB6
MEMORY |5 i
seLecT oy 10 M— (] 32+ PBs
CHIP ENABLE INPUT  CE —[B] (33]«+»PBa| 1/
READ INPUT  RD —[3] Z 37+ PB3| PORT B
WRITE INPUT ~ WR -+ [i0] e [F7++PB2
ADDRESS LATCH ) *
eABLE INpgr ALE [T} 2 30]+~>P B
ADo &'E 0 E‘*PBO
AD;*-E _@4*91&
AD2 ﬂE E’*PAG
sioirecTionaL | 203 <[] 28] > PAs
ADDRESS/DATA BUS AD‘”E E“p/.\, 1/0
ADS*'E E”pAa PORT A
ADg «» 18] Eq*PAz
AD7 «+[19] Z]&*PA1
(0V)Vss EQ*PAD
Outline 40P1

as control terminals 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 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

R (

v
A
TIMER IN
TIMER INPUT TIMER OUTPUT

E
(5V) Ve (@0)
(0V) Vss (@)

STATIC RAM |><25) PA4

AD7 (19 (256 WORDS x 8 BITS) 8 | A f—=2 PA;

ADg (18)>— 2 PA;

ADs (17 »«é? PA,

—=2) pa

BIDIRECTIONAL JADa (16) DATA BUS s s : 0

ADDRESS/DATA BUS JAD3 (15) BUFFER s o PB,

14 —

AD2 8-8IT INTERNAL =~ PBs

AD; (3) DATA BUS ~~32) PBs

ADo (2 8 |PORT}><<33 PB,

e

B »44)3_2 PB;

i s - -—~(3) PB,

<30 PB,

RESET INPUT RESET (4 =29 PB,
MEMORY SELECT INPUT 10/M (7

CHIP ENABLE INPUT  CE (3)—| henb! F—(s) PCs

READ INPUT RD CONTROL § PORT T ggd

i CIRCUIT Rt 3

WRITE INPUT R (10— C r-—«-()a?\ PC,

ADDRESS LATCH ]
SNABLE inPoT  ALEL 14-BIT COUNTER/TIMER 38 PC,
@) PC,

TIMER OUT

1

1/0
PORT A

1/0
PORT B

1/0
PORT C
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OPERATION

Data Bus Buffer

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

data while input or output instructions are being executed

by the CPU. Command and address information is also

transferred through the data bus buffer.

Read/Write Control Logic

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

interpreting 1/O control bus output signals (RD, WR, 10/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (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 falling

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 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 IO/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)

When WR is at low-level, the data on the address/data bus

are written into RAM if 10/M is at low-level, or if 10/M is

at high-level they are written into |/O port, counter/timer

or command register.

Address Latch Enable Input (ALE)

An address on the address/data bus along with the levels

of CE and I0/M are latched in the M5L8156P on the falling

edge of ALE.

10/Memory Input (10/M)

When 10/M is at low-level, the RAM is selected, while at

high-level the 1/0 port, counter/timer or command register

are selected.

1/0 Port A (PA, ~ PA,)

Port A is an 8-bit general-purpose 1/0 port. Input/output

setting is controlled by the system software.

1/0 Port B (PB, ~ PB,)

Port B is an 8-bit general-purpose 1/O port. |

setting is controlled by the system software.

1/0 Port C (PC, ~ PC;)

Port C is a 6-bit I/0 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 assig-
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)
PCy4 8 BF (port B buffer full)
PC3 B INTR (port B interrupt)
PC, A STB (port Astrobe)
PC, A BF (port A buffer full)
PCy 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

output through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The low-

order 4 bits (bits 0~ 3) are used for controlling and deter-

mination 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

command register are shown in Fig. 1.

7 6 5 4 3 2 1 0

[Tm| ™1 B[ IEA| PG, [ PO | PB | PA |

——

LPORT A 1/0 FLAG

1: OUTPUT PORT A
0: INPUT PORT A

L———PORT B 1/0 FLAG

1: OUTPUT PORT B
0: INPUT PORT B

PORT C FLAG

00: ALT1
11: ALT2
01: ALT3
10: ALT4

PORT A INTERRUPT
ENABLE FLAG

1:ENABLE INTERRUPT
0:DISABLE INTERRUPT

PORT B INTERRUPT
ENABLE FLAG

1:ENABLE INTERRUPT
0:DISABLE INTERRUPT]

t— COUNTER/TIMER CONTROL

00: NO INFLUENCE ON COUNTER/TIMER OPERATION
01: COUNTER/TIMER OPERATION DISCONTINUED (IF NOT
ALREADY STOPPED)
10: COUNTER/TIMER OPERATION DISCONTINUED AFTER THE
CURRENT COUNTER/TIMER OPERATION IS COMPLETED.
: COUNTER/TIMER OPERATION STARTED

1

Fig. 1 Bit functions of the command register
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Status Register (7 bits)

The status register is a 7-bit latched register. The low-
ntiic Flame fme +ha 1 /M
aLtud 1iays 1Wwi uic 1/v

counter/timer. The

ardar E hits fhite 0
oraer S pits (bits O

ports. Bit 6 is as a status flag for the

~ A) ~in iiond oo o4
)] ait uUdTu ad du

contents of the status register are transferred into the CPU
by reading (INPUT instruction, address 1/0 XXXXX000).

A #han candiio

~Af sha £ ~e A~ a ie +a
Details of the functions of the individual bits of the staius

register are shown in Fig. 2.

7 6 5 4 3 2 1 0
INTE B INTR | INTE A INTR
TIME
R B BF A A l BF A

L—* PORT A INTERRUPT REQUEST

PORT A BUFFER FULL FLAG
PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST
PORT B BUFFER FULL FLAG

PORT B INTERRUPT ENABLE

COUNTER/TIMER INTERRUPT (SET TO 1 WHEN THE FINAL LIMIT
F THE COUNTER/TIMER IS REACHED
AND IS RESET TO 0 WHEN THE
STATUS IS READ)

Fig. 2 Bit functions of the status register

1/0O Ports

Command/status registers (8 bits/7 bits)

These registers are assigned address XXXXX000. When ex-

ecuting an QUTPUT instruction, the contents of the com-

mand register are rewritten. When executing an INPUT

instruction 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 asshown in Fig. 1.
Port A can be operated in basic or strobe made and is

assigned 1/O terminal PA, ~ PA,.

Table 2 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
register as shown in Fig. 1. Port B can be operated in basic
or strobe mode and is assigned |/O terminals PB, ~ 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 Fig. 1. Details of the functions of the
various setting of bits 2 and 3 are shown in Table 2. Port C
is assigned |/O terminals PC;~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.

state ALT1 ALT2 ALT 3 ALT 4
PCs Input Output Output B STB (port B strobe)
PCq Input Output Output B BF (port B buffer full)
PC3 Input Output Output B INTR (port B interrupt)
PC, Input Output A STB (port Astrobe) A STB (port A strobe)
PCy Input Output A BF (port A buffer full) A BF (port A buffer full)
PCqo Input Qutput A INTR (port A interrupt) A INTR (port A interrupt)

MITSUBISHI

ELECTRIC



MITSUBISHI LSIs

MSL8156P

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

Configuration of Ports The basic functions of the 1/0 ports are shown in Table 3.
A block diagram of 1 bit of ports A and .B is shown in  The control signal levels to ports A and B, when port C is
Fig. 3. While port A or B is programmed as an output port, ~ programmed as a control port, are shown in Table 4.

if the port is addressed by an input instruction, the con-

tents of the selected port can be read. When a port is putin  1able 3 Basic functions of 1/0 ports

input mode, the output latch is cleared and writing into the ‘Address RD | WR Function
output latch is disabled. Therefore when a port is changed 0 1 AD bus < status register
. o XX XX X000
to output mode from input mode, low-level signals are 1 0 Command register < AD bus
output through the port. When a reset signal is applied, all 0 ] AD bus < port A
. . . XXXXX001
3 ports (PA, PB, and PC) will be input ports and their 1 0 Port A < AD bus
output latches are cleared. Port C has the same configura- KXXX010 0 1 AD bus < port B
. . X 01
tion as ports A and B in modes ALT1 and ALT2. 1 0 Port B « AD bus
0 1 AD bus < port C
XXXXX011
1 0 Port C < AD bus
bouTPUT R Table 4 Port control signal levels at ALT3 and ALT4
LATCH >
2 CLK CLR Control signal Input mode Output mode
3}
< BF Lt sl
g
3 INTR L “H”
‘ ) PA PB R \
2 WR PORT MD K—-*OP‘N STB nput Input
E MUX
E :’“"* 1 .
Lotk 2 4 Counter/Timer
* . . . . .
{___"jj I The counter/timer is a 14-bit counting register plus 2 mode
N laven [ flags. The register has two sections: address I/0 XXXXX100
CLK is assigned to the low-order 8 bits and address 1/O
! XXXXX101 is assigned to the high-order 8 bits. The low-
RD PORT sTB ) - >
order bits 0~ 13 are used for counting or timing. The
1. %1 OUTPUT MODE is initialized by th d th ted
%2 INPUT MODE L MULTIPLEX CONTROL counter is initialized by the program an en coun
%3 STROBE INPUT MODE | down to zero. The initial setting can range from 2,4 to
2. MD =1: OUTPUT MODE 3FF,6. Bits 14 and 15 are used as mode flags.
0 : INPUT MODE . .
3 RD PORT —10/M-RD-GE - The mode flags select 1 of 4 modes with functions as
(PORT ADDRESS SELECTED) follow:
4. WR PORT =10/M-WR-CE - Mode 0: Outputs high-level signal during the former
(PORT ADDRESS SELECTED) half of the counter operation

Outputs low-level signal during the latter half
of the counter operation

Mode 1: OQutputs square wave signals as in mode O

Mode 2: OQutputs a low-level pulse during the final
count down

Mode 3: Outputs a low-level pulse during each final
count down

Starting and stopping the counter/timer is controlled by

bits 6 and 7 of the command register (see Fig. 1 for

Fig. 3 Configuration for 1 bit of port Aor B

details). The format and timer modes of the counter/timer
register are shown in Fig. 4 and Table 5.

MITSUBISHI
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|MZJM|]T|3F712}THI TlO( Te ] Ta]

— —

TIMER MODE
OF THE COUNTER REGISTER

R N P T

THE LOW-ORDER 8 BITS OF THE COUNTER REGISTER

Fig. 4 Format of counter/timer

Table 5 Timer mode

Mo My Timer operation
QOutputs high-level signal during the former half of the counter
0 0 operation
Outputs low-level signal during the latter half of the counter
| loperation (mode 0)
0 1 Outputs square wave signals as in mode 0 (mode 1)
1 0 Outputs a low-level pulse during the final count down
{mode 2)
7 1 Qutputs a low-level pulse during each final count down
(mode 3),

ABSOLUTE MAXIMUM RATINGS

The counter/timer is not influenced by a reset, but count-
ing is discontinued. To resume counting, a start command
must be written into the command register as shown in
Fig. 1. While operating 2n+1 count down in mode 0, a high-
level signal is output during the n+1 counting and a low-
level signal is output during the n counting.

Symbol Parameter Conditions Limits Unit
Vee Suppfy voltage -0.5~7 \"
vafﬁ m :put voﬂ;i - With respect to Vsg 0.5-7 \
Vo Output voltage 0.5~-7 \%
B 7;’;*” ] “mrf-\./ilgxlm:m power dis“sxp;;ﬁn Ta=25°C ‘ 1.5 W
Topr Operating free-air (emperéture range 0~70 ‘C
Tstg Storage temperature range — 65—~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C. unles otherwise noted )
Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 ‘5 5.25 \
Vss Power-supply voltage 0 \%
7 ViL Low-level input voltage —-0.5 0.8 \
ViH High-level input voltage 2 Ve +0.5 v
ELECTRICAL CHARACTERISTICS (Ta=0-70C. Voc =5V + 5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage Vss=0V, loH= —400uA 2.4 \Y,
VoL Low-level output voltage Vss =0V, loL=2mA 0.45 \
‘T;“‘ Input leak current Vss=0V, V;=0 - Vco -10 10 uA
1 (ce) ﬂm.Tnp‘meak current, CE pin o Vss=0V, V=0~ Vcc — 100 100 uA
loz MOuxpul floating leak current T Vss—=0V, V|=0.45 - Ve 10 10 1A
Ci Input capacitance ViL=0V, f=1MHz 25mVrms, Ta=25°C 10 pF
ci/o Input/output terminal capacitance VioL=0V,f=1MHz 25mVrms, Ta =25C 20 pF
lce Supply current from Vee Vss=0V 180 mA
Note 5 Current flowing into an IC is positive, out is negative.
MITSUBISHI
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TIM'NG REQU'REMENTS (Ta=0~70°C, Vcoc=5V + 5%, unless otherwise noted )

Symbol Parameter Alternative Test conditions timits Unit
symbol Min Typ Max
tsu (a-L) Address setup time before latch taL 50 ns
th (L-A) Address hold time after latch tLa 80 ns
th(L-RWH) Read/write hold time after latch tLe 100 ns
tw) Latch pulse width e 100 ns
th (Rw-L) Latch hold time after read/write toL 20 ns
tw (RWL) Read/write low-level pulse width tce 250 ns
tsu (0-w) Data setup time before write tow 150 ns
th (w-0) Data hold time after write two 0 ns
tw (RWH) Read/write high-level pulse width trv 300 ns
tsu (P-R) Port setup time before read ter 70 ns
th (R-P) Port hold time after read trp 50 ns
tw(sTm) Strobe pulse width tss 200 ns
tsu (p-sTB) Port setup time before strobe tpss 50 ns
th (sTB-P) Port hold time after strobe tpHs 120 ns
lw(¢H) Timer input high-level pulse width t, 120 ns
twigl) Timer input low-level pulse width t, 80 ns
tc () Timer input cycle time teve 320 ns
tr (4) Timer input rise time tr 30 ns
t(g) Timer input fall time tf 30 ns
SWITCHING CHARACTERISTICS (Ta=0~70C. Vgo=5V +5%, unless otherwise noted.)
Symbol Parameter AL‘;?::S;VE cimits Unit
Min Typ Max
tpzX(R-Q) Propagation time from read to data output trD 170 ns
thzx (A-Q) Propagation time from address to data output tap 400 ns
tevz(r-Q) Propagation time from read to data floating (Note 7) tROF 100 ns
tPHL(W-P) twp
tn - Propagation time from write to data output t 400 ns
LH(W-P) WP
tPLH(STB-BF) Propagation time from strobe to BF flag tser 400 ns
tPHL (R-BF) Propagation time from read to BF flag trReE 400 ns
tPLH(STB-iNTR) Propagation time from strobe to interrupt tsi 400 ns
UPHL (R-INTR) Propagation time from read to interrupt tro! 400 ns
tPHL(STB-BF) Propagation time from strobe to BF flag tsee 400 ns
tpLH(W-BF) Propagation time from write to BF flag twer 400 ns
TPHL (W-INTR) Propagation time from write to interrupt twi 400 ns
tPHL (4-0UT) trl
Propagation time from timer input to timer output 400 ns
tPLH(¢-0UT) trH

Note 6: Measurement conditions C = 150pF
7. Measurement conditions of note 6 are not applied.
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TIM I NG DIAG RAM (reference level, high-level=2V, low-level=0.8V)

CE 7 K /
10/M St / \
tPzx(A-Q)
ADg ~AD; ADDRESS > >§ DATA
v |
Tsu (A-L) th(L-a) tpvz(r-Q)
ALE j& [
—/ 7
RD tw (L) th (L-RWH) tPzx(R-Q)
S "Z th (RwW-L)
tw(AwL) tw (RWH)
tsu (P-R) th (R-P)
PORT

X

Basic Output

T

r
CE 7 /
10/M \
\_ /

'4 \
ADg~AD7 >§ ADDRESS E( )g DATA K

N Z 7

tsu (A-L) th (L-A) tsu (D-w) th(Rw-L)
—
ALE N /
tw (L) N
th (L-RWH) th (w-D)
P
WR %
 —
tw (RWL) tw (RWH)
tPHL(W-P)
tPLH(W-P)
PORT >§
MITSUBISHI
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2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

Strobed Input

or /,

tPLH(STB-BF)

|

\
/

tw (sTB) \
-

INTR

| tPHL(R-BF)
STROBE \ Z tPLH(STB-INTR) T

tPHL(P-INTR) /
RD 5

tsu(p-sTB) | th(sTB-P)

' -
PORT X

Strobed Output

BF

tPHL(STB-BF)

/

STROBE
tPLH(W-P)

]

tPHL(w-lNTH)/’ l

tPLH(STB-INTR)

WE \ / 7IP|_H(W—P>

tPHL(W-P)
P

PORT

Timer (Notes)

tPLH(g-0UT)

TIMER IN

TIMER OUT A) 7

PULSE MODE = ——/(Note9)

tPHL (¢ -OUT)
e
tPHL (¢-0UT)

TIMER OUT ~

SQUARE WAVE MODE == == == =t == e e e == = ==/ (NotE O}

Note 8: The wave form is shown counting down from 5 to 1.
9: Aslong as the M1 mode flag of the timer register
is at high-level, pulses are continuously output.

MITSUBISHI
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MITSUBISHI LSIs

MSL8259AP

DESCRIPTION

The M5L8259P is a programmable LSI for interrupt con-
trol. It is fabricated using N-channel silicon-gate ED-MOS
technology and is designed to be used easily in connection
with an M6L8080AP, M5L8085AP or M5L.8086S.

FEATURES
® Single 5V power supply

® CALL instruction to the CPU is generated automatically

® Priority, interrupt mask and vectored address for each
interrupt request input are programmable

® Upto 64 levels of interrupt requests can be controlled
by cascading with M5L8259AP

® Polling functions

® TTL compatible

® Interchangeable with Intels P8259A in pin configura-
tion and electrical characteristics.

APPLICATIONS

® The M5L8259AP can be used as an interrupt control-
ler for CPUs M5L8080AP, M5L8085AP and M5L8086S

FUNCTIONS
The M5L8259AP is a device specifically designed for use
in real time, interrupt driven microcomputer systems. It
manages eight levels or request and has built-in features
for expandability to other M5L8259AP’s.

The priority and interrupt mask can be changed or re-
configured at any time by the main program.

PIN CONFIGURATION (TOP VIEW)

cHIP s L(Jq o5 —[1] 4 Voc (5V)
ONTROL h’f'a% wa—[Z] 77+ Ao ADDRESS INPUT
= —__INTERRUPT
REA -
IONTROL REAG 70— [ 28 «—TNTA ACKNOWLEDGE
Dy +»[4] «—IR7
Ds «* [5] 78 « IRs
Ds « €] 2 73« IRs
BIDIRECTIO 04« 1] g 22— IR4 INTERRUPT
D3 «» [g] 2 «— IR3 [ INPUTS
Dz +» 9] 4 20+ IR,
[ Dy E [19] « IR
Do « i} [18] «— IR0 | INTERRUPT
REQUEST
CASCADE JCASO ’*[: *INT QUTPUT
LINES 35 SLAVE PROGRAM
CASy > > % INPUT/ENABLE
BUFFER OUTPUT
(0V) Vss |T_4- <> CAS2 CASCADE

Outline 28P4

When an interrupt is generated because of an interrupt
request at 1 of the pins, the M5L8259AP based on the
mask and priority will output an INT to the CPU. After
that, when an INTA signal is received from the CPU or
the system controller, a CALL instruction and a program-
med vector address is released onto the data bus.

BLOCK DIAGRAM
Dy INTERRUPT
Ds s p<—QOTNTA ACKNOWLEDGE INPUT
Ds (&) CONTROL LOGIC
D () DATA BUS IDINT - NSRS Sureut
BIDIRECTIONAL DATA BUS D3_ BUFFER 8
gz g {8 %s '
1
Do m @ IRg
19 IR1
| NTERRUPT, @) IRz
_ N SERVICE
WRITE CONTROL INPUT WR(@D—d oo s REGIS}"E’ECR 8 |PRIORITY] & | requesT @) IR3 INTERRUPT o
READ CONTROL INPUT RD (3) CONTROL |=—4 (ISR) RESOLVER RE((ISFI‘SRT)ER % ::4
LOGIC 5
ADDRESS INPUT Ao @7 @9 IRg
CHIP SELECT INPUT TS (1) T T T & 1R
CASo (12 CASCADE
CASCADE LINES {CAS1 BuFFER/ [<— |8 | INTERRUPT MASK REGISTER 28 Voo (sV)
CAS2(5) COMPARATOR (IMR) (19 Vss(0V)
SLAVE PROGRAM INPUT/ §B /EN .
ENABLE BUFFER OUTPUT
ELECTRIC 931
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PIN DESCRIPTION

o o
Symbol Pin name Pt or Functional significance
output
CS Chip select input Input This input is active at low-level, but may be at high-level during interrupt request input and interrupt processing.
WR Write control input Input Command write control input from the CPU
RD Read control input Input Data read control input for the CPU
D7~Dg Bidirectional data bus éﬂ‘:g&( Data and commands are transmitted through this bidirectional data bus to and from the CPU.
GAS These pins are outputs for @ master and inputs for a slave. And these pins of the master will be able to address each indi-
27 . | . . .
CAS Cascade lines OE?;:/‘ vidual slave. The master will enable the corresponding slave to release the device routine address during bytes 2 and 3 of
0
INTA.
[ — Slave program input/ Input/ | SP: In normal mode, a master is designated when SP/EN=1 and a slave is designated when SP/EN=0.
P/E Enable buffer output output . e TB/EN i
P EN: In the buffered mode, whenever the M5L8259AP’s data bus output is enabled, its SP/EN pin will go low.
INT Interrupt request output Output | This pin goes high whenever a valid interrupt is asserted.
The asynchronous interrupt inputs are active at high-level. The interrupt mask and priority of each interrupt input can
IR7~IRgo Interrupt request input Input be changed at any time. When using edge triggered mode, the rising edge (low to high) of the interrupt request and the
high-level must be held until the first INTA, For level triggered mode, the high-level must be held until the first INTA.
NTA Interrupt acknowledge | . When an interrupt acknowledge (INTA) from the CPU is received, the M5L8259AP releases a CALL instruction or
. npu
input vectored address onto the data bus.
This pin is normally connected to one of the address lines and acts in conjunction with the CS, WR and RD when
Ag Ao address input Input
writing commands or reading status registers.

OPERATION Table 1 M5L8259AP basic operation
The M5L8259AP is interfaced with a standard system bus 7| Ds] Ds |RD|WR| OGS Inpot operation (vead]
as shown in Fig. 1 and operates as an interrupt controller. o 0 | 1 | 0 | 1RR, 1SR o mterrapting teveldata bus
1 0 1 0 IMR-Data bus
Output operation (write)
16 ADDRESS BUS
0 0 0 1 0 0 | Data bus>OCW2
0 0 1 1 0 0 | Data bus>OCW3
CONTROL BUS 0 1 X 1 0 0 | Data bus—ICW1
1 | X [ X |1 |0 |0 |Databus>OCWI, ICW2, ICW3, ICW4
Disable function
DATA BUS 8
7 X X X 1 1 Data bus = High-impedance
8 X X X X X 1 Data bus = High-impedance
CS Ao D7~Do RD WR INT INTA
«—>{CASy
CASCADE
casc/ ] cas, M5L8259 AP
<—>1CAS?
SP/EN IR7 IR IRs IR4 IR3 IRz IRy IRg
SLAVE PROGRAM INPUT/ v
ENABLE BUFFER OUTPUT INTERRUPT REQUEST INPUTS

Fig. 1 The M5L8259AP interfaces to standard system bus.

MITSUBISHI
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Interrupt Sequence turn to low-level before the first INTA pulse is issued, an
1. When the CPU is an M5L8080AP or M5L8085AP: interrupt request in IR, is executed. However, in this case
(1) When one or more of the interrupt request inputs  the ISR bit is not set.
are raised high, the corresponding |RR bit(s) for the

high-level inputs will be set. Interrupt sequence outputs
(2) Mask state and priority levels are considered and, if 1. When the CPU is a M5L80BOAP or M5L8085AP:
appropriate, the M5L8259AP sends an INT signal A CALL Mction is released onto the data bus when
to the CPU. the first INTA pulse is issued. The low-order 8 bits of
(3) The acknowledgement of the CPU to the INT sig- the vectored address are released when the second INTA
nal, the CPU issues an TNTA pulse to the M5L- pulse is issued, and the high-order 8 bits are released
8259AP. when the third INTA pulse is issued. The format of these
(4) The ISR bit corresponding to the interrupt request three outputs is shown in Table 2.

input is set upon receiving an INTA from the CPU,
and the corresponding IRR bit is reset. A CALL in-
struction is released onto the data bus.

(5) A CALL is a 3-byte instruction, so additional INTA
pulses are issued to the M5L8259AP from the CPU. -

(6) These two TNTA pulses allow the M5L8259AP to L' | ' | © [ 0 [ 1 [ v [ o [ 1]
release the program address onto the data bus. The
low-order 8-bit vectored address is released at the
second INTA pulse and the high-order 8-bit vector-

Table 2 Formats of interrupt CALL instruction and
vectored address

First INTA pulse (CALL instruction),
Dy De Ds Dg D3 D2 Dy Do

Second INTA pulse (low-order 8-bit of vectored address)

ed address is released at the third TNTA pulse. IR Interval = 4
(7) This completes the 3-byte CALL instruction and Dy Dg Ds Dy D3 D2 Dy Do
the interrupt routine will be serviced. The ISR bit IR7 A7 Ag As 1 1 1 0 0
is reset at the end of the third INTA pulse in the Re | A7 | As | As 1 1 0 0 0
AEOI mode. In the other modes the ISR bit is not IRs Az Ag As 1 0 1 0 0
reset until an EOl command is issued. IRq A7 Ag As 1 0 0 0 0
2. When the CPU is an M5L8086S: IR3 A7 As As 0 1 1 0 0
(1) When one or more of the interrupt request inputs Rz | A7 As As 0 1 0 0 0
are raised high, the corresponding IRR bit(s) for IRy A As As 0 0 1 0 0
the high-level inputs will be set. Ro | A7 As As 0 0 0 0 0
(2) Mask state and priority levels are considered and if
appropriated, the M5L8259AP sends an INT sig- IR Interval = 8
nal to the CPU. Dy De Ds Dy D3 D2 Dy Do
(3) As an acknowledgement to the INT signal, the CPU IR7 A7 As 1 1 1 0 0 0
issues an INTA pulse to the M5L8259AP. Re | A7 | As 1 1 0 0 0 0
(4) The ISR bit corresponding to the interrupt request IRs A7 As 1 0 1 0 0 0
input is set upon receiving the first INTA pulse Re | A7 | As 1 0 0 0 0 0
from the CPU, and the corresponding IRR bit is IR3 A7 As 0 1 1 0 0 0
reset. The MBL8259AP does not drive the data IRz A7 As 0 1 0 0 0 0
bus, and the data bus goes to high-impedance state. IRy A7 As 0 0 1 0 0 0
(5) When the second INTA pulse is issued from the Ro | A7 | As 0 0 0 0 0 0

CPU an 8-bit pointer is released onto the data bus.
(6) This completes the interrupt cycle and the inter- Third INTA pulse (high-order 8 bits of vectored address)
rupt routine will be serviced. The ISR bit is reset at

the end of the second INTA pulse in the AEOI 2l Ds Ds Da Ds Dz O Do
e |A15JA1dlA13iA12|A11lAlo[AsJASJ
mode. In the other modes the ISR bit is not reset
until an EOl command is issued from the CPU.
The interrupt request input must be held at high-level
until the first INTA pulse is issued. If it is allowed to re-
MITSUBISHI

ELECTRIC 933



MITSUBISHI LSIs

MSL8259AP

PROGRAMMABLE INTERRUPT CONTROLLER

2. When the CPU is a M5L8086S:

The data bus goes to a high-impedance state when the first
INTA pulse is issued. Then the pointer T,~T, is re-
leased when the next INTA pulse is issued. The content
of the pointer T;~T, is shown in Table 3. The T,~T,
are a binary code corresponding to the interrupt request
level, Aj;o~As are unused and ADI| mode control is
ignored.

Table 3 Contents of interrupt pointer

Second INTA pulse (8-bit pointer)

Dy De Ds Da D3 D2 D Do
IR7 Ty Te Ts Ta T3 1 1 1
IRs T Te Ts Ta T3 1 1 0
IRs T7 Te Ts Ta T3 1 0 1
R4 T Te Ts Ta T3 1 0 0
IR3 Ty Te Ts Ta T3 0 1 1
IR2 Ty Te Ts Ta T3 0 1 0
IRy T7 Te Ts Ta T3 0 0 1
IRo Ty Te Ts Ta T3 0 0 0

Interrupt Request Register (IRR), In-service Regis-
ter (ISR)

As interrupt requests are received at inputs IR,~IR,, the
corresponding bits of IRR are set and as an interrupt re-
quest is serviced the corresponding bit of ISR is set. The
IRR is used to store all the interrupt levels which are re-
questing service, and the ISR is used to store all the inter-
rupt levels which are being serviced. The status of these
two registers can be read. These two registers are connected
through the priority resolver.

An interrupt request received by IR, is acknowledged
on the leading edge when in the edge triggered mode or
it is acknowledged on the level when in the level triggered
mode. After that an INT signal is released and the interrupt
request signal is latched in the corresponding IRR bit if
the high-level is held until the first INTA pulse is issued. It
is important to remember that the interrupt request signal
must be held at high-level until the first INTA pulse is
issued.

The interrupt request latching in the IRR causes a sig-
nal to be sent to the priority resolver unless it is masked
out. When the priority resolver receives the signals it selects
the highest priority interrupt request latched in IRR. The
ISR is set when the first INTA pulse is issued while the
corresponding bit of IRR is reset and the other bits of IRR
are unaffected.

The bit of ISR that was set is not reset during the inter-
rupt routine, but is reset at the end of the routine by the
EO! command (end of interrupt) or by the last INTA pulse
in AEOI mode.

Priority Resolver

The priority resolver examines all of the interrupt requests
set in IRR to determine and selects the highest priority.
The ISR bit corresponding to the selected (highest priority)
request is set by the INTA pulse.

Interrupt Mask Register (IMR)

The contents of the interrupt mask register are used to
mask out (disable) interrupt requests of selected interrupt
request pins. Each terminal is independently masked so that
masking a high priority interrupt does not influence the
lower or higher priority interrupts. Therefore the contents
of IMR selectively enable reading.

Interrupt Request Output (INT)

The interrupt request output connects directly to the
interrupt input of the CPU. The output level is compatible
with the input level required for the CPUs.

Interrupt Acknowledge Input (INTA)

The CALL instruction and vectored address are released
onto the data bus by the INTA pulse.

Data Bus Buffer

The data bus buffer is a 3-state bidirectional data bus buf-
fer that is used to interface with the system bus. Write com-
mands to the M5L8259AP, CALL instructions, vectored ad-
dresses, status information, etc. are transferred through
the data bus buffer.

Read/Write Control Logic

The read/write control logic is used to control functions
such as receiving commands from the CPU and supplying
status information to the data bus.

Chip Select (CS)

The M5L8259AP is selected (enabled) when CS is at low-
level, but during interrupt request input or interrupt proces-
sing it may be high-level.

Write Control Input (WR)

When WR goes to low-level the M5L8259AP can then write.
Read Control Input (RD)

When RD goes low status information in the internal regis-
ter of the M6L8259AP can be read through the data bus.
Address Input (A,)

The address input is normally connected with one of the
address lines and is used along with WR and RD to control
write commands and reading status information.

Cascade Buffer/Comparator

The cascade buffer/comparator stores or compares identifi-
cation codes. The three cascade lines are output when the
M5L8259AP is a master or input when it is a slave. The
identification code on the cascade lines select it as master
or slave.

MITSUBISHI
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PROGRAMMING THE M5L8259AP

The M5L8259AP is programmed through the Initializa-
tion Command Word (ICW) and the operational command
word (OCW). The following explains the functions of these
two commands.

Initialization Command Words (ICSs)

The initialization command word is used for the initial set-
ting of the M5L8259AP. There are 4 commands in this
group and the following explains the details of these four
commands.

ICW1

The meaning of the bits of ICW1 is explained in Fig. 3
along with the functions. ICW1 contains vectored address
bits A;~A;, a flag indicating whether interrupt input is
edge triggered or level triggered, CALL address interval,
whether a single M5L8259AP or the cascade mode is
used, and whether ICW4 is required or not.

Whenever a command is issued with Ay=0 and D4=1,
this is interpreted as ICW1 and the following will auto-
matically occur.

(a) The interrupt mask register (IMR) is cleared.

(b) The interrupt request input IR, is assigned the lowest
priority.

(c) The identification code for slave mode is set to 7.

(d) The special mask mode is cleared and the status read
is set to the interrupt request register (IRR).

(e) When 1C4=0 all bits in ICW4 are set to zero.

ICW2

ICW2 contains vectored address bits A;s~Ag or inter-

rupt type T,~T 3, and the format is shown in Fig. 3.

ICW3

When SNGL=1 it indicates that only a single M6L8259AP
is used in the system, in which case ICW3 is not valid. When
SNGL=0, ICW3 is valid and indicates cascade connections
with other M5L8259AP devices. In the master mode, a
1" is set for each slave.

When the CPU is an M5L8080AP or M5L8085AP the
CALL instruction is released from the master at the first
INTA pulse and the vectored address is released onto the
data bus from the slave at the second and third INTA
pulses.

When the CPU is a M5L8086S the master and slave are
in high-impedance at the same time and the pointer is re-
leased onto the data bus from the slave at the next INTA
pulse.

The master mode is specified when SP/EM pin is high-
level or BUF=1 and M/S=1 in ICW4, and slave mode is spe-
cified when SP/EM pin is low-level or BUF=1 and M/S=0 in
ICW4, In the slave mode, three bits ID,~ID, identify the
slave. And then when the slave code released on the cascade
lines from the master, matches the assigned ID code, the
vectored address is released by it onto the data bus at the
next INTA pulse.

ICW4
Only ‘when I1C4=1 in ICW1 is ICW4 valid. Otherwise all bits
are set to zero. When ICW4 is valid it specifies special fully
nested mode, buffer mode master/slave, automatic EOI
and microprocessor mode. The format of ICW4 is shown in
Fig. 3.

D7 De Ds Da D3 D2

D1 Do

o]

Aq I Ag ] As I 1 ILTiMJ ADI ISNGL] |04J ICW1

[ Jasm]awTs[anTs[aw/Taan/Ts] an | as | a5 |1cW2

YES(SNGL=1) SINGLE

NO(SNGL=0)

I 1—[ s7 ] Ss J S5 [ HE [stz[s|/|o1]su/|ou]|cwa

NO(ICA:M

Icwa
YES(IC4= 1)
I 1 I o | o | o JSFNM[ BUF | M/s | aEOl [«Pm]IcWa

FULLY NESTED MODE
READY TO ACCEPT INTERRUPT

Fig. 2 Initialization
sequence
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I 1 IA16/T7J;A14/TGIA13/T5'A12/T41A11/T3| Ao

(o [ ]

|

I

ICW3 (MASTER DEVICE)

ICW1
Ao Dy De Ds Da D3 D2 D1 Do
[ o [ A [ A | a5 | 1 [LTiM | aDI [snaL] 1ca |
1: ICW4 NEEDED
0: NO ICW4 NEEDED
1: SINGLE
-
0: CASCADE MODE
1: CALL ADDRESS INTERVAL 1S4
0: CALL ADDRESS INTERVAL IS8
1: LEVEL TRIGGERED MODE
0: EDGE TRIGGERED MODE
VECTOR ADDRESS LOW-ORDER BITS
(Ag~Asg)
ICW2
Ao Dy De Ds Da D3 D2 D1 Do

VECTOR ADDRESS HIGH-ORDER BITS
(Ays~Ag) OR INTERRUPT TYPE (T,~E;)

Ao D7 De Ds Ds D3 D2 D1 Do
[ St | Se | ss | s | ss | s [ s [ s |
| I k ’ I I l I 1: IR, INPUT HAS A SLAVE
0: IR, INPUT DOES NOT HAVE A SLAVE
ICW3 (SLAVE DEVICE)
Ao Dy De Ds Da D3 D2 D4 Do
[ 1 0 ] 0 [ 0 \ 0 I 0 | 1D, ] D4 { 1Do I SLAVE IDENTIFICATION CODE
, oj1]23[als5]6]7
ol1]ol1lof1]0]1
olol1]1]olol1]1
ICwW4 ojofoj{o|1|{1]|1]|1
Ao Dy D¢ Ds Dy D3 D2 D1 Do
[ 1 0 | 0 [ 0 ISFNM] BUF | M/S 1A|-:0| ] ,uPMI

1: M5L8086S MODE
0: M5L8B0B0AP OR M5L8085AP MODE

1: AEOI MODE
0: NORMAL EOI MODE

NON BUFFERED MODE
BUFFERED MODE/SLAVE
BUFFERED MODE/MASTER

1: SPECIAL FULLY NESTED MODE
0: NOT SPECIAL FULLY NESTED MODE

Fig. 3 Initialization command word format

9-—36
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Operation Command Words (OCWs)

The operation command words are used to change the con-
tents of IMR, the priority of interrupt request inputs and
the special mask, After the ICW are programmed into the
MGL8259AP, the device is ready to accept interrupt re-
quests. There are three types of OCWs; explanation of
each follows, and the format of OCWs is shown in Fig. 4.
ocw1

The meaning of the bits of OCW1 are explained in Fig. 4

along with their functions. Each bit of IMR can be in-
dependently changed (set or reset) by OCW1.

ocwz

The OCW2 is used for issuing EOl commands to the M5L-
8259AP and for changing the priority of the interrupt
request inputs.

OoCw3

The OCWS3 is used for specifying special mask mode, poll
mode and status register read.

OCW1
Ag Dy Ds Ds Da D3 D2 Dy Do
I1’M7IM5[M5—[M4|M3 M21M1IMOI
f l I [ I ] | I 1: INTERRUPT MASK SET
0: INTERRUPT MASK RESET
oCcw2
A D D. D
0 o D6 Os D s D O 2 ID LEVEL TO BE ACTED UPON
[ o [ R [ st [EOI] HIEREIEREY
[ 0|1(2(3!4|5]|6]|7
o(1jof{1j0{1]0]|1
ojof1ji1j0fo0|1}1
0(o0j0j0O|1{1(1]|1
]
0|0 |1 | NON-SPECIFIC EO!
0| 1|1 | SPECIFIC EOl (RESETS ISR BITS Ly~Lo) EOl
10| 1] ROTATE ON NON-SPECIFIC EOI
1|0 |0|] SETS AUTOMATIC ROTATION FLIP-FLOP AUTOMATIC ROTATION
0 | 0|0 | RESET AUTOMATIC ROTATION FLIP-FLOP
11| 1] ROTATE ON SPECIFIC EOI (RESETS ISR BIT Ly~Lo) 1
SPECIFIC ROTATION
1{1]0] SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L,~Lo) j
0 1|0 ] NO OPERATION
OoCw3
Ao D7 Dg Ds Da D3 D2 D1 Do
[0 ] - TJesmm[smm| o | 1 | P [ Rrr [ris |
1 ]
y
0 X NO OPERATION
1 0 SETS STATUS READ REGISTER IN IRR
1 1 SETS STATUS READ REGISTER IN ISR
1: POLL COMMAND
0: NO POLL COMMAND
0 X NO OPERATION
1 0 RESET SPECIAL MASK MODE
1 1 SETS SPECIAL MASK MODE

Fig. 4 Operation command word format
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FUNCTION OF COMMAND

Interrupt masks

The mask register contains a mask for each individual inter-

rupt request. These interrupt masks can be changed by pro-

gramming using OCW1.

Special mask mode

When an interrupt request is acknowledged and the ISR bit

corresponding to the interrupt request is not reset by EOI

command (which means an interrupt service routine is exe-
cuting) lower priority interrupt requests are ignored.

In special mask mode interrupt requests received at

interrupt request inputs which are masked by OCW1 are
disabled, but interrupts at all levels that are not masked
are possible, This means that in the mask mode all level
of interrupts are possible or individual inputs can be selec-
tively programmed so all interrupts at the selected inputs
are disabled, The masks are stored in IMR and special mask
is set/reset by executing OCW3,
Buffered mode
The buffered mode will structure the M5L8259AP to send
an enable signal on SP/EN to enable the data bus buffer,
when the data bus requires the data bus buffer or when
cascading mode is used, In this mode, when data bus out-
put of the M5L8259AP is enabled, the SP/EN output be-
comes active. This allows the M5L8259AP to be program-
med whether it is a master or a slave by software. The buf-
fered mode is set/reset by executing ICW4,

Fully nested mode

The fully nested mode is the mode when no mode is spe-

cified and is the usual operational mode. In this mode, the

priority of interrupt request terminals is fixed from the
lowest IR, to the highest IRy. When an interrupt request
is acknowledged the CALL instruction and vectored address
are released onto the data bus. At the same time the ISR bit
corresponding to the accepted interrupt request is set.

This ISR bit remains set until it is reset by the input of an

EOI command or until the trailing edge of last INTA pulse

in AEOI mode. While an interrupt service routine is being

executed, interrupt requests of same or lower priority are
disabled while the bit of ISR remains set. The priorities can
be changed by OCW2,

Special fully nested mode

The special fully nested mode will be used when cascading

is used and this mode will be programmed to the master by

ICWA4. The special fully nested mode is the same as the fully

nested mode with the following two exceptions.

1. When an interrupt from a certain slave is being serviced,
this slave is not locked out from the master priority
logic. Higher priority interrupts within the slave will be
recognized by the master and the master will initiate
an interrupt request to the CPU. In general in the

normal fully nested mode, a serviced slave is locked out
from the master’s priority, and so higher priority inter-
rupts from the same slave are not serviced.

2. When an interrupt from a certain slave is being serviced
the software must check ISR to determine if there are
additional interrupts requests to be serviced. If the
ISR bit is 0 the EOl command may be sent to the mas-
ter too. But if it is not 0 the EOl command should not
be sent to the master.

Poll command
The poll mode is useful when the internal enable flip-flop
of the microprocessor is reset, and interrupt input is dis-
abled. Service to the device is achieved by a programmer
initiative using a poll command. In the poll mode the M5L-
8259AP at the next RD pulse puts 8 bits on the data bus
which indicates whether there is an interrupt request and
reads the priority level. The format of the information on
the data bus is as shown below.

D7 De Ds Dy D3 D2 Dy Do
L[ - [ - [ - [ - [we w]w]
¢ Binary code of the highest priority

1: there is an interrupt request. level requesting services.

0: there is no interrupt request.

When 1=0 (no interrupt request), W,~W, is 111. The
poll is valid from WR to RD and interrupt is frozen. This
mode can be used for processing common service routines
for interrupts from more than one line and does not require
any INTA sequence. Poll command is issued by setting P=1
in OCW3.

End of interrupt (EOI) and specific EOl (SEOI)

An EOI command is required by the M5L8259AP to reset
the ISR bit. So an EOl command must be issued to the
M5L8259AP before returning from an interrupt service
routine.

When AEOI is selected in ICW4, the ISR bit can be
reset at the trailing edge of the last INTA pulse. When
AEOI is not selected the ISR bit is reset by the EOl com-
mand issued to the M5L8259AP before returning from an
interrupt service routine. When programmed in the cascade
mode the EOl command must be issued to the master once
and to corresponding slave once.

There are two forms of EOl command, specific EOl and
non-specific EOl. When the M5L8259AP is used in the fully
nested mode, the ISR bit being serviced is reset by the EOI
command. When the non-specific EOI is issued the M5L-
8259AP will automatically reset the highest ISR bit of
those that are set. Other ISR bits are reset by a specific EOI
and the bit to be reset is specified in the EOl by the pro-
gram. The SEOI is useful in modes other than free nested
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mode. When the M5L8259AP is in special mask mode
ISR bits masked in IMR are not reset by EOIl. EOl and
SEOI are selected when OCW2 is executed,

Automatic EOI (AEOI)

In the AEOI mode the M5L8259AP executes non-specific
EOI command automatically at the trailing edge of the last
INTA pulse. The AEOI mode is not required within a single
MS5L8259AP, but it is useful when a nested multilevel inter-
rupt structure is expected. When AEOI=1 in ICW4, the
MB5L8259AP is put in AEOI mode continuously until re-
programmed in ICW4,

Automatic rotation

The automatic rotation mode is used in applications where
many interrupt requests of the same level are expected
such as multichannel communication systems. In this mode
when an interrupt request is serviced, that request is as-
signed the lowest priority so that if there are other inter-
rupt requests they will have higher priorities. This means
that the next request on the interrupt request being serv-
iced must wait until the other interrupt requests are serv-
iced (worst case is waiting for all 7 of the other controllers
to be serviced). The priority and serving status are rotated
as shown in Fig. 5.

BEFORE ROTATION (1R, THE HIGHEST PRIORITY
REQUIRING SERVICE)

IS7 1Sg I1Ss 1S4 1S3 1S 1S1 1ISg

Lol JofiJoJoJojol]

ISR STATUS

LOWEST PRIORITY HIGHEST PRIORITY

PRIORITYSTATUSI?]G]SlAJSIZl‘IIO]

AFTER ROTATION (1R, WAS SERVICED AND ALL OTHER
PRIORITIES ROTATED CORRESPONDINGLY)

1IS7 1Sg ISs 1Ss 1S3 ISz 1Sy 1Sg

o] JofoJofojoJol]

ISR STATUS

HIGHEST PRIORITY LOWEST PRIORITY

VI 1
prioriTy status[ 2 [0 [o [ 7] 6 |5 Ja]s |

Fig. 5 An example of priority rotation

Automatic rotation mode is selected when R=1, EOI=1,
SL=0 in OCW2. The internal priority status is changed by
EOI or AEOI commands. The rotation priority A flip-flop
is set by R=1, EOI=0 and SL=0 which is useful when the
MS5L8259AP is used in the AEOI mode.

Specific rotation

Specific rotation gives the user versatile capabilities in inter-
rupt controlled operations. It serves in those applications in
which a specific device’s interrupt priority must be altered.
As opposed to automatic rotation which automatically
sets priorities, specific rotation is completely user con-
trolled. That is, the user selects the interrupt level that is
to receive lowest or highest priority. Priority changes can be
executed during an EQl command.

Level triggered mode/Edge triggered mode

Selection of level or edge triggered mode of the M5L-
8259AP is made by ICW1. When using edge triggered mode
not only is a transition from low to high required, but the
high-level must be held until the first INTA. If the high-
level is not held until the first INTA, the interrupt request
will be treated as if it were input on IR,, except that the
ISR bit is not set. When level triggered mode is used the
functions are the same as edge triggered mode except that
the transition from low to high is not required to trigger the
interrupt request.

In the level triggered mode and using AEO! mode
together, if the high-level is held too long the interrupt
will occur immediately. To avoid this situation interrupts
should be kept disabled until the end of the service routine
or until the IR input returns low. In the edge triggered
mode this type of mistake is not possible because the inter-
rupt request is edge triggered.

Reading the M5L8259AP internal status

The contents of IRR and ISR can be read by the CPU with
status read. When an OCW3 is issued to the M5L8259AP
and an RD pulse issued the contents of IRR or ISR can be
released onto the data bus. A special command is not
required to read the contents of IMR. The contents of
IMR can be released onto the data bus by issuing an RD
pulse when Ag=1. There is no need to issue a read register
command every time the IRR or ISR is to be read. Once a
read register command is received by the M5L8259AP,
it remains valid until it is changed. Remember that the pro-
grammer must issue a poll command every time to check
whether there is an interrupt request and read the priority
level. Polling overrides status read when P=1, RR=1 in
OCwa.
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Cascading

The M5L8259AP can be interconnected in a system of one
master with up to eight slaves to handle up to 64 priority
levels. A system of three units that can be used with the
M5L8080AP or M5L8085AP is shown in Fig. 6.

The master can select a slave by outputting its identifi-
cation code through the three cascade lines. The INT
output of each slave is connected to the master interrupt
request inputs. When an interrupt request of one of the
slaves is to be servi’ced the master outputs the identification

code of the slave through the cascade lines, so the slave will
release the vectored address on the next INTA pulse.

The cascade lines of the master are nomally low, and will
contain the slave identification code from the trailing edge
of the first INTA pulse to the leading edge of the last
INTA pulse. The master and slave can be programmed to
work in different modes. ICWs, and EOl commands must
be issued twice: once for the master and once for the cor-
responding slave. Each CS of the M5L8259AP requires an
address decoder.

16 ADDRESS BUS
CONTROL BUS
8 DATA BUS
3 8 3
3
8 8
Y &
CS Ao INT CS Ao INT CS Ao INT
A CAS
MS5LB259AP g A;” M5L8259AP 822" o MS5L8259 AP
SLAVE ! SLAVE ! AS1 MASTER
CAS2f=—t- CAS: CAS;
SP/EN 7 6 5 43 2 10 SP/EN 7 6 5 4 3210 SP/EN M7 Ms Ms Mg M3 M2 M1 Mo
GND 765435210 GND 7 6 543210 Voc 7 [65 4 [32 10
N Y

INTERRUPT REQUEST INPUTS

Fig. 6 Cascading the M5L8259AP
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INSTRUCTION SET

Item Instruction code Function
Mnemonic
Number Ag D7 De Ds Ds Dz Dz D1 Do | 1CW4 required? Interval Single Trigger
1 ICW1A o A7z Ag As 1 ] 1 1 o N 4 Y E
2 ICW1B 0 A7 Ag As 1 1 1 1 o0 N 4 Y L
3 iIcwicC o A7 Ag As 1 o 1 o o N 4 N E
4 ICW1 D o Az Ag As 1 1 1 (o] o N 4 N L
5 ICW1 E o A; Ag o 1 (] ] 1 ] N 8 Y E
6 ICWi1 F o A7y As o 1 1 ] 1 (o] N 8 Y L
7 ICW1G o Az Ag (o] 1 (o] ] o o N 8 N E
8 ICW1 H o Az Ag o 1 1 (] [+] ] N 8 N L
9 ICw1 i o A7 Ag As 1 (o] 1 1 1 Y 4 Y E
10 ICwiJ o A7 Ag As 1 1 1 1 1 Y 4 Y L
1 ICW1 K o Ay Ag As 1 [o] 1 [o] 1 Y 4 N E
12 ICW1L o A7 Ag As 1 1 1 (o] 1 Y 4 N L
13 ICW1 M ] A; Ag o] 1 ] (o] 1 1 Y 8 Y E
14 ICW1 N o Az Aeg o 1 1 (o] 1 1 Y 8 Y L
i5 iCwWi o o Az Ag 0 1 [+] o [+] 1 Y 8 N E
16 ICW1 P (o] A7 Ag o] 1 1 o (o] 1 Y 8 N L
17 ICW2 1 Ais Aqs Aiz A2 Ay Ao Ag Ag 8-bit vectored address
18 ICW3 M 1 S7 Sg Ss S4 S3 Sz S So Slave connections (master mode)
19 ICW3 s 1 o o ] o] (o] D2 ID1 Do Slave identification code (slave mode)
SFNM BUF AEOI 8086
20 ICwa A 1 o] (o] o o o o o o N N N N
21 ICW4 B 1 o o] (o] (o] (o] o] ] 1 N N N Y
22 ICW4 C 1 o (o] (o] (o] o] [+] 1 (o] N N Y N
23 ICwW4 D 1 [+] ] [o] ] [s] [s] 1 1 N N Y Y
24 ICW4 E 1 o o o o o 1 [e] o N N N N
25 ICW4 F 1 o (o] o (] (o] 1 ] 1 N N N Y
26 ICW4 G 1 (] (o] (o] o] V) 1 1 o N N Y N
27 ICW4 H 1 o (] (] ] c 1 1 1 N N Y Y
28 ICW4 | 1 (] o o (o] 1 o o o N Y S N N
29 ICW4 J 1 o o ] (o} 1 (s} o 1 N Y S N Y
30 ICW4 K 1 (o] o o o 1 o 1 o N Y S Y N
31 ICW4 L 1 o o o] (o] 1 o] 1 1 N Y S Y Y
32 ICWa M 1 o o] o ] 1 1 o (] N Y M N N
33 ICW4 N 1 o o o (o] 1 1 (] 1 N Y M N Y
34 ICw4 O 1 o (o] (o] (o] 1 1 1 o N Y M Y N
35 ICW4 P 1 o (o] o] (o} 1 1 1 1 N Y M Y Y
36 ICW4 NA 1 ] o] ] 1 (o] [»] o o Y N N N
37 ICW4 NB 1 (] o (o] 1 ] (o] (] 1 Y N N Y
38 ICW4 NC 1 o o (o] 1 o (o] 1 o Y N Y N
39 ICW4 ND 1 (] [o] o] 1 o (o] 1 1 Y N Y Y
40 ICW4 NE 1 ] (o] (o] 1 o 1 (] (] Y N N N
41 ICW4 NF 1 o (o] o] 1 (o] 1 o 1 Y N N Y
42 ICW4 NG 1 o (o] o] 1 (o] 1 1 (] Y N Y N
43 ICW4 NH 1 o o o 1 o 1 1 1 Y N Y Y
44 ICW4 NI 1 ] o] (o] 1 1 o o o Y Y S N N
45 ICW4 NJ 1 o o (o] 1 1 (o] (o] 1 Y Y S N Y
46 ICW4 NK 1 (o] (o] o] 1 1 (o] 1 o Y Y S Y N
47 ICW4 NL 1 o "o o] 1 1 o 1 1 Y Y S Y Y
48 ICW4 NM 1 (] (o] o] 1 1 1 (o] (] Y Y M N N
49 ICW4 NN 1 o (o] o] 1 1 1 o 1 Y Y M N Y
50 ICW4a NO 1 o] o (o] 1 1 1 1 o Y Y M Y N
51 ICW4 NP 1 ] o o] 1 1 1 1 1 Y Y M Y Y
52 OoCw1 1 M7 Mg Ms Mg M3z M2 M; Mo Interrupt mask
53 OCW2 E o (] o 1 [s] ] o o] o EOI
54 OCW2 SE (] (] 1 1 ] (o} L2 Ly Lo SEO!
55 OCW2 RE o 1 o 1 [o] o] o] o] [o] Rotate on Non-Specific EOl command (Automatic rotation)
56 OCW2 RSE o 1 1 1 o o L2 L4 Lo Rotate on Specific EOI command (Specific rotation)
57 OCW2 R (o] 1 (o] (o] ] (o] (o] o o] Rotate in AEOI Mode (SET)
58 OCWwW2 CR o [o] o o o o (o] o o] Rotate in AEOI Mode (CLEAR)
59 OCW2 RS o] 1 1 (o] (] o] Lo Ly Lo Set priority without EO!
60 OCW3 P (] o (] o [+] 1 1 o o
61 OCW3 RIS o] (o] (4] o] o] 1 ] 1 1
62 OCW3 RR (o] (] ] (] (o] 1 (o] 1 V]
63 OoCw3 SM (o] o] 1 1 ] 1 (o] (o] (o]
64 | OCW3 RSM o o] 1 (o] o 1 (o] (o] [0}

Note: Y: yes, N: no, E: edge, L: level, M: master, S: slave
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Veceo Supply voltage —0.5~7 v
Vi Input voltage —0.5—7 \
Vo Output voltage —0.5~7 \%
Pd Power dissipation 1000 mW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range — 65~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unless otherwise noted)
Symbol Parameter Limits Unit
Min Nom Max
Vece Supply voltage 4.5 5 5.5 \%
Vss Supply voltage 0 \%
ViH High-level input voltage 2 Vcet0.5 \%
ViL Low-level input voltage —0.5 0.8 \
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vgg, 5V+10%, Vss=0V, unless otherwise noted.)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
VoH High-level output voltage loH= — 400 A 2.4 \
VOH (INT) High-level output voltage, interrupt request output loq= —100uA 3.5 \%
VoL Low-level output voltage loL=2.2mA 0.45 \%
lce Supply current from Vce 85 mA
hiH High-level input current Vi=Vcc —10 10 LA
he Low-level input current V=0V —10 10 LA
loz Off-state output current Vss=0, V,=0.45~5.5V —10 10 A
LH(IR) High-level input current, interrupt request inputs Vi=Vce 10 LA
‘IL(IR) Low-level input current, interrupt request inputs V=0V — 300 uA
Ci Output capacitance Veoc=Vss, f=1MHz,25mVrms, Ta=25°C 10 pF
Ciso Input/output capacitance Vcoc=Vss, f=1MHz 25mVrms , Ta=25C 20 pF
TIMING REQUIREMENTS (Ta=0~70C, Voo=5V +10%, Vss=0V, unles otherwise noted)
ivi Limits
Symbol Parameter Al;\f:“nggl e i Tve Viox Unit
tw(w) Write pulse width twLwH 290 ns
tsu (A-W) Address setup time before write tAHWL 0 ns
th (w-a) Address hold time after write twHax 0 ns
tsu (DQ-W) Data setup time before write tovwH 240 ns
th (w-DQ) Data hold time after write twHDX 0 ns
tw®R) Read pulse width tRLRH 235 ns
tsu (A-R) Address setup time before read t AHRL 0 ns
th (R-A) Address hold time after read tRHAX 0 ns
tw(R) Interrupt request input width, low-level time, edge triggered mode A NTIRT"] 100 ns
tsu (cAs-INTA) Cascade setup time after INTA (slave) toviaL 55 ns
trec(w) Write recovery time - T twHRL 190 ns
trec(r) Read recovery time tRHRL 160 ns
MITSUBISHI
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SWITCHING CHARACTERISTICS (Ta=0~70°C, Voo=5V +10%, Vss=0V, unless otherwise noted )

Alternative Unit
Symbol Parameter symbol in Max ni
tpzv(R-DQ) Data output enable time after read trLDV 200 ns
tpvz(R-DQ) Data output disable time after read tRHDZ 100 ns
tpzv(A-DQ) Data output enable time after address t AHDV 200 ns
tPHL (R-EN) Propagation time from read to enable signal output tRLEL 125 ns
tPLH(R-EN) Propagation time from read to disable signal output tRHEH 150 ns
tPLH(IR-INT) Propagation time from interrupt request input to interrupt request output tiHH 350 ns
TPLV (INTA-CAS) Propagation time from TNTA to cascade output (master) tiaLcv 565 ns
tpzv(CAS-DQ) Data output enable time after cascade output (slave) tevov 300 ns
Note 1: INTA signal is considered read signal
CS signal is considered address signal
Input pulse level 0.45~2.4v
input puise rise time 20ns
Input pulse fall time 20ns
Reference level input V=2V, V; =0.8V
output Vou=2V, Vo =0.8V
Load capacitance ~ C( =100pF, where SP/EN
pin is 15pF
TIMING DIAGRAM
Write Mode
CS, Ao
tsu(a-w) th (w-a)
e —t
tw(w) s
WA Z
\. 7
th I(W‘DQ)
A tsu(DQ-w)
D7~Do
Read Mode
A
CS, Ao
-
tsu(a-R) th (R-A)
—
tw(R) '
RD \
INTA i
tpPzv(R-DQ) tPvz(R-DQ)
tPzv(A-DQ)
A
D7~Dp —————— SRR S 7/ 4 R N )\ V.
tPHL(R-EN) tPLH(R-EN)
— —
EN
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Interrupt Sequence

IR s
twair) -
tPLH(IR-INT)
INT
INTA \ /
D7-D0 = —————————— __.._< W e
tPLV(INTA-CAS) = tsu(CAS-INTA)
h———)ﬁ—”
T
CAS2~CASg / PZV(CAS-DQ)

Other Timing

WR
trec (W)
RD
INTA t
rec
1

Note 1: M5L8086S mode

M5L8080AP/M5LBO85AP mode

M5L8086S mode is in high-impedance state, pointer is released during the next INTA.

When in single M5L8080AP/M5L808B5AP mode, data is released by all INTAs. When master, CALL instruc-
tion is released during the first INTA, high impedance state during the second and third TNTA. When slave,
high impedance state during the first INTA, vectored address is released during the second and third INTA.

wn
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FLOPPY DISK FORMATTER/CONTROLLER

P
DESCRIPTION . PIN CONFIGURATION (TOP VIEW)
The M5W1791-02P is a floppy disk formatter/controller
U .
device which accommodates single and double density for- NU- i) NC INTERRUPT
WRITE CONTROL g, 1> 5]+ INTRQ BEQUEST
mats. The device is designed for use with microprocessors CHIP SELECT TR 3] 5 oo QUTPUT uesT
. . . . o INPUT QUTPUT
e N- 3 = —_
or mlcro(.x‘)mputers. The device is fabrucatec’ with th N READ CONTROL RD — [] 3]« DDEN aggELSEE\(_DgCY\ITS{&.PUT
channel silicon gate ED-MGCS technology and is packaged in REGISTER { Ag—[F] %)+ WPRT WRITE PROTECT
a 40-pin DIL package. INF’UTi Ay —[6] [35)« 1P INDEX PULSE INPUT
Do TRACK 00 INPUT
FEATURES _O“E EFTR_DO. WRITE FAULT
® Single 5V | Die[B g [ WU WEGISTO rebr
ingie OV power supply . D2+ [g] g 32 «— READY READY INPUT
® Accommodate single and double density formats gioiReC- | D3+ (] = 31 wD YHIELPATA
IBM 3740 single density format oalONAEY B3 «ofiT e 30 —»wa WHITE CATE
IBM system 34 double density format Ds +[iZ % 23] — TG 43 TG43 OUTPUT
5= D L
® Selectable sector length (128,256,512 or 1024 bytes/ 56 +[3 (28] ~HDLD 8TF,o°
sector) srep D7 [ [27) «— Raw READ f(RLEAD
i READ CLOCK
® Side select compare o QUTEITSTEP (@] 28] —RCLK AT
® Single/multiple sector read or write with automatic OUTPUTDIRG *~ [ 25—+ RG READ GATE OUTPUT
gle/muitip OtiRLT EARLY «—[1] [72)«— CLK CLOCK INPUT
sector search oUYPE LATE «[i] 23]+~ HOL T HRARE R
® Selectable track to track stepping time RESET RESET — [13] [22]+— TEST TEST INPUT
® Write precompensation (ov) Vss [0 21  Vce (5V)
® DMA or programmed data transfers NC: NO INTERNAL CONNECTION
. : NU: NON-USABLE
® Window extension Outline 40P1
® |nterchangeable with Western Digital’'s FD1791-02 in

function except for Vpp power supply and pin con- puter systems. The hardware of the M5W1791-02P consists

figuration of a floppy disk interface, a CPU interface and a PLA con-
APPLICATIONS trol logic. The total chip can be programmed by eleven 8-
® Single or double density floppy disk drive formatter/ bit commands. The floppy disk interface portion performs
controller the communication with the floppy disk drive under con-
® 8-inch or mini floppy disk interface trol of the PLA control logic. The CPU interface portion
FUNCTION has five registers — command, dara, status, track and sector
The M5W1791-02P is a floppy disk formatter/controller register — and communicates with the CPU through the
that can be used with most microprocessor or microcom- data bus. These functions are also controlled by the PLA.
BLOCK DIAGRAM BIONRT & Bt
"0, 04 000 0,0 0, 0 Veo(sv) " Vas(ov)
B — '—'——@"'—fi‘?
RITE CONTROL INPUT WR /z[ ~————— INPUT/OUTPUT BUFFER | )T
CHIP SELECT INPUT S T |
READ CONTROL INPUT AD (4

REGISTER SELECT (Ao (5

PUT { Ay %

8 8 |

|
|
(3) WPRT WRITE PROTECT INPUT

EARLY OUTPUT EARLY (17
LATE OUTPUT LATE (18

3P INDEX PULSE INPUT
STATUSL. () TR0 TRACK 00 INPUT
(32) READY READY INPUT
- @HDLT HEAD LOAD TIMING
i INPUT

WRITE GATE OUTPUT WG GO<{WRITE™] WRITE TRACK.
WRITE DATA OUTPUT WD g%: LOGIC) le—cre LoGIG LOGIC

S

D I 29)TG 43 TG43 OUTPUT
JsEcron CONTROL 28) HDLD HEAD LOAD OUTPUT
H 16)DIREC DIRECTION OUTPUT

STEP STEP OUTPUT

o [ )

RAWREAD (9, 1P Eon I [ pata I

RAW READ INPUT SEPARATOR

RCLK
READ CLOCK INPUT 8

|_r_| -

e pLA A EtTeR i

DETECTOR "1 NTERNA |
DATA

= INTERRUPT/ :Js\wm INTERRUPT REQUEST
DATA '(r ¢ QUTPUT

e AT ]
(24) e
cLocK !NDPDL% (24 . —f T REQUEST 1.69)0TRo DATA REQUEST OUTPUT
(€D} JX A
DOUBLE DENSITY MODE O )
IR BB ———- —- —& - —Ay——
G WEVFOE RESET
READ GATE WRITE FAULT RESET INPUT
OUTPUT _ INPUT/VFO
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FLOPPY DISK FORMATTER/CONTROLLER

PIN DESCRIPTION

Input or .
P
in Name output Functions
NU :\;?:r;;flb'e NU (pin 1) is internally connected to the back gate bias generater, so it must remain open.
No internal . . .
NC connection NC (pin 40) is not internally connected.
Reset input (Active low). The device is reset by this signal and automatically loads 0316 into the command register. The not-
RESET Reset input Input ready-status bit is also reset by this signal. When reset input is made to be high, the device executes restore command unless
READY is active and the device loads 0116 to the sector register.
WR y:;:: control Input Write signal from a master CPU (Active low).
CS Chip select input Input Chip select (Active low).
5
RD E]iaf( control Input Read signal from a master CPU (Active low).
Register select inputs. These inputs select the register under the control of the RD and WR.
Ay Ao RD WR
Ao, Ay S‘fﬁji‘e’ select Input 0 0 STATUS REGISTER COMMAND REGISTER
0 1 TRACK REGISTER TRACK REGISTER
1 0 SECTOR REGISTER SECTOR REGISTER
1 1 DATA REGISTER DATA REGISTER
Br_bo Bidirectional . . .
— hree-
Do—~D7 data bus In/Out Three-state, inverted bidirectional data bus.
CLK Clock input Input Clock input to generate internal timing, 2MHz for 8-inch drives, 1MHz for mini drives.
o DTRAQ is an open drain output, so pull up to Ve by the 10k resistor. In the disk read mode, DTRO indicates that data is
DTRQ Ojtxgurtequ st Output assembled in the data register. In the disk write mode, it indicates that the data register is empty. DTRQ is reset by the read
data or write data operation.
INTRQ Interrupt request Output INTRQ is also a open drain output, so pull up to Ve by the 10k resistor. INTRQ becomes active at the completion of any
output command and is reset when the CPU reads the status or writes the command.
STEP Step output Output Step pulse output (Active high).
DIRC Direction output Output Direction output. High level means the head is stepping in and low level means the head is stepping out.
EARLY Early output Output This signal is used for write precompensation. It indicates that the write data pulse should be shifted early.
LATE Late output Output This signal is also used for write precompensation. It indicates that the write data pulse should be shifted late.
TEST Test input Input This input is only used for test purposes, so user must tie it to Vg or leave it open unless using voice coil actuated motors.
HDLT :‘e;i load timing Input When the device finds high level on this input, the device assumes that the head is engaged on the media. Active high.
RG Read gate output Qutput This signal shows the external data separator that the synchfield is detected
~A  ae
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Input or

Pin Name output Functions
PR B s . This signal is internally used for the data window. Phasing relation to raw read data is specified but polarity (RCLK high or
RCLK Heaa ciock input input R .
low) is not important
RAW .
Raw read input Input This input signal from the drive shall be low for each recorded flux transition.
READ
This output signal controls the loading of the head of the drive. The head must be loaded on the media by this high-level
HDLD Head load output | Output s output sig ading ot ¢ the dri v 9
output.
Thi i i i i wri i i vs the f the head. High level on thi in-
TG43 TG 43 output Output bus output is valid 9nlv dvuvr,ng disk read/write operation and it shows the position of the hea igl vel on this output
dicates that the head is positioned between track 44 to 76.
WG Write gate output Output This signal becomes active before disk write operations are to occur.
WD Write data output Output This signal consists of data bits and clock bits. It becomes active for every flux transition. Active high.

This signal shows the device the drive is ready. In the disk read/write operation except for TYPE 1 command operation, low-
READY Ready input Input level input terminates current operation and the device generates the INTRQ. In the TYPE 1 command operation, this signal
is neglected. Not ready bit in the status register is the inverted form of this input.

This is a bidirectional signal. It becomes write fault input when WG is active. In the disk write operation, low level signal on
Write fauit input/ this input terminates the write operation and makes INTRQ active. This signal also appears in the status register as the write

WF/ F i i
VFOE ;/mg:(nable In/Out fault bit. When WG is inactive, this signal works as VFO enable output. VFOE output is also an open drain type, so pull it
up to Ve and never input active write fault signal whilé WG is inactive.
TRO00 Track 00 input Input This signal indicates that the head is located on the track 00 to the device. Active low
ﬁ’ Index pulse input Input This input indicates to the device that an index hole of the diskette has been encountered.

Wri . Low level signal on this input informs the device that the drive is in the write protected state. Before disk write operations,
weaT rite protec: . . . .

WPRT input P Input this signal is sampled and an active low signal will terminate the current command and set INTRQ. The write protect status
bit in the status register is also set.

Double density Input This input determines the device operation mode. When DDEN=0, double density mode is selected. When DDEN=1, single
mode select input density mode is selected.

DDEN

MITSUBISHI
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MSW1791-02P

FLOPPY DISK FORMATTER/CONTROLLER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage —0.5~7 A\
V) Input voltage With respect to Vgg ~0.5~7 \2
Vo Output voltage —0.5~7 \Y
Pd Power dissipation Ta=25C 1000 mW
Topr Operating free-air temperature range 0~70 °C
Tstg Storage temperature range — 65~ 150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70C, unless otherwise noted)
Limits
Symbol Paramter Unit
Min Nom Max
Voo Supply voltage 4.75 S 5.25 \
Vss Supply voltage 0 \%
ViH High-level input voltage 2 \%
ViL Low-level input voltage Vss—0.5 0.8 \%
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Voo=5V 5%, uniess otherwise noted)
Limits
Symbol Parameter Test condition Unit
Min Type Max
VoH High-level output voltage loH= —100uA 2.4 \
VoL Low-level output voltage loL=1.6mA | 0.45 \%
lco Supply current 100 mA
Input current, HLT, TEST, WF, WPRT and DDEN Vi=Vgc~ 0V —100 100 A
h Input current, other inputs Vi=Vgc~ 0V —10 10 ©A
loz Off-state output current Vi=Vgc~ 0V —10 10 A
MITSUBISHI
948 ELECTRIC
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M5W1791-02P

FLOPPY DISK FORMATTER/CONTROLLER

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

. Limits
Symbol Parameter Alternlatllve Test conditions Unit
Symoot Min Typ Max
tsu (a-R) Address setup time before read and chip select TSET 50 ns
tsu (cs-R)
th (R-a) Address hold time after read and chip select THLD 10 ns
th (R-cs)
tw (R) Read pulse width TRE C_=50pf 400 ns
Tsu (a-w) Address setup time before write and chip select TSET 50 ns
tsu (cs-w)
th (w-a) Address hold time after write and chip select THLD 10 ns
th (w-cs)
tw (w) Write pulse width TWE 350 ns
tsu (Do-w) Data setup time before write TDS - 250 ns
th (w-DQ) Data hold time after write TDH 70 ns
tw (RR) Raw read pulse width Tpw (Note 1, 2) 100 200 ns
tc (RR) Raw read cycle time tbe (Note 3) 1500 1800 ns
tw (RCLK) Read clock high-level width Ta ] (Note 4, 5) 800 ns
tw (RCLK) Read clock low-level width Tb (Note 4, 5) 800 ns
tc (RoLK) Read clock cycle time Te 1500 1800 ns
th (RCLK-RR) Read clock hold time before raw read Tx1 40 ns
th (RR-RC LK) Read clock hold time after raw read Txz {Note 1) 40 ns
FM 450 500 550 ns
tw (WD) Write data pulse width Twp
MFM 150 200 250 ns
te (wp) Write data cycle time Tbe 2,3,4 HuS
tw (g) Clock high-level pulse width TCDy 230 250 20000 ns
tw (g) Clock low-level pulse width TCD 200 250 20000 ns
tw (RESET) Reset pulse width TMR 50 us
twp) Index pulse width TIP (Note 5) 10 us
tw (wrF) Write fault pulse width TWF (Note 5) 10 us
SWITCHING cHARAcTERlSTICS (Ta=0~70°C, Voc=5V +5%, Vss=0V, unlessotherwise noted )
Alternative . Limits
Symbol Parameter symbol Test conditions Unit
4 Min Typ Max
4 i FM 2 s
tPLH (WG-WD) Propagation time from write gate to write data Twg
MFM 1 us
%::::: Ei:xz; Propagation time from early or late to write data Ts MFM 125 ns
:gzt Exg:i‘; Propagation time from write data to early or late Th MFM 125 ns
FM 2 us
tPHL (WD-WG) Propagation time from write data to write gate Twf
MFM 1 us
tpzv (R-DQ) Output enable time after read TDACC CL=50pf 350 ns
tpvz (R-DQ) Output disable time after read TDOH C=50pf 50“ I 150 ns
teHL (R-DRQ) Propagation time from read to DRQ TDRR(RD) 400 500 ns
tPHL (R-INTRQ)| Propagation time from read to INTRQ TIRR(RD) (Note 5) 500 3000 ns
tPHL (W-DRQ) Propagation time from write to DRQ TDRR(WR) 400 500 ns
tPHL (W-INTRQ)| Propagation time from write to INTRQ TIRRWR) (Note 5) 500 3000 ns
tw (STP) Step pulse width TSTP {Note 5) 2o0r 4 us
tPLH(DIR-STP) Propagation time from direction to step TDIR (Note 5) 12 MSs

Note 1:

than 300 ns for MFM mode and 600 ns for FM mode at CLK=2MHz. Times double for 1MHz.

a s wN

100 ns pulse width is recommended for the Raw READ pulse in 8 MFM mode.

RAW READ cycle time Tcrg) and WD cycle time Tewpy is normally 2us in MEM and 4us in FM. Times double when CLK=1MHz.
: The polarity of RCLK during Raw READ is not important.
: Times double when CLK=1MHz.

The pulse of Raw READ may be any width if pulse is entirely within RCLK. When the pulse occurs in the RCLK window, RAW READ pulse width must be less

MITSUBISHI
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M5W1791-02P

FLOPPY DISK FORMATTER/CONTROLLER

TIMING DIAGRAM o Input Data tc (RR) ,
~ 16 OR 32us ) y
Read tPHL(R-DRQ) | _ *— tw(rm) 7 x /
DTRQ )z— RAW READ Yo ¥ n_/
t ~
_/ (Note 7) \ < IW(RCLK) . C(RCLK) ,
tSERVICE(RD)| tPHL(R-INTRQ) N RCLK W (RCLK)
| |
INTR k th (ReLk-RR)| th (RR-Re!
Q ( LK)
NP e
fsucam thiray Write Data
tsu(cs Ry tw(r) th(r-cs) tPLH(WG-WD) tPHL(WD-WG)
. — ] et
RD
tPvz(R-DQ) WG / tc(wp) tw(wp) §
o tPzv(R-D0)
Do~D7 wD / \ ;’ "N
(Hh) ~—--7°7° -
. EARLY/ } |
LATE ;
tPLH(E-WD) tPHL(WD-E)
tPLH(L-WD) tPHL(WD-L)
Write
~ 16 OR 32us | Others
TPHL (W-DRQ) tw(ip)
> —
DTRQ At ;1; . P \l k
TPHL (W-INTRQ) Iwwe)
— Lz wF N
INTRQ U SERVICE(WR) (Note 8) ‘k :
W(RESET)
YRS & RESET
to(g)
tsuca-w) th(w-a) ="
tsuics-w) twiw) th(w-cs) oLk A& w(E)
W‘ N W ., W(g)i :
th DIRC T )
PLH
tsu(00-) (W-DQ) -(]um-srp twistp) tw(stP) oo o)
IR

ey X K _

Note 7: t SERVICE (RD) maximum value; FM: 27.5us, MFM: 13.5us
8: tSERVICE (WR) maximum value; FM: 28us, MFM: 14us

MITSUBISHI
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MITSUBISHI LSIs

MS0110XP, MS0115XP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

DESCRIPTION

The M50110XP and M50115XP are remote-control trans-
mitter circuits manufactured by aiuminum-gate CMOS tech-
nology for use in television receivers, audio equipment and
other devices using infrared for transmission. The M50110-
XP conveys 30 different commands on the basis of a 10-
bit PCM code, while the M50115XP conveys 120 different
commands. These transmitters are intended to be used in
conjunction with an M50111XP, M50116XP or M50117-
XP receiver, The X in each type corresponds to blank, A,
B or C, which are respectively used for audio equipment,
TV and VTR, air conditioners and other applications, or
video-disk equipment.

FEATURES
Type Remote-control function
M50110XP 30
M50115XP 120

® Single power supply

PIN CONFIGURATION (TOP VIEW)

SCILLATOR
INPUT/

osc N — [2]

(ov) Vss m E Vop (2.2~8V)
_ TRANSMISSION
C|LILNAJUOTF}J 0SG-IN — E [i5] — ouTFRNSY
oUTPUT | 0s¢ our + [3] 4] 1,
2

#a «— [4] 2 i3] « 12
e[ %X [@ers

SCANNER T _ KEY INPUT
GUTPUT $C E 1] + ia
#D [f 1:0_] 15
t BE E 5] « 16

Outline 16P4
(0v)  Vss ['1: 18] Voo (2.2~38V)

TRANSMISSIO
E] — OUT o0TeuT

® Wide supply voltage range: 2.2V~8V OUTPUT | 050 QUT «— E ',:] — 1
® |ow pow issipation:
power dissipation one E ZI -,
Idle state (Vpp=3V): 3mW (typ) 2
o
3uW (max) #8 E =3 D — I3
® Has many functions and various uses SCANNER g KEY INPUT
Y . . OUTPUT dc E % 13] « la
® |ow-cost LC or ceramic oscillator used for reference
frequency ¢o 1] 2] « 15
® Low external component count e — [2] (7] — 16
° . .. i
L.ow transmitter duty cycle for minimal power consump DATA INPUT Dg — E. D — Ds DATA INPUT
tion
® High-speed transmission Outline 18P4
utiine
APPLICATION
® Remote-control transmitter for audio equipment, TV,
VTR and video-disk equipment
FUNCTION
The M50110XP and M50115XP transmitter circuits for
infrared remote-control systems consist of an oscillator, a
timing generator, a scanner, a key-in encoder, an instruc-
tion decoder, a code modulator and an output buffer. In
M50110XP with a 6x5 keyboard matrix 30 commands can
be transmitted by 10-bit PCM codes. In M50115XP, with a
6x5 keyboard matrix and two data inputs 120 commands
ran ha tranemittad Nenillatinn ic etannad whan nana Af tha
can be transmitted. Oscillation is stopped when none of the
keys are depressed in order to minimize power consump-
tion.
MITSUBISHI
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MITSUBISHI LSIs

MS0110XP, M5011SXP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

10—4

ELECTRIC

BLOCK DIAGRAM
M50110XP
1, (4 X
1, (3 | >  INSTRUCTION DECODER
I3 (2 KEY-IN T
KEY INPUT < T ENCODER 3
le MULTIPLE X
KEY
I's (0 <— o« ENTRY
: Sl
Q
lg (8 z é
, 54
Ca > cooE
MODULA-
20 TOR i
¢8 T l () Voo (2.2~ 8V)
SCANNER OUTPUTJ ¢c (® SCANNER
OSCILLA- OUTPUT
0 D TOR < BUFFER (D Vss (0V)
¢e (® ‘
’ _
l - 2 - -
0SC IN 0SC OUT  OuT
TRANSMISSION
OSCILLATOR OUTPUT
INPUT/OUTPUT
M50115XP
1, () L
(0 B
12 (9 L1  INSTRUCTION DECODER DATA INPUT
m 9 De
|
3 KEY-IN 1 L
KEY INPUT | @ ENCODER 1 }
4 MULTIPLE J
KEY
! <—7 ENTRY
. ® : e
O =
e 0 z g
' S w
F g CODE
MODULA-
PA 0 TOR |
¢e (5 ? l (18) Voo (2.2 ~8V)
scanner outputd 46 © SCANNER
OSCILLA- OUTPUT
0 (D TOR [ BUFFER D Vss (0V)
¢e ® !
| _
L 2)---G D—-
0SC IN 0SC OUT  OUT
TRANSMISSION
OSCILLATOR OUTPUT
INPUT/OUTPUT
MITSUBISHI
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MS0110XP, M50115XP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

FUNCTION

Oscillator

As the oscillator is on chip, oscillation frequency is easily
obtained by connecting an external LC network or ceramic
resonator between the OSC IN and OSC OUT terminals.
Fig. 1 and Fig. 2 show examples of typical oscillation cir-
cuits.

Msocl)éoxp CERAMIC RESONATOR : CSB 455C
M50115XP (MADE BY MURATA SEISAKUSHO)
OSC IN _0SCOUT] ¢, CLo: 30pF (Vpp =3V)

50pF (Vpp =4.5, 6V)

SO
Iz

1 Key code, type number and use

Key code

Type number Use

Ko Ki Kz

0 0 0 ::23: : gz Remote control for audio equipment

1 0 0 M50110AP Remote control for TV and VTR

M50115AP
M50110BP Remote control for air

0 ! 0 M501158BP conditioners and other application
M50110CP Remote control

0 0 1 M50115CP for video-disk equipment

Table 2 Relation between the keyboard matrix
and the transmission code names

~— PA é8 19} ¢D e
Fig. 1 An example of an oscillator ls A1 A2 A-3 A—4 A-5
(using a ceramic resonator) Is A—6 A—1 A—8 A9 A—10
la A—-11 A—12 | A—13 A—14 A—15
) I3 B—0 B—1 B-2 B-3 B—4
M50110 XP L t2.5mH
OR Cui, Clo: 90pF 12 B-5 B—6 B-7 B8 B—9
MS0115XP C:0.1uF I B—11 B— B B—14
0SC IN 0SC OUT B ! B-10 - 12 -3
—g—ﬂz’*—i Table 3 Relation between the transmission code
Cu=F ;;CLO names and the transmission codes
b a —
Transmission Transmission
Fig. 2 An example of an oscillator code name Do D1 D, D3 Da
(using an LC network) A—1 1 0 0 0 0
A2 0 1 0 0 0
Setting the oscillation frequency to 480kHz (or 455kHz) :_i ; :) ? g g
will also set the signal transmission carrier wave to 400kHz A—5 1 0 5 0 0
(or 38kHz). A—6 0 1 1 0 0
Power consumption is minimized by stopping oscillation 2“; ; :J [’) ? g
in the oscillator when none of the keys is depressed. A9 1 0 0 1 0
A—10 0 1 0 1 0
Key input and data input A—11 1 1 0 1 0
. A—1 0 0 1 1 0
In the M50110XP, 30 different commands can be sent A 1§ 1 0 1 T 0
through a 6x5 keyboard matrix, consisting of inputs 1, ~l A—14 0 1 1 1 0
and scanner outputs Io~1g. In the M50115XP, 120 diffe- A—15 1 1 1 1 o
rent commands can be sent because two data inputs, Ds s:? ? g g g 1
and Dy, are also used. B-2 0 1 0 0 1
Table 2 shows the relationship between the keyboard B-3 1 1 0 0 1
matrix and the transmission code. B-4 0 0 ! 0 !
B-5 1 0 1 0 1
B—6 0 1 1 0 1
B—7 1 1 1 0 1
B-8 0 0 0 1 1
B-9 1 0 0 1 1
B—10 0 1 0 1 1
B—11 1 1 0 1 1
B—12 0 0 1 1 1
B—13 1 0 1 1 1
B—14 0 1 1 1 1
MITSUBISHI
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MS0110XP, M50115XP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

Transmission Commands

In the M50110XP, 30 commands can be transmitted by 10-
bit PCM codes (Ky~K;, Do~Ds), and in the M50115XP,
120 commands can be transmitted. The first three bits Ko~
K5, which are key codes between transmitters and receiv-
ers, correspond to type numbers and uses. Relation be-
tween key codes, type numbers and uses of remote control
systems is shown in Table 1.

The next five bits Do~D4 correspond to the 6x5 key-
board matrix. Relation between transmission codes and
their name is shown in Table 2.

The last two bits, Ds and Dg, are controlled by the data
inputs Ds and Dg. When terminal Ds or D¢ is open or
high level, data code Ds or D¢ becomes ‘0", and when
terminal Ds or D¢ is low level, code data Ds or Dg be-
comes ‘1",

In the M50110XP, the data bits Dg and D¢ are fixed in
’0."” To prevent spurious operation, the codes are designed
so that there is no transmission code whose data bits
Do~Dg are all ‘0" or *‘1.”’

Transmission Coding
When oscillation frequency fos is 480kHz, transmission of
data code is executed as follows: when fos is other than
480kHz, the period is multiplied by 480kHz/f,s. and its
frequency by fosc/480kHz.

A single pulse is amplitude-modulated by a carrier of
40kHz, and the pulse width is 0.25ms. Therefore a single
pulse consists of 10 clock pulses of 40kHz (see Fig. 3).

0.25ms

A —
TN T )

25us

Fig. 3 A singie pulse modulated onto carrier (40kHz)

0.25ms CODE

n [-1 “g
1ms

I'I '—l “qn

2ms

Fig. 4 Distinction between the bits *“1” and 0"’

The distinction between ‘’0"" and ‘*1" bits is made by the
pulse interval between two pulses, with an 1ms interval
corresponding to ‘0", and a 2ms interval representing “‘1°’
(see Fig. 4).

One command word is composed of 10 bits, that is, of
11 pulses, and it is transmitted in the 24ms cycle while
a matrix switch is depressed (see Fig. 5).

As mentioned above, adopting of this code means that
the period during which output is high level (i.e. signal
emitting LED is lit) is shorter than in continuous wave
transmission. Indeed the LED is on for only half of the
11-pulse period or 1.375ms, which is 5.7% of the 24ms
entire cycle. This not only saves in total power consump-
tion, but it also improves LED reliability. That is to say,
emission can be increased on the same power consump-
tion.

. 24ms

"Ko
| |

|K0 Ky Kz Dg D4 D2 D3 D4 Ds Dg

f 1 WORD |
' >

Fig. 5 Synthesis of one word
(the code below shows 0001010000)

MITSUBISHI
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MS0110XP, MS50115XP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Voo Supply voltage With respect to GND —0.3~9 \%
V) Input voltage Vss=V|=Vpp \%
Vo Output voltage Vss= Vo=Vpp \
Pd Maximum power dissipation Ta==25C 300 mwW
Topr Operating free-air temperature range —30~70 °C
Tstg Storage temperature range —40—~125 °C
RECOMMENDED OPERATING CONDITIONS (Ta=-30~70C, unlessotherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voitage 2.2 8 v
ViH High-level input voltage 0.7XVpp Voo \%
ViL Low-level input voltage 0 0.3XVpp| \"
455 kHz
f Oscillation frequency
osc 480 kHz
ELECTRICAL CHARACTERISTICS (Ta=257C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Voo Operational supply voltage Ta=—30~70°C, fosc=455kHz 2.2 8 \%
! Vpp= 3V 0.1 0.5 mA
1o)s) Supply voltage during operation fosc=455kHz
Vpp= 6V 0.5 2 mA
Vpp= 3V 1 uA
lop Supply voltage during non-operation
Vpp= 8V 5 uA
Ry Pull-up resistances, |1~ 1g 20 kQ
Vpp= 3V, Vo_=0.9V 0.18 0.6 mA
loL Low-level output currents, $A~ GE
Vpp= 6V, VoL=1.8V 0.7 3 mA
Vpp= 3V, Vo= 2V —2 —5 mA
loH High-level output current, OUT 0
Vop= 6V, VoH= 4V —8 —16 mA
ELECTRIC 10—7
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M50110XP, MS50115XP

30- OR 120-FUNCTION REMOTE-CONTROL TRANSMITTERS

An example of an application circuit (M50115XP)

W

)

|
|

18 JJﬂ_l 1] [1s] [e] [is] [rz] [ Imi
Ds

Voo OUT I (F] 13 la Is le

P M50115XP
0SC 0SC

Vss IN oUT ¢a éB

TTLT LI LT LT G
S

o=
cm

|_<_m_|

PO
SUP!

il
1

c $D PE
6

J7e|i3

o

4 7
Do TN
T T TN
R D D S B
197 91 91 1

2
|
I/
-
|

R S 2 ) ) S
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M50111XP, M50116XP, M50117XP

30~ 120-FUNCTION REMOTE-CONTROL RECEIVER

MITSUBISHI LSIs

DESCRIPTION

The M50111XP, M50116XP and M50117XP are remote
controi receiver circuits manufactured by aiuminum-gate
CMOS technology for use in television receivers, audio
equipment and other applications using infrared transmis-
sion. The systems can receive 30~120 different 10-bit
PCM code commands by remote control.

The M50111XP, M50116XP and M50117XP are design-
ed for use with an M50110XP or M50115XP transmitter.
The X in each type number corresponds to blank, A, B or
C, which are respectively used for audio equipment, TV
and VTR, air conditioner and other applications, or video-
disk equipment.

FEATURES
Remote-control function
Type Parallel outputs
Serial data Parallel data
M50111XP 120 30 Do~D3,5TA,STB
M50116XP 120 60 Do~D3,STA~STD
M50117XP 120 120 Do~D7, FF
® Single power supply
® Wide power supply voltage range: 4.5V~8V
® Low power dissipation
® | ow-cost LC or ceramic oscillator used for frequency
reference
® Information is transmitted by pulse code modulation
® High speed reception

® Superior noise immunity — instructions are not executed
unless the same code is received two or more times in
succession

® Single transmission frequency (40kHz or 38kHz) for car-
rier wave

® Many functions and various uses

® Large tolerance in operating frequency between the
transmitter and the receiver

® Can be simply connected to a microcomputer

APPLICATION

® Remote control receivers for audio equipment, TV,
VTR, air conditioners, video-disk equipment and similar
devices

FUNCTION

The M50111XP, M50116XP and M50117XP receivers for

infrared remote control systems consist of an oscillator,

a timing generator, a demodulator, an error prevention cir-

cuit, a reception state decision circuit, a serial data proces-

sor, a shift register, a received signai input circuit, power-on

reset circuit and other circuits. The M50111XP, M50116XP

and M50117XP are designed to decode and execute instruc-

tions after 2 successive receptions of the identical instruc-

tion code. This provides positive assurance that noise will

not be executed as instructions.

PIN CONFIGURATION (TOP VIEW)

A

(0V)  Vss E G|

oscin — [2]
INPUT/

&; RECEIVE
outpPUT |0sc ouT «- [3] [i2] + s1 §SEAReur
R P

Vop (4.5~ 8V)

< ECEPTION
Do « [4 @ 13] — IR INDICATION
[: S :] OUTPUT
T 5 B R
o

DATA
OuTPUT

Dz4~E
D34‘E

DECODE ST A
ouTPUT STA «— |8
Outline 18P4
\

(ov) vss [0 8] Voo (4.5~8V)
osciL [ OSCIN — |2 1_7_] « AC POWER-ON
oselt ‘ RESET INPUT
INPUT/ —

oUTPUT | 0SCOUT « [3] [1g) — 51 SHA Reut
RECEPTION
Do + |4 15| — IR INDICATION
o [ 2 15 ouUTPUT
(=4
- = INTERRUPT
DATA D1« E = 2] — INT OUTPUT
OUTPUT x
CLOCK INPUT
Dz « [£] v 3] — oL B3
l Di «— E E —» 5D SERIAL DATA
3 OUTPUT
5TA « [8 1] - S7D
i S595F
s 9] —~ §7C
Outline 16P4
\

(0V)  Vss E i8] Voo (4.5~8V)
SAS%BLF;{ 0sc IN — [Z] [17] « AC RRUEFRBuT
INPUT/ _

oUTPUT |0SC OUT « [3] 6] — 51 BESEAVERpuT
RECEPTION
Do« [a 15| = IR INDICATION
[] 2 i) OUTPUT
o
- IN RUP
01 « [5] 3 4] — INT QERAVPT
x
CLOCK INPUT
DATA Dz « [€] ° 13] oL £53CK, INPY
OUTPUT
03+~ ] ]~ s SEH O™
FLIP-FLOP
D4« [E] [11] — FFSHRUT
DATA
Ds E E"’ Ds  ouTPUT

Outline 18P4

With the data outputs Do~Dg and the decode outputs
STA~STD, M50111XP can process 30 different instruc-
tions, the M50116XP can process 60 different instructions
and the M50117XP can process 120 different instructions.
With a serial data output SD, 120 different instructions
can be processed by any of the receivers.

MITSUBISHI
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MITSUBISHI LSIs

MS0111XP, M50116XP, M50117XP

30—~ 120-FUNCTION REMOTE-CONTROL RECEIVER

BLOCK DIAGRAM

M50111 XP . - - -
! (®Vvoo (4.5~8V)
TIMING MDvss  (ov)
OSCILLATOR] OSC IN -——ﬂl NERATOR
INPUT/OUTPUT {osc ouT 0SCILLATOR] GENERATO @0,
[ &0
QT g o, [ DATA OUTPUT
' DEMODULATION| OLE
POWER-ON CIRCUIT
POWER-ON RESET s RESET | ® N
) b
INPUT CIRCUIT 5 ﬁ} DECODER OUTPUT
DECODER sT8
RECEIVED
RECEIVED SIGNAL 57 (id—>d SIGNAL
INPUT INPUT _ led—
= e s RECEPTION INDICATION
_— IRCUIT
CHECK CIRCU 19 1R J0TpuT
| ‘__l
CLOCK INPUT FOR SD CL (11) SERIAL DATA
INTERRUPT OUTPUT INT (12) PROCESSOR __+r SHIFT REGISTER )—ﬁ@so SERIAL DATA OUTPUT
M50116XP ! (4.5~8V)
. TIMING (ov)
OSCILLATOR [ 0SC IN é)(—)_._ ~{ l
INPUT/OUTPUT {oso ouT OSCILLATOR GENERATOR
P
et DATA OUTPUT
| DEMODULATION]
POWER-ON CIRCUIT
POWER-ON RESET &g RESET |
INPUT CIRCUIT
DECODER DECODER QUTPUT
|
[
RECEIVED SOMAL 57 (b od TERA | .
INPUT INPUT |
— s RECEPTION INDICATION
|| CHECK CIRCUIT 1R BEGETT
CLOCK INPUT FOR SD CL (13) SERIAL DATA
INTERRUPT OUTPUT INT (14) PROCESSOR *-[ SHIFT REGISTER SD SERIAL DATA OUTPUT

(4.5~8V)

M50117 XP - - -
TIMING
OSCILLATOR | ©OSC IN ‘_,l I
'NPUT/OUTPUT{OSC ouT OSCILLATOR] GENERATOR
QUTPUT
CIRCUIT

DEMODULATION
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(ov)

DATA OUTPUT
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(MDvss
(4) 0g
&0,
(6)D2
(1)Ds
(8) 0,
(9)Ds
(0 0g

CHE |
—>1 CK CIRCUIT

POWER-ON
POWER-ON RESET AG RESET |
INPUT CIRCUIT
DECODER
RECEIVED SIGNAL &7 AL l
Reor  S1— INPUT e
CIRCY RECEIVE STATE |=—t L] FLIP-
FLOP

FF FLIP-FLOP QUTPUT

CLOCK INPUT FOR SD CL
INTERRUPT OUTPUT INT
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O
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lf
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MITSUBISHI LSIs

MS50111XP, M50116XP, M50117XP

30~ 120-FUNCTION REMOTE-CONTROL RECEIVER

FUNCTION

Oscillator

As the osciiiator is on chip, osciiiation frequency is easiiy
obtained by connecting an external LC network or cera-
mic resonator between the OSC IN and OSC OUT ter-
minals. Fig. 1 and Fig. 2 show examples of typical oscilla-
tion circuit.

M50111XP, M50116XP)|
OR CERAMIC RESONATOR : CSB 455C
M50117XP 1MADESBE\I/ MURATA)

0SC IN  0SC OUT, SAKUSHO

o |

CL::J; ;CLO

Fig. 1 An example of an oscillator
(using a ceramic resonator)

Cii, Cio

M5OHIXPO,':I|50HGXP L ¢ 2.5mH
M50117 XP Cii, CLo: 90pF
OSC IN  0SC OUT C :0.1uF

CLig
7

CLo

]
T

Fig. 2 An example of an oscillator
(using an LC network)

When oscillation frequency fosc is 480kHz, execution
is as follows:
Received Signal Input Circuit and Demodulation
Circuit
The received signal, sensed by the photo detector, is ampli-
fied and an integrated signal is supplied through ST to be
processed by the received signal input circuit, and then it
is sent to the demodulation circuit. In the demodulation
circuit, the pulse interval of the signal is analyzed and then
converted to a digital code. Fig. 3 shows the relationship
between the ST input wave form, codes and data.

Misoperation Prevention Circuit
Any signal whose low-level interval at ST input is less than
50~100 us is not accepted as a transmission signai.

When a pulse interval Tp is less than 0.4 ms, the mis-
operation prevention circuit resets to idle state to prevent
an error. When all data codes Dy~D4 are supplied as O or
1, it resets to idle state.

Receive State Check Circuit

The reception indication output IR becomes high-level after
receiving the same transmission code 2 or more times in
succession. Therefore reception states of an instruction
from the transmitter can be indicated by an LED connected
to the output IR.

Reception Code, Data Output, Decode Output and
Flip-flop Output

Data outputs Dy~Dg correspond to Do~D¢ of the trans-
mission codes. When a code is 0, the data output will be
low-level, and when a code is 1, the data output will be
high-level, while decode outputs STA~STD correspond to
transmission codes D4, Ds as shown in Table 1. When the
transmission codes Dy~Dg are 1010000, the flip-flop out-
put FF will go to high-level, and when the codes are
0101000, the output FF will go to low-level.

Table 2 shows the relationship between key codes and
type numbers, and examples of their use.

Table 1 The relationship between the decode out-
puts and the transmission codes D,, D,

Transmission code Decode output

D4 Ds STA STB STC STD
0 0 L H H H
1 0 H L H H
0 1 H H L H
1 1 H H H L

Table 2 The relationship between be key codes,

Voo types numbers examples of their use
Vss _I-—I u Key code
Tp Type number Use
Ko K1 K2
CODES DATA Ms0111P Remote control
0.4ms=Tp<1.6ms “0” ‘L 0 0 0 M50116P for audio equipment
1.6ms=Tp<3.2ms “ 17 “H” M50117P
=
Fig. 3 The relationship between the S| input wave MS0111AP o v v
form, code and data 1 0 0 mgg::g:z Remote control for TV, VT
When the input pulse interval to the ST input is 3.2 ms o018
i i f Remote control
or longer, it will be assumed to be the e.nd c? a word, but 0 1 0 M501168P et ool tothers
if the interval is finally 50 ms or longer it will be accepted M501178P
as the end of the command transmission and the device will M50111CP I
emote contro
be put in the idle state. In the idle state, the data outputs 0 0 1 MSO0116CP | ¢\ teo-disk equipment
L 0117CP
Do~Dg and the reception indication output IR goes to MS
low-level and the decoder outputs STA~STD go to high-level.
MITSUBISHI
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MITSUBISHI LSIs

MS0111XP, M50116XP, M50117XP

30~ 120-FUNCTION REMOTE-CONTROL RECEIVER

Serial Data Processor

When an identical code is received twice, the reception in-
dication output IR is turned from low-level to high-level
and then after 6.25us delay the interrupt output INT is
turned from low-level to high-level (see the timing diagram).
When pulses are supplied to the clock input CL for SD
while the INT output is high-level, the received data are
sent from the serial data output SD. These data are syn-
chronized with the rising edge of the CL input pulses.
Thus the contents of the transmission code can be read,
if the SD output is decided at the falling edge of the CL
input pulses.

The SD output is a three-state output, which is usually
in the disabled state (high impedance). After an interrupt
output INT goes to high-level, the disabled state is absolved
at the first low-to-high transmission of a CL input pulses.
And then the data Do~Dg is serially sent, and after 50~
100us from the seventh high-to-low transmission of CL
input pulses, the SD output is again put in the disabled
state and at the same time the INT output goes to low-
level.

Power-on Reset Circuit

Attaching a capacitor to the terminal AC, the power-on
reset function can be activated when power supply is ap-
plied to the IC. When the AC input is turned to low-level,
the data outputs Dy~Dg, the reception indication output
IR, the interrupt output INT and the flip-flop output FF
go to low-level, the decode outputs STA~STD go to
high-level and the serial data output SD is put in disabled
state.

Timing Diagram

IR I 1
j<6.25us |
Do~Ds ] g
fe—18.75.s 25~37.5u5s— |
STA-STD ™ | L —
FF —1 I WHEN (Do~Ds) = 1010000
INT .
l‘—*h 2 3 4 5 6 1
cL
—
—] 50~ 100,
SO .

Dg Dy D2 D3 D4 Ds Dg

After the INT output becomes high-level, when the
received code is not identical to the previously received
code before the first fall of the CL input, the INT output is
returned to low-level; at the same time the STA~STD out-
puts become high level and the SD output become a dis-
abled state. After the INT output goes to high-level, when
received codes are not identical after the first fall of the CL
input, the data Dy~Dg¢ are sent and then the INT output
goes to low-level after 50~100us from the seventh fall of
CL input pulses and the SD output is put in the disabled
state.

The time ts from the rising edge of the INT output to
the rising edge of the CL input must be at least 6.25pus.

MITSUBISHI
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MITSUBISHI LSIs

MS0111XP, M50116XP, MS50117XP

30—~ 120-FUNCTION REMOTE-CONTROL RECEIVER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
B Voo Supply voltage With respect to Vss —-0.3~9 \%
V) Input voltage Vss=V|=Vpp \%
Vo Output voltage Vss=Vo=Vpp \]
Pd Maximum power dissipation Ta=25C 300 mW
Topr Operating free-air temperature range —30—~70 °C
Tstg Storage temperature range —40~125 °
RECOMMENDED OPERATING CONDITIONS (Ta=-30~70°C, unlessotherwise noted)
Limits
Symeol Parameter Min Nom Max ot
Vpp Supply voltage 4.5 8 \%
ViH High-level input voltage 0.7XVpp| Voo \Y
ViL Low-level input voltage 0 0.3XVpp \
fosc Oscillation frequency 455 kHz
480 kHz
ELECTRICAL CHARACTERISTICS (Ta=25C, uniess otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vop Operational supply voltage Ta=—30~70°C, fosc=455kHz 4.5 8 \%
lop Supply current from Vpp Vpp=5V, fosc =455kHz T 0.3 1.0 mA
loH High-level output current, SD Vpp=4.5V, VoH=2.4V -2 —6 mA
loH High-level output current, INT, IR Vpp=4.5V, Vop=2.4V -1 -3 mA
loH High-level output current, Do~De , STA~STD, FF Vpp=4.5V, Vou=2.4V —-0.5| —1.5 mA
loL Low-level output current, Dg~De, STA~STD, FF, SD, INT, IR Vpp=4.5V, Vo_=0.4V 1.6 3.2 mA
R Pull-up resistance, S1 20 kQ
R| Pull-up resistance, AC 48 kQ
R Pull-down resistance, CL 63 kQ
MITSUBISHI
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MITSUBISHI LSIs

M50111XP, M50116XP, M50117XP

30—~ 120-FUNCTION REMOTE-CONTROL RECEIVER

APPLICATION EXAMPLE M50111XP

3
IR INT CL

I
itel |15| lul 1 |1zl |11l ]10[ |9|
Vop AC s sb §TB

D M50111XP

0SC 0SC
Vss IN ouT Do D4

j; | ﬁnif LAJE_II?J v

T

POWER
+ SOURCE

RECEPTION
INDICATION

RECEPTION
INPUT

So
<5, AN AN
~—S,
~<—1S3 Bin Bin
<5,
<~——{s5¢ CiN Cin
<————-SG
~<——5S3 g Din Din g
~<—1Ss = ;
~<~——Sg INHIBIT INHIBIT
<—S1o S1o
-——S S
S, Si2
~<—S13 Vss Vss Si3
<—S1s Sia
~<——S; 5 Voo Voo Si1s
777
MITSUBISHI
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MELCS 85/2 MEMORY AND PARALLEL 1/0 EXPANSION BOARD

MITSUBISHI MICROCOMPUTERS

PCA8506

DESCRIPTION

The PCA8506 memory and parallel 1/O expansion board is
designed to be used with the PCA8501 or PCAB540 singie-
board computer., Memory, parallel 1/O ports, and a timer
are assembled on a 145 x 125 mm printed circuit board.
The PCA8506 can easily be attached to the PCA8501 or
PCAB8540 single-board computer by using a bus-extension
connector.

FEATURES

® Expansion board consisting of memory, parallel 1/0
ports, and a timer

® Memory capacity: 12K bytes

(expandable in units of 2K bytes RAM or 2K bytes

ROM)

Programmable ports: 48 bits (8 bits x 6 ports)

Programmable timer: 16 bits x 3

Power supplied from the PCA8501 or PCA8540

Compact dimensions (LxWxH): 125x145x17 mm

APPLICATIONS
® Personal computer expansion module
® Control equipment module

FUNCTION

The PCAB506 expansion board consists of up to 12K bytes
memory, six 8-bit paraiiei i/O ports, aiong with 3 16-bit
counters for timer application. The memory can easily be
expanded in units of 2K bytes up to 12K bytes using any
combination of M5L2716K EPROMs or M58725P static
RAMs. The parallel 1/0 ports consist of 2 (programmable
peripheral interfaces) (PPls) each composed of 3 8-bit 1/0
ports. The timer consists of a programmable interval timer
(PIT) which has 3 16-bit timer counters.

i
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MITSUBISHI MICROCOMPUTERS

PCA8506

MELCS 85/2 MEMORY AND PARALLEL I/0 EXPANSION BOARD

OPERATION

The address bus of the CPU is connected to other boards
through the address bus buffer. The data bus is connected
to the data input/output pins of memory, 1/0, and a timer
through the bidirectional data bus buffer. The data bus
buffer is in an active state only when an IC device on the
board is selected, The buffer is ready for output to exter-

DIMENSIONS

(LxWxH) 125x145x17 mm

MEMORY AND 1/0 ADDRESSING

Both memory and 1/0 addresses can select two areas. When
this board is added, different address areas from those of
the main board should be selected.

nal units only when the read signal RDCL from the CPU  MEMORY MAP
goes low,
Six 24-pin sockets are provided for memory, which are 0000+ p—— }pCAasm AOM
designed for M5L.2716K EPROMs. Since the M5L2716K is 000"
compatible with the M58725P except for Vpp/WR (pin ROM/RAM PCA 8506, ROM/RAM
21), if pin 21 is switched on the connector corresponding 12K BYTES TOTAL
; . FFF
7265P static RAM can be used in place o 3 16
to a socket, a M58725 ' static RA| ' p .f 200015 AT POABS01 RAM
a M5L2716K EPROM in that socket. It is therefore possi- 4FFF6 QFEN
X . . 50004 1/0, TIMER }PCABSOS, 1/0, TIMER
ble to mix ROMs and RAMs in any order desired by the
600016 PPI # 1 PCA 8501, PPI # 1
user. 1000 ey
. 16 2 PCA 8501, PPI #2
Since addresses have been allocated on the memory map 8000
. 16 OPEN
for the 2 parallel 1/0 ports and a timer the contents can be 90004
1
read and written in the same way memory is accessed. ROM/RAM PCA 8506 ROM/RAM
All ports of PPls are initiated to the input mode after 12K BYTES TOTAL
. L . . B
the power is turned on, and remain in this mode until a ng;“’
. . 16 1/0, Timer }PCABSOS, 1/0, TIMER
control word is written. As soon as the counter is set by CFFFs
" . D000+ OPEN
the contro! word, following the operation mode, the i i
timer will begin to count.
BLOCK DIAGRAM
31 Y M1 N1
w
ABFH| 16 T R Y | s R 2
1@?815%?}%8% cBu Ao Aw Do 07 [Ae Aw Do 07 [Ae AwDo D7 Ao Aw Do 07 |AO.A1
AB OH 8®> |aBoH
. g @ § M5L2716K M5L2716K M5L2716K M5L2716K
ABAH EPROM EPROM EPROM R EPROM
OR OR OR OR
ABIH ~ M58725P M58725P M58725P M58725P
ABFH Static RAM Static RAM Static RAM Static RAM
L CS OE Vpp WR} CS O Vpp WR] CS OEVpp WA CS OE vpp WH
L ¥ f X _ j X
(%)« p—'
28T
o
g§ — |
p—— 123
- S ma i
L +5V 8
) 3 [ITOO TIMER 0~2
—R‘—-tM'TCH T ° y  COUNT OUT
W Vpp! *E—n M5L8253P 1ITO 2 OUTPUT
fe. A1 3{ITOO0 TIMER 0~2
cs PIT d $ COUNT CLOCK
x G o ITC2 NPUT
D us DB7H, 8 f—(‘gllf 8 WR 31ITGO TIM o~2
INPUT/OUTPUT DBDH 7 gm% A G+ 'TG\ 2 CONTROL SIGNAL
@ |
o f2_3s ¥2 j8
CSWRRDAo A Do D7 CSWRRDAg A; Do Dy
READ CONTROL RpcL
INPUT ne ETMN'm“P PPI Uee ETM&uzuAp PPI
CONTROL \(Vj(ELTKE WRCL‘ D PAo PBo PCo PAg PBo PCo !
RESET INPUT RSOH ——>——— ) | _ear P8y eos PA,__ PB1__ PBr
s b b bbb
- PA10H PBIOH ~ PCI0H PA20H PB20H PC20H -
] 1 i ) ]
PAITH PB1TH PC1TH PA Z‘TH PB2TH PC2TH
POI?\I};EJ"‘I'A/ PORT =z 18 PORT P?’\F};UTZ/A PORT h(‘);(UTT:}ZC
oOTRt oquﬂ/ngPuT/ OUTPUTOISI;’_UT/ OUTPUT
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MITSUBISHI MICROCOMPUTERS

PCA8506

MELCS 85/2 MEMORY AND PARALLEL 1/0 EXPANSION BOARD

SPECIFICATIONS
Memory Address and Memory Capacity
iViemory Address (Note 1)

Connectors
1. P1 (for bus) : Straight dip-type, 50 pins.
2, J1 (for bus) : Straight pin header, T-type, 50 pins.

#1 110005~ 17FF 44 3. J2 (for 1/0) : Angle pin header, L-type, 60 pins.
#2 1180016~ 1FFF 6 Power
#3 1 2000,6~27FF g 5V, 1A maximum (when six M5L2716Ks are loaded).
#4 12800,,~2FFF PIN CONFIGURATION
%5 :3000,6~37FF Connectors P1 and J1
# 6 :3800,,~3FFF
. 2 1
Memory Capacity ano e 3l GND
#1: 2K bytes (only the socket is supplied) GND |6 5] GND
. . 5V Vee |8 7 Vec S5V
#2: 2K bytes (only the socket is supplied) DB 1H |10 9les DBOH
: i i 1 1 H
#3: 2K bytes (only the socket !s supph-ed) OATA BUS ggg:: 1i i :ggzm DATA BUS
#4: 2K bytes (only the socket is supplied) pDB7He 16 15|« DBEH
#5: 2K bytes (only the socket is supplied) READ CONTROL mDCL—[18 17| NC
. . wRcL—|20 19| NC
#6: 2K bytes (only the socket is supplied) WRITE CONTBEF "6 |22 21] no
Either the M5L2716K EPROM or M58725P RAM can be :g 24 9 gg mg
. 26 =
used in the sockets. NC |28 L 27|« RSOH RESET INPUT
NC |30 — 29] NC
NC |32 31| NeC
. . NC 34 33] nNC
1/0 and Timer Addresses and 1/O Capacity ABIH—l36  35) ABOH
1/0 and timer addresses (Note 1) AB3H—»[38 371+ AB2H
AHSH—l40 39|« AB4H
Name Signal designation Address ADDRESS BUS :S;:: :i :; : :gg: ADDRESS BUS
PA PA10H~PA17H 500016 ABBH-—»146 451« ABAH
e | P3| Peieam | o P L e
or PG PC10C~PC17H 500216
Cw Control Word 500316
PA PA20H~PA27TH 510016
Port #2 PB PB20H~PB27H 510116 Connector J2
PC PC20H~PC27H 510215
CcwW Control Word 510316
COUNTER 0 Interval timer Q 520016 5;2 ﬁn*—' i 1MePA1TH
) 1/0 PORTS -~ 3l PA 15H | 1/0 PORTS
Timer COUNTER 1 Interval timer 1 520116 #1A ) pA 12H e+ |6 Slespa 131 [ #14A
COUNTER 2 Interval timer 2 520216 PA10H |8 HerPATTH
CwW Control Word 520316 PB16H« |10 glePB 17H
218 PBIHON2  fepBsH [
Note 1: The address area can be altered by using an inline con- PB12H 114 13j]PB 13H B
nector as follows: PB 10H «>}16 15l PB 11H
Memory 9000, ¢~BF FF ¢ PCl6H« 18 17}l pPCc17H
1/0 and timer CXXX,¢ #10 PC 14H «*J20 19|« PC 15H 10
PC12H+|22  21|+PC13H
. PC10H+ |24  23}esPC11H
1/0 Capacity PA26H« |26 25| PA 27H
Port #1 8 bits x 3 ports = 24 bits I/0 PORTS | PA24H«+|28  27|«»PA 25H ( I/0 PORTS
. . #2A | pA22A |30 & 29|« PA 23H [ #2A
Port #2 : 8 bits x 3 ports = 24 bits PA20H |32 ™ 31} PA 21H
Interface PB26H+ |34  33]+PB27H
) ) PA24H++|36  35|«<>PB 25H
Bus : All signals are TTL compatible (fanout LS TTL 1 #2B9 ppooHes|3s  37]|esPB 23H [ #2B
gate) PB20H+>Ja0  39]«<+PB 21H
.' . . PC26H+*Ja2  41]+>PC 27H
1/0 and Timer : All signals are TTL compatible, 4204 PC24H & [a4 43|+ PC 25H #20
PC22H++|a6 45|« PC 23H
(PC20H «*Ja8  a7]+>PC 21HJ
CS4aL+Js0 ag9}—+Cs3L
ITG 0—|52 51| NC
ITC 1—|54 53}—+1TO 0
TIMERS < 1TO 1 « |56 55]+ITG 1
ITG 2|58 57|« 1TC 2 [ TIMERS
ITC0—|60 59— 1TO 2
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8506

MELCS 85/2 MEMORY AND PARALLEL 1I/0 EXPANSION BOARD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vco Supply voltage 0~6.5 \"
V) Input voltage With respect to GND 5.5 \
Vo Output voltage 5.5 \%
Topr Operating free-air ambient temperature range 0~55 °C
Tstg Storage temperature range —30~70 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~55°C, unless otherwise noted)
Limits
Symbol Parameter Unit
Min Nom Max
Vco Supply voltage 4.75 5 5.25 \%
ViH Low-level input voltage 2 \%
ViL High-level input voltage 0.8
ELECTRICAL CHARACTERISTICS (Ta=0~55C, Vco=5V £5%, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VoH High-level output voltage PA11H~PC27H output loH=—50uA 2.4 \
VoH High-level output voltage, | TO0~1T02 output loH=—150uA 2.4 \"
VoL Low-level output voltage, PA11H~PC27H output lo=1.6mA 0.4 \"
VoL Low-level output voltage, ITOO~I1T02 output loL=1.6mA 0.4 \Y
MITSUBISHI
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MELCS 85/2 MEMORY AND SERIAL 1/0 EXPANSION BOARD

MITSUBISHI MICROCOMPUTERS

PCA8507

DESCRIPTION

The PCA8507 memory and serial 1/0O expansion board is
designed to be used with the PCA8501 or PCA8540 single-
board computer. Memory, a serial 1/0 port and a timer are
assembled on a 145 x 125 mm printed circuit board. The
PCAB8507 can easily be attached to the PCA8501 or PCA-
8540 single-board computer by using a bus-extension con-
nector.

FEATURES

® Expansion board consists of memory, a serial 1/0 and
a timer

® Memory capacity: 12K bytes

(expandable in units of 2K bytes RAM or 2K bytes

ROM)

Serial 1/0 port and TTL, RS-232-C interface

Programmable timer, 16 bits x 3

Power supply from the PCA8501 or PCA8540

Compact, dimensions (LxWxH): 125x145x17mm

APPLICATIONS

® Personal computer expansion module
® Control equipment module

® Data terminal module

FUNCTION

The PCA8507 expansion board consists of up to 12K
bytes of memory, serial 1/0 port, interface for TTL level
and RS-232-C output, along with 3 16-bit counters for
timer application.

The memory can easily be expanded in units of 2K
bytes up to 12K bytes using any combination of M5L-
2716K EPROMs and M5825P static RAMs. The serial
1/0 port consists of a universal synchronous asynchronous
receiver transmitter (USART) for changing parallel/serial
and formatting the string in the specified format. Interfaces
are provided between the USART and the TTL level or RS-
232-C output. The interface is selected by a jumper con-
nection. The timer consists of a programmable interval
timer (PIT) which has 3 16-bit timer counters. One of the
timers is used by the USART for controlling the baud rate
of serial data transfer.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8507

MELCS 85/2 MEMORY AND SERIAL I/ O EXPANSION BOARD

OPERATION
The address bus of the CPU is connected to other boards
through the address bus buffer. The data bus is connected

sists of 3 16-bit counters. One of the counters is used as
a clock by the USART in setting the baud rate.

to the data input/output pins of memory, 1/0, and atimer MEMORY MAP
through the bidirectional data bus buffer. The data bus buf- 0000
o . o . 16
fer is in an active state only when an IC device on the board 0FFF 5 |[EPROM(PCA8501)
is selected. The buffer is ready for output to external units 10001 L
. EPROM |
only when the read signal RDCL from the CPU goes low. OR
Six 24-pin sockets are provided for memory, which are SFFF RAM
. . o 16
designed for M5L2716K EPROM:s. Since the M5L2716K is 400016 [~ o CAss01)
compatible with the M58725P except for Vpp/WR (pin 21), A T
if pin 21 is switched on the connector corresponding to a gg:’;:g .
socket, an M58725P static RAM can be used in place of an 1/0 (PCA8501)
M5L2716K EPROM in that socket. It is therefore possible 7FFF s
to mix ROMs and RAMs in any order desired by the user. 800015 | OPEN i
. I
Since addresses have been allocated on the memory map BFFF g i
. . When this area is selected by
for the USART as a serial 1/0 port and a timer the contents gggg“’ 1/0, TIMER the switch of the DIC
. . . 16 connector.
can be read and written in the same way memory is ac- D00016
cessed. TTL and standard RS-232-C interfaces are built Yihen this area Is selected by
. . tor.
on the board to interface between the serial 1/0 port and eonnector
peripheral devices. Selection of one or the other interface FFFFis
is done by a jumper in the jumper socket. The timer con-
BLOCK DIAGRAM
/ - Rakl \,n—‘ Y11 7111
2« I I 2
ABFH| 5 | Wgpw /R v A
ADDRESS BUS = 2u | % Aods D7) [%o Ao Do 0v] [Re Aw Do O % AuDp O A?-
INPUT AgoH a3 msL2716K | | MsL2716k | | msLazisk M5L2716K
< EP ROM EP ROM EP ROM __ | EPROM
OR OR OR OR
ABIH - M58725P M58725P M58725P M58725P
ABFH Static RAM Staric RAM Static RAM Static RAM
| Los oevemwa] | cs ok veowr| | CS OE von wR) CS O oo WA
i S L R
vao Lf 1 |
0 X RD — =+
o
g 8 - - — :
e% b+ R : RxRDY RECEIVER READY OUTPUT
b HSOEMLERCA'IM [ TxRDY SS%@USMTTER READY
5v X 1 )
L_SWITCH " e ool TTL TxD TRANSMIT DATA
I L WR T Jdes ol [ob———<p———TTL RxD RECEIVE DATA
[Meszsiap| | isi
0B7H < “Lusanror o | FDR l RDR TTL PAPER TAPE READER
3 |Sw L — . START
inpU MO GTRUR s 2 2 5 [ !;ZC,DH D ToL |CONTROL START
— PERFORMING OTHER
@ WT i i ;a = r—RaLsKm 2;3 I_ffj; BUSY FLG GpERATIONS
— 3 |
READ CONTROL NG LY nomo | ‘_v}—\ ;
WRITE CONTROL — S . M5L8253 AP | |
iNpUT WROL D PTG RS2%20 Rs2%20
RESET INPUT RSCL |- - ¢ ¢ bRIVER ||RECEIVER
CLOCK INPUT GLKH [~ o————] ;Lz {2 5 — x
“TTie1-z Trorz 1012 ITeo TxD DTR RTS RxD DSR CTS
TIMER TIMER COUNT TRANSMIT REQUEST DATACLEAR
CONTROL CLOCK QUT DATA  TO
INPUT INPUT OUTPUT SEND READY SEND
DATA RECEIVE
TERMINAL  DATA
READY
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MITSUBISHI MICROCOMPUTERS

PCA8507

MELCS 85/2 MEMORY AND SERIAL 1/0 EXPANSION BOARD

SPECIFICATIONS
Memory Address and Memory Capacity
Memory Address (Note 1)

#1 110004~ 17F F 4

#2 11800~ 1FFF

# 3 :200016~27FF 15

#4 :2800,,~2FFF

#5 :3000,5~37FF 6

#6 :38005~3FFF,
Memory Capacity
2K bytes (only the socket is supplied)
2K bytes (only the socket is supplied)
2K bytes (only the socket is supplied)
2K bytes (only the socket is supplied)
2K bytes (only the socket is supplied)
2K bytes (only the socket is supplied)
Either the M5L2716K EPROM or M58725P RAM can be
used in the sockets.

FHELRE

1/0 and Timer Addresses and 1/0 Capacity

1/0 and timer addresses (Note 1)

Name Signal designation Address
Serial port TD Parallel data 5000 16
CW Control word 500116
Timer COUNTER © Interval timer 0 510016
" 1 Interval timer 1 510116
” 2 Interval timer 2 5102 ¢
CW Control word 510316
Note 1 The address area can be altered by using an inline con-
nector as follows:
Memory D000, ¢~FFFF ¢
1/0 and Timer CXXX ¢
INTERFACE
Bus : All signals are TTL compatible (fanout LS
TTL 1 gate).
Timer All signals are TTL compatible (fanout TTL
1 gate).
Serial I/0O : TTL level or RS-232-C standard interface.

CONNECTORS

1. P1 (for bus): Straight dip-type, 50 pins

2. J1 (for bus): Straight pin header, T-type, 50 pins
3. J2 (for 1/0): Angle pin header, L-type, 50 pins

PIN CONFIGURATION
(Connectors P1 and J1)

2 1
GND 4 3 GND
GND 6 5 GND
(5v)  Vgc |8 71 Vee (V)
DB1H+>|10 9|«+ DBOH

DB3H |12 1] DB2H

DATA BUSY ppshesf1a  13|esDBan [PATABUS
DB7H+»|16  15|«>DB6H

READ CONTROL RDCL—[18 17
WRITE CONTROL WRCL—}20 19
INPUT 22 21
24 5 32
26 — 25

28 « 27]<—RSOH RESET INPUT
30 ~ 29
32 31
34 33

AB1H—|36 35|« ABOH
AB3H—|38 37}« AB2H
AHSH —40 39|+ AB4H
ABTH —|42 41}« AB6H
AB9H —|44 43|+ AB8H
ABBH —|46 45|« ABAH
ABDH —|48 47|+« ABCH
ABFH—]50 49|« ABEH

ADDRESS BUS ADDRESS BUS

In the above diagram when a name is not shown for a pin, then that pin
is not used, only connected to the same pin number of P1 and J1.

Connector J2

(12v) Voo [ tREHRE[©
12 cc 1f— TxD RH "
TRANSMIT DATA
12v) GVND é 3|+ DTR RH géXéyTERMINAL
-12 BB 5]— R RH
NG 8 7 ’_D.Srg RH [REQUEST TO SEND

DATA SET READY
RECEIVE DATA
CLEAR TO SEND

NC 10 9] «—RxD RH
NC 12 11]+-CTS RH

GND 14 13| TTL TxD
TTL LEVEL] GND |16 15]«=TTL RxD |geRriaL 1/0
INPUT/OUTPUT GND 18 17—+ RDR TTL |[TTL LEVéL
GND 20 19] «<-BUSY FLG
" TIMER ITC 1—])22 21|«ITCO
MINEDAIGTRGT 1TO 1 24 23fe-iTG 1 INTERVAL
ITG 2—126  25]«ITC2 INPUT/OUTPUT
NC 28 ™ 271+ 1TO2
DB6B+ |30 29|+ DB 7B
PCA 8507 | DB 4B «» 32 31]e< DB5B PCA 8507
DATA BUS | pg 2B ++ |34 33]« DB 3B DATA BUS
DB OB+ |36 35}« DB 1B

R OPE

USER OPEN{CS 3L«|38 37]—CS2L
USE N
CHIP SELECT

CHIP SELECT|cssL «40 39— CSaL
PCA 8507
ADDRESSEY, ABOB +[42 41]—- CS6L
NC |44 a3l AB1B PCABOOT |4
NC a5 45| NG AoP

NC |48 47 NC

POWER TRANSUTIEA TxROY (50 a9 AxmDY  RECEWER
5V, 1A maximum (when six M5L2716Ks are loaded)
+12V (when used as an RS-232-C interface)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8507

MELCS 85/2 MEMORY AND SERIAL I/0 EXPANSION BOARD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Limits Unit
Vco Supply voltage 0~6.5 \
Vbbb Supply voltage (plus supply for RS-232-C) 15 \%
Vgg Supply voltage (minus supply for RS-232-C) With respect to GND —15 \
V) Input voltage 5.5 \
Vo Output voltage 5.5 Vv
Topr Operating free-air ambient temperature range 0—~55 \Y
Tstg Storage temperature range —30~70 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~55°C, unless otherwise noted)

Limits
Symboi Parameter Unit
Min Nom Max
Vece Supply voltage 4.75 5 5.25 \
ViH High-level input voltage 3 Vece \
ViL Low-level input voltage 0 0.65 v
Vobo Supply voltage (plus supply for RS-232-C) 10.8 12 13.2 \%
Vs Supply voltage (minus supply for RS-232-C) —-13.2| —12 —10.8 \%

ELECTRICAL CHARACTERISTICS (Ta=0~55°C, Voc=5V +5%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

VoH High-level output voitage | DBOB ~DB78 foH=— 3mA 2.4 \4
High-level output voltage | ABOB, AB1B lon=— 3mA 2.4 \
High-level output voltage | ITO1, 1TO2 lon= —150A 2.4 v
High-level output voltage | CS2L. ~CS6L lon= —400uA 2.7 \"

=10.8V, Vgc—-=—13.2V 5

High-level output voltage | TxDRH, DTRRH, RTSRH x‘f‘_";ogv RL:(>30~7k9 3 v

VoL Low-level output voltage | DBOB —~DB78 loL=12mA 0.4 \
Low-level output voltage | ABOB, AB1B loL=12mA 0.4 \
Low-level output voltage | ITO1, ITO2 loL=1.6mA 0.45 \
Low-level output voltage | CS2L ~CS6L loL= 4 mA 0.4 \"

Vi =10.8V, Vgc—=—10.8V

Low-level output voltage | TxDRH, DTRRH, RTSRH V?:; 2v. R|_=3CE o -5 v

MITSUBISHI
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MELCS 85/3 VOICE GENERATING SINGLE-BOARD COMPUTER

MITSUBISHI MICROCOMPUTERS

PCA8520G01, GO2

DESCRIPTION

The PCA8520 is a voice generating single-board computer.
It consists of an 8-bit M5L8085AP microprocessor, mem-
ory, 1/0O interface, voice reproducing IC, and is fabricated
on a single 125 x 145 mm printed circuit board. Voice
data is first recorded in EPROMs and is changed into voice
data through delta modulation system.

FEATURES
Type Contents
PCA8520G01 Single-board computer only
PCA8520G02 PCA8520G01 single-board computer . . .. ... ... .. 1pc.
MbBL2716K (007) EPROM for control
programstorage ............ 1pc.
(008~014) EPROMs for voice data storage . . . . ... 7 pcs.
Speaker . ... 1 pc.
Instruction manual . ... .. .. 1 vol.

® A single-board computer complete with CPU, memory,
1/O interface and voice reproducing IC.
® Storage capacity of the EPROM:
using M5L2716K: 16K bytes (max)
using M6L2732K: 32K bytes (max)

® Storage capacity of the RAM: 256 bytes
1/0 interface: 24 bits (8 bits x 3)
® Voice recording time:
using M5L2716K: 9 seconds (max)
using M5L2732K: 18 seconds (max)
® Voice maximum output power (at Vgcz = 9V):
1W (typ)
® Compact dimensions (LWH) 125x145x20 mm

APPLICATIONS

® An alarm device to be used in factories, offices, etc.

A recorded sales message device

An audio output information device

A device to give voice operation instructions

Numerical value response for measurement instruments
and calculators

FUNCTION

The PCA8520 is a single-board computer with a voice
generating function, and is designed around Mitsubishi’s
MBL8085AP CPU, its LSI family, and voice reproducing
IC. It comes with 16K bytes (M5L2716K x 8) or 32K
bytes (M5L2732K x 8) of read-only memory and 256
bytes (M5L2112AP) of random-access memory. The

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8520G01, GO2

MELCS 85/3 VOICE GENERATING SINGLE-BOARD COMPUTER

PCA8520 has 1 M5L8255AP programmable peripheral

BLOCK DIAGRAM NOTATION

interface (PP1) which offers 24 bits (8 bits x 3) of pro-

Name

Function

grammable 1/O port.
Voice reproducing is performed through an IC for delta
demodulation, a low-pass filter, and a power amplifier.

Reset circuit

A system reset signal is generated when power is
turned on.

Voice data in the ROM can be sent to the voice reproducing
circuit by program control, and then output with 1W of

Oscillator circuit

The clock is supplied to the CPU and the frequency
divider circuit

power.
A nine-second message can be output when using 8

Frequency divider
circuit

The frequency of the oscillator clock is devided by
256 and is supplied to the voice reproducing circuit.

M5L2716Ks. An eighteen-second message is possible when

CcPU

Executes the program

using 8 M5L2732Ks. Voice data can be output at both
syllable- and word-levels, and can be edited under program
control.

Address latch

As the data and low-order address signals are sent
from ADy~AD, terminals of the CPU using time-

sharing technique, only the address signal is latched
into the address latch circuit by the ALE timing signal.

OPERATION
The M5L8085AP CPU executes programs stored in the

Jumper socket

MBL2716Ks or M5L2732Ks can be selected by
simply changing the jumper wire in the jumper socket.

ROM synchronizing with a quartz ocillator clock. The
frequency of this clock is divided by 256 and is supplied
to the SID terminal of the CPU and the input of the IC for

Generates the selection signal of a ROM, RAM, and

delta demodulation. The voice can be generated using voice
data. This voice data, which is stored in the ROM, is con-

verted parallel to serial and is sent to the SOD terminal in

Address decoder

PPl decoding the high-order bits of the address signal
ROM Memory to store program and voice data
RAM Memory to store data stack, temporaly data, etc.
PPl Is used for external data inputs and outputs

sequence from the most-significant bit.
The M5L2112AP RAM can be used as a data stack, etc.

Voice reproducing
circuit

Reproduces voice waveform from the digital signal
which is sent from the SOD terminal of the CPU

The M5L8255AP PPl can be used for external data
inputs or outputs.

Low-pass filter

This filter only passes low-frequency voice signals.

Voice signal passed through the low-pass filter is

Amplifier
amplified to 1W
BLOCK DIAGRAM
(5V) Voo 11— ’
(5V) Veco —= ﬁ[_}ll M74LS138P
GND|——> —
—5V)V > 1 2
( )Ves Sp 25 Ais A Bu
3 2o SID § a2y it
Q
= he o] I =
g o« CPU 8
o M5L8085AP
M54816P rRob
. il
=
3 AD7
RESIL z3 e K 0
RESET INPUT gg RE:(')N 4&00 ? ﬁ)@ 2o 12
w R U ok = —
EE ALE 2_‘ ROM CS Apg~A11{ CS Ap—~A1
] —READY M5L2716K OR  |RAM
« M5L2732K M5L.2112 AP|
— ) M5L8212P Do~D7 Do~ D7
Be Lok 8 2 8 8
s =5 522 Sopb - DATA BUS
< 5L >o% WR l 18
= a® CLK s b
g RST7.5 T RD WR CS Do~ D7
M5155L |  M51802L T - PPI M5L8255AP
PBo~PBy
PAg~PA7 PCo~PC
PP
Vout MIXO MIXI FZH RESOH READYH CLKH RST7.5 PAOH~ PBOH~ PCOH—
VOICE  PREAMP MIXER OUTPUT  RESET  READY cLock INTERRuPT PATH  PBTH  PCT7H
OUTPUT  OUTPUT INPUT INHIBIT ~ OUTPUT  INPUT OUTPUT  INPUT F’Iggl}ﬁ IN*;GT/ F"ggLTJT(/:
INPUT OUTPUT OUTPUT QUTPUT
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8520G01, GO2

MELCS 85/3 VOICE GENERATING SINGLE-BOARD COMPUTER

SPECIFICATIONS PIN CONFIGURATION Connector J1
ltem Contents
Method CVSD Method 2 1
5V) V, { } Veer  (5V)
CPU device Mitsubishi M5L80B5AP (5V) Vss1 2 g
GND
Cyclet Basic instruction time 2.2us (at 3.6MHz crystal GND { 8 7 VOICE OUTPUT
yele time oscillator frequency) 10 S|+ FZH INHIB!
12 1M|«—RST75H INTE?RUPT
16K bytes (max) using M6L2716Ks PA1HH 14 13|«>PAOH
address 0000;6~3FFF ;¢ PA3H+*{16 15j]«*PA2H
ROM 1/0 PORT A PASH«s]18 17)esPAGH 1/O PORT A
Memory 32K bytes (max) using M6L2732Ks PATH«|20 19}« PAGH
address 0000,6~7FFF, [PB1H<—» 22 21|« PBOH
~ - PB3H+*|24 ( 23|«*PB2H
n
RAM 256 bytes  address C000,6~COFF,¢ IO PORT BY bocieulog = 25|« pran (/O PORT B
PB7H«+»|28 27}«>PB6H
Programmable |/O ports: PC1H+|30 29}«> PCOH
8 bits x 3 ports PC3H+»|32 31| PC2H
1/0 interface 1/0 PORT C4 pasHes|3a 33} PCAH 1/0 PORT C
(PPI M5L8255AP) PC7H+|36 35> PC6H
address 8000,~8003,6 RESET OUTPUTRESOH+—|38 37|+*RESIL RESET INPUT
READY INPUT READYH—]40 39)«+*CLKH CLOCK OUTPUT
i NC 42 41 NC
9 d: M5L2716Ks ( )
Voice recording time 1;?2:2(\;:3239 M5L2732:s(m:1:x) (-5V) Ves |44 43l Ves (—5V)
(5V) Veoz |46 45  Vccz2 (5V)
Sotpet o W (Voz=5V, THD=10% f=1kHz) GND gg j; }GND
Interrupt 1 interrupt, 1 level
Note 1: NC means no connection.
. . MELCS 85/1 microcomputer console
Auxillary units
voice data unit
Power supply 5V (Two power sources: Vcer, Vecz) —5\/ Connector J2
Angle pi 50p
Connectors Angle pin, header type 6 pins (for voice output) 1 Vout VOICE OUTPUT PIN
Angle pin, header type 4 pins (for power)
Physical dimensions (LxWxH): 125x145x20 mm 2 GND
3 MiX1 MIXING INPUT PIN
VOICE
CONNECTORS 1 eno ouTPUT
1/0 Ports: (Connector J1)
angle pin header L-type 50 pins 5 MIXO PREAMP OUTPUT PIN
Power: (Connector J2)
. . 6 GND
angle pin header L-type 4 pins J
Voice Output: (Connector J3)
angle pin header L-type 6 pins Connector J3
1 Veet 5v
2 Vcez 5v
> POWER SUPPLY
3 GND
4 VBB — 5V
)
1/0 ADDRESS
PPI
Port A Port B Port C C, w
1/0 Address 801¢ 811 821¢ 8315

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8520G01, GO2

MELCS 85/3 VOICE GENERATING SINGLE-BOARD COMPUTER

MEMORY ADDRESS MAP

000016

ROM1
3FFF s,
400016

ROM 2
1FFF g (Note 2)
C0001s

A

COFF1e RAM
FFFF16 Locomoooo ]

ABSOLUTE MAXIMUM RATINGS

Note 2:

ROM?2 is additional storage area when 8 M5L.2732Ks are used.

3: ROM is fully decoded, but RAM and PPI are not.

Symbol Parameter Conditions Limits Unit
Vcer Supply voltage 0~7 \Y
Vcceez Supply voltage 0~15 \Y
Ves Supply voltage With respec to GND —15~0 \%
V) Input voltage 5.5 \2
Vo Output voltage 0~5.5 \Y
Topr Operational free-air ambient temperature range 0~55 C
Tstg Storage temperature range —30~70 c

RECOMMENDED OPERATING CONDITIONS (Ta =0-55C, unless otherwise noted.)
Limits
Symbol Parameter Unit
Min Nom Max

Vcet Supply voltage 4.75 5 5.25 \Y
Vcez Supply voltage 4 5 12 \Y]

Ve Supply voltage —18 -5 —4 \Y
ViH High-level input voltage 2 \V
ViL Low-level input voltage 0.8 \V

ELECTRICAL CHARACTERISTICS (Ta=0~70C, unless otherwise noted.)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VOH High-level output voltage, RESOH, CLKH lop= —400 uA 2.4 \Y
VoL Low-level output voltage, RESOH, CLKH loL=2mA 0.45 \%
VoH High-level output voltage, PAOH~PC7H lop= — 200 A 2.4 \
Vou Low-level output voltage, PAOH~PC7H loL=1.7mA 0.45 \V
ViH High-level input voltage, RESIL 2.4 Vﬁ% 5 v
Vie Low-level input voltage, RESIL —0.3 0.8 \
ViH High-level input voltage, READY, RST75H 2.2 Vfg s v
ViL Low-level input voltage, READY, REST75H —0.3 0.8 \"
Po Voice maximum output power, ;:’Z :91?%_’3 ;j;fg‘z' Voocz =9V 0.7 1 W
{ele3] Supply current from Vecy When 8 M5L2716K EPROMs are used. 450 900 mA
lccz Supply current from Veca 400 mA
g Supply current from Vgg 100 mA
MITSUBISHI
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MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

MITSUBISHI MICROCOMPUTERS

PCA8540G01, GO2

DESCRIPTION
The PCA8540 is a single-board computer of the MELPS 85
LS family. The TV interface is fabricated on a single 125

x 145 mm printed circuit board. It provides for screen dis-
playing with a resolution of 256 x 192 elements maximum
in 2 colors, up to 8 colors in semigraphic 4, or up to 64
ASCII coded characters. A simple connection to the anten-
na terminal allows it to be used with a home color TV re-
ceiver. The PCA8540 also produces composite video sig-
nals that can be connected directly to the video monitor.

FEATURES

Type Function

For home-use TV

with output of NTSC system signals for Japan
Channel 1 or 2

Contains no EPROMs

Contains only one M58725P for screen memory

PCA8540G01

For video monitor TV

with monochrome video monitor signals
Contains no EPROMs

Contains only one M58725P for screen memory

PCAB8540G02

® A single-board computer complete with CPU, memory,
1/0 and TV interface

® Enables up to 256(H) x 192(V) elements graphic display
on a home color TV receiver (or monochrome video
m,\..:o,\—)

ONitor

® Up to 64 characters can be displayed

® The 64 ASCII characters are stored on an internal char-
acter generator ROM and can be displayed together
with semigraphics 4 mode

® Provide 9 colors on screen: green, yellow, blue, red, light
gray, cyan, magenta, orange and black

® ROM 4K bytes (max) + RAM 256 bytes or ROM 2K
bytes + RAM 2.25K bytes

® Programmable 1/0 port with timer: 22 bits

® Compact: dimensions (LxWxH): 1256x145x20 mm

® Expandable memory and 1/0 (using memory 1/0 ex-
pansion board PCA8506 or PCA8507)

APPLICATION

® TV games

® Data terminal with graphic capability

® Display terminal for microcomputer systems
® Commercial advertising display

® Slave computer for a MELCS 85/2 system

FUNCTION

The PCA8540 is a single-board computer, with color TV
display capabilities designed to be compatible with the
Mitsubishi M5L8085AP CPU and its LSI family as well as
the VDG (video display generator) LSI M5C6847P-1.
The PCA8540 comes with 4K bytes of ROM + 256 bytes

5

NESEERES | A
SRNSsRBBRESRERnRaRNe |

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8540G01, GO2

MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

of RAM or 2K bytes of ROM + 2,304 bytes of RAM along
with 3 1/0 ports (22 bits). ROM, RAM and 1/O are pro-
vided by the M5L2716K x 2 + M5L8155A or M5L2716K
+ M58725P + M5L8155A.

The TV interface of the GO1 system consists of a VDG
LS| M5C6847P-1 (TV interface), an M51342P RF modu-
lator IC and 3 M58725P 16K static RAMs which are used
for screen display memory. The G02 system has a video
amp circuit instead of an M51342P.

As the various display modes can be programmed using
an M5C6847P-1, the following can be displayed.

Character display, pattern stored on internal ROM
Reverse character display (one character)

Semigraphics 4 (up to 8 colors)

Semigraphics 6 (up to 4 colors)

64 x 64 4colors ® 128 x 64 2 colors

128 x 64 4 colors ® 128 x 96 2 colors

128 x 96 4 colors ® 128 x 192 2 colors

128 x 192 4 colors ® 256 x 192 2 colors

The PCA8506 and PCA8507 are used, for memory 1/0
expansion boards, to expand to a maximum of 16K bytes
of ROM or RAM, an RS-232-C serial interface can be used.

OPERATIONS

The program for the M5L8085AP CPU is normally stored
on 2 M5L2716K EPROMs (2 x 2K bytes) and an M5L-
8155P RAM (256 bytes) but 1 M5L2716K EPROM can be
replaced by an M58725P RAM (2K bytes). Data trans-
mission to and from external sources is done through the
ports of the M5L8155P.

There is a data buffer between the M5C6847P-1 and the
CPU on the address and data bus. This allows the M5C-
6847P-1 to operate independently of the CPU when reading
information from the M58725P RAM for screen data. It
adds synchronous signal before it is output serially to the
M51342P TV game modulator. The signal includes the
intensity and color signals which are modulated by the
M51342P into NTSC system TV signals for channel 1 or 2,
The M5C6847P-1's composite video signal can be used for
input to the monochrome video monitor.

When the CPU accesses the RAM, addresses 6000;¢~
77FF ¢ for screen data, MS of the M5C6847P-1 will be at
low-level and the address output will be in high-impedance
state. During this period the CPU can change the contents
of the RAM for screen data. The CPU can also change the
display mode of the M5C6847P-1 through the data bus by
accessing mode set address 4800, ¢ .

BLOCK DIAGRAM (PCA8540G01)
e - - TA15H
( TV CHANNEL SELECTOR &y ADDRESS BUS
AL cuz;b-
) 3.579548MMz
Ves (5v) TARK TANK RF TV ANTENNA
M51342P
GNOF—=(0V) o M7sLSI39P 4L S139P) L MODULATOR|FOR TV GAMES
Ves[—= (- 5V) g“'-Aw”” anl (0 e SOUND IN SOUND INPUT
Wao [3Y =N 2ja, 0._]
e 20 VIDEO MONITOR
P ’r o] VIDED $UTPUT
—
nsiL LFOWER ON e HTJ—[ wisie| 6
e
RESET INPUT RSIL _)1CIRCLEJTTH N voroar o
TRAP INTERRUPT : CPU As iz | MLS2UP 6| MREL
[ e o T ARREE I
[RSL RsTrs BUFFER 13 _
RESTART Rest f——s>—dnste s 3 8 (BUFFER] ST e fsL 8\(JNCHRONOUS
INTERRUPT INPUT Ao 1 L MS5CE847P-1 3L HORIZON
INTERRUPT REQUEST host G x P 2 o : V INTERFACE rer BPGHERONSUs
SIGNAL lNTL—-*—'O—-'NW a0)) 8| 8 [oiy DO MT4LS244P Do ~D> RI BUTPUT
TERRUPT INTA wra ado[™TY ol ADDRES! n . ROW PRESET OUTPUT
KNOWLEDGE OUTPUT READY IMMLSITIP. BUFFER TDIH
READY INPUT FOTH oo sot®we| || ADDRESS 8
LATCH' _J Toemn Cs |} DATA BUS
SERIAL DATA INPUT SIDL TS g LI o "BIRP PoR [ 0H J
' Ao~A&ig CS Ao~Aw CS Do ~0
SERIAL DATA SODL wsLziek | [wscanexeprond 2 ;01 SCREEN DATA
EPROM ORM“"SP RAM| 8 8
OE Dp~D» OE  Do~D»y
j s lj }a | Gl .
READ CONTROL
WRITE CONTROL Wt - s ot
L
OUTPUT 1 W LOFFER
ADDRESS LATCH ALEL < VG a6, <07 S
ENABLE OUTPUT s P Msutssppw RA O1R
clLocK oUTRUT CLKH i TMer By Pos
CLOCK QUTPUT “=77 N en 2
' T [0y [ — __._______J
e
- T 710 PATH PBTH PCSH -
TIMER TIMER ) ) \
INPUT  OUTPUT  pagH PBOH PCOH
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MITSUBISHI MICROCOMPUTERS

PCA8540G01, GO2

MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

SPECIFICATIONS PIN CONFIGURATION Connector J1
Item Description
Method 8-bit parallel operation NC 2 1 Vs (—5V)
CPU Component Mitsubishi’s M5L8085AP (equivalent to the intel 8085A) g:‘lg g g gzg
Cycle time Basic instruction time 2.23us (at clock frequency 1.79 MHz) (5v) Vee 8 71 Vece (5V)
DB1H«{10 9f<>DBOH Y (LSB)
M
emory EPROM DATA Busd PB3H<+112 11}++DB2H DATA BUS
4K bytes (M5L2716K x 2) DB5H«+|14 13j<*DB4H
Address 0000, ~OF FF ¢ (MSB){ DB7H++|16  15|«>DB6H
2K b - READ CONTROL OUTPUT RDCL +—{18  17|-+SToH
or ytes (M5L2716K x 1) (Note 1) wWRITE CONTROL OUTPUTWRGL 20 9l—sTiH STATUS OUTPUT
Address 0000, ~07FF ¢ INTE DATALTRANSMISSION
AC NOWLEDGE OuTPUT ITAL «|22 21— I10MH lﬁONgRSIP-T
RAM ROM EXPANSION
GUFFON ROMSEL 1124 23| INTL RequEts" eyt
256 bytes (M5L8155P) READY INPUT RDYH—|26 — 25]«-RSIL RESET INPUT
Address 4000, 4 ~40F F 6 EOREESHUARGH ALEL «—f28  27|—>RSOH RESET OUTPUT
or 2304 bytes (M5L8155P + M58725P) HOLD RECEIVE INPUT HLAH «—|30 29]— CLKH CLOCK %%%Tsxom
Address 08000;6~O0FFF,¢ (Note 1) HOLD INPUT HLDL—f32 31 —'RUMSELT%EQ"('NQLEJRR%T
4000,6~40FF 6 INTERRUPT INPUT R 75L—]34  33J+-TRPL g1
AB1H +|36 35{—ABOH )(LSB)
Screen Memory (Note 2) AB3H +|38 37— AB2H
6K bytes (M5872P x 3) ABS5H «|40 39]—AB4H
Address 6000~ 77FF 1 AB7H«}42 41— AB6H
ADDRESS BUS ABIH «|aa a3l— AB8H ADDRESS BUS
1/0 Programmable port ABBH +}46 45— ABAH
22 bits (M5L8156P) ABDH«-48  47|—+ABCH
Address 4100,~4105,6 (MSB) LABF H «—|50 49]—ABEH
Serial input/output
Opens SID, SOD of CPU
Video output GO1: NTSC system, Japan, channel 1 or 2
G02: Monochrome composite video monitor signal conne‘:tor J2
Display method Priority CPU
Int t
nerrup 5-level (INTR, RSTE5, RST65, RST75, TRAP) SOUND INPUT SOUND IN — |2 'l Voo (5V)
GND 4 3 GND
SERIAL DATA OUTPUT SODL +|6 5]« SIDL SERIAL DATA INPUT]
td
Support device PCAOBO3 (program checker) can be used PC8500 NFERRUPT inpuT RSSL— 8 7e—ResL T AR pT inpUT
VERTICAL SYNCHRONO
(portable microcomputer console) can be used. SIGNAL OUTPH% FSL 10 9+ HSL ggﬁ(‘:ﬁ%%kous
PATH |12 11 je> PAOH )SIGNAL OUTPUT
PA3H+*|14 13j> PA2H
P I - % 1/0 PORT A
ower supply GO1: 5V fS%' 5V 5% 10 PORTAS pasHesf16  15]es PAGH
G02: 5V 6% PATH<+*|18 17|+ PAGH
Applicable Straight pin header 50 pins (for bus extension) PB1H+*}20 19)«+ PBOH
connector . . PB3H+»]22 21} PB2H
Angle pin header 50 pins (for /O port) 1/0 PORT B PB5H«|24 23] PBaH 1/0 PORT B
Physical dimensions | (L x W x H): 125 x 145 x 20 mm PB7H+*]26 N 25)« PB6H
PC1H |28 27+ PCOH
Note 1: By switch of ROM/RAM connector. 1/0 PORT C<. PC3H +*|30 29]«> PC2H , 1/0 PORT C
2: 0.5K bytes are used for screen data and 5.5K bytes can be used for data. PCSH«>}32 31} PCa4H
NC 34 33 NC
NC 36 35 NC
NC 38 37 NC
NC 40 39 NC
NC 42 41 NC
ROW PRESET OUTPUT RPL + |44 43 NC
TIMER OUTPUT TO<+—}46 45 «—TI TIMER INPUT
RAM EXPANS‘ON RAMSEL 2 «—|48 47]— RAMSEL 1 RAM EXPANSION
OQUTPUT
Ne |so a9 w~C OUTPUT
Connector J3
1 Vgg (—5V)
z GND(oV) POWER SUPPLY
3] Voo (5V) [ v
4 NC
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MITSUBISHI MICROCOMPUTERS

PCA8540G01, GO2

MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

INTERRELATION BETWEEN EACH MODE AND THE SCREEN

A/s|INV |A/G|T/E |[CSS|GM2|GM1|GMO Color (Note 5) bisol o " Memory
isplay ata ode apacity
(D7) | (De) | (Ds) | (Da) | (D3)| (D2) | (D1)| (Do) | character g?gﬁ‘;\'d Border (Bytes)
0 0 0 0 0 X X X Green Black Black D7DgDsD4D3D2D1Dg
1 Black Green 5x 7 Dot < |[® Alpha numeric
matrix gle 32 characters x 16 lines | 0-5K
0 [¢] Black alo
0 o | o 1| x| x| x == K| Bk | Tohe | 1348
1 Black Orange -
D3{D;| E Semigraphic 4
1 X | 0 0| X | X | x| X 8 Color O Black 5,/D¢ [Zg 84 x 32 picture elements | 05K

olor —Luminanci

X X 0 1 0 X X X 4 Color @ Ds|Dg
l I Semigraphic 6
Black D3 D2 64 x 48 picture elements 0.5K

e
X X 0 1 1 X X X 4 Color @ D1{Do Color  Luminance

X X 1 X 0 0 0 0 4 Color @ Green 6468
E3~Eo | l I Color graphic K

X X 1 X 1 0 0 0 4 Color ® Dark gray £; E, E; Eo
Color
X X 1 X 0 0 0 1 2 Color ® Green 12864
|D7~ Dﬂl H { I] l I I Graphic 1K
X X 1 X 1 0 0 1 2 Color @D Dark gray
Luminance
X X 1 X 0 0 1 0 4 Color @ Green 128X 64
[E:;N_EU] | I Color graphic 2K
X X 1 X 1 0 1 0 4 Color ® Dark gray = Es E, E. ] £ o
Color
X X 1 X 0 0 1 1 2 Color ® Green 128X 96
X X 1 X 1 0 1 1 2 Color @ Dark gray
Luminance
X X 1 X 0 1 0| o 4 Color @ Green 128% 96
|E3“E0 | l | Color graphic 3K
X X 1 X 1 1 0 0 4 Color ® Dark gray éa E, Eq1 Eo
Color
X X 1 X 0 1 0 1 2 Color ® Green 128 192
IrDo] ! I Graphic 3K
X X 1 X 1 1 0 1 2 Color @D Dark gray
Luminance
X X 1 X 0 1 1 0 4 Color @ Green 1285192
[E3NE0 l i J I Color graphic 6K
X X 1 X 1 1 1 0 4 Color ® Dark gray Es E, E; Eo
Color
X X 1 X 0 1 1 1 2 Color ® Green 2565192
[D7~ Do I | | Graphic 6K
X X 1 X 1 1 1 1 2 Color @ Dark gray
Luminance
Note 3: INV (reverse of character) is determined by Dg of data (when Dg 1> INV 1
0~ 0)

4: When 1/E (D4) =0, A/S is determined by D, of data (1 = Semigraphics 4 mode, O = Character mode)
5: Details regarding color are on the next page

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PCA8540G01, GO2

MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

COLOR DETAILS

MEMORY ADDRESS MAP

Color data
De Ds Da D3 ~Do
X X X 0 Black 00001 k)
PROGRAM AREA
0 0 0 1 Green 07FF | EFROMIC2 2K BYTES
0 0 1 1 Yell 0800
8 0 1 0 1 BI . *| EPROM IC3 PROGRAM OR DATA
Colors e 0FFF s (OR RAM) AREA 2K BYTES
@ 0 1 1 1 Red 1000 1
1 0 0 1 Dark gray OPEN ROMSEL 1(1000~17F F15)
1 0 1 1 Cyan 43§(r;’r-‘,5 | ROMSEL 2(1800~1FFFi5)
0
I i T
1 1 1 1 o
ronee 41991 PPI_IC7 PPICW (410015)
css Dy Ds Ds~Dp 4106 16 RESERVED PPIA  (410155)
0 X X 0 Black 47FFqg PPIB  (410215)
A ac 48001( DG MODE SET PPIC  (410316)
0 0 0 1 Green 4FFF g PPITL (41041)
Colors 0 0 1 1 Yellow 5000 4 OPEN PPITH (410515)
@ 0 1 0 1 Blue 5FFFqg RAMSEL 1(5000~57F F15)
0 1 1 1 Red 600016{ \pG FIELD RAM RAMSEL 2(5800~5F F Fig)
17FF (6K)
1 X X 0 Black 1800 5
6 OPEN |
4 1 0 0 1 Dark gray TFFFqg
Colors 1 0 1 1 Cyan 8000 6, :
® 1 1 0 1 Magenta I OPEN ]
1 1 1 1 Orange | :
FFFF g1 )
CSS Dy De (DsDg4, D3D2, D1Dg)
4 0 0 0 Green
Colors 0 0 1 Yellow
@ 0 1 0 Blue
0 1 1 Red
MEMORY CAPACITY AND 1/0 EXPANSION
1 0 0 Dark gray . .
4 1 o 1 Cvaan The capacity of the PCA8540 can be easily expanded by
Col ..
‘gs 1 1 0 Magenta the addition of other boards such as the PCA8506 or
1 1 1 Orange PCA8507.
2 CSS  D; (Dg~Dy) PCA8506 (ROM, RAM and Parallel 1/0 Extension)
Colors 0 0 Black
® 0 1 Green
Features
coes | 1 © Black oM it 12K bytes (Note 6)
3 1 Dark aray emory capacity . ........... ytes (Note
® Programmable ports 48 bits . ........... 8 bits x 6
® Programmable timers. .. ... .. e 16 bits x 3
® Small size, dimensions (LxWxH) . ... 145x125x17 mm
PCA8507 (ROM, RAM and Serial 1/0 Extension)
Features
® Memory capacity . ........... 12K bytes (Note 6)
® Serial port (RS-232-Cor TTL Level) ........ 1 port
® Programmabletimers. .. ........... .. 16 bitsx 3
® Small size, dimensions (LxWxH) . ... 145x125x17 mm
Note 6: The memory can easily be expanded in units
of 2K bytes up to 12K bytes using any com-
bination of M5L2716K EPROMs and
MB58725P static RAMs
MITSUBISHI
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PCA8540G01, GO2

MELCS 85/2 COLOR TV DISPLAY SINGLE-BOARD COMPUTER

Absolute Maximum Ratings

Symbol Parameter Conditions Limits Unit
Vece Supply voltage 0~7 \%
Vas Supply voltage With respect to GND 0.3~—6.5 v
Vi Input voltage 5.5 \
Topr Operational free-air ambient PCAB8540 GO1 Logical circuit 5~50 °Cc
temperature range PCA8540 GO2 Logical circuit 0~55 °Cc
Tstg Storage temperature range —10~70 °C
Recommended Operating Conditions (Ta=5~40"C, unless otherwise noted. )
Limits
Symbol Parameter Unit
Min Nom Max
Voo Supply voltage 4.75 5 5.25 \
Vas Supply voltage —5.25 —5 —4.75 \
VinH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \
Electrical Chafacteris‘tics (Voc=5V+5%, Vgg= —5V +5%, Ta=25°C, unlessotherwise noted.)
Limits
Symbol Parameter Test conditions — Unit
Min Typ Max
VoH High-level output voltage, PAOH~ PC5H loH= —50uA 2.4 v
VoH High-level output voltage, ABOH~AB7H lop= —900uA 3.65 \Y
VoH High-level output voltage, AB8H~ABFH loH= —300uA 2.4 \Y
VoH High-level output voltage, RSOH, CLKH, HLAH, ALEL foH= —300uA 2.4 \Y
VoH High-level output, other outputs loH= —400uA 2.4 \%
VoL Low-level output voltage, PAOH~PC5H loL=1.8mA 0.4 \Y
VoL Low-level output voltage, ABOH~AB7H loL=16mA 0.5 \%
VoL Low-level output voltage, AB8H~ABFH loL=1.9mA 0.45 \%
VoL Low-level output voltage, CLKH, ALEL loL= 8mA 0.4 \Y
VoL Low-level output, other outputs loL=1.9mA 0.4 \
lce Supply current from Vee When 2 EPROM s are loaded. 0.6 1.3 A
Isgs Supply current from Vgg When 2 EPROMs are loaded. 0.05 0.2 A
foLk CPU clock frequency 1.79 MHz
fomHt RF output frequency 1 91.25 MHz
foHz RF output frequency 2 97.25 MHz
fsus Color sub-carrier frequency 3.579545 MHz
MITSUBISHI
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MELCS 4/1 PORTABLE DEVELOPMENT SUPPORT SYSTEM

MITSUBISHI MICROCOMPUTERS

PC0400

DESCRIPTION
The PC0400 was designed for development support for the
M58840-XXXP

the debugging and maintenance of systems using the
M58840-X X XP.

A £
blllyl!:'blllp 4-bit llu\.luwnlpuu:!, ana Tor

FEATURES

® RAM-base debugging capability

® Program execution and breakpoint capability from any
address

® Single-step operating capability

® Display/alter capability for contents of all registers and
flags in the CPU

® Write/erase capability for the M5L.2708K EPROM

® Connection of users’ systems by an accessory adaptor
card or by cable

® Comes with convenient carrying case

APPLICATION

® The development, design, inspection and maintenance of
hardware and software for systems using the M58850-
XXXP.

FUNCTION
As can be seen in the block diagram, the PCO0400 is

snmnnead ~f tha fallawina rolia
CCMpGsea O the 1CnCWINngG hardware:

Monitor CPU and monitor ROM
Input ports

Output ports

Keyboard/display

EPROM writer and eraser

Program memory and control circuit
Debug CPU and peripheral circuits

The debug CPU makes use of the M58842S MELPS 4
system evaluation device, supervised and controiled by the
M5L8085AP monitor CPU. The program memory stores
the memory under development, and is connected to the
monitor CPU for program setting and confirmation of its
contents, and to the debug CPU for program execution.
The control circuits control the address bus and data bus
of the program memory.

The EPROM writer is used to store the debugged
program in the EPROM, accepting and displaying inputs
from the keyboard.

Interfacing with users’ systems is normally accom-
plished by means of a J4 42-pin connector. A J3 40-pin
connector is used to interface with the touch-keyboard.

N A WN
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MITSUBISHI MICROCOMPUTERS

PC0400

MELCS 4/1 PORTABLE DEVELOPMENT SUPPORT SYSTEM

OPERATION
As can be seen in the application diagrams the PC0400 is
used in cases where the PCA0401 MELCS 4 single-board
system-evaluation computer is applied to system evaluation,
and is connected by its J4 connector via a relay board to
the PMP connector of the PCA0401.

When the PCA0401 is not used, the PC0400 is used as
an in-circuit emulator, connected by a J4 connector to the
42-pin socket of the users’ system CPU.

Application Diagrams

a) Prototype debugging

USERS’ 1/0 BOARD PCA 0401 PC0400

S~

INSERT MALE 42-PIN JACK

INTERCHANGE BOARD

b) Final product debugging

PC0400
“ %—

FINAL USERS' SYSTEM BOARD
INCORPORATING AN M58840-XXXP

BLOCK DIAGRAM
——C AcC 100V
=12V =—
SRV eowen ERASER
%Y1 SupPLY
5y~
Ar—Are GND =—
Ao~As
1 l
ouTPUT INPUT INPUT
INTERRUPT oo | PORT PORT | | EPROM
J4 CONNECTOR [~—{INPUT £ P, PCu WRITER
. |conTROL 3
S £ ADDRESS MONITOR
& | PROGRAM S cPU
Qo MEMORY 2 DATA (INCLUD:
g9 ° BUS ING
o ga x MONITOR
J3 CONNECTOR ~[orspav o wer| 2 ROM)
T RN N INPUT INPUT | [KEY-
[ 7] vomt stans PORT PORTS | |BOARD/
" FLAG S DISPLAY|
FLAG
DECODER
So~Sy
—_ - - -
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MITSUBISHI MICROCOMPUTERS

PC0400

MELCS 4/1 PORTABLE DEVELOPMENT SUPPORT SYSTEM

Panel Operation

NEEERANAN N

)

® © @ ®
@ Data Keys 16 keys for hexadecimal correction @

entering, address, and other data, plus and E/N key for
mode designation.

@ Command Keys : 10 keys labelled as follows:

@
®

g’ﬁ{gi Function
For resetting the M58842S debug CPU, also used
RST for cancelling monitor mode designations and
breakpoints.
RUN For starting programs from the desired address
For executing programs from the desired
STP ;
address (single step) every instruction cycle.
HLT For halting program execution
BKP For designating and confirming breakpoints
For confirmation or alteration of the contents
PGM
of the program memory
DAT For confirmation or alteration of the contents of
the data memory of the debug CPU.
For confirmation of data in all registers, and
REG .
alteration of data in the register displayed on @
P-L Loads contents of EPROM to program memory
P-G Writes contents of the program RAM to the EPROM.

®

7-Segment LEDs: 13 LEDs for the display of debug
CPU status.

LESs: 40 dot LEDs for the display of the internal
status and external status of the debug CPU.

Interrupt Control: For the debug CPU. Two posi-
tions: El (enable int) and DI (disable int)

EPROM Socket: When occupied by the M5L2708K,
S EPROM (equivalent to Intel’s- 2708), allows move-
ment of data from the EPROM to the program
memory and vice versa.

EPROM Eraser and Erase Switch : When the EPROM
is inserted in the eraser and the switched pressed, a
lamp lights and erasing begins and proceeds auto-
matically by timer for approximately 25 min.

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PC0400

MELCS 4/1 PORTABLE DEVELOPMENT SUPPORT SYSTEM

SPECIFICATIONS
Organization 4-bit parallel processing
Monitor M5L 8085AP
CPUs
Debug M58842S
Cycle time 10us @ 600kHz operation

Clock frequency

300 ~ 600k Hz, variable with internal
CR/ceramic filter switching

Program memory

Six M5L2114LP (2K words x 9 bits)
RAMs

Address: 3000,6 ~ 3FFF ¢

Program loaded in RAMs from EPROM

J4 42-pin for interfacing with users
systems

J3 40-pin for interfacing with touch-

keyboard
Connectors
J1 40-pin for internal board connections
J2 40-pin for internal board connections
J5 19-pin for power supply
Ds1, DSs2
” DS1, DS2 for K port inputs without
2 using the touch keys. When keys are
S used all 16 circuits are off
2
Q
o DS3 DS3 for CR/ceramic switching of the
clock, and internal/external
switching of VRer
Keyboard 27 keys
Keyboard/ vyooar v
display Display 13 7-segment LEDs and 40 dot
LEDs

External interrupt
control switch

Toggle switch for disable/
enable

EPROM eraser

Erasing time approx. 25min

Input power supply

100 £ 10% VAC 50/60Hz

Operating ambient temp.| 0°C —~55°C
Storage temperature —30°C ~70°C
Power supply cable 1
. User interface cable with DIL
Accessories connector ]
Adaptor card 1

Overall dimensions
(carrying case)

363 x 363 x 135 mm

Weight

9kg

TI

PIN CONFIGURATIONS
Connector J3

(ov) vss |1 2 | «— CPKOH
(V) vss |3 4| «— CPKIH
(0V) vVvss |s 6| «— CPK2H
V)  vss |7 8| «— CPK3H
V) wvss |9 10| «— CPK4H
(0v)  vss |11 12| +— CPKSH
(oV)  vss |13 14| «— CPK6H PORT K
(0V)  vss |15 16| «— CPKTH INPUTS
(0v)  vss |17 18| — CPK8H
(0V)  Vvss |19 < 20| «— CPK9H
(V) vss |21 ¢ 22| « cPkioH
(0vV) vss |23 24| «— CPK11H
(0V)  vss |25 26| «— CPKI12H
oV)  vss |27 28| +— CPKI3H
(0V)  vss |29 30| +— CPKiaH J
(0V)  vss |31 32 NC
(0V)  vss |33 34| — CPDOH
(0V)  Vss 35 36| — CPD1H PORT D
(V) vss |37 38| — cPDzH | OUTPUTS
(OV)  vss |39 40| — CPD3H
Connector J4
PORT D{ CPDBH <+ | 1 2 | > cPDTH
110 CPDIH | 3 4 | <> CPDBH
CPDIOH <+ | 5 6 | +» CPDsH
ING OUTPUT CTA'H « |7 8 | «» CcPDaH | PORT D
RESET SIGNAL  CVREFH — | 9 10| +» cPo3H | /O
REFERENCE - opkizn — | 11 12 | «> cPD2H
CPKIH —» | 13 14 | > CPDIH
CPKSH —» | 15 16 | +» CPDOH
CPKIH — | 17 18 NC
CPKOH — | 19 20 | — CXOUTH
CPK&H — |21 = 22| «> cPSTH
CPK8H —» |23 24 | «» CPS3H
PORT K J CPKi12H — |25 26 | +» CPS6H PORT S
INPUTS ) cpkitH —» | 27 28| +» cPs2H [ 1/0
CPK3H — | 29 30 | «* CPSSH
CPKTH —» | 31 32| «+ CPStH
CPK2H — | 33 34| «> CPSaH
CPK6H —» | 35 36 | <> CPSOH
CPK10H —» | 37 38 NC
CPK14H —» | 39 40 Vss  (0V)
(0V) CNVssH —» | 41 42 | «— CINTH INTERRUPT
REQUEST
SIGNAL

12—6
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MITSUBISHI MICROCOMPUTERS

MELPS 42 SOFTWARE

CROSS ASSEMBLER

DESCRIPTION

The MELPS 42 cross assembler has been prepared for the
deveiopment of appiication programs suitabie for equip-
ment using the M58496-XXXP single-chip 4-bit microcom-
puter.

This cross assembler not only provides many pseudo
instructions, control commands, and control data for
improving programming efficiency, but it also provides pro-
gram versatility for changing instruction codes and func-
tions.

FEATURES OF THE CROSS ASSEMBLER

® 3 types of control data

Instruction codes and functions easily changed

Catalogs the control data in disk storage

Constants can also be expressed in non-decimal nota-
tions

Printouts available from the tables and cross-reference
lists

Execution computer: MELCOM 70 (memory capacity
more than 24K words, monitor BDOS)

Implementation language: FORTRAN IV (parts are
written in assembly language)

FEATURES OF THE ASSEMBLY LANGUAGE

® 6 pseudo instructions

® 77 machine instructions

® Decimal numbers can be used to define the constants of
the machine instruction operand field.

INPUT/OUTPUT MEDIA

® Source input : Punched cards and magnetic
disk

® Control data input : Punched cards and magnetic
disk

® Control data command : Punched cards

® Execution command : System typewriter keyboard

® Object output : Magnetic disk

o Output lists : Line printer

FUNCTIONS

This cross assembler converts source programs written in
the MELPS 42 assembly language to machine instruction
codes that are filed in disk storage in the form of binary
absolute object codes.

The MELPS 42 cross assembler is a 2-pass translator that
provides data and control command analysis along with
cataloging functions.

Modifying the instruction code and setting mnemonic
tables and numeric tables to constants can easily be ac-
complished by means of the control data. In this way, pro-
gramming versatility is provided for changing functions,
allowing the user free selection in defining the mnemonics
of the machine instructions, etc.

The standard version of the MELPS 42 assembly lan-
guage has 7 assembler control commands (see Table 1). In
addition 6 pseudo instructions (Table 2) can be used in the
source language program.

PROCESSING SYSTEM

CONTROL DATA

SOURCE PROGRAM CONTROL COMMANDS

PROCESS

EXECUTION
comMmanos o Y= +
T S — CONTROL-
COMMAND
-———-————-—| ARALYZING
INPUT TO DISK ! PROCESS
AND CATALOGING

i TRANSLATION PROCESS BY
MELCOM 70

e ———————

CROSS ASSEMBLER |

C—

SOURCE PROGRAM FILE
CONTROL-DATA FILE

| B |

SOURCE PROGRAM LIST
SYMBOL LIST
CONTROL DATA LIST
ERROR WARNING LIST

=
}
|
I
|
|
I
L

ASS 1
CONTROL-DATA ANALYZER

ASSEMBLING PHASE
COMMAND ERRORS

|
|
I D
1
I

OBJECT FILE

AV AND CONTROL

bl
Q

PROGRAM ORDERING INFORMATION

Program name N Ordering number

Program and software manuals included

MELPS 42 cross assembler

&
i‘ GBIAS0010
|
I

MELPS 42 Cross Assembler Manual

GBM-SR00-31A<03A0>

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS 42 SOFTWARE

CROSS ASSEMBLER

CROSS ASSEMBLER

This cross assembler facilitates assembly by the use of the
control commands shown in Table 1. Basically, it requires
only the source program and control commands input
by punched cards with control data being utilized only
when necessary. All input is stored and filed in disk storage.
The control data is processed by the control command
analyzing processor, and the symbol table is created in pass
1. This is followed by pass 2, where each instruction is con-
verted to machine language, while control data, labels and
the assembly list are printed out as specified by the control
commands. On the assembly list, the control commands,
sequence numbers, location numbers and addresses are
printed out, along with error and warning messages, fol-
lowed by the ROM page list and the cross-reference list.

OBJECT LANGUAGE
The object file is composed of a name section and a text
section.

The name section is filed on sector 0 of the object file
and stores overall information such as the total number of
instructions in the text section, control data, file name,
source program file name, size of a single page and the
module name.

The text section contains the data that controlled the
conversion of the source program to instruction codes and
other related data necessary for execution by the simulator.

Table 1 Assembler control commands

ASSEMBLY LANGUAGE
The assembly language that the MELPS 42 cross assembler
accepts consists of machine instructions and pseudo instruc-
tions.
1. Machine Instructions
There are 77 basic machine instructions. These are con-
verted to their corresponding machine codes and then
assembled into an object program. For the mnemonics,
instruction codes and their functional descriptions, please
refer to the data sheet provided for the M58496-XXXP
single-chip 4-bit microcomputer.
2. Pseudo Instructions
Although the pseudo instructions are written in the source
program together with machine instructions, they are not
converted to instruction codes but are used to control the
assembler. The instruction codes will be written in the
ROM.

The assembler-control instructions, numeric symbols
list control instructions are
among the pseudo instructions.

defining instructions and

The pseudo instructions are shown in Table 2.

Command Format Function
Execution start ///RUN Starts execution of the cross assembler
Execution end // / END Terminates execution of the cross assembler

///ASMBA4, x, y, z

Assignment of assembly execution and control data and assembly listings

: Assembly control

///INPUT, x,y

Input/output device assignment

(A) x
x=
P A : Assembly needed
(L P : Designation of cataloging function
Input/output function assignment Y= N
y: Assembly listing
2= (L) z  Control data listing
N
L : Uisting needed
N : No histing needed
Control data /// CDISK, XXXXX Assignment of the control file name (max 6 characters)
File
assignment Source program /// SDISK, XXXXX Assignment of the source program file name (max 6 characters) ]
controi
Object ///BDISK, XXXXX Assignment of the object file name (max. 6 characters) J

Assignment of input device for the control data and source program

C x . Control data input
x= (z) y . Source program input

C C . Punched card input
y= (D) D : Disk input

N N : Control data no input

MITSUBISHI
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MELPS 42 SOFTWARE

CROSS ASSEMBLER

Table 2 Pseudo instructions

Classification Mnemonic Instruction Function
TTL Program title declaration Declares the program title
Assembler control PAGE Program counter paging Sets the counter to the top address of the next page
Instruction ORG Program counter setting Sets the counter to the top address of the program
END End declaration Declares the end of the program
S\é;gggé \{ﬁéffuec?%ix' EQU Symbol value setting Sets a numeral value to the specific numeral symbol
List control instruction | E JE Page eject declaration Advances the printout form to the next page during output

3.

Language Format

The following format should be used in coding programs in
this cross assembler.

The single-line statement is composed of the label, in-

struction, operand, comment, and identification fields.
The format of the source statement is fixed as indicated in
Fig. 1. Although the constant is usually a decimal number,
it may be expressed by hexadecimal notation when defined
by pseudo instructions. -

An asterisk (*) in the first column of a line indicates

that the entire statement is used as a comment field.

The following are valid characters for use in statements:
Alphabetics: A~Z

Numberics: 0~9

Special characters: ; = , ve@ $ + — % | & ().

# % < > ? (space)

/b
1]2]3]a]5]6[7]8]9]10111[1213]14]15]16] 1] 711[72[73[74] .- 80
-
Instruction Identifica-
Label field field Operand and comment field tion field
— 1t

Fig. 1 Source statement format

(1) Label field
The value of the program counter at that time is set to
the label. The number of characters used for a label is
limited to a maximum of 6, and any of the alphanu-
merics and special characters specified above can be
used. However, an asterisk (*) cannot be used in the first
column of the label field.

(2) Instruction field
Mnemonic codes are written in this field, left-justified.
For pseudo instructions, any of the mnemonics among
the assembler-control instructions, numeric symbol
definition instructions and list-control instructions may
be used.

(3) Operand field
Parameters of the instruction are specified in this field.
This field contains the label, defined symbol, or numer-
ical value. The operand is stated from the 14th column,
left-justified.

(4) Comment field
Whenever the operand is followed by more than one
space to the end of the statement, the successive col-
umns may be used for comments.

(5) Identification field
The use of this field is optional. Many find it conven-
ient to use this field for a sequential identification card
number.
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CROSS ASSEMBLER

ASSEMBLY LIST FORMAT

A source program prepared and assembled in the format
indicated in the preceding paragraph may produce source,
symbol table, cross reference, and ROM page list printouts.
The format of an assembly list produced as an example is
shown in Fig. 2. Please note that pages, locations, and
object codes are indicated in hexadecimal notation.

MESSAGE FORMAT

Error and warning messages are printed out on the assembly
list. In the case of errors, the message is printed out under
the respective statement in the following format.

$$$$$SSERROR xxx$
where “x x x" indicates the type of error by a numerical
code.

In the case of warnings, the following message is printed
between SEQ (sequential number) and LOC (location
number):

* Wx * (where “/x"’ indicates the degree of warning)

In addition the total number of errors and warnings are
printed on the last line of the assembly list. The cross-
reference list, however, will not be produced when any
errors are indicated.

TITLE SPECIFICATION STATEMENT
PAGE OF ROM ADDRESS (HEXADECIMAL FORM)
PAGE OF LIST
(XX PAGE)
S E Q. LOC. BRP/A O B J. m
XX XX XWX XXX 00100 X X X X .o . X = = = e e - - T X 8
B te - o L | o
{ - ar SOURCE STATEMENT
SEQUENTIAL IDENTIFICATION
NUMBER OBJECT CODE (HEXADECIMAL FORM) FIELD
WARNING
LOCATION BRANCH PAGE AND ADDRESS DESIGNATION
Eix 2 PP S
1] '9' -~ L ivriniatc

EXAMPLE " ROGRAM

Example of an assembly list

¢ 00 PAGE )

. SEQ. LOC eBP/As OBJe eeee®eceslocee®enaelone o SOURCE STATEMENT. .
An actual example of an assembly list for

. 1 TTL CXAMPLE PROGRAM- - EXA00010
an assembly made with the MELPS 42 2 ORG 010 . D Exrsooso
3 * FILE DATA EXCHANGE @ EXA00030
. . . . . EXA00040
cross assembler is shown in Fig. 3. : BIGNAX EQU 13 DIGNAX=1S - @ EXA900S0
7 01 0E/00 100 L] XCG02 EXCHANGE FO & F2 -® EXA000T0
L] 02 J£/01 101 8r xCG13 EXCHANGE F1 & F3 - g EXA00008
9 03 0Es/07 107 3M xCC23 EXCHANGE F2 & F3 e EXA00009

10 voo NOP
11 & | eeeececccccciiiiicciieccecceccecscscesssccescateae @® EXA00100
12 ORG Er0 EXAQ0110
13 * SUBROUTINE FILE EXCHANGE EXAQO0120
14 . EXA00130
15 . EXCHAMGE FILE M(2yXy0-DIGMAX) EXA00140
16 - EXA00150
17 [ 0D XCGO2 LxYy 0+DIGMAX EXCHANGE FO (0-DIGMAX) & F2(O=~DIGMAX)- - EXA00160
18 01 DD ACG13  LXY 1sDIGMAX EXCHANGE F1 (0-DIGMAX) & F3(O=~DIGMAX)- - EXA00170
19 - EXA00180
20 02 066 LBL4 TAM 2 EXA00190
21 03 062 XAM 2 EXA00200
22 04 068 XAMD O EXA00210
23#W0*05 102 L] LoL4 BM 15 EQUIVALENT WITH 8 ON PAGE 14----- @ EXA00220
24 (1) 044 RT EXAQ0230
25 * EXA00930
26 07 OED XCG23 LXY 241 EXCHANGE F2 (0-DIGMAX) & F3(0=-DIGMAX) EXAO1010
27 . COMMON ROUTINE ST ART EXAQ1020
28 * EXA01030
29 08 065 LBLS TAM 1 EXAQ01040
30 09 d61 XAN 1 EXA01050
31 0A 068 XAMD O EXA01060
3294008 108 L} LBLS EXAOl070
33 oC 044 RT EXAO1080
34 END EXAO1100

@ The program name is declared as “EXAMPLE PRO-
GRAM"

@ It shows that the start of the program was set to page
0 address 0 by means of the program counter setting
instruction.

@ An asterisk
entire statement Is a comment

@ Numeric value 13 (decimal number) is assigned to
the symbol DIGMAX by means of the symbol value
equivalence instruction

() ir
[

(® The label XCGO2 is assigned by means of the BM
instruction during the assembly process, and calls the
subroutine starting at page 14 address 00.

® The label XCG13 is assigned by means of the BM
instruction during the assembly process, and calls the

subroutine starting at page 14 address 01
subroutine starting at page 14 address C1.

D The label XCG23 is assigned by means of the BM
instruction during the assembly process, and calls the
subroutine starting at page 14 address 07.

® This whole statement line is used as a comment field.

@ The numerical value O is loaded in register X of
the data pointer and 13 (decimal number) in register
Y by means of the LXY instruction. As written,
the results of this LXY instruction are nullified by
the results of the following LXY instruction.

@®The 1 rical value 1 s
data pointer and 13 (decimal number) in register Y
by means of the LXY instruction

@ The BM instruction in this case assigns the branch
address of the label LBL4 to address 02 of page 14.

Ioaded in register X

of the
loaded in register X of the
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MELPS 42 SOFTWARE

PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS

DESCRIPTION

MELPS 42 PROM writer paper-tape generation programs
are used to convert the absolute binary object program
generated by the MELPS 42 cross assembler into another
format that can be used in a PROM writer. The program
is output on paper tape in the new format.

With this program, a binary object program can easily be
converted to hexadecimal object format that can be pro-
grammed directly into a PROM. It can produce paper tapes
that meet the requirements of Takeda Riken's and Minato
Electronics' PROM writers.

FEATURES
e QOutputs the binary object program in the disk storage

to paper tape in hexadecimal format

® Paper-tape output can be partitioned with a simple
control command

® May be used in conjunction with the MELPS 42 cross
assembler

® Execution computer: MELCOM 70 Minicomputer
(memory capacity more than 16K words, monitor
BDOS)

® Programming language: FORTRAN |V (parts are written
in assembly language)

INPUT/OUTPUT MEDIA

® |nput : Cartridge disk storage

® Output : Paper tape (ASCII code, even
parity)

: Through the keyboard of the
system typewriter

: System typewriter printout

® Control command input

® Messages

APPLICATIONS

® For preparing programs for 1K words X 8-bit EPROMs
(M5L2708K, S), etc., which are to be programmed by
PROM writers supplied by Takeda Riken or Minato
Electronics.

FUNCTIONS

This program is used for converting the absolute binary
object format programs generated by the MELPS 42 cross
assembler to hexadecimal object format compatible with
the PROM writers manufactured by Takeda Riken (T310)
and Minato Electronics (model 1380). The paper-tape
output is partitioned in accordance with PROM capacity
(number of bytes).

PROCESSING SYSTEM

MODE AND OBJECT
FILE NAME INPUT

OBJECT FILE

GENERATED BY MELPS 42
CROSS ASSEMBLER
(BDSIK FILE)

STWK
PAPER-TAPE GENERATION
PROGRAM
P ED BY MELCOM 70
MESSAGES (OBJECT CONVERSION ROCESS 0
ROUTINE)

1

HEXADECIMAL PAPER TAPE FOR
TAKEDA RIKEN PROM WRITER

HEXADECIMAL PAPER TAPE

FOR MINATO ELECTRONICS
PROM WRITER

PROGRAM ORDERING INFORMATION

Program name Qrdering number

Program and software manuals included

MELPS 42

paper-tape generation program for PROM writer GBISP 0006

MELPS 42 paper-tape generation program for PROM writer manual

GBM-SR 00-33A <03A0>

MITSUBISHI
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PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS

PROGRAM PROCESSING Example of Object Conversion

The program has conversion routines for Takeda Riken’s The program at present can output 1K-word units of paper
and Minato Electronics’ PROM writers. Select T; mode (for  tape up to a total of 4K words. An example is shown in
Takeda Riken’s PROM writer) or M; mode (for Minato Fig. 3.

Electronics’ PROM writer) through the system typewriter  Error Processing

keyboard. Then the object program is converted to paper When an error is encountered during object conversion, a
tape compatible with the selected PROM writer. When a message will be printed out in the following format:
(BDISK file) file name is called, a paper tape is output for $$555%% xxx$

the PROM writer. When a number of programs are to be where, XXX indicates the error code.

converted from the same file, successive calls can be made

until all the programs are converted. Termination of the job
is directed with the E command, and control is then return- ABSOLUTE
. L
ed to the monitor. BINARY OBJECT
The object file consists of name and text segments. The 000 000
data to be converted is contained in the text segment. In- 3eef 7
struction codes, stored after sector 1 of the disk, that cor- ooo0
Lo . . 3FF
responds to machine instructions are converted to hexadeci- 000
mal codes and output to paper tape. 3FF
. 000
Example of Hexadecimal Paper-Tape Format IFF
This program can generate paper tapes for Takeda Riken's
PROM writer or Minato Electronics’ PROM writer. Exam-
ples of both formats are shown in Figs. 1 and 2. Fig. 3 Example of object conversion
FIRST BLOCK SECOND _BLOCK THIRD BLOCK FOURTH BLOCK
LOW-ORDER HOOGHOF(DER LOW-ORDER HIGH-ORDER
(PAGES 0~7, BITS 0~7) (PAGES 0~7, BIT 8) (PAGES 8~F, BITS 0~7) (PAGES 8~F, BIT 8)
A A - A
————— $ )cL————$ )ou_————s >CL———$ ylolL ===
sl @ RlF s @ R|F $ @ R|F | @ RIF
—— [—— ~— N ~——
SPROCKET HOLES SPROCKET HOLES SPROCKET HOLES SPROCKET HOLES SPROCKET HOLES
MORE THAN 100 MORE THAN 100 MORE THAN 100 MORE THAN 100 MORE THAN 200
clL cltL o
@® rR|F|#|0|0jofs|g|F|D|D|-|D|D -
THV'LE PAGE PRINT
Fig. 1 Example of hexadecimal paper-tape format of Takeda Riken
FIRST BLOCK SECOND BLOCK THIRD BLOCK FOURTH BLOCK
LOW-ORDER HIGH-ORDER LOW-ORDER HIGH-ORDER
(PAGES 0~7, BITS 0~7) (PAGES 0~7, BIT 8) (PAGES 8~F, BITS 0~7) (PAGES 8~F, BIT 8)
A, A A A
_____ ]CL——— ]CL___ JCL___ ]CL-—————
@ R|F @ R|F @) RIF! @ R|F
SPROCKET HOLES SPROCKET HOLES SPROCKET HOLES SPROCKET HOLES SPRQCKET HOLES
MORE THAN 100 MORE THAN 100 MORE THAN 100 MORE THAN 100 MORE THAN 200
clL clL Citlialplplalolpl-==—=-
@ rIEICIalE[#]o]o|o|r]|F|[2|P|O|2|P]|P
TITLE PAGE PRINT

Fig. 2 Example of hexadecimal paper-tape format of Minato Electronics

MITSUBISHI
138 ELECTRIC



CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Electronics Overseas 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

HONG KONG

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

77, Leighton Rd.

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: (5) 790-7021

TAIWAN

Mitsubishi Electric Corporation

Taipei Representative Office

Room 1303, 13th fl., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, R.O.C.

Telex: 11211 MITSUBISHI
Telephone: (597) 3111

U.S.A.

Mitsubishi Electronics America, Inc.

2200 West Artesia Blvd.

Compton CA 90220, U.S.A.

Telex: 698246 MELA CMTN

Telephone: (213) 979-6055
(213) 979-6371

Mitsubishi Electronics America, Inc.

100 Wade Ave.

South Plainfield, NJ 07080, U.S.A.

Telex: 833244 MELA SOPH

Telephone: (201) 753-1600
(800) 631-5377

Mitsubishi Electronics America, Inc.
1230 Oakmead Parkway

Suite 206 Sunnyvale CA 94086 U.S.A.
Telex: 172296 MELA SUVL
Telephone: (408) 730-5900

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 4408944094

U.K.

Mitsubishi Electric (U.K.) Ltd.
Otterspool Way, Watford, Hertfordshire
WD2 8LD, U.K.

Telex: 927908

Telephone: (923) 40566~9
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