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PREFACE

A high technology company with an aggresive approach to innovation, OKI has been
supplying single-chip microcontrollers since 1975. OKI's single-chip microcontrollers
find wide application in various types of electronic equipment in the consurmer and the
industrial fields. Our products have been enjoying a good reputation for their high
quality and high performance. The most outstanding feature employed in all of OKI's
microcontrollers is CMOS technology which ensures low power operation.

OKI will continue to enhance the its microcontroller series and program development
systems to cater to cutomers’ requirements.



. PROGRAM DEVELOPMENT SYSTEM
. LINE-UP AND TYPICAL CHARACTERISTICS

. CODE ENTRY ...
1. USABLE MEDIA
2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

. PACKAGING . ...
. RELIABILITY INFORMATION

. DATA SHEET ...
® OLMS-40 SERIES

MSM5840 ..
MSM5842 ..
MSM58421 .
MSM58422 .
MSM5847 ..
® OLMS-50/60
MSM5052 ..
MSM5054 ..
MSM5055 ..
MSM5056 ..
MSM6051 ..
MSM6351 ..
MSME052 ..
MSM6352 ..

& OLMS-64 SERIES

MSM6404 ..
MSM6404VS
MSM6408 ..
MSM6411 ..
MSM6422 ..
MSM6442 ..
MSCe6458 ..
MSC6458VS

CONTENTS

SERIES ..

15
17
18

19

i




MSMBS02/6512 .. ... 237

® 8BITSERIES (OKIORIGINAL) .. ..o 247
MSEMB258B0 ... 249
MSMBB30T .. 258

® 8BITSERIES (INTEL COMPATIBLE) ... ... . 281
MSMBO0C35/48, MSM80C39/49, MSM80C40/50 .. ... ... ... .. i 283
MSMBOC3TF/MSMBOCSTF . 308
MSMBOC154/MSMB3C154 ... .. ... ... 333
MSMBSCTISAVS .. 367

7. PROGRAM DEVELOPMENT SUPPORT SYSTEMS . . ... ... ... ... .. ................... 369
EASEAO 371
EASEGA00 .. .. 380
BASEBS02 .. 390
EASEBOCAD . . 400
EASEBOCSI/MKIL L 411
MAC ST 420




PROGRAM DEVELOPMENT
SYSTEMS



PROGRAM DEVELOPMENT SYSTEMS FOR
OKI MICROCONTROLLERS

OLMS-40 SERIES

. development tool standard software adaptor module field debugging
target chip . . .

package name (included in package) (if necessary) tool

MSM5840 EASE 40 DB400 debugger
(SERIAL INTERFACE) ASM40 cross assembler —
MSM5842 (BUS INTERFACE)
MSM58421 MPB421 MPB202
MSM58422 MPB422
]
MSM5847 dedica_ted hardware o _
simulator
[Notel

1. The standard software DB400 and ASMA40 are avalable on CP/M-80 for most personal computers, or 1S1S-11 for
INTEL MDS.
. CP/Mis aregistered trade mark of Digital Research, and 1SI1S-I}, MDS of Intel.

LOW POWER SERIES

target chip development tool package name standard software
MSM5052
EASE5S052/56
MSM5056
S
MSM5054
EASES5054/55
MSM5055 EASE ASMS50
o host cross assember
MSM6051 (EASE6051) monitor
MSM6351
(EASE6351/6353)
MSM6353
.
MSM6052 EASE6052, (EASE6352/6052)
I —————
MSM6352 (EASE6352/6052)
[Note]

1. The standard softwareis avilable under following operating system.
CP/M-80 for most of personal computers
MSDOS for OKI if800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550
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® PROGRAM DEVELOPMENT SYSTEMS e

OLMS-64 SERIES

. development tool /0 adaptor standard software field debugging .
1

target chip package name module (included in package) tool Piggy back

MSM6404 _ _

MSM6408 - (ASM6408)" — MSM6404VS

MSM6402 - —

EASE6400 EASE ASM6400
MSM6422 PAM6G422 host PEM6422
e | monitor

MSM6411 PAMB41 1 PEM6411

MSMB442 PAM6442 PEMB442

MSC6458 EASE6458 - ASM6458 MSC6458VS
[Note] The standard software is available under following operating system.

EASE, ASM6400, ASM6458 ... ... CP/M-80 for most personal computers,
MSDOS for OKIif800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 5550
*ASMB408 .. ... ...l CP/M-80 version.
ASMEB400 Covers MSDOS and PCDOS for MSM6408.

OLMS-65 SERIES

. deveiopment tool standard software R .
target chip package name (included in package) field debugging tool
EASEB5
MSM6502/6512 EASE6502 ASM6502 MPB6502EVA
[Note] The standard software is available under GP/M-80, MSDOS, or PCDOS.
8 BIT SERIES (INTEL compatible)
target chip development tool standard software optional software piggy back
MSM80C48
MSM80C49 EASE80C49 EASE49 - -
ASMA49
MSMB80C50
MSM80C51F EASE See Note 1.
MSM83C154 EASE80C51mKtl ASM51 MSM85C154VS

[Notel
1. Optional Software for MSM80C51/83C154

PASM preprocessor, MAC51 relocatable assembler, RL51 object linker, LIBS1 librarian SID51 symbolic debugger
2. The softwares are available under following operating system.

EASE49 .. ... ... CP/M-80, ISIS-II
ASMA9 ... . CP/M-80,18I8-Il
EASE8 ASM51 .. ... CP/M-80 for OKI if 800, NEC PC8801 etc.

MSDOS for OKI if800, NEC PC9801 etc.
PCDOS for IBM PC-XT, AT, IBM 6550
MSDOS for OKI if80, NEC PC9801 etc.
PCDOS for iBM PC-XT, AT, IBM 6550

PASM, MAC51,RL51. LIB51
SiD5+



e PROGRAM DEVELOPMENT SYSTEMS e

8 BIT SERIES (OK1 original)

target chip development tool standard software tional software
g package name (included in package) optional softw
MSM66301 EASE66301 ASM66301 See Note 1.
EASE
AS62580
MSM62580 EASE62580 EASE
[Note]
1. Optional Software for MSM66301
c-compiler (VMS for uvAX-11} * under development

relocatable assembler (VMS)

object linker and librarian (VMS)

cc66 debuger (VMS)

symbolic debugger (VMS) "
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¢ LINE-UP AND TYPICAL CHARACTERISTICS ¢

LOW POWER

OLM-50/60 SERIES

HIGH SPEED

OLM-64 SERIES

[ | POWER | [ ‘ MACHINE
TYPENO | ROM RAM |CONSUMP- | FEATURES TYPENO. | ROM | RAM FEATURES
| ‘ TION : CYCLE
R T N ] I A e -
MSM5052 4280)(14‘ 62x4 3uA 52 Seg. LCD Drwer MSMB404 | 4000x 8 | 256 x4 [ esns 11036
i
~ . R _ _— ‘ ,,,,, - .
MSMS054 | 1024x 14 62x4 3uA 88 Seg. LCD Driver MSMB408 8096x8 266x4 | 95218 10,36
e - e e ] N .
MSM5055 | 1792x14 | 96x4 A 120 Seg. LCD Driver MSM6411 1024xa 32x4 952nS 10; 11
MSM5056 41792“4‘\ P x4 T 3uA 76 Seg. LCD Driver MSMB422 | 2048 x 8 T 64x4 952nS T 1/0; 19
MSME05 1 [2560x14J( 12())(4-‘ 3uA 189 Seg. LCD Driver MSM6442 | 2048x8 | 128x4 952nS 92 Seg. LCD Driver
MSM%% 2048x14 | 640x4 )Im DTMF Generator MSM6458 | 8192x8 | 512x4 830nS ‘l 144 Seg. FLT Driver
g A E o N N !
MSMB351 | 4096 x 15 | 1024 x4 3uA 232 Seg. LCD Driver
! Serial board (Synchronised/
MSMB353 14096x15‘ 1024 x4 3uA Non synchronised)
OLM-40/65 SERIES
I T
MACHINE
TYPE NO [ HOMJ RAM \ CvOLE FEATURES
MSM5840 izmsw !125” ‘ 76uS l 10,30
e me | s | o IC CARD
MSM5842 1 768x8‘ 32x4 76uS 1O 21
MSM58421 | 1536 x 8 i 0x4 | 7645 35Seg. LCD Driver
,,,,,, s |
MSM58422 ; 1536x8 | 40x4 | 76uS 35Seg. FLT Driver
- A | S E ]
| I .
7 X
MSMS847 15368 L%“ | 6o 2529, LCD Driver ONE CHIP MICROCOMPUTER FOR IC CARD
—+ — g e T
MSM6502 ‘2000xa ' 128x4J 91 508 108 Seg. LCD Driver TYPENO | ROM | RAM ’ Mé»?gLIEE FEATURES
MSMB512 © 2000x8 | 128x4 915, 104 Seg. LCD Driver MSMB2580 “ 3072x8 | 128x8 800nS { Built-in EEPROM 2048 x 8
i
I L L I

4BIT

=

OKI ONE CH



HIGH PERFORMANCE

MSMS80C154 SERIES

e LINE-UP AND TYPICAL CHARACTERISTICS ¢

HIGH PERFORMANCE
nX SERIES

OLMS-66K SERIES

‘ : ‘ MAGCHINE ! ‘ I MAGCHINE
TYPE NO * ROM t RAM CVOLE TYPE NO l AOM | RAM ! CVOLE
MSMB3C154 16384x8 | 256x8 75008 MSM66301° esaxs | s12x8 | 400nS
\ ‘ w
| |
: 2 -
MSMBOC 154 i | 6x8 ‘ 75008 16BIT
I
MSMB80C51 SERIES
‘ I
MACHINE
TYPE NO ‘ J ovoie
MSMBOC51/51F j» 4096 %8 ‘ 1288 07545
MSMBOC31/31F l I 128x8 07548
MSMB0C48 SERIES
j T
MACHINE
r TYPE NO \ ROM *\‘ RAM | CvOLE J
MSMBOC48 ‘ 1024 x8 ‘ 64x8 ‘ 136458
. e : [
MoMBCH | 204x8 128 %8 13665
i |
— - - V‘ — — — T, —
MSMB0CS0 T 4095 x 8 I 256x 8 l 2545
MSMBOC35 J( . 64x8 13648
MSMBOC39 “ - 128x8 13648
!
MSMBOCA0 ‘ - 256x8 ! 25u8
i

<o .
@
=i

IMICROCOMPUTER

13



CODE ENTRY



o CODE ENTRY ¢

CODE ENTRY

The program code ENTERING method is outlined below.

1. USABLE MEDIA
(1) 2 pieces of same type EPROMs containing identical DATA

EPROM specification
— 2716

2732

—27C32

—27C32A

— 2764

—27C64

— 27128

L 27256

(2) 1 copy of object machirie code list

17



® CODE ENTRY o

, 2. SINGLE CHIP MICROCONTROLLER DEVELOPMENT STAGES

USER 1 ® Program with OKI development too|.

i

Printout

9Kl 4 ® Engineering Sample
2 Actual production sa

mple of your microcontroller
chip prepared for fin

al approval. R

START
PRODUCT/SYSTEM
MANUFACTURE

18
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PACKAGING

PACKAGE/PIN COUNT

DIP FLAT PLCC )
MSM5840 42 PIN 44 PIN -
MSM5842 28 PIN 32 PiN - '
MSM58421 - 60 PIN -
MSM58422 - 60 PIN -
MSM5847 * -~ 44 PIN -
M8M5052 * - 56 PIN -
MSM5054 * - 56 PIN - o
MSM5055 * - 80 PIN -
MSM5056 * - - - o
MSM6051 * - - - -
MSMe351 * - 100 PIN -
MSM6052 28/40 PIN 44 PIN —
MSM6352 28/40 PIN 44 PIN - -
MSM6404 42 PiN 44 PIN 44 PIN
MSM6404VS 42 PINPIGGY BACK - -
MSM6408 42 PIN 44 PIN 44 PIN
MSM6E411 16 PIN 24 PIN -
M8M6422 24 PIN 24 PIN -
MSM6442 - 80 PIN -
MSC6458 64 PIN SHRINK 64 PIN 68 PIN
MSC6458VS 64 PIN SHRINK - -

PIGGY BACK

NOTE: * CHIP TYPE is available.




® PACKAGING e

PACKAGE/PIN COUNT

DiP FLAT -(7 PLCC

- ‘ 56 PIN(S)

MSM6502*

MSM6512* 56 PIN(S) -
MSM62580 COB (5PIN)

MSM66301 64 PIN SHRINK

MSM80C35

MSM80C39 40PIN
MSMB0C40 40 PIN 44 PIN 44 PIN
MSMB0C31 40PIN 44 PIN 44 PIN
MSM80C48 :O PIN 44 PIN 44 PIN
S MSM80C49 40PIN 44 PIN 44 PIN
MSMB80C50 40 PIN 44 PIN 44 PIN
MSM80C31F R 40 PIN 44 PIN 44 PIN
MSMB80C51FVS 40PINPIGGY BACK - -
MSMB80C51F 40 PIN 44 PIN 44 PIN

MSM80C154 44 PIN
- @

MSM83C154 44 PIN
-

MSM85C154VS 40 PINPIGGY BACK

NOTE: (S) means Small pachage

22




® PACKAGING ¢

® 16 PIN PLASTIC DIP

{Unit: mm)

7
6.7 MIN
75MAX

leL_ll_lLJl_ll_]L_JI%

INDEX MARK
7.6211)31)
SEow
Pt |
oYy '
MAX
g ‘ 0.6 1\
- 0°~15°

254%925 SEATING PLANE

® 18 PIN PLASTIC DIP

24.5M4 (Unit: mm)
ao
3 1 r1r1r—3r ]
3
P
[
1<)
Tt It JT 0T J 1T 1L 13 L1 LCjI
ZO
INDEX MARK 76200 )
E
e
=)

MIN
2.54 | 514"
T

A

2A54v1025

A

065 MAX

0~15
SEATING PLANE

23



® PACKAGING e

® 24 PIN PLASTIC DIP

32.3MAx
W o {Unit: mm)
minininicininininininlss| -
3
b3
N
<t
| SN0 ) N D Sy D O O ) e
® @
INDEX MARK
1594030
=
W 1T
= -
w
z | MAX
025 >
254 N! O°~15-4
SEATING PLANE

® 28 PIN PLASTIC DIP

P%L__ {Unit: mm)
28

b 6)
16
o Ww B W M Mo U o e T W B

I(.T\)L_JI_JUI_!I_)I_J[_.IL—JLJI—JI—JL—J
) 14
~_INDEX MARK

0.654Ax ‘_

2.54%025

SEATING PLANE

24



® 40 PIN PLASTIC DIP

® PACKAGING ¢

52.8Mr%

40) @y
(_ll_ll_‘lr“ll—ll—lf—lf_'lr—ll_\l_lr%

(Unit: mm)

L

14.2 M

® 20

17Ol oo OO T oT Tl
/ INDEX MARK

*u30

1524~

T

0.65M4%
254%"%°

.
H
[ap]

=1

2.54MN g | Max

0™~15

SEATING PLANE

© 42 PIN PLASTIC DIP

{ { 52.8M4% | (Unit: mm)
) )
e W e W o A s e U o OO e N OO e N O s
Z
=
o~
~F
;{uuu_Juuuuuu s g o e Y
5 @y
INDEX MARK 1 524f0 30
z E:
=
e —
=13 s
z
73 MAX
St o [l
065MAX 0~15

2(54t025

SEATING PLANE

25




® PACKAGING e

l ® 64 PIN SHRINK DIP
I 58. O MAX (Unit: mm)
‘ / g:ij::j:j:;:::iiii:i:iC::i] :
INDEX MARK

19.05*%30

0.6 M “
0%~15°

SEATING PLANE

1.778t025




—

¢ PACKAGING ¢

® 24 PIN PLASTIC FLAT

%HHPHJ[HHH.} L 0.1~0.3
ol
|2
<l
: A J
JMHHHHHHHH .
® 32 PIN PLASTIC FLAT
ﬂ@ 107 Tus_ )
AananaannInant
© EER
© ~l




® PACKAGING o—

® 44 PIN PLASTIC FLAT

(Unit: mm)

f—‘ 14.5 04
105 *03

L hoagnsanty”

WY ]

(¢

LR LI
@

C)

|
®

INDEX MARK

® 56 PIN PLASTIC FLAT

(Unit: mm)

INDEX MARK

28




e PACKAGING o

® 60 PIN PLASTIC FLAT

(Unit: mm)

" INDEX MARK -

e 80 PIN PLASTIC FLAT

(Unit: mm)

» AERE =
Em R+ | H £

% =
) = °
5 )
- b —

D
INDEX MARK - o

29



® PACKAGING ¢

| ® 44 PIN PLASTIC PLCC
i
\
|

INDEX MARK \ min: mm
| . 17.650 .
i% 17.400 16.662
P
""""" I
' & OF O \O P& =33
Jo B F e
& q g oo
& olo q p oo
oo g >loo g P
wlen D= P
b_‘c;.:co P [s P oo
[N < E P o
o 4 b 53
S 2 @: ; =y
L ® B
‘,£ 0.51M" ®

dhh A b dthd g e

16.00
14.99

® 68 PIN PLASTIC PLCC

<unit =
INDEX MARK min:mm

5.270
25,020 24.332

® 54.130 _T

Anonnaooaondonoann

e
NS

O < '@ o

1972
eoee '
gg0 T
990
180 @
0ETg
ST
0.2

@
@

i
@
& 9

( 23.62
l 22.61

o

30




* 40 PIN PIGGY BACK

o PACKAGING ¢

SEEREEEEEELLELR fj*
5P0E5EE05EE000 7J
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ —
e %DF:F
WVHWVV“HHVWKYU Wﬁﬂuﬂyg
+L' L1524 ’1
s 42 PIN PIGGY BACK
(Unit: mm)
aa@@@a@@@a@a@@ ;F ’
=}
ElelslsslsIslsEe/sslelE 4
K mﬂﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁm Jm ‘ ;%
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of technology. They use some of
the most advanced design and manufacturing tech-
nology developed to date. With greater integration,
diversity and reliability, their applications have ex-
panded enormously. Their use in large scale com-
puters, control equipment, calculators, electronic
games and in many other fields has increased at a
fast rate.

A failure in electronic banking or telephone
switching equipment, for example, could have far
reaching effects and can cause incalculable
losses. So, the demand, for stable, high quality
memory devices is strong.

We, at Oki are fully aware of this demand. So we
have adopted a comprehensive quality assur-
ance system based on the concept of consisten-
cy in development, manufacturing and sales.
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Our quality assurance
system and the underlying concepts are outlined
briefy below.

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided into four major stages: device planning,
developmental prototype, production prototype, and
mass production. This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we check the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2) Developmental prototype stage

We determine circuits, pattern design, process

settings, assembly techniques and structural re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we do it:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
technology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

L

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.

(2) Since many semiconductor memories in-
volve new concepts and employ high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Eiement Group) refers to

the device group designed for stabili-
ty evaluation of MOS transistors,
diodes, resistors, capacitors and
other circuit component element
used in LS! memories.

(3) Prototypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the relia-
bility and other special features of the production
prototype at the mass production factory level.
After confirming the quality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (inciuding in-
spection of the completed device) is followed by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. This lot guarantee in-
spection is performed in three different forms as
shown below.

(1) Group A tests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

(2) Group B tests: check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating life characteristics

(3) Group C tests: performed periodically to
check operational life, etc,,
on a long term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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Material ® Acceptance Inspection

Production ® Production Process Quality Control
@ Lot Control
Process (@ Equipment Conditions
@
@

Wafer Process In-Process nspection
Thermal Screening

&
Assembly ® Seal Test

1st Sorting

Burn-in
Screening

L

e Early Removal of Defective Devices
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B

ond Sorti ® Eiectrical Test
nd Sorting e Regular Check of Measuring
Equipment
K e Group A Test
IOU‘QO':gn ® Group B Test
nspectio ® Group C Test
Storage
Shipping

Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior to delivery.
Figure 2 shows the manufacturing flow of the
completed device.

5) At Oki, all devices are subjected to thorough
quality checks. If, by chance, a faiture does
occur after delivery to the customer, defective
devices are processed and the problem rectified
immediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure
report

Sales
Department

Analysis
report

Report of
investigation

Request for

technical e
improvement X X
Engineering
[Too=———~ Department
Report on
| results of [
investigation
& improvement =
i L < —
Quality 2 = E 8 5
Assurance wo? €5
® = g
Department SEQ| (6 ?
ogGga L5
e8el |77
Report on - .=
results of

investigation L
& improvement
L :@acturing
Department

Request for
manufacturing
improvement

Figure 3 Failure report process
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Use Quality

® Transportation Control
e Stock Control
e Packaging

Reliability Test

Acceptance [nspection

® Service
e Failure Analysis
® Customer Information Analysis

Quality Assurance

Quality Control

l T Target Quality

. e Quality and Reliability information

® Product Test e e Quality Evaluation ~——— ¢ Marketing

® Screening ® Defective Analysis ® Product Planning
e Process Control — * Reliability Engineering = e Quality Objectives
: In-Process Inspection e Quality Management and Education

Production Quality

3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance system
and the underlying concepts employed by Oki.
Now, we will give a few examples of the reliability
tests performed during the developmental and
production prototype stages. All reliability tests
performed by Oki conform to the following stan-
dards.

MIL-STD-883B, JIS C 7022, EIAJ-IC-121

Since these reliability tests must determine per-
formance under actual working conditions in a
short period of time, they are performed under
severe test conditions. For example, the 125°C
high temperature continuous operation test per-
formed for 1000 hours is equivalent to testing
device life from 2 to 300 years of use at Ta =
40°C.

By repeating these accelerated reliability tests,
device quality is checked and defects analyzed.
The resulting information is extremely useful in
improving the manufacturing processes. Some
of the more common defects in LS| elements and
their analysis are described on next page.
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MICROCONTROLLER LIFE TEST RESULTS

\Piﬂ name

Function

MSM83C154-

MSMB80C31/51- MSMB0C35/39/48/49-
XXRS

8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP__| Referred
MICROCONTROLLER MICROCONTROLLER MICROCONTROLLER| standard

Test
condition

item

Ta=125°C
Vee =6V

Operating
life test

Temperature Ta=85°C
humidity test RH = 85%
Vce=6V
Temperature |- 55°C=RT=1 50°C!
cycling test | (30 min) 1 (30 min)
(5 min)

Ta=121°C
RH =100%
2 atm

Pressure
cooker test

Part name MSM80C31J4S

MSME404-XXJS

2 BIT ONE CHIP | 8 BIT ONE CHIP__| Referred
MICROCONTROLLER MICROCONTROLLER, standard

Function

Test

item condition

Ta=125°C

Operating
Vee =6V

life test

Temperature
humidity test

—55°C=RT«150°C
(30 min) 1 (30 min)
(5 min)

Temperature
cycling test

Pressure Ta=121°C
cooker test RH =100%
2 atm
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MICROCONTROLLER ENVIRONMENTAL TEST RESULTS

¢ RELIABILITY INFORMATION o
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N part name MSMB0C31/51- MSMBOC35/39/48/49- MSM83C154-
XXRS XXRS XXRS
Function 8 BIT ONE CHIP 8 BIT ONE CHIP 8 BIT ONE CHIP Referred
MICROCONTROLLER | MICROCONTROLLER MICROCONTROLLER standard
Test Test Sample Failures Sample Failures Sample | Failures
item condition size (pcs) size (pcs) size (pcs)
Soldering 260°C 22 0 22 0 22 0 MIL-
Heat Test 10 SEC STD-883C
METHOD
I 2003
$ .
Temperature -55°C=RT=150°C 22 4] 22 4 22 1} MiL-
Cycling Test [ (30min) (5min} (30min) STD-883C
20 cycles METHOD
1010
'l
v
Thermal 100°C#=0°C 22 0 22 o] 22 0 MIL-
Shock (5min)  (5min) STD-883C
Test 10 cycles METHOD
1011
Lead Tensile 500g 10 SEC MiL-
Integrity 1 0 " o 1 0 STD883C
Bending| 2509 90° BEND METHOD
3 TIMES 2004
Solderability 230°C 5 SEC 22 0 22 [o} 22 [s} MiL
STD883C
METHOD
2003
Part name MSM6404 MSMB80C31JS
XXJS
Function 4 BIT ONE CHIP 8 BIT ONE CHIP Referred
MICROCONTROLLER |MICROCONTROLLER} standard
Test Test Sample Failures Sample | Failures
item condition size (pcs) size (pcs)
PRE-Bake Bake
(125°C, 6 hrs)
@
L+ 'l
— v
= Soldering Va+po:’ Phase Reflow
bé Heat Test {2162 g,:(r);e;()‘—OSec)
£
g b———" 22 1} 22 0
Z | Temperature | =55°C*RT=150°C MIL-
— | Cycling Test (30min) (5min) (30min}) STD-883C
E 26 cycles METHOD
® 1010
oL
F 1 Thermal 100°C=0%¢ MIL-
Shock (5min)  (Smin) STD-883C
Test 10 cycles METHOD
1011
é Solderability Bake {125°C. 24hrs) 22 [ 22 0
’: §|mmerse into Flux
2 Immerse into Solder
5 (215+2°C 10 isec)



4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general (not only semiconductor IC
devices) are described by the curve shown in the
diagram below. Although semiconductor
memory failures are similar to those of ordinary
integrated circuits, the degree of integration
(miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence.

Semiconductor Element Failure Rate Curve
Initial SHIPPING

. i Wear-out

® failure Random failure

- failure

o

P m>1

L

5 /

X General s
electronic i
devices 4

. [ — Time
Semiconductor
elements

——
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceable in about 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of semicenductor memory component ele-
ments (which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At OKi, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

W it

Example of surge destruction

¢ RELIABILITY INFORMATION e

al conditions) in the development stage to
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

Al
Y AN Input section
Aluminum _//./,7(7_{/7ﬂ/2”

wire ’ Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)
Unlike surge destruction, this kind of failure is
caused by manufacturing defects. Locally wea-
kened sections are ruptured when subjected to
external electrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing environment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic Impurities
Under some temperature and electric field condi-
tions, charged ionic impurities moving within the
oxide film previously resulted in occasional dete-
rioration of silicon surfaces. This problem has
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask (which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component elements have
been reduced in size to the order of 10 cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalieled
cleanliness, solves this problem.

Photolithographic Defect
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5) Aluminum Corrosion

Aluminum corrosion is due to electrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. OKi
has carefully studied the possible cause and
effect relationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrosion on the other.
Refinements incorporated in Oki LSls permit su-
perior endurance to even the most severe high
humidity conditions.

6) Alpha-Particle Soft Failure

This problem occurs when devices are highly
miniaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantities, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which effec-
tively screens out thesealpha-particles.

Package ceramic
v cover

o= Silicon oxide
s film

Substrate silicon

. «a-particle
lonization along
the a-particle path
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7) Degradation in Performance Characteristics
Due to Hot Electrons

With increased miniaturization of circuit ele-
ments, internal electric field strength in the chan-
nels increases since the applied voltage remains
the same at 5V. As a result, electrons flowing in
the channels, as shown in the accompanying dia-
gram, tend to enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such problem exists in Oki LSls.

Drain
+Vp
Vg 1
—l )
Gat: i
o Source Hot electrons
+ VD
Source Silicon oxide 99 Drain

VM/%M

Substrate siticon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and photolithography have
increased. To eliminate these defects during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subject all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability.
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OKI semiconductor
MSM5840

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM5840 microcontroller is a iow-power, high-performance single chip device imple-
mented in complementary metal oxide semiconductor technology. integrated within this one chip are
16K bits of mask program ROM, 512 bits of data RAM, 30 Input/Output lines, a programmable
timer/counter, and oscillator. Program memory is byte wide and data-paths are organized in 4 bit nib-
bles. RAM and I/0 lines are bit addressable. Up to 4K of external ROM interfaces to the 8 bit bidirec-
tional bus. 98 instructions include binary, BCD, logical operations; bit set, reset, test, 8 bit |/0; relative
jumps; multifunctional instructions (increment, modify, skip); 8 bit wide table output; subroutine call
and return. 94% of instructions are single byte, single cycle operations.

FEATURES

® Low Power Consumption — 8mW Typical e Expandable Memory and 1/0

® 100% Static Logic — 50uW Standby, Typical o 2 interrupt Levels

® 2K X 8Internal ROM ® 4 Stack Levels

® Upto 4K x 8 External ROM ® Operating Temperature

® 128 X 4 Internal RAM —40° to +85°C

® 301/0 Lines Incl. 8 Bit Data Bus e 3Vto 6V Operating Vpp

® Programmable 8 Bit Timer/Counter ® Battery Powered or Battery Backup
¢ Self-contained Oscillator e TTL Compatible (with pultups)

® 98 Instructions .

7.6us Cycle Time @4.2MHz (Vpp 5V 10%)}

FUNCTIONAL BLOCK DIAGRAM

PROGRAM ROM
DATA RAM (2048 x8)

{16 x8 x 4)

T TTTT

e —— === — = E
AXLACHZ Y XW, |
F EDCBAO9S 76543210

-0 5V
+1
~—+——0 GND

PCry | PCL
1098176543210

® RESET

STACKO
STACK1
STACK2
STACK3

TIMER
7 COUNTER 0o

o
| @

o
32103210RDWRIF

“pe \-pF

PF also
open drain

\—pPA~/ —PB— t
76543210
\_ADRL_/

Instruction

SYNC MODE
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PIN CONFIGURATION (Top View)

42 PIN PLASTIC DIP (RS) 44 Pin Plastic Flat Package
g iqaa«d Bom @ o
Ao 2 voo raasdsfegRee
A, (4] s <« |l Tl 1| 12| 1] ] |l Ligf o) |2,
mfid FAERARRRERRE
A EIEH
SYNC N ~NT J—
RESEY 5 +o RESET [2 ] 37 P
MODE an MoDE 3] 31 ] CIN
o8t % Gy osc. (4] 30 | PG
0sCy [35) o: osc (5] 78] ra.
wR I52] 6 Wﬁ & ] [ 28] PG
“ 5 == Pz o
K 29) F: < 5] 26 ] PF
'S B e pr. (3] 75 PF
Ky O fo Pk (0] 24 PF.
Do Z & px . (] 73] PF
D, [75) &
0, 7D e
o, 5 . szfH:SHgax
GND iw
cod a9l G w e w
2REERE 4wy
|
PIN DESCRIPTION
Designation Pin No. Function
GND 21 Circuit GND potentiai
VpD 42 Main power source (+5V)
0OSCo 10 Crystal OSC input, external clock input
0OSCh 9 Crystal OSC input, external clock output (not TTL compatible)
PA,PB 1to4 Pseudo-bidirectional ports for 4-bit parallel 1/0. Used as a pair for 8-bit 1/0. Used
38 to41 to output 8 LSBs of address in external ROM mode. Used to read external
instruction during IF.
PD, PE, 171020 Output ports for 4-bit parallel output and bit set/reset. Specified by internai
PE,PG 231034 port pointer, Bit position specified by set/reset instruction. PD also used for
instruction address MSBs in external ROM mode during IF.
PK 13to16 4-bit parallel or bit test input port (uniatched)
PH 36 and 37 2_bit input port with latched memory (negative level sensitive)
RESET 7 RESET has priority over every other signal. (see MSM5840 user's manual for
initialization sequence)
MODE 8 Used to enable external ROM mode during RESET and also to enable STOP mode
during execution (for stepping program)
INT 6 Negative edge sensitive external interrupt signal associated with El and DI
instructions. Vectors to location 200H.
CiN 35 Negative edge sensitive external input for counter associated with ECT and DCT
instructions. Vectors to location 100H. (same as timer)

General purpose synchronizing signal output at the beginning of each machine
cycle. Used for address strobe during external ROM mode.

RD 12 iﬂead strobe pulse occuring when port A or B is read (1A, 1B, 1AB)
WR 11 l Write strobe pulse occurring when port A or B is written (OA, OB, QAB, 0BS,0TD)
F 22 l Read strobe pulse occurringduringan instruction fetch from external ROM.
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FUNCTIONAL DESCRIPTION

Program ROM

The MSM5840 will address up to 4K bytes of
program ROM and can have 2K bytes of internal
masked ROM, or all ROM may be located exter-
nally. External EPROM may be used for program
development with conversion to internal ROM oc-
curring after program debug and system check-
out and verification. All instructions are byte
wide. Only three of the 98 instructions require
two bytes of program code. The instructions are
routed to a programmed logic array which gener-
ates the necessary internal control signals.

Data RAM

Data is organized in 4 bit nibbles. Internal
data RAM consists of 128 nibbles, 8 nibbles of
which are dedicated registers accessible directly
under program control. These are the general
purpose registers, W, X, Y and Z, and the 4 save
{exchange) registers, CH, A, L, and AX. All other
DATA RAM must be addressed indirectly
through the DP (data po.nter) registers, a seven
bit pointer (directly accessible by numerous in-
structions) consisting of 4 bit DPL register and a
3 bit DPy register. Any nibble of internal data
RAM can be accessed through the DP registers.
Some instructions automatically change the con-
tents of the DP registers allowing efficient array
processing.

Input/Output Ports

PA, PB — These two ports are pseudo-
bidirectional ports which can be used as simple
1/0 lines or used as either a 4-bit or 8-bit parallel
bus. An instruction fetches the external ROM
data through these ports by outputting the 8 low
order bits of address during SYNC followed by
an IF (instruction fetch) cycle. In addition,
synchronized data transfers are possible
through these ports with the 1/0 pin signals RD
and associated with certain input/output in-
structions dedicated to these ports. In short, PA
and PB can be used as a multiplexed address/
instruction/data bus.

PD, PE, PF, PG — These four output ports are
addressed indirectly through the TWO BIT port
pointer whose contents are changed through
certain instructions. These ports are bit
(set/reset) addressable. PD is also used for the
high order bits of address during an external in-
struction fetch. PF and PG are open drain out-
puts and PG is set high by a hardware RESET.

PK is an input port without memory, ad-
dressable either as a nibbie or bit level input.

PH is a two-bit input port with memory, which
can be tested and reset under program control.

External Interrupt

The INT pin can be tested under program
control or enabled to cause a vectored interrupt
to location 200H. It is negative edge sensitive.

¢ MSM584Q0 ¢

Timer/Counter

The timer/counter is an 8-bit counter whose
input is selected under program control to be
either an external signal (CIN) or an internal
square wave of 1/128 the frequency of the OSCo
input (2 MHz/128 = 15.625 kHz). The
timer/counter can be enabled or disabled under
program control as can be associated internal in-
terrupt which vectors to location 100H and has
higher priority than the external interrupt.

Stack

The stack is an LIFO queue for storing return-
from-interrupt and return-from-subroutine ad-
dress information. It is eleven bits wide and 4
levels deep.

Program Counter (PC)
The program counter is 11 bits wide and
loaded under program control.

Accumulator

The accumulator register is the data path
focal point of the CPU. Approximately one-half of
the instructions involve the accumulator. Its con-
tents are the source and destination for many
ALU operations and port operations. CASE state-
ments (computed GOTOs) are possible by using
the Jump with Accumulator (JA) instruction.

Flags
The MSM5840 is endowed with the following
set of flags.

Z - zero flag . Indicates that the result
of the previous operation
was zero

F — all ones . Indicates a carry from the
DP_register

O — all zeros . Indicates a borrow from

the DP|_register

C —carry . Indicates a carry from the
_ previous operation
T — timer . Indicates that the timer/

counter is specified as a
timer

: Indicates that the timer/
counter is specified as a
counter

. Indicates an overflow of
the timer/counter register

. Latching memory flag for
the external interrupt

. Indicates that interrupts
have been enabled

. Indicates that an input
has been detected on the

CT — counter

TM —timer flag
INT — interrupt
INTE — interrupt

enable
Ho — Ho memory

Ho input

H : same as Ho except Hi
input

X . 0 indicates internal ROM,

1 indicates external
ROM. If all externai ROM,
0 indicates first bank of
2K.
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INSTRUCTION SET

Instruction Code

Mnemonic Description Byte | Cycle
7 6 56 4 3 2 1 0
CLA Clear Accumulator 0O 001t 0000 1 1
CLL Clear DP|_ 6 01 000000 1 1
CLH ClearDPy 01 100000 1 1
LA| Load Accumulator with Inmediate 0 0 0 1 Iz Iz It o 1 1
Lt Load DP|_with Immediate 0O 0 1 0 s l2 11 lo 1 1
LHI Load DP with Immediate 01 1 0 0 Iz hh o 1 1
L Load Accumulator with Memory 1 001t 01 0 O 1 1
LM Load Accumulator with Memory then Modify DP 1 0 01 0 1 Ihl 1 1
LAL Load Accumulator with DP|_ o1 01 01 01 1 1
.| LLA Load DP|_ with Accumulator o101 0100 1 1
g LAW Load Accumulator with W Register 1 0 00 01 0O 1 1
F‘j LAX Load Accumulator with X Register 1 0 000t 01 1 1
d‘% LAY Ltoad Accumulator with Y Register 1 0 000 1 10 1 1
g LAZ Load Accumulator with Z Register 1 0000 1 1 1 1 1
cg Si Store Accumulator to Memory then Increment DP_ 10 01 0 0 0 0} 4 1
§ SMIi Store Accumulator to Memory then Modify DPy 1 0 0 1 0 0 It 1o 1 1
and Increment DP_
LWA Load W Register with Accumulator 1 000 OO o 1 1
LXA Load X Register with Accumulator 1 0 0 0 00 O 1 1 1
LYA Load Y Register with Accumulator 1 0000 O0CT1 O 1 1
LZA Load Z Register with Accumulator 1 0 0 00 0 1 1 1 1
LPA Load Port Pointer with Accumulator o101 1 00 1 1
LTI Load Timer with Immediate 0 1 01 0 o] 2 2
Iz lse 1s lsa 13 f2 11 lo
RTH Read TimerH o1 1 0 1 01 1 1
RTL Read timer L o111 01 0 1 1 1 1
XA Exchange Accumulator with Save Register A o1 0 01 0 0 1 1 1
XL Exchange DP|_with Save Register L 01 0 0 1 0 t O 1 1
ag") XCH Exchange DP and Carry with Save Register CH 01001 00O 1 1
% X Exchange Accumulator with Memory 1 001 1 00O 1 1
it XM Exchange Accumulator with Memory then Modify 10 01t 1 0 Ih o 1 1
DPy
XAX Exchange Accumulator with Save Register AX o100 1 0 11 1 1
< | INA Increment Accumulator W 000000 0 1 1 1
é INL Increment DP_ 01 0 o1 1 1 1 1
§ INM increment Memory 0101110 1] 1 1
g INW Increment W Register ~ SkipifZero 1 0 001 0 0O 1 1
g INX Increment X Register 1 0 001 0 O 1 1 1
S| Ny Increment Y Register 1 000101 0] 1 1
=l Nz Increment Z Register 1 00010 1 1 1
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INSTRUCTION SET (CONT.)

Mnemonic Description Instruction Gode Byte | Cycle
7 6 5 4 3 2 10
DCA Decrement Accumulator — Skip if Not All Ones o000 1 1 1 1 1 1
S| pcL Decrement DP_ 010101 1 0] 1 1
§| bcm Decrement Memory 0101110 0| 1 1
§ DCW Decrement W Register Skipif AllOnes 1 0 001 1 0 O 1 1
2
% DCX Decrement X Register 10 0 0 1 1 0 1 1 1
£ | DCY Decrement Y Register 10001 1 10 1 1
E DCz Decrement Z Register 10001 1 1 1 1 1
DCH Decrement DPH — Skip if All Ones and C = Zero o101 1 1 11 1 1
CAO Complement Accumulator of One 01 01 0 O0O0O0 1 1
5 AND And Accumulator with Memory 01 0 001 0 O 1 1
'§ OR Or Accumulator with Memory 010001 01 1 1
- EOR Exclusive or Accumutator with Memory 0O 1t 0 0O0 1 1t 0 1 1
RAL Rotate Accumulator Left through Carry 01 0 0 0 1 1 1 1
AC Add Memory to Accumulator with Carry 01 0011 0O 1 1
ACS Add Memory to Accumuiator with Carry, Skip 1 0 0 1 1 1 1 1
if Carry
AS Add Memory to Accumulator, Skip if Carry ot 00 1 1 10 1 1
2| AIS Add Immediate to Accumulator, Skipif Carry 0 0 0 Is I2 I o 1 1
% DAS Decimal adjust Accumulator in Subtraction 1011 010 1 1
E CM Compare Accumulator with Memory, Skip if Equal o101 11 10 1 1
AWS Add W Register to Accumulator, Skipif Carry 1t 00111 00 1 1
AXS Add X Register to Accumulator, Skip if Carry 1 001t 1 1 0 1 1 1 |
AYS And Y Register to Accumulator, Skip if Carry 10011 1 10 1 1
AZS Add Z Register to Accumulator, Skip if Carry 100 1 1 1 1 1 1 1
SPB Set Port Bit 10 1 1 0 0 h o 1 1
RPB Reset Port Bit 1 01 1 0 1 h o 1 1 |
SMB Set Memory Bit 101 1 1.0 1 lof 1 1 |
RMB Reset Memory Bit 10 1 1 1 1 1t lo 1 1
7| 7AB Test Accumulator Bit ) 101 000 L lof 1 1
% TMB Test Memory Bit 1 01t 0 0 1 h e 1 1
§ TKB Test K Port Bit 1t 01 01 0 bk I 1 1
=
g THB Test H Port Bit ? Skipif One 1 01 0 1t 1 0 I 1 1
5 TI Test Interrupt flag 1 01 0 1 1 1 1 1 1
TT™ Test Time flag 1 0t 01 1 10 1 1
TC Test Carry flag 0 1 00 0 O (o] 1 1
SC Set Carry flag 01 0 0 0 O0O0O O 1 1
RC Reset Carry flag 01 0 0 0 0 O 1 1 1
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INSTRUCTION SET (CONT.)

Mnemonic Description Instruction Code Byte | Cycle
5 4 3 2 1 0
ol J Jump 0 1T 1 0 lw le s 2 2
£ Iz 16 Is s s 12 11 o
g JC Jumpin Current Page T 1 s s da 12 14 o 1 1
5 JA Jump with Accumulator 01 0 000 1 1 1 1
5| cAL Call Subroutine 0 0 1 1 1 1ol s| 2 2
] I7 le ds ds s d2 11 o
@ Return from Subroutine 01 01 1 0 0 1 1 2
Output Byte String 61 1100 00 1 2~17
Output Table Data 01 11 0 0 0 1 1 2
OA Output Accumulator to Port A O 1 1 1t 001 o0 1 1
.| OB Output Accumulator to Port B o1 1 1 00 1t 1 1 1
§- OP Output Accumulator to Port P designated Port 01t 11 01 00 1 1
9:’ Pointer
‘g OAB Output Memory and Accumulator to Ports A and B 01 1 1 0 1 0 1 1 1
£ opm Output Memory to Port P designated Port Pointer 01 1 1 0 1 [¢] 1 1
1A Input Port A in Accumulator 01 111 0 1 0 1 1
1B fnput Port B in Accumulator 01 1 1 1 0 1 1 1 1
IK Input Port K in Accumulator 011 1t 1 100 1 1
IAB Input Ports A and Bin Memory and Accumulator O 1 1 1 1 1 0 1 1 1
e Enable Interrupt 010100 1 1] 1 1
Di Disable Interrupt 01 01t 00 10 1 1
ET Enable Timer o1 1 0 1 1 1 1 1 1
> DT Disable Timer 01 1 011 1 0 1 1
‘S‘ ECT Enabie Counter 01 1 1 1 1 1 1 1 1
©| oct Disable Counter O 1 1 1 1 1 1 0of 1 1
HLT Halt 01 101 1 0 1 1 1
EXP Exchange Program 01 10 0 1 1 1
NOP No Operation 0 00 00O OTO0OTO O 1 1
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ABSOLUTE MAXIMUM RATINGS

MSM5840 ¢

Parameter

Symbol Conditions Limits Unit
Supply Voltage Vpbp Ta=25°C —03to7 \
Input Voltage Vi Ta=25°C —0.3to VDD \
Operating Voltage PF PG Vo Ta=25°C —-0.3t025 Vv
Storage Temperature Tstg -55t0+150 °C o

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage tothe
device. This is a stress rating only and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.

OPERATING CONDITIONS

Parameter Symbol Conditions Limits Unit
s v Volt v @1 MHz 3t06 \
u oltage
PPl ¢ DD @4.2 MHz 451055 \
Operating Temperature Top —40to +85 °C
MOS Load 15
Fan Out N
TTL Load 1
D.C. CHARACTERISTICS
(Vpp =5V=10%, Ta=—20° to +70°C)
Parameter Symbol Conditions Min. Typ. Max. Unit
High Input Voltage ViH — 3.6
Low Input Voltage ViL - 0.8 \%
High Output Voltage (1) VOH I0=—40uA 4.2 v
L.ow Output Voitage VoL lo=1.6mA 0.4 \Y
lin 25
O8ColnputLeak Current VI=Vpp/ov nA
he —-25
—— hiH 1
RESET, MODE Leak Current Vi=Vpp/ov wA
I —-50
[IT: 1
Input Leak Current(2) I V| =VpDp/ov 1 A
IL -
PA, PB High Output Current loH VoH =0.4V -1 mA
High Output Current(1) 1OH VOH =25V -0.25 mA
Low Output Current loL VoL =0.4V 1.6 mA
PF, PG Output Breakdown Voltage BVpoH Io=10uA 20 v
i f=1MHz
tnput Capacitance Cy Ta=255C 5 pF
i f=1MHz
Qutput Capacitance Co Ta=255C 7 pF
Ipp Vi=Vppsov 10 200 | pA
Current Consumption(3) oD V|=Vpp/ov 16 4 mA
f=4.2MHz
Notes: (1) Except PA, PB (see graphs)
(2) Except OSCo, RESET, MODE
(3) Typical Value of Vpp is 5V
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A.C. CHARACTERISTICS (INTERNAL ROM MODE)

(Vpp =5V+£10%, Ta =—

40° to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Cycle Time tcy 76 nS
Sync Pulse Width tsw 0.95 uS
RD Pulse Width tRw 1.9 uS
Sync [toRD | tRp CL =50pF 1/21cy +0.5 uS
WR Pulse Width tww 0.95 uS
Sync 1toWR | twp CL =50pF 13/16tcy +0.5 uS
Port Input Setup Time tbsRr 4/16tcy uS
Port Input Hold Time tDHR 0 0.8 uS
— . PA, PB
WR | to New Data Valid tppw C| = 50pF 0.8 uS
. PD, PE, PF, PG
Sync  to New Data Valid tpps C| =50pF 13/16tcy405 nS
PHo, PH1 Input Pulse Width tHw (1) 500 nS
CIN Input Pulse Width tcw 250 nS
INT Input Pulse Width HUNTW (1) 500 ns
Note: (1) The processor logic will ignore the following events:
1.An INT falling edge occurring during Ty of a Tyinstruction.
2. APHoor PH1low level occurring only during T\NH of a Thp instruction.
TIMING CHARTS
ey
et TSVY
SYNC 4
—
e RD - ——— —— IRW —— =]
RD
N Y S I
WR
| oDW
PA, PB o INPUT DATA ' NEW QUTPUT
f=—tDSR -~ }=-1DHR l
PK DON'T CARE INPUT DATA DON'T CARE
D
DS | }
PD, PE
OLD DATA ‘*;NEW DATA
PF, PG
tHwW
PHg, PH,
~tew '
CIN !
I
|
L
INT I
INT }
e 1/21CY ;— TINH l’ l
(7116 1cy) 116 1cy
Note: (1) All‘ONES’ must be output before reading port A or B.
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A.C. CHARACTERISTICS (EXTERNAL ROM MODE)
(Vpp = 5V=10%, Ta = —40° to +856°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Cycle Time tcy 7.6 nS
Sync Pulse Width tsw 0.95 uS
TF Pulse Width tw 1.425 uS
Sync {toiF | tip CL =50pF 3/16tgy +1 «S
Address Low Delay tLAD CL =50pF 08 nS
Address Low Hold tAH 1/161cy 1/16 Y41 ©S
Instruction Setup Yis 1/16tcy nS
Instruction Hold YH 20 nS
Data Recovery DR C =50pF 0 0.8 uS
Address High Delay tHAD CL =50pF 0.5 uS
Address High Hold tHAH 0 0.5 uS
ey
tsw
SYNC /
F
UH
PA,PB DATA
tHAD —— tDR
PD DATA ADDRESS HIGH DATA
—] tHAH
Cycle Dependent Timings 4MHz 2MHz 1MHz 500kHz
1/16tcy 0.5u8 148 2uS 4uS
1/16tcy +1 1.5u8 2u8 3usS 5uS
3/16tcY 41 2.5u8 4uS 7uS 13u8
4/16tcy— 168 3uS 7uS 1518
1/2tcy 41 5uS 9uS 17uS 33uS
7/16tcy 3.5u8 TuS 14,8 28uS
13/16tcy+1 7.5u8 14u8 27uS 53uS
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TYPICAL PERFORMANCE CURVES

Supply Current vs Supply Voltage Supply Current vs Oscillator Frequency
(Ta=25°C, No Load) (Ta=25°C, No Load)
10m 10m [‘ j
Vpp =
I
4MHz 5v
/ 1 /
Im = —=2MH; Tm L]
T _ 1MHz < % v
T : y 4
- -
100u 100y /
_ |~ 100kHz ///
_S P |~ 10kHz %
10u 10u ——4
10K 100K ™M 10M
0 f (OSC) (Hz)
L~
Tu //
A
i 0.1u __J\_J —J
0 1 3 5 7 10
Vpp (V)
Oscillator Frequency vs Supply Voltage Oscillator Frequency vs Temperature
(Ta = 25°C, C_ = 50pF) (C = 50pF)
10 ' 10
‘ 8 8

f (OSC) (MHz)
H
f (OSC) (MHz)
)

0 1 3 5 7 10 -50 0 50 100
Vpp (V) Ta (°C)
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Low Current Out vs Voltage High Current Out vs Voltage

{Ta = 25°C, Except PA, PB)

20 / Vpp =6V -10
/ Vpp = BV -8
15
< < %
E Y} 4v £ VoD
~, 10 Vpp = T -
3 V 3 6V
= - —-4Mpp
Vpp =3V _%
N /e D VDD .
-2 av
VDD _ N
3V \
0 0 \
0o 1 3 5 7 10 0o 1 3 5 7 10
Vo (V) Vo (V)
Fall Time vs Load Rise Time vs Load
(Ta = 25°C, PA, PB, PD, PE, RD,WR, IF, SYNC) (Ta = 25°C, PD, PE, RD, WR, IF, SYNC)
1000 1000
800 800 /
£ 600 < 600
_ T /VDD =5V
T |
F E /
< 400 400 4
Vpp =5V /
200 oD 200 ]
/ -’,
ol T 0
10 20 50 100 200 500 1000 10 20 50 100 200 500 1000
Cr (pF) CL {pF)
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OKI semiconductor
MSM5842

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER

GENERAL DESCRIPTION

The OKI MSM5842 microcontroller is a low-power, high-performance single chip device imple-
mented in complementary metal oxide semiconductor technology. Integrated with this one chip are
6K bits of mask program ROM, 128 bits of data RAM, 21 Input/Output lines, an 8-bit binary
timer/counter, and oscillator. Program memory is byte wide and data paths are organized in 4 bit nib-
bles. RAM and 1/0 lines are bit addressable. 52 instructions include binary, BCD, operations; bit set,
reset, test; 8-bit 1/0; relative jumps; multifunctional instructions (increment, modify, skip); 8-bit wide
table output; subroutine call and return. 94% of instructions are single byte, single cycle operations.

Available in plastic (RS) package.

FEATURES

® Low Power Consumption — 7mw Typical ® 52 Instructions

® 100% Static Logic — 100uW Standby ® 1 Stack Level

® 768 X 8Internal ROM ® —20° to +70°C Operating Temperature
® 32 X 4Internal RAM ® 3Vto6V Operating Vpp

® 211/0 Lines Incl. 8 Bit Data Bus ® Battery Powered or Battery Backup

® 8 Bit Binary Timer/Counter ® TTL Compatible (with pullups)

® Self-contained Oscillator ® 7.6us Cycle Time @4.2MHz

FUNCTIONAL BLOCK DIAGRAM

0
32x4 RAM MPX
S TR ST SN T S S S VU B 1 L 1
FEDGCBA98 76 543 210 i
: R vex] | 768 x 8
DEC 7/ < Acc ! ! /ROM
P PLA
ALU bEC
ory WR
e
9 - 0
M-bus 1-bus
PP STACK
™ C 8 BIT TIMER
~-—QVpp
—-—0 GND
€ o /7 /7 Hg A 8
4
0 )
3210 3210 3 2 1 o PHp 3210 3210 TIN GG, 0SC, RESET SYNC
“PE—~ “pp— N g/ MpA—  Npg—
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PIN CONFIGURATION (Top View)

e MSM5842 ¢

28 PIN PLASTIC DIP (RS}

PHo gl Voo
SYNC [2 7] PEs
os¢c [3] 126} PE-
0sCo [4] 25 PE!
RESET [5] o4} PEc

PAc 8] 23 PD-

pa. [T} 22 PD:

PA: [8] 121 PD.

PA: (9] [20] PDo

PBs [i0] 19 PKs

PB: [11 [rg] Px-

B, [12) 7] PK:

pBs [13] 16] PKo

aNo [14] CIN

PD

32 Pin Flat Package

PA
PAs
RESET
0OSCs
0sC
SYNC
PHa
NG
Yoo

PEs

PIN DESCRIPTION

e

Designation l Pin No. Function
GND 14 Circuit GND potential
Vpp 28 Main power source {(+5V)
08Co Crystal OSCinput, external clock input B
0SCH Crystal OSC input, external clock output (not TTL compatible) -
PA,PB m Quasi-bidirectional ports for 4 bit parallel 1/0. Used as a pair for 8 bit1/0.
PD, PE Output ports for 4 bit par llel output and bit set/reset. Specified by internal port
pointer. Bit position specified by set/resetinstruction.
PK 4 bit parallel or bit testinput port (untatched)
PH 1 bit input port with latched memory (negative level sensitive)
RESET RESET must be low for more than one machine cycle and has priority over every -
other signal. (see MSM5842 user's manual for initialization sequence)
CIN Negative edge sensitive external input for timer/counter.
SYNC 2 General purpose synchronizing signal output at the beginning of each méchine

cycle.
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® MSM5842

FUNCTIONAL DESCRIPTION

Program ROM

The MSM5842 will address up to 768 bytes
of program ROM. All instructions are byte wide.
Only three of the 52 instructions require two
bytes of program code. The instructions are
routed to a programmed logic array which gener-
ates the necessary internal control signals.

Data RAM

Data is organized in 4 bit nibbles. Internal
data RAM consists of 32 nibbles and one nibble
which is a dedicated general purpose register,
W, accessible directly under program control.
DATA RAM must be addressed indirectly
through the DP (data pointer) register, a five bit
pointer (directly accessible by numerous instruc-
tions) consisting of a 4 bit DP|_ register and a 1
bit DPY register. Any nibble of internal data RAM
can be accessed through the DP registers. Some
instructions, automatically change the contents
of the DP register allowing efficient array pro-
cessing.

Input/Output Ports

PA, PB — These two ports are pseudo-
bidirectional ports which can be used as simple
I/0 lines or used as either a 4 bit or 8 bit parallel
bus.

PD, PE — These two output ports are ad-
dressed indirectly through the ONE BIT port
pointer whose contents are changed through
certain instructions. These ports are bit (set/
reset) addressable.

PK is an input port without a Latch circuit, ad-
dressable as a nibble input.

PH is a one bit input port with a Latch circuit,
which can be tested and reset under program
control.

INSTRUCTION SET

Timer/Counter

The timer/counter is an 8-bit counter w
input is an external signal (CIN). The T™M fl;
set when the timer/counter generates a carry

Stack

The stack is a single register for st
return-from-subroutine address information.
ten bits wide.

Program Counter (PC)
The program counter is ten bits wide.

Accumulator

The accumulator register is the data |
focal point of the CPU. Approximately one-hz
the instructions involve the accumulator.
contents are the source and destination
many ALU operations and port operations. C,
statements (computed GOTOs) are possible
using the Jump with Accumulator (JA) inst
tion.

Flags
The MSM5842 is endowed with the follov
set of flags.

Z — zero flag . Indicates that the re
of the previous opera
was zero

C — carry . Indicates a carry from
previous operation

TM — timer flag : Indicates an overflow

the timer/counter regis

. Indicates that an in
has been detected on
Ho input

Ho — Ho memory

Instruction Code
Mnemonic Description Byte | Cyc
76 5 4 3 2 1 0
CLA Clear Accumulator O 001 o oOO0OTGOO 1 1
CCL ClearDP_ O 01 00 O0O0TO0 1 1
CLH Clear DPy 01 1t 0 00 0 0 1 1
§ LAl Load Accumulator with Immediate O 0 0 1 s Iz I 1o 1 1
O] LL Load DPy with Inmediate 0 0 1 0 Is Iz It I 1 1
§ LHt Load DPy with Immediate 01 1 00 0 0 lo] 1 1
oL Load Accumulator with Memory 1001 01 0O 1 1
£lLaL Load Accumulator with DP|_ 01 01010 1] 1 1
(7{ LLA Load DP|_with Accumulator 01 01 01 o0o0 1 1
E LAW Load Accumulator with W Register 10 000 1 0O 1 1
=] Sl Store Accumulator to Memory then Increment DP_ 1001 0000 1 1
LWA Load W Register with Accumulator 1.0 00 0000 1 1
LPA Load Port Pointer with Accumulator 01 011 0 0 0 1 1
LTI Load Timer with All Zeros 01 101 00 0 1 1
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INSTRUCTION SET (CONT.)

. o Instruction Code *‘
Mnemonic Description Byte | Cycle
7 6 5 4 3 2 10
s
'E:E; X Exchange Accumulator with Memory 1 0 01 1 000 1 1
i
| INA Increment Accumulator 0 00 00 O0O0 1 1 1
5 INL Increment DP|_ Skip if Zero o1 0101 11 1 1
3 INM Increment Memory o1 01 1 1 01 1 1
g INW Increment W Register 1 0 001 00O 1 1
S| DCA Decrement Accumulator — Skip if Not All Ones o0 o0 0 1 t 1 1 1 1
é DCL Decrement DP|_ } Skip if AllOnes 010101 1 0] 1 1
= DCM Decrement Memory o1 0111 00 1 1
T“} CAOQO Complement Accumutator of One o1 010 00O 1 1
'E’,’ RAL Rotate Accumulator Left through Carry o1 o000 1 1t 1 1 1
i}
o AC Add Memory to Accumulator with Carry o1 0011 00 1 1
s AS Add Memory to Accumulator, Skip if Carry o1 001 1 10 1 1
E AlS Add Immediate to Accumulatoer, Skip if Carry 00 0 0 Ia Iz I lo 1 1
"E DAS Decimal adjust Accumulatorin Subtraction o1 01 1t 0 10 1 1
CM Compare Accumulator with Memory, Skip if Equal o1 01 1 1 10 1 1
SMB Set Memory Bit 1 01 1 1 0 Il 1 1
% RMB Reset Memory Bit 1 0 1 1 1 1 bl 1 1
21 TAB Test Accumulator Bit 1 01 0 0 0 I+ lo} 1 1
§ T™B TestMemory Bit 1 0100 1 i lol 1 1
g THB Test H Port Bit t 01 01 1 0 I 1 1
2 TT™M Test Timer flag 101 0 1 1 1 0] 1 1
21 1c TestCarry flag 010000 1 0} 1 1
D sc Set Carry flag 0100000 O} 1 1
RC Reset Carry flag o1 0 00 0 01 1 1
el J Jump 001 1 0 0 sl 2 2
] 17 le Is da la f2 1 o
g JC Jump in Current Page 1 1 s la ta l2 v o 1 1
& JA Jump with Accumulator o1 0 0 0 0 1 1 1 1
£ CAL Call Subroutine 001 1 1 0 s s 2 2
g I; ls 1s la la 1z §i do
o | RT Return from Subroutine o1 0 1t 1 0 0 1 1 2
oTD Output Table Data o1 1 1 0 0 01 1 2
OA Output Accumulator to Port A o1 110010 1 1
= OB Output Accumulator to Port B o1 1 1 0 0 1 1 1 1
al| oP Output Accumulator to Port P designated Port o111 0 1 00 1 1
3 Pointer
% OPM Output Memory to Port P designated Port Pointer o1 11 01 10 1 1
el Input Port A in Accumulator o1 11 101 0] 1 1
B Input Port B in Accumulator o1 1 1 1 0 11 1 1
1K Input Port K in Accumulator o1+ 1 1110060 1 1
i
‘é NOP No Operation O 0 00 0O0O00 1 1
(&
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage VbD Ta=25°C —0.3to7 A
Input Voltage \ Ta=25°C —-0.3toVDD v
Storage Temperature Tstg —551t0 +150 °C

Note: Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the
device. Thisis a stress rating only and functional operation of the device at these or at any other condition ak
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximu:
rating conditions for extended periods may affect device reliability.

OPERATING CONDITIONS

Parameter Symbol Conditions Limits Unit
1MHz 3to6 Vv
Supply Voltage Vpp
4.2MHz 4.5t05.5 A
Operating Temperature Top -40t085 °C
MOS Load 40
Fan Out
TTL Load 1
D.C. CHARACTERISTICS
(VDD =5V+=10%, Ta = —40° to +85°C)
Parameter Symbol Conditions Min. Typ. Max Un
High Input Voltage ViH - 3.6 "
Low Input Voltage ViL - 0.8 \
High Output Vottage (1) VOH 10 =—40uA 42 v
Low Output Voltage VoL lo=1.6mA 0.45 \
IH 25
OSColnput Leak Current Vy=Vpp/ov A
I -25
[ hH 1
RESET Leak Current Vi=Vppsov nA
h -20
I 1
Input Leak Current(2) | V|=Vpp/ov uA
L -1
PA, PB High Output Current IOH VoH =0.4V -1 mA
High Output Current{1) IoH VOH=2.5V -0.25 mA
Low Output Current loL VoL =0.45V 1.6 mA
Input Capacitance C fr:l'\é’g'}c 5 pF
Output Capacitance Co fTa:lhg‘?"ZC 7 pF
Ibp Vi=Vpp/ov 20 200 uh
Current Consumption(3) oD Vi=Vpp/ov 15 4 mA
f=4.2MHz

Notes: (1) Except PA, PB (see graphs)
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A.C. CHARACTERISTICS
{(Vpp =5V=10%, Ta = —40° to +85°C)

Parameter Symbo! Conditions Min. Typ. l Max. \ Unit

ﬂle Time tcy N Ogc =4MHz 7.6

Sync Pulse Width tsw 0.95

Port Input Invalid Time tory o 1721y +05

Port Input Valid Time oy 2

Sync | toNew Data Valid tops | PD, PE Cy =50pF 13/161gy + 0.5

PHommputPulseWidth | thw (1) 250 o

TIN Input Pulse Width W ' 250

Notes: (1) The processor logic may ignore the following event:
A PHe low level occurring only during Tynp of a THB instruction.
(2) All*ONES’ must be output before reading port Aor B.

TIMING CHARTS

ey
|-t W
—
sYNC — i,
PAPB INPUT DATA [ NEW OUTPUT DATA
Note 2 \_.___.
e tDIV tpv
PK DON'T CARE J\f INPUT DATA )f DON'T CARE
tDDS
PD.PE OLD DATA )f NEW DATA
tHW
PHo
tow
CIN
L—————’——UQ tCYv—f——r'—"thHf+_" 1/16 t1cy
7/16 t

CY
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TYPICAL PERFORMANCE CURVES

Supply Current vs Supply Voltage

(Ta=25°C, No Load)

10m
(OSC) = 8MHz
4MHz
1m 2MH2z
TMHz
100KHZ]
g 100u
o
Qo
10u
i’ OHz
Tu
0.1u
0 1 3 5 7 10

Oscillator Frequency vs Supply Voltage

{Ta=25°C, C; =50pF)

6
4
2
0
1 3 5 7 10
Vpp (V)
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Supply Current vs Oscillator Frequency

10m

100u

Ipp (A)

10u

Tu

0.1

(Ta = 25°C, Cp =15pF)

N
HEA

10K 100K 1M 10M
(OSC)(Hz)

Oscillator Frequency vs Temperature

14

12

10

/(OSC){(MHz)
o

(CL = 50pF)

-50 0 50 100
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Low Current Out vs Voltage High Current Out vs Voltage

(Ta =25°C) (Ta=25°C)
-4
=z _ -3
E z
! = v =5V PD, PE
T DD
o 3 SYNC
—1 Vpp =
5V (PA, PB)
0
0 1 3 5 7 10
VolV)
Fall Time vs Load Rise Time vs Load
(Ta = 25°C, PA, PB, PD, PE, SYNC) (Ta =25°C, PD, PE, SYNC)
1000 1000
_ 800 800
3 2 Vpp =5V
T 600 -, 800
= T
< iy
400 400
=5V
200 . VoD 200 ==
- 0
10 20 50 100 200 500 1000
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OKIX semiconductor
MSM58421

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH LCD DRIVER

GENERAL DESCRIPTION
The OKI MSM58421 s a Iow—power, h

igh-performance 4-bit single-chip microcontroller

mented in complementary metal oxide semiconductor technology.

Integrated within this one chipisa s digit 7-segment LCD driver and PLA which can chang
character font for the 7 segments freely under the control of the mask pProgrammable data.

Also integrated in this chip are mask RO
bits, 13 general-purpose input/output ports
cation to equipment with an LCD display.

FEATURES

® | ow Power Consumption CMOS 4-bit
One-Chip Microcomputer

100% Static Logic

1536 x 8 bits Mask ROM

40 X 4 bits Data RAM

1 Static Register

Built-in 12-bit Timer {with 32 Hz Common
Output)

All Input Ports Contain Schmitt Trigger
Circuits

® 8-bit Interface Bus

FUNCTIONAL BLOCK DIAGRAM

PLCO6 PLCO4 PLCO1

Wl
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54321 greacbagfencnagfedcbagfeacbagvedcba c 32109 PH
o
‘-PLCDG-’\PLCD54‘~PLCD4‘—/‘—PLCD3-—/‘—PLCDT—"—PLCDI—’ M= ek —
M
0
N
Crystal Oscillator 4 194304 MHz, SYNC 7.63 usec LCD common signal 32 Hz

Mof 1536 x g bits for programming, data RAM of 4C
. 12-bit timer, and clock oscillator to facilitate easy s

® 52 (nstructions

® 94%of the 52 Instructions are 1 Byte and 1
Machine Cycle

® Integrated with 13 Input/Output Ports and 4¢
Static LCD Driver Circuit

® +5V Single Power Supply, 60-Pin Mold Flat
Package

® 7-Segment Character User Programmabl
Font (32 Words x 7 Segments)

® Various Functions Changeable under Mask
Program Control

Pg Ho ™ 1110880,
O
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N T I R AR
b bt s bdbd e
55853588848388338
—y— —— 05Co 9599989899989 3
= PORT A fid daasaaaaaeadcaad
f‘l—“" 0sC,
PORT B
RESET -—=d RESET
pLCDS-c [T PLCD3 &
] pLco3-a (2] O PLCD3 -d
JPLCDV PLCD3-b [_3 PLCD3-¢
PLCDS ¢ [4 PLCDGE-5
PORT H———dq H WP\,CD] pcoz-f (3 PLCD2 e
! pLcD2-2 (6 pPLCO2-d
Jucng pLcps-e (71 PLCD2 ©
- Ka pLco2-o (B PLCD? 4
e 4 pLcot—t (o] PLCD1 ¢
J pLcos—f (10 ] pLCD1-d
) pLep1-a (10 PLCD 1-¢
PLCD S
. ' pLcpt b (12| PLCDY 9
| pLCDS-a (13 PLCD 6~
PLED L -
| ph [da GND
syne (15 | COMMON
v —{ voo o5¢: (36 ] PORT Ky

Y

SYNC

COMMON

- SYNC SIGNAL OUTPUT

— COMMON SIGNAL OUTPUT

0sCo (7.}
RESET (18]
PORT Ay (18]
PORT A, {20 ]
porTA: (Z1]
PORT A3 [22]
vop (2]
PORT 8y (24 |
PORTK, [ 28|
poATK, [20]
PORT K, (30 ]

PORTB

PORT B, [ 25
. (28
PORT By (20

PIN DESCRIPTION

Designation Pin No. Function
GND 33 Circuit GND potential
Vpp 23 Main power source (+5V)
0QSCo 17 Crystal OSCinput, external clock input
OSC 16 Crystal OSC input, external clock output (not TTL compatible)
PA,PB 191022 pseudo-bidirectional ports for 4-bits paralle! 1/O. Toinput data from these ports, itis
24 t027 necessary to write “1” tothem beforehand. When nothingis applied to their
terminals, the content of output ports is written in them, so they can alsobe used as
registers. In addition, itis possible to use them for make 8-bit parallel output
depending on instructions.
PK 28 to 31 input ports for 4-bit parailel input with no latching function.
PH 14 Input port with latching function to be set by negative logical signal.
That is, this terminal is set at the time when the negative logical signal is appliedtoit
from the outside.
It is reset automatically after execution of the test instruction of this port.
| e _
RESET 18 The RESET signal which input has priority over alt of other signals and performs the
following functions:
(1) Resets all bits of the program counter; |
(2) Resets the timer counter and timer flag; \
(3) Resets the port pointer;
(4) Resets the accumulator; ]
(5) Resets /0O ports PAand PB; !
(6) Resets the input port PH flag; '
7 InitializestheoutputportPLCDforLCD;
(8) Resetsthe machinecycletoM:.
Since the RESET terminal is pulled up to Vpp by aninternal resistor (approx. 800
kQ), itis possible to make power ON/reset by connectingitwith an external
capacitor.
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PIN DESCRIPTION (CONT.)

Designation Pin No. Function

SYNC 15 General-purpose synchronizing signal output. The signal is output at the beginni
of each machine cycle. Output constantly, this signal is used also as clock pulset
external units.

The cycle of SYNC becomes 32 times that of the original oscillation (8 ©S when th
clock pulse is 4 MHz).

PLCD 1t013 PLCD 1 ~6 (Pins 1 ~ 13 and 34 ~ 60)

1~6 34to60 7-bitand 5-bit parallel output ports, respectively. They are used to direct drive an
LCD (static type). Specification of each portis done by the port pointer (PP) as
shown in the table below:

Content of PP
bs ba b, be Port Specified
X 0 0 ¢ PLCD1
X 0 o] 1 PLCD2
X o 1 o] PLCD3
X 0 1 1 PLCD4
X 1 0 [¢] PLCD5
X 1 o] 1 PLCD6 1 ~ 4
X 1 1 0 PLCD®6 5 and BI
X 1 1 1 —_— ]

X: Don'tcare
BI: 7 Segment Decoder PLA Blank Input

The data of bo, of the internal 4-bit bus is written to 5 of PLCD6, and that of bs to

Bi.
COMMON 32 COMMON (Pin 32)
COMMON output terminal. This output signal is connected to the common electrod
of static type LCD. The frequency of the COMMON signal output is given with the
following equation:

ficom) =foscy/2”

Where the basic clock fOSC) is 4.19304 MHz, flcom) becomes 32 Hz (duty ratio:
50%).

MASK OPTION TABLE

flosc}=4.194304MHz

Port KO PortK2 Port K3 Commom
— — Timer
No. 28 pin 30 pin 31 pin 32pin
o} Ko Ks 32Hz 12bit
COMMON 12 bit

t(BUZZER)=2048Hz
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Power Supply Voltage VbD Ta=25°C -0.3t07 \)
Input Voltage v Ta=25°C —03toVpp |V
Power Dissipation Pp Ta = 25°C per 1 package 200 l mwW
Storage Temperature Tstg —55t0+150 l °C

OPERATING RANGE

Parameter Symbol Conditions Limits Unit
Power Supply Voltage VoD flosc) =0t0 4.2 MHz 4106 \)
Operating Temperature ) Top - —40to +85 °C
. MOS Load 15
Fan Out (excluding COM, SEC) N -
TTL Load 1

D.C. CHARACTERISTICS
(Vpp = 5V=£10%, Ta = —40 to +85°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
“H" Input Voltage ViH 3.6
“L" Input Voltage Vi 0.8
“H" Output Voltage(1) VoH | lo=-80rA \_/8? v
“H" Qutput Voltage(?) Vou | lo=—20uA Y(IZ))? v
“H" Output Voltage(3) VoH | lo=—40pA 42 v
“H" Output Voltage!4) Von | lo=—15uA 4.2 v
“ Output Voltage(!) VoL | lo=80rA 0.1 v
“L" Output Voltage(2) VoL | lo=20pA 0.1 v
“L" Qutput Voltage'5) VoL | lo=16mA 04 v
OSColnputLeak Current | liy/liL | Vy=Vpp/V1=0V 10/-10 | pA
Input Current(6) /L | Vi=VDD/Vi=0V 1/-20 nA
PA Ly
PB 10H Vo =0.4V -1 mA
QOutput Current
“H" Output Current(3) oy | Vo=25V -0.25 mA
“L" Qutput Current(4) oL | Vo=04V 1.6 mA
Input Capacity Cy f=1MHz, Ta=25°C 5 pF
Output Capacity Co f=1MHz, Ta=25°C 7 pF
Current Consumption IpD ;tznt::a‘?od' MHz, 2 5 mA

Notes: (1) Applied to COMMON
(2) Applied to SEGMENT
(3) Applied to SYNC
(4) Applied toPA, PB
(5) Applied to SYNC, PA, and PB
(6) Applied to RESET, PK, and PH
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SWITCHING CHARACTERISTIC
(VDD =5V+10%, Ta = —40° to +85°C)

Parameter I Symbot Conditions Min. Typ. Max. Unit

SYNC Delay Time from
Clock (OSCq)

Clock (OSCo) Pulse
Width

Cycie Time
SYNC Pulse Width

PA
PB Data Valid Time
PK

PA
PB Data Invalid Time
PK

Cy =50pF

(4) Us

Data Delay Time CL =50pF ns
Port H Set Pulse Width(7) 500 ns
COMMON Delay Time

from SYNC tscd CL=50pF 2 #s

—_— ] T

SEGMENT Delay Time B

from COMMON lcsd CL =50pF 1 us

toWH, WL
CLOCK (0SCq)

SYNC ) \




(1)

t -
tgw (2} ey
SYNC
(4) (3)

tDIv =—1DV
(6)
PA, PB,PK IN VALID VALID IN VALID
INPUT MODE

le———————tDDS (5)

PA,PB
OUTPUT
MODE X OLD DATA NEW DATA
PH tHW

THB INSTRUCTION CYCLE
SYNC / \ Y \

o

TiNH |

16x1/f(0SC) 15x1/f(osc)  1x1/f(osc)

e MSM58421 ¢

Notes: (1) toy =32 X 1/{0sC)
(2} tgw =4 X 1/1(0SC)
(3 tpy =8 x 1/Kosc)
(4) tpy =16 X 1/H{0SC) +0.5us
(5) tpps =26 % 1/H0SC) + 1 us

(6) When data is input from PA or PB, set the contents of PA or PB to “1” prior to reading instruction.

(7) At execution of the THB instruction, any input made

above figure may be neglected.

during a period of Ty (15 < 1 /fiosc)) shown in the

4096 PULSE
SYNC / \\—
tscd tscd
B
COMMON 4 \\
tesd tesd
- -

SEGMENT

(WHEN THE DISPLAY
CONTENT IS FIXED)
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DESCRIPTION OF TERMINALS

GND (Pin 33)
Circuit grounding potential

Vpp (Pin 23)
Main power supply

OSCo (Pin17)
Input of internal oscillation circuit at one side
of crystal resonator and ceramic vibrator.

OSC: (Pin 16)

Output of internal oscillation circuit at the
other side of crystal resonator and ceramic vibra-
tor (not TTL compatible)

PA, PB (Pins 19 ~ 22 and 24 ~—27)

These are quasi-bidirectional ports for 4-bit
parallel I/0. To input data from these ports, it is
necessary to write “1” to them beforehand.
When nothing is applied to their terminals, the
content of output ports is written in them, so they
can also be used as registers. In addition, it is
possible to use them to make an 8-bit parallel
output depending on instructions.

PK (Pins 28 ~ 31)
Input ports for 4-bit parailel input with no
tatching function.

PH (Pin 14)

Input port with latching function to be set by
negative logical signal.

This terminal is set at the time when the nega-
tive logical signal is applied to it from the outside.
It is reset automatically after execution of the
test instruction of this port.

RESET (Pin 18)

Reset must be active for greater than 1 ma-
chine cycle.

The RESET signal, when input, has priority
over all of other signals and performs the follow-
ing functions:

(1) Resets all bits of the program counter;

(2) Resets the timer counter and timer flag;

(3) Resets the port pointer;

(4) Resets the accumulator;

(5) Resets I/0 ports PA and PB;

(6) Resets the input port PH flag;

(7) Initializes the output port PLCD for LCD: and
(8) Resets the machine cycle toM.

Since the RESET terminal is pulled up to
by an internal resistor (approx. 800k (),
possible to activate power ON/reset by con
ing it to an external capacitor.

SYNC (Pin 15)

This is a general-purpose synchron
signal output. The signal is output at the b
ning of each machine cycle. Output const:
this signal is used also as clock pulse to ext
units.

The cycle of SYNC becomes 32 times th
the original oscillation {8us when the clock o
is 4MHz).

PLCD1 ~6(Pins1 —13 and 34 — 60)

These are 7-bit and 5-bit parallel ou
ports, respectively. They are used to dire
drive an LCD (static type). Specification of ¢
port is done by the port pointer (PP) as show
the table below;

Content of PP
Port Specified

PLCD1

PLCD6 ~4
PLCD6 5 and BI

X: Don'tCare

BI: 7 Segment Decoder PLA Blank Input
The data of b, of the internal 4-bit bus is written t
5of PLCD6, and that of bs to Bi.

COMMON (Pin 32)

This is a COMMON output terminal. Tt
output signal is connected to the common ele
trode of static type LCD. The frequency of ti
COMMON signal output is given with the folloy
ing equation:

fcom) =fioscyr2

Where the basic clock f(osc) is 4.19304 MH
flcoM) becomes 32 Hz (duty ratio: 50%).
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INSTRUCTIONS LIST

Mnemonic Description Instruction Code Byte | Cycle
7 6 5 4 3 2 10
CLA Clear Accumulator 0O 0 01 0 O0O0OTDO 1 1
CLL Clear DP|_ 0O 0 1 0 0O O0O00O0 1 1
CLH Clear DPy o1 1 0 0 O0O0O 1 1
LAI Load Accumulator with Immediate 0 0 0 1 Iz Iz 1y o 1 1
LLl Load DP_ with Immediate 0 0 1 0 Ia k2 b o 1 1
LHI Load DPy with Iimmediate 01 1 0 0 lo It o 1 1
L Load Accumulator with Memory 1 0 01 01 0O 1 1
LAL Load Accumulator with DP|_ o1 01 0 1 01 1 1
LLA Load DP|_ with Accumulator o1 01t 0100 1 1
LAW Load Accumulator with W Register 1 0 000 1 0O 1 1
Sl Store Accumulator to Memory then Increment DP 1 001 00 OO 1 1
LWA Load W Register with Accumulator 1 0 00 0 0 0O 1 1
LPA Load Port Pointer with Accumulator o1 01 t 0 0O 1 1
LTI Load Timer with Immediate “0" (Clear Timer & TMF) o011 01000 1 1
X Exchange Accumulator with Memory 1 0 01 1 0 00 1 1
INA Increment Accumulator 0O 0 0 0 0 0 0 1 1 1
INL Increment DP o1 01 0 1 1 1 1 1
INM Increment Memory o101 1 1 01 1 1
INW Increment W Register 1 0 0 0Ot 0 0O 1 1
DCA Decrement Accumuiator o0 0 0 1 1 1 1 1 1
DCL Decrement DP_ o1 01 01t 1t 0 1 1
DCM Decrement Memory o101 1 1 00 1 1
CAO Complement Accumulator of One O 1 01 00 O0 O 1 1
RAL Rotate Accumulator Left through Carry o1 0 00 1 1t 1 1 1
AC Add Memory to Accumulator with Carry o1 001 1 0O 1 1
AS Add Memory to Accumulator, Skip if Carry o1 001 1 10 1 1
AIS Add Immediate to Accumulator, Skip if Carry 0 0 0 0 Is ¥z 11 o 1 1
DAS Decimal adjust Accumulator in Subtraction o1 01 1 0 10 1 1
CM Compare Accumulator with Memory o101 1 1 10 1 1
SMB Set Memory Bit 1 01 1 1 0 6 b 1 1
RMB Reset Memory Bit 10 1 1 1 1 It b 1 1
TAB Test Accoumulator Bit 1 01 0 0 0 Il 1 1
T™B Test Memory Bit 1 01 0 0 1 h I 1 1
THB TestH Port Bit 1t 01 01 1 00 1 1
TT™ Test Time flag 1t 01 011 1 0 1 1
TC Test Carry flag o1 00 00 1O 1 1
SC Set Carry flag 01 0 00 OO0 O 1 1
RC Reset Carry flag 01 0 0 0 0 0 t 1 1
J Jump 0 0 1 1 0 lols s 2 2
I7 le ts la 13 1z 11 do
JC Jump in Current Page 1 1 Is la ta b2 11 lo 1
JA Jump with Accumulator o1 0 0 0 0 1 1 1
CAL Call Subroutine 0 0 1 1 1 lwols s 2 2
17 le Is la s 1z 11 o
RT Return from Subroutine o1 01 1t 0 01 1 1
OoTD Qutput Table Data o1 1 t 00 0 1 115 2
QA Output Accumulator to Port A ot 11 0 010 1 1
OB Output Accumulator to Port B o1 1 1 0 0 1 1 1 1
OP Output Accumulator to Port designated Port Pointer o1 110100 1 1
OPM Output Memory to Port P designated Port Pointer o1 11 01 10 1 1
1A Input Port A in Accumulator o1 111010 1 1
1B Input Port B in Accumulator o1 1t 11 0 11 1 1
IK Input Port K in Accumulator ot 1 1 1 100 1 1
NOP No Operation 0 0 0 0 0 O0O0O0 1 1
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TYPICAL PERFORMANCE CURVES

Output Current (IgL) TYP Output Current (igy) TYP
(Vpp =5V, Ta=25°C) (Vpp =5V, Ta = 25°(
20 (COMMON terminal) —{ -10 ‘ l
/ {COMMON terminal}
_ / . -8
<
T 15 — E
£ / (PA, PB, SYNC terminall|
I
I 2 s
z 5 \
g 10 f = . \/(SY NC terminal)
3
b / ; -4 ™
g AN
g /i 5
o s o \ (SEGMENT terminal)
-2
|
(SEGMENT terminal) |-(PA, PB terminal)
0 I 0
1 3 ) 7 10 o 1 3 5 7
Output voltage Vg (V) Output voltage Vg (V)
tTHL — C Characteristic TYP tTLH ~ CL Characteristic TYP
(Ta=25°C) (Ta=25°C
1000 h 1000
800 /
- = 800 Vpp=5V
£ £
i T
T
i 600 £ 600
g g /
F 400 2 400 /
: : ¢
a [oX
3 s /
© 200 © 200 i
Vpp= 5V N
0 ‘ 0
10 20 50 100 200 500 1000 10 20 50 100 200 500 10(
Load capacity C|_ (pF) Load capacity C_ (pF)
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ftosc) — VoD Characteristic TYP f(osc) — Ta Characteristic TYP

(CL - 15pF, Ta = 25°C) (Cy_ = 15pF)

12 12
Vpp=bV

g —
™~

10

Maximum clock freauency f{0SC) (MHz}
Maximum clock frequency f(osc) {(MH2z)

6 6
4 4
0 0
0o 1 3 5 7 10 ~50 0 50 100
Power supply voltage Vpp (V) Ambient temperature Ta (°C)
Ipp — VDD Characteristic TYP Ipp - f(0SC) Characteristic TYP
{CL = 15pF, Ta=25°C) (C_=15pF, Ta=25°C)
10m l 10m
W
pA”
> 3
&‘\050 5‘—3
im
o m VDD:sy
[ =
°
a
= £
< &
Q
o
2 1004 ; 100
< g /
o =
a o
g /'
[=
8 10u 101 L
£ OHz 10K 100K ™ 10M
§ Clock frequency f(osc) (H2)
Q /
Tu /
¥
01u
[ 3 5 7 10

Power supply voltage Vpp (V)
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OKI semiconductor
MSM58422

CMOS 4-BIT SINGLE CHIP MICROCONTROLLER WITH FLT DRIVER

GENERAL DESCRIPTION

OKI's MSM58422 is a low-power, high-performance 4-bit single-chip microcontroller imple-
mented in complementary metal oxide semiconductor technology.

Integrated within the one chip is a mask ROM of 1536 x 8 bits, RAM of 40 x 4 bits, 10 input/out-
put ports 11-bit timer-counter, clock oscillator, 4-bit paraliel arithmetic circuit, 40 static FLT drivers
etc.

M8M58422 has an instruction set which consists of 4-bit arithmetic instructions, Boolean (bit)
manipulation instructions (bit-set, bit-reset, bit-test), data input/output instructions, and 8-bit code
translation (Table data out) instructions.

Also the pseudo-bitateral ports are used for connection to the buses of other 8-bit systems.

FEATURES
® | ow Power Consumption CMOS 4-bit ® 60-Pin Flat Package
One-Chip Microcomputer ® Built-in 11-bit Timer
® 100% Static Logic ® 94% of the 52 Instructions and 1 Byte and 1
® 1536 X 8 bits MASK ROM Machine Cycle
® 8-bit Interface Bus ® [Integrated with 10 Input/Output Ports and 40
® 1 Stack Register Static FLT Driver Circuit
® 52 Instructions ® PKand PH Input contain Schmidt Trigger
® +5V Single Power Supply Circuits

FUNCTIONAL BLOCK DIAGRAM

[ DATA RAM 40W j

oM : PROGHAM
£p|r| mOM

CX | 1536 8o

FEDCBAGDSG 7 686 430
DEC 1‘ JE—
. DEC
DPL WH |
- 0 P 0
ﬁ M
— .
r{i—‘t M 10 STACK 0

PP 5167
Segment

Bl PLA
Te | PETLS | pELT4 | PFTLG | PFLT? | PETLS Oimmer
PrLTE N 3 ; 1 connor

OO

24321 gledcba gledcba  gfedcba gledcba  gledeba faHr 2 1
Dit

PFLF6  PFTL5  PFLTA  PFTL3  PFLTZ  PFTLY

OSC 4.194304 MHz. SYNC = 7.63 usec
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