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CMOS MICROPROCESSOR LINE - UP D 
POWER SUPPLY COMPATIBILITY 

PRODUCTS PART NAME CURRENT PACKAGE REMARKS 
VOLTAGE 

(MAXI 
SUP~LIER TYPE 

40DIP 
B BIT MICROPROCESSOR MSMBOC85A 5V 22mA 44 FLAT Intel 8085A 

44 PLCC 
3 MHz 

B BIT CPU 
40 DIP B BIT MICROPROCESSOR 

MSMBOCB5A-2 5V 20mA 44 FLAT 
5 MHz 

Intel B085A-2 
44 PLCC 

MSMBOC86 
55mA 

16 BIT MICROPROCESSOR 
Intel B086 MSMBOC86A 40 DIP 

B BIT CPU 5MHz 
5V 56 FLAT 

16 BIT CPU MSM80C86-2 BOmA 44 PLCC Intel B086-2 
MSMBOC86A·2 8 MHz 

MSM80C88 55mA 40 DIP B BIT MICROPROCESSOR Intel B088 
B BIT CPU 

MSM80C88A 5!1 FLAT 5 MHz 
5V 

MSMBOC88-2 
BOmA 40 PLCC 8MHz Intel 808B-2 MSMBOC88A-2 

MSMB1C55 40DIP 
204B BIT STRAM with 1/0 

5V 5mA 44 FLAT 
and TIMER 

Intel 8355 
MSMB1C55-5 44 PLCC 

MSMB2C12 5V lmA 
24 DIP 

B BIT INPUT/OUTPUT POAT Intel B212 
24 FLAT 

40DIP 
PROGRAMMABLE OMA MSMB2C37A 

5V 10mA 44 FLAT Intel B237A 
MSMB2C37A-5 

44 PLCC 
CONTROLLER , 

MSMB2C43 5V 1mA 
24 DIP 

INPUT/OUTPUT PORT EXPANDER 24 FLAT 

MSMB2C51A 2B DIP PROGRAMMABLE COMMUNICA-
5V 5mA 32 FLAT Intel B251A 

MSMB2C51 A-2 
2B PLCC 

TIONS INTERFACE 

MSM82C53·5 5mA 24 DIP PROGRAMMABLE INTERVAL 
5V 32 FLAT 

TIMER 
Intel B253 

MSMB2C53-2 BmA 2B PLCC 

MSMB2C54 24 DIP PROGRAMMABLE 
5V 10mA 32 FLAT Intel B254 

MSMB2C54-2 
2B PLCC 

COUNTER 

MSMB2C55A-5 5mA 40DIP PROGRAMMABLE PERIPHERAL 
1/0 5V 44 FLAT Intel B255 

MSMB2C55A-2 BmA 44 PLCC •1 
INTERFACE 

2B DIP PROGRAMMABLE INTERRUPT 
MSMB2C59A-2 5V 5mA 32 FLAT 

CONTROLLER 
Intel 8259A-2 

2B PLCC 

MSMB2C84A 5V 10mA 
1B DIP 
24 FLAT 

CLOCK GENERATOR and DRIVER Intel B2B4A 

MSMB2C84A-5 10mA CLOCK GENERATOR and DRIVER 

5V 18 DIP (5MHz) 
Intel B284A 

MSMB2C84A-2 16mA 
24 FLAT CLOCK GENERATOR and DRIVER 

(5MHz) 

MSMB2C8B 
5V 10mA 

20 DIP 
BUS CONTROLLER Intel B2B8 

MSMB2C88-2 24 FLAT 

40 DIP 
MSMBJC55 5V 5mA 44 FLAT 16384 BIT ROM with 1/0 Intel 8355 

44 PLCC 

MSM5832 5V 0.1mA 1B DIP REAL TIME CLOCK 

PERI- MSM58321 5V 0.1mA 16 DIP REAL TIME CLOCK 
PHERALS 

1B DIP REAL TIME CLOCK 
MSM6242 5V 10µA 24 FLAT DIRECT BUS CONNECTED 

* 1 44PLCC is only available for 82C55A-2. 

3 





·sYSTEM 
CONFIGURATION 

fl 





....., 

MSM82C59A-2 

INTERRUPT 
CONT. 

CLOCK GEN. 
DRIVER 

MSM82C84A 
MSM82C84A-5 
MSM82C84A·2 

c 
p 

u 

MSM80C85A 
MSMBOC85A-2 
MSM80C86 
MSMBOCBB 
MSM80C86·2 
MSMBOCBB-2 

MROM 
MSM83C55 
MSM3864 
MSM38128A 
MSM38256 
MSM53256 
MSM531000 

EPROM 
MSM2764 
MSM27128 
MSM27256 
MSM27C64* 

E2 PROM 
MSM2816A 

ROM 

KEYBOARD 
ENCODER 

MSM3914 
MSM5840 
MSM5842 
MSM80C49 

DRAM 
MSM3764 
MSM41256 
MSM41464* 
MSM41000* 

SRAM 
MSMB 1 C55/MSM81 C55-5 
MSM2114 MSM82C53-2 
MSM2128 MSM82C53-5 
MSM5114 MSM6242 
MSM5128 MSM5832 
MSM5165 MSM58321 
MSM5188* 

RAM 

COMMUNI­
CATION 
INTERFACE 

MSM82C51A 

MODEM 

COMMUNI­
CATION 
LINE 

TIMER/ 
CLOCK 

FOO 
CONTROLLER 

FDD 
R/W 

FLOPPY 
DISK 

GM33os 
GM3405 

MSA151* 

MPD101 
llilPD20ll 
MPD640 

MSM6240 
MSM6255 
MSM6265 

MSM58292 
MSM5219 
MSM5838 
MSM5238 
MSM5839 
MSM5260 

LCD 
CONTROLLER 

CRT 
CONTROLLER 

1/0 PORT 

11 MSM82C12 

PERIPHERAL 
INTERFACE 

li MSM82C55A-5 
MSM82C55A-2 

VIDEO 
RAM 

OMA 
CONTROLLER 

MSM82C37A-5 

*Under Development 
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PACKAGING 

PRO- PACKAGE/PIN COUNT 

DUCTS 
PART NAME 

DIP FLAT PLCC 

M80C85A (Note: 1) 40 44 44 
M80C85A-2 40 44 44 
M80C86 40 56 44 
M80C86-2 40 56 44 
M80C86A 40 56 44 

MPU M80C86A-2 40 56 44 
M80C88 40 56 44 
M80C88-2 40 56 44 
M80C88A 40 56 44 
M80C88A-2 40 56 44 
M81 C55/81 C55-5 40 44 44 
M82C12 24 24 -
M82C37A 40 44 44 
M82C37A-5 40 44 44 
M82C43 24 24 -

1/0 M82C51A 28 32 -
M82C51A-2 28 32 28 
M82C53-5/82C53-2 24 32 28 
M82C54 24 32 28 
M82C54-2 24 32 28 
M82C55A-5/82C55A-2 40 44 44 
M82C59A-2 28 32 28 
M82C84A 18 24 -
M82C84A-5/84A-2 18 24 -

M82C88 20 24 -
MB2C88-2 20 24 -

M83C55 40 44 44 

PERI- M5832 18 - -

PHER- M58321 16 - -
ALS M6242 18 24 -

Note: 1. Model numbers suffixed by RS denote plastic DIP, while GS denotes plastic FLAT. 
Ex. MSMSOC85ARS . . . . . . . . plastic DIP 

MSM80C85AGS . . . . . . . . plastic FLAT 

D 
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• PACKAGING •------------------------

e 20 PIN PLASTIC SKINNY DIP 

'® 
28,0MAX 

(unit: mm) 

@ 

1 pin INDEX MARK 

7.62±0.30. 

o.55MAX II. 
2_54±0.25 

0°-15° 

Seating Plane 

e 16 PIN PLASTIC DIP 

20.0MAX 

1 pin INDEX MARK 

0.65MAX 

12 

® 

2_54±0.25 

0° -15° 
Seating Plane 

(unit: mm) 

7.62±0.30 



• 18 PIN PLASTIC DIP 

• 24 PIN PLASTIC DIP 

1 pin INDEX MARK 

2,54±0.25 
00 - 150 

Seating Plane 

Seating Plane 

• PACKAGING • 

(unit: mm) 

7.62±0.30 n 

(unit: mm) 

o.sMAX--\\--

13 
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• PACKAGING •----------~------------

• 28 PIN PLASTIC DIP 

38.oMAX 

1 pin INDEX MARK 

• 40 PIN PLASTIC DIP 

52.sMAX 

1 pin INDEX MARK 

2,54±0.25 

14 

(unit: mm) 

15.24±0.30 

o.sMAX \\--

Seating Plane 

(unit: mm) 

x 15.24±0.30 
<( 
:2; 

Seating Plane 



-------------------------•PACKAGING• 

e 24 PIN PLASTIC FLAT 

03 16.o± · J 

·I I _i .27±0.1 

11~"':11 @ 

[] H 

2.2±0.2 (unit: mm) 

0° -10° 

0.1-0.3 

0 
M "'" ci ci 
+I +I 
Ol 0 
,...: N 

@_ 

!0 @ 
1 pin INDEX MARK 

e 32 PIN PLASTIC FLAT 

16.3±0.3 
2.2±0.2 

(unit: mm) 

1 pin INDEX MARK 

15 



• 44 PIN PLASTIC FLAT 

14_5±0.4 

10.5±0.3 

D 

1 pin INDEX MARK 

e 56 PIN PLASTIC FLAT 

14_5±0.4 

10.5±0.3 

1 pin INDEX MARK 

16 

M V 
0 0 
+I +I 

~ ~ 

v 
0 
+1 
ID 
r? 

(unit: mm) 

1.5±0.2 

(unit: mm) 

1.5±0.2 



• 20 PIN SQUARE PLCC 

0.. 

>­
f­,... 
"! 

1.27TYP 

® @ 
1 pin INDEX MARK 

~ 
11 8.38 .1 

7.37 

max.mm) 
(unit;:: min. mm 

0 0 
@ M 00 0 ,... 

ci 
0 <» 
O> 
CXl N 
00 .;t 

C1l 

I§ ai 

17 
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• PACKAGING • 

• 28 PIN SQUARE PLCC 

18 

0.. 
>-
'""-"! 

1.27TYP 

12.570 

12.320 

~ 
~ 

max. mm 
(unit = min. mm 



-----------------------•PACKAGING• 

• 44 PIN QUAD PLCC 

0.51MIN 

16.662 

CD 16.510 

INDEX MARK 

(unit• max. mm I 
min.mm 

~ 
J. 16.00 I 

14.99 • 

19 



• PACKAGING • 

e .68 PIN SQUARE PLCC 

20 

INDEX MARK 

(unit• max. mm I 
mm.mm 

lie~~~~"' 

"' ........ ;.....w 
"""" 

,,, 
"' _, 
0 

0 ;"' 
@ ~~r;r;nnn;;cv;;=~;;;&~..L 

~ 22.61 
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RELIABILITY INFORMATION 

1. INTRODUCTION 

Semiconductor devices play a leading role in the 
explosive progress of semiconductor technology. 
They use some of the most advanced design and 
manufacturing technology developed to date. 
With greater integration, diversity and reliability, 
their applications have expanded enormously. 
Their use in large scale computers, 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, al 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. Al 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 

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 Element Group) refers to 

the device group designed for stabili­
ty evaluation of MOS transistors, 
diodes, resistors, capacitors and 
other circuit component element 
used in LSI 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 (including 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
ron men ta I 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-8838, JIS C 7022, EIAJ-IC-121 

23 
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-------------------•RELIABILITY INFORMATION• 

Material 

Production 
Process 

Wafer Process 
& 

Assembly 

1st Sorting 

Burn.in 
Screening 

• Acceptance Inspection 

• Production Process Quality Control I Lot Control 
Equipment Conditions 
fn·Process Inspection 
Thermal Screening 
Seal Test 

• Early Removal of Defective Devices 

2nd Sorting 
• Electrical Test 
• Regular Check of Measuring 

Equipment 

Outgoing : ~~~~~ ~ f ::: 
~--'"-'P_•~c-tio_n __ ~ • 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 failure 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. 

Request for 
technical 
improvement 

r - R"e~;i~;; - -
I results of 
1 investigation 

Engineering 
Department 

Failure report & improvement ~ c 
delivery Quality 

Assurance 
Department 

Report on 
1 results of 
I investigation 

L _ ~ ~~r.'.'._v_:~e_'.'.t 

Figure 3 Failure report process 

Request for 
manufacturing 
improvement 

0 Q) 

--E 
Ci)~ Q) 
Q)'- > 
:J c 0 
O" .c a. 
°' ~ E a: - ·-

"'c 
.~ 0 
c:.;:; 
I: (.) 
() ~ 
~ :0 

Manufacturing 
Department 
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•RELIABILITY INFORMATION •------------------

--
Quality Assurance 

& 
Quality Control 

• Quality and Reliability Information 
• Quality Evaluation 
• Defective Analysis 
• Reliability Engineering 
• Quality Management and Education 

• Operation Standard 
• Technical Standard 
• Quality Standard 
• Design Review 
• Prototype Review 

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 develop­
mental and production prototype stages. All relia­
bility tests performed by Oki conform to the fol­
lowing standards. 

MIL-STD-8838, 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 1 25°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 LSI elements and 
their analysis are described on next page. · 

26 
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-------------------RELIABILITY INFORMATION• 

MICROPROCESSOR LIFE TEST RESULTS 

~ 
Part name MSM80C85A-2RS MSM81C55RS MSM82C59A-2RS 

Function 8 BIT 2048 BIT CMOS PROGRAMMABLE Referred 
MICROPROCESSOR STATIC RAM WITH INTERRUPT standard 

110 PORTS & TIMER CONTROLLER 

Test Test Sample Test Failures Sample Test Failures Sample Test Failures 
item condition size hours size hours size hours 

(pcs) or (pcs) & (pcs) & 
cycles cycles cycles 

Operating Ta=125°C 88 2000 0 22 2000 0 88 2000 0 MIL-
life test Vcc=6V (H) (H) (H) STD-883C 

METHOD 
1006 

Temperature Ta=85°C 100 2000 0 25 2000 0 100 2000 0 
humidity test RH=85% (H) (H) (H) 

Vcc=6V 

Temperature -55°C:i::tRT"'150°C 100 500 0 50 300 0 100 500 0 MIL-STD-
cycling test (30 min) t (30 min) (cy) (cy) (cy) 883C 

METHOD (5 min) 1010 

Pressure Ta=121°C 50 200 0 50 200 0 50 200 0 
cooker test RH=100% (H) (H) (H) 

2 aim 

~ 
Part name MSM80C86/88JS MSM80C85/88AJS 

Function 16 BIT 16 BIT Referred 
MICROPROCESSOR MICROPROCESSOR standard 
(DYNAMIC VERSION) (STATIC VERSION) 

Test Test Sample Test Failures Sample Test Failures 
item condition size hours size hours 

(pcs) & (pcs) & 
cycles cycles 

Operating Ta= 125°C 88 2000 0 88 1000 0 MIL· 
life test VCC=6V (H) (H) STD-883C 

METHOD 
1005 

Temperature Ta=85°C 100 2000 0 100 1000 0 
humidity test RH=85% (H) (H) 

Vcca6V 

Temperature -55°C:i::tRT:i::t150°C 100 500 0 100 500 0 MIL-STD· 
cycling test (30 min) t (30 min) (cy) (cy) 883C 

(5 min) METHOD 
1010 

Pressure Ta=121°C 50 200 0 50 200 0 
cooker test RH= 1000/o (H) (H) 

2 atm 
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•RELIABILITY INFORMATION •1-------~-----------

MICROPROCESSOR ENVIRONMENTAL TEST RESULTS 

~ 
Part name MSM80C86A·2RS MSM81C55RS MSM82C59A·2RS 

Function 8 BIT 2048 BIT CMOS PROGRAMMABLE Referred 
MICROPROCESSOR STATIC RAM WITH J.NTERRUPT standard 

110 PORTS & TIMER CONTROLLER 

Test Test Sample Failures Sample Failures Sample Failures 
item condition size (pcs) size (pcs) size (pcs) 

PRE-Bak~ Bake 22 0 22 0 22 0 
(125°C, 6 hrs) 

.J_ ... 
2eo•c 22 0 22 I 0 22 0 MIL-

Soldering 10 SEC STD-883C 
Heat Test METHOD 

2003 -•-... 
-ss•c .. RT .. 1so•c 22 0 22 0 22 0 MIL-

Temperature (30min) (Smin) (30min) STD-883C 
Cycling Test 20 cycles METHOD 

1010 • ... 
1oo•c .. o•c 0 22 0 MIL-

Thermal 22 0 22 
(Smin) (Smin) STD-883C 

Shock 10 cycles METHOD 
Test 1011 

D 
Lead Tensile 500 g 10SEC MIL· 
Integrity 11 0 11 0 11 0 STD8B3C 

250 g 90° BEND METHOD 
Bending 3 TIMES 2004 

23o•c 5 SEC 22 0 22 0 22 0 MIL 
Solderability STDB83C 

METHOD 
2003 

~ 

=s: Part name MSM80C86/88JS MSM80C85Af88AJS 

Function 16 BIT 16 BIT Referred 

M1CROPROCESSOR MICROPROCESSOR standard 

(DYNAMIC VERSION) (STATIC VERSION) 

Test Test Sample Failures Sample Failures 
item condition size (pcs) size (pcs) 

PRE-Bake 
Bake 

ti (125°C, 6 hrs) 
" _L t- ... 
<ti Soldering Vapor Phase Reflow E 
" Heat Test 121s±2°c,so+ 10, -Osecl 
E 2 times 
c e 
·;; ... 

-ss 0 c .. RT .. 1so0 c MIL-c 
w Temperature (30min) (Smin) (30min) 22 0 22 0 STD-883C 
<ti Cycling Test 20 cycles METHOD 
E 
:;; + 

1010 
.r; 
t- 100°c .. o•c MIL-

Thermal (Smin) (Smin) STD-883C 
Shock 10 cycles METHOD 
Test 1011 

ti g Bake 112s0 c, 24h'51 22 0 22 0 " t- lrhmerse into Flux 
:;; Solderability 

Immerse into Solder .r; 

0 (215::t2°C 10::!:1sec) 
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4. SEMICONDUCTOR MEMORY 
FAILURES 

The life-span characteristics of semiconductor 
elements in general (not only semiconductor IC 
devices) is 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 Wear-out 
failure ~ Random failure 

l!l failure "' a: I m> 1 ~ I 
I ~ I 

I "iii \ General LL ' I 
\ / 

' / 

"' 
m<1. 

~ 

Debugging by burn-in Semiconductor 
screening elements 

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 semiconductor 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-

Example of surge destruction 

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 
~' Input section 

Alu~num z;'..(1"1"$J7j,i~ 
. '--- t wire t Poly Si 

Destruction 
position 

2) Oxide Film Insulation Destruction (Pin Holes) 
Unlike surge destruction, this kind of failure 

is caused by manufacturing defects. Local 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 Ionic 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 1 0 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 unparalleled 
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 these alpha-particles. 

Package ceramic 

-;c-~:":7"',--,:-:-:--.,,..,-,r:-:~,,.,.,c:-;-~ Sil icon oxide 
-P,;.:..-:::.:.:..:.:;_;~~c:."'--'-"-"i-"""-'-'"- film 

Substrate silicon 
/ .,+_--

. . a-particle 
Ionization 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 

~
Vo 

+VG I 

G~ : 
Source Hot electrons 

p 
Substrate silicon 

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 reli~bility. 
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OKI semiconduQtor 

MSM80C85A RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C85A is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology. 
ltisdesigned with the same processing speed and lower power consumption compared with MSM8085A, thereby 

offering a high level of system integration. 
The MSM80C85A uses a mu.ltiplexed address/data bus. The address is split between the 8-bit address bus and 

the 8-bit data bus. The on-chip address latches of MSM81 C55/MSM83C55 memory products allow a direct interface 
with the MSM80C85A. 

FEATURES 

• Low Power Dissipation: 50 mW Typ 
•Single +4 to +6 V Power Supply 

•Four Vectored Interrupt Inputs (One is non-maskable) 

• -40 to +85°C, Operating Temperature 
• 1.3µ Instruction Cycle 
•On-Chip Clock Generator (with External Crystal) 
•On-Chip System Controller; Advanced Cycle Status 

Information Available for Large System Control 
•TTL Compatible 

FUNCTIONAL BLOCK DIAGRAM 

Power {- +5V 
Supply - GNO 

x, 
x, 

INTA AST6.5 TRAP 

TIMING AND CONTROL 

CONTROL STATUS OMA 

Plus the 8080A-compatible interrupt. 
•Serial In/Serial Out Port 
• Decimal, Binary and Double Precision Arithmetic 
•Addressing Capability to 64K Bytes of Memory 
• 40-pin Plastic DIP (MSM80C85ARS) 
• 44-pin Plastic Flat Package (MSMBOC85AGS) 
• 44-pin PLCC Package (MSM80C85AJS) 

SID SOD 

C REG (8) l E REG (81 

L REG jB) 

DATA/ADDRESS 
BUFFER (Bt 

CLK RD WR ALE So S1 10/M HLDA RESET 

OUT, READY HOLD FiESETTrii OUT A1s-As 
ADDRESS BUS 

A07-AD0 
ADDRESS/DATA BUS 
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PIN CONFIGURATION 
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MSM80C85A FUNCTIONAL PIN DEFINITION 

The following describes the function of each pin: 

Symbol Function 

As-A1s Address Bus: The most significant 8-bits of the memory address or the 8-bits of the 1/0 
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET. 

AD0-AD7 Multiplexed Address/Data Bus: Lower 8-bits of the memory address lor 1/0 address) 
(Input/Output) appear on the bus during the first clock cycle (T state) of a machine cycle. It then 
3-state becomes the data bus during the second and third clock cycles. 

ALE Address Latch Enable: It occurs during the ~irst clock state of a machine cycle and enables 
(Output) the address to get latched into the on-chip latch of peripherals. The falling edge of ALE 

is set to guarantee setup and hold times for the address information. The falling edge 
of ALE can also be used to strobe the status information. ALE is never 3-stated. 

So. S1,IO/M Machine cycle status: 
(Output) 10/M S1 So States 10/M S1 So States 

0 0 1 Memory write 1 1 1 Interrupt Acknowledge 
0 1 0 Memory read 0 0 Halt · = 3-state 
1 0 1 1/0 write x x Hold (high impedance) 
1 1 0 1/0 read x x Reset x = unspecified 
0 1 1 Opcode fetch 

S1 can be used as an advanced R/W status. 10/M, S0 and S1 become valid at the beginning 
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may 
be used to latch the state of these lines. 

RD READ control: A low level on RD indicates the selected memory or 1/0 device is to be 
(Output, 3-state) read and that the Data Bus is available for the data transfer, 3-stated during Hold and Halt 

modes and during RESET. 

WR WRITE control: A low level on WR indicates the data· on the Data Bus is to be written 
(Output, 3-state) into the selected memory or 1/0 location. Data is set up at the trailing edge of WR, 

3-stated during Hold and Halt modes and during RESET. 

READY If READY is high during a read or write cycle, it indicates that the memory or peripheral 
(Input) is ready to send or receive data. If READY is low, the cpu will wait an integral number 

of clock cycles for READY to go high befofe comp.leting the read or write cycle. READY 
must conform to specified setup and hold times. 

HOLD HOLD indicates that another master is requesting the use of the address and data buses. 
(Input) The cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the 

completion of the current bus transfer. Internal processing can continue. The processor 
can regain the bus only after the HOLD is removed. When the HOLD is acknowledged, 
the Address, Data, RD, WR, and 10/M lines are 3-stated. 

HLDA HOLD ACKNOWLEDGE: Indicates that the cpu has received the HOLD request and 
(Output) that it will relinquish the bus in the next clock cycle. H LOA goes low after the Hold 

request is removed. The cpu takes the bus one half clock cycle after HLDA goes low. 

INTR INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled only during 
(Input) the next to the last clock cycle of an instruction and during Hold and Halt states. If it is 

active, the Program Counter (PC) will be inhibited from incrementing and an INTA will be 
issued. During this cycle a RESTART or CALL instruction can be inserted to jump to the 
interrupt service routine. The INTR is enabled and disabled by software. It is disabled by 
Reset and immediately after an interrupt is accepted. 

INTA INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) RD 
(Output) during the instruction cycle after an INTR is accepted. 

RST 5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except they 
RST6.5 cause an internal RESTART to be automatically inserted. 
RST 7.5 The priority of these interrupts is ordered as shown in Table 1. These interrupts have a 
(Input) higher priority than INTR. In addition, they may be individually masked out using the 

SIM instruction. 

TRAP Trap interrupt is a nonmaskable REST ART interrupt. It is recognized at the same timing 
(Input) as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt Disable. It has the 

highest priority of any interrupt. (See Table 1 .) 
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Symbol Function 

RESET IN Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. 
(Input) The data and address buses and the control lines are 3..itated during RESET and because 

of the asynchronous nature of RESET, the processor's internal registers and flags may be 
altered by RESET with unpredictable results. RESET IN is a Schmitt-triggered input, 
allowing connectiqn to an R-C network for power-on RESET delay. Thecpu is held in 
the reset condition as long as RESET IN is applied. 

RESET OUT Indicates cpu is being reset. Can be used as a system reset. The signal is synchronized to 
(Output) the processor clock and lasts an integral number of clock periods. 

X1, X2 X1 and X2 are connected to a crystal to drive the internal clock generator. X1 can also 
(Input) be an external clock input from a logic gate. The input frequency is divided by 2 to give 

the processor's internal operating frequency. 

CLK Clock Output for use as a system clock. The period of CLK is twice the X1, X2 input 
(Output) period. 

SID Serial input data line. The data on this line is loaded into accumulator bit 7 whenever 
(Input) a RIM instruction is executed. 

SOD Serial output data line. The output SOD is set or reset as specified by the SIM instruction. 
(Output) 

Vee +5 volt supply. 

GND Ground Reference. 

Table 1 Interrupt Priority, Restart Addrea, and Sensitivity 

Name Priority 
Address Branched To ( 1) 

Type Trigger 
When Interrupt Occurs 

TRAP 1 24H 
Rising edge and high level until 
sampled. 

RST 7.5 2 3CH Rising edge (latched). 
RST6.5 3 34H High level until sampled. 
RST 5.5 4 2CH High level until sampled. 

INTR 5 (2) High level until sampled. 

Notes: ( 1) The processor pushes the PC on the stack before branching to the indicated address. 

38 

(2) The address branched to depends on the instruction provided to the cpu when the interrupt is ac­
knowledged. 
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FUNCTIONAL DESCRIPTION 

The MSM80C85A is a complete Shit parallel 
central processor. It is designed with silicon gate 
C·MOS technology and requires a single +5 volt supply. 
Its basic clock speed is 3MHz, thus improving on the 
present 8080A's performance with higher system speed. 
Also it is designed to fit into a minimum system of three 
IC's: The cpu (MSM80C85A),a RAM/10 (MSM81C55), 
and a ROM/10 chip (MSM83C55). 

The MSM80C85A.. has twelve addressable 8-bit 
registers. Four of them can function only as two 16-bit 
register pairs. Six others can be used interchangeably 
as 8-bit registers or a 16-bit register pairs. The MSM-
80C85A register set is as follows: 

Mnemonic Register Contents 

ACCor A Accumulator 8-bits 
PC Program Counter 16-bit address 
8C,DE,HL General-Purpose 8-bit x 6 or 

Registers; 16-bits x 3 
data pointer ( H L) 

SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bit space) 

The MSMl!OC85A uses a multiplexed Data Bus. 
The address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data Bus. 
These lower 8-bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest of 
the machine cycle the data bus is used for memory or 
1/0 data. 

The MSM80C85A provides RD, WR, S0, S1 and 
10/M signals for bus control. An Interrupt Acknow­
ledge signal (INTA) is also provided. Hold and all 
Interrupts are synchronized with the processor's internal 
clock. The MSM80C85A also provides Serial Input Data 
(SID) and Serial Output Data (SOD) lines for a simple 
serial interface. 

In addition to these features, the MSM80C85A has 
three maskable, vector interrupt pins and one nonmask­
able TRAP interrupt. 

INTERRUPT AND SERIAL 1/0 

The MSM80C85A has 5 interrupt inputs: INTR, 
AST 5.5, RST 6.5. AST 7 .5, and TRAP, INTR is identi­
cal in functi·,c· co th·e 8080A INT. Each of the three 
REST ;1RT inputs, 5.5, 6.5, and 7 .5, has a program­
mable mask. TRAP is also a RESTART interrupt but 
it is nonmaskable. 

The three maskable interrupts cause the internal 

execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and ihhe interrupt mask is 
not set. The nonmaskable TRAP causes the internal 
execution of a RESTART vector independent of the 
state of the interrupt enable or masks. (See Table 1.) 

There are two different types of inputs in the 
restart interrupts. AST 5.5 and AST 6.5 are high 
level-sensitive like INTR (and INT on the 8080A) and 
are recognized with the same timing as,INTR. AST 7.5 
is rising edge-sensitive. · 

For AST 7.5, only a pulse is required to set an 
internal flip-flop which generates the internal interrupt 
request. The AST 7 .5 request flip-flop remains set until 
the request is serviced. Then it is reset automatically. 
This flip-flop may also be reset by using the SIM instruc­
tion or by issuing a RESET IN to the MSM80C85A. 
The AST 7 .5 internal flip-flop will be set by a pulse on 
the AST 7 .5 pin even when the AST 7 .5 interrupt is 
masked out. 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if more 
than one is pending as follows: TRAP-highest priority, 
AST 7.5, AST 6.5, AST 5.5, INTR-lol.'llest priority. 
This priority scheme does not take into account the 
priority of a routine that was started by a higher priori­
ty interrupt. AST 5.5 can interrupt an AST 7.5 routine 
if the interrupts are re-enabled before the end of the 
AST 7 .5 routine. 

The TRAP interrupt is useful for catastrophic 
events such as power failure or bus error. The TRAP 
input is recognized just as any other interrupt but has 
the highest priority. It is not _affected by any flag or 
mask. Ttie TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until 
it is acknowledged. It will not be recognized again 
until it goes low, then high again. This a.aids any false 
triggering due to noise or logic glitches. Figure 3 illus­
trates the TRAP interrupt request circuitry within the 
MSM80C85A. Note that the servicing of any interrupt 
(TRAP, RST 7.5, AST 6.5, AST 5.5, INTR) disables all 
future interrupts (except TRAPs) until an EI instruction 
is executed. 

The TRAP interrupt is special in that it disables 
interrupts, but preserves the previous interrupt enable 
status. Performing the first A IM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts l.'llere enabled or disabled prior to the TRAP. 
All"subsequent RIM instructions provide current inter­
rupt enable status. Performing a A IM instruction fol­
lowing INTR or AST 5.5-7.5 will provide current 
interrupt Enable status, revealing that interrupts are 
disabled. 

The serial l_/0 system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 
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EXTERNAL 
TRAP 
INTERRUPT 
REQUEST TRAP 

INSIDE THE MSM80C85A 

RE_S_E_T_l_N_scHMITT 
TRIGGER RESET 

+5V D 

INTERNAL 
TRAP 

ACKNOWLEDGE 

Figure 3 Trap and RESET IN Circuit 

DRIVING THE X 1 and X2 INPUTS Drive level: 10 mW 

You may drive the clock inputs of the MSMSOC· 
85A with a crystal, or an external clock source. The 
driving frequency must be at least 1 MHz, and must be 
twice the desired internal clock frequency; hence, the 
MSM80C85A is operated with a 6 MHz cyrstal (for 
3 MHz clock). If a crystal is used, it must have the fol­
lowing characteristics: 

Parallel resonance at twice the clock frequency 
desired 

CL (load capacitance) :$. 30 pF 
Cs (shunt capacitance) :$. 7 pF 
Rs (equivalent shunt resistance) ~ 75 ohms 

A. Quartz Crystal Clock Driver 

Frequency tolerance: ±.005% (suggested) 
Note the use of the capacitors between X1, X2 and 

ground. These capacitors are required to assure oscilla­
tor startup at the correct frequency. 

Figure 4 shows the recommended clock driver 
circuits. Note in B that a pullup resistor is required to 
assure that the high level voltage of the input is at least 
4V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X1 and leave X2 
open-circuited (Figure 48). To prevent self-oscillation 
of the MSM80C85A, be sure that X2 is not coupled 
back to X1 through the driving circuit. 

B. 1-6 MHz Input Frequency External Clock 
Drive Cir.cuit 

VIH >O.SVcc 
High time > 60ns 

X1 80C85A Low time > 60ns 
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I 
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100pF Capacitor required for crystal frequency< 4MHz. 
50pF Capacitor required for crystal frequency ~ 4 MHz. * X2 Left floating 

Figure 4 Clock Driver Circuits 
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BASIC SYSTEM TIMING 

The MSM80C85A has a multiplexed Data Bus. 
ALE is used as a strobe to sample the lower 8-bits of 
address on the Data Bus. Figura 5 shows an instruction 
fetch, memory read and 1/0 write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the 1/0 write and raad cycle that the 1/0 port 
address is copied on both the upper and lower half of 
the address. 

Thera ara seven possibl~ types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines 110/M, Si. Sol and the 

three control signals (RD, WR, and INTA). (See Table 
2.l The status line can be used as advanced controls 
(for device selection, for example), since they become 
active at the T 1 state, at the outset of each machine 
cycle. Control lines RD and WR become active later, 
at the time when the transfer of data is to take place, 
so ara used as command lines. 

A machine cycle normally consists of three T 
states, with the exception of OPCODE FETCH, which 
normally has either four or six T states (unless WAIT 
or HOLD states ara forced by the receipt of READY 
or HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 3. 

Table 2 MSM80C85A Machine Cycle Chart 

Status 
Machine Cycle 

101iiii St So RD 

Opcode Fetch (OF) 0 1 1 0 

Memory Read (MRI 0 1 0 0 

Memory Write (MW) 0 0 1 1 

1/0 Raad llORI 1 1 0 0 

l/OWrite llOWI 1 0 1 1 

Acknowledge of INTR ONA) 1 1 1 1 

Bus Idle (Bl):DAD 0 1 0 1 
ACK.OF 
RST, TRAP 1 1 1 1 
HALT TS 0 0 TS 

Tabla 3 MSM80C85A Machine State Chart 

Ma~hine State 

T1 

T1 

TWAIT 

T3 

T4 

Ts 

T6 

TRESET 

THALT 

THOLD 

0 =Logic "O" 
1 =Logic "1" 

Si.So 

x 
x 
x 
x 
1 

1 

1 

x 
0 

x 

TS = High Impedance 
X = Unspecified 

Status & Buses 

101iiii As-A1s AD0-AD7 RD,WR 

x x x 1 

x x x x 
x x x x 
x x x x 
0 (2) x TS 1 

0 (2) x TS 1 

0 (2) x TS 1 

TS TS TS TS 

TS TS TS TS 

TS TS TS TS 

Notas:(1) 
(2) 

ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
10/M = 1 during T 4-T 6 of INA machine cycle. 

Control 

WR INTA 

1 1 

1 1 

0 1 

1 1 

0 1 

1 0 

1 1 

1 1 
TS 1 

Control 

INTA ALE 

1 1 (1) 

x 0 

x 0 

x 0 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 
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Ambient Temperature under Bias . 
Storage Temperature ........ . 
Supply Voltage Respect to Ground 
Input Voltage Respect to Ground 
Power Dissipation ......... . 

Figure 5- MSM80C85A Basic System Timing 

Table 4 Absolute Maximum Ratings 

-40°C to+ B5°C 
-55°C to+ 150°C 
-0.3V to+ 7.0V 
-0.3V to V cc + 0.3V 
1.0 Watt (DIP) 
0.7 Watt (FLAT) 
1.0 Watt (PLCC) 

Note: Stresses above.those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
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~~~~~~~~~~~~~~~~~-• CPU·MSM80C85ARS/GS/JS • 

D.C. CHARACTERISTICS 
(TA= -40°C to+ B5°C; Vee= 5V ±10%; unless otherwise specified) 

Parameter Symbol Min. Typ. Max. Units Test Conditions 

Input Low Voltage V1L -0.3 +O.B v 

Input High Voltage V1H 2.2 Vee+ o.3 v 

Output Low Voltage VoL 0.45 v IOL =2mA 

2.4 v IOH =-400µA 
Output High Voltage VoH 

4.2 v IOH =-40µA 

Input Leak iu -10 10 µA ov ~ V1N ~Vee 

Output Leak ILO -10 10 µA OV .s VouT::;; Vee 

Input Low Level, RESET V1LR -0.3 +O.B v 

Input High Level, RESET V1HR 3.0 Vee +o.3 v 

Hysteresis, RESET VHY 0.25 v 

10 22 mA 
Vee =4.5V to 5.5V 

tcvc= 

Power Supply Current Ice 
TA= -40°C to +B5°C 320ns 
Vee =4.75V to 5.2SV Reset 

10 17 mA Active 
TA= 0°C to +B5°C CL=OpF 

Power Supply Voltage Vee 4 5 6 v 

A.C. CHARACTERISTICS 
(TA= -40°C to B5°C; Vee= 5V ±10%) 

BOCB5A 
Parameter Symbol Units 

Min. Max. 

CLK Cycle Period tcvc 320 2000 ns 

CLK Low Time t1 80 ns 

CLK High Time t2 120 ns 

CLK Rise and Fall Time tr, tf 30 ns 

X 1 Rising to CLK Rising tXKR 30 120 ns 

X 1 Rising to CLK Falling tXKF 30 150 ns 

A 8- 15 Valid to Leading Edge of Control ( 1) tAC 270 ns 

Ao-7 Valid to Leading Edge of Control tACL 240 ns 

A 0- 15 Valid to Valid Data In tAO 575 ns 

Address Float After Leading Edge of RD (INTAI tAFR 0 ns 

A 8- 15 Valid Before Trailing Edge of ALE(1) tAL 115 ns 

Ao-7 Valid Before Trailing Edge of ALE tALL 90 ns. 

READY Valid from Address Valid tARY 220 ns 

Address (A8 -A15 ) Valid After Control tcA 120 ns 

Width of Control Low (RD, WR, INTA) tee 400 ns 

Trailing Edge of Control to Leading Edge of ALE tcL 50 ns 

Data Valid to Trailing Edge of WR tow 420 ns 

HLDA to Bus Enable tHABE 210 ns 

Bus Float After HLDA tHABF 210 ns 
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A.C. CHARACTERISTICS (cont'd) 

80C85A 
Parameter Symbol Units 

Min. Max. 

HLDA Valid to Trailing Edge of CLK tHACK 110 ns 

HOLD Hold Time tHDH 0 ns 

HOLD Setup Time to Trailing Edge of CLK tHDS 170 ns 

INTR Hold Time t1NH 0 ns 

INTR, RST, and TRAP Setup Time to Falling Edge ti NS 160 of CLK ns 

Address Hold Time After ALE tLA 100 ns 

Trailing Edge of ALE to Leading Edge of Control tLC 130 ns 

ALE Low During CLK High tLCK 100 ns 

ALE to Valid Data During Read tLDR 460 ns 

ALE to Valid Data During Write tLDW 200 ns 

ALE Width tLL 140 ns 

ALE to READY Stable tLRY 110 ns 

Trailing Edge of RDto Re-Enabling of Address tRAE 150 ns 

RD (or INTA) to Valid Data tRo 300 ns 

Control Trailing Edge to Leading Edge of Next Control tRV 400 ns 

Data Hold Time After RD INTA (7) tRDH 0 ns 

READY Hold Time tRYH 0 ns 

READY Setup Time to Leading Edge of CLK tRYS 110 ns 

Data Valid After Trailing Edge of WR two 100 ns 

LEADING Edge of WR to Data Valid twDL 40 ns 

Notes: (1) As-Ats address Specs apply to 10/M, S0 , and St except As-Ats are undefined during T 4-T 6 of OF 
cycle whereas 10/M, So. and St are stable. 

(2) Test conditions: tcYC = 320ns CL= 150pF 
(3) For all output timing where CL = 150pF use the following correction factors: 

.25pF ~CL< 150pF: -0.10ns/pF 
150pF <CL~ 300pF: +0.30ns/pF 

(4) Output timings are measured with purely capacitive load. 
(5) All timings are measured at output voltage VL = O.SV, VH = 2.2V, and 1.5V with 10ns rise and fall time 

on inputs. 
(6) To calculate timing specifications at other values of tcyc use Table 7. 
(7) Data hold time is guaranteed under all loading conditions. 

Input Waveform for A.C. T-: 

2
.
4 ------x::::: p~~~~s ~:::X ..... "_· ____ _ 

0.45 ------ -
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Table 7 Bus Timing Specification as a Tcvc Dependent 

MSM80C85A 

tAL - (1/2)T - 45 MIN 

tLA - (1/2)T - 60 MIN 

tLL - (1/2)T- 20 MIN 

tLCK - (1/2)T- 60 MIN 

tLC - (1/2)T-30 MIN 

tAD - (5/2 + N)T - 225 MAX 

tRD - (3/2 + N)T - 180 MAX 

tRAE - (1/2)T - 10 MIN 

tcA - (1/2)T- 40 MIN 

tow - (3/2 + N)T - 60 MIN 

two - (1/2)T- 60 MIN 

tee - (3/2 + N)T - 80 MIN 

tcL - (1/2IT- 110 MIN 

tARY - (3/2)T- 260 MAX 

tHACK - (1/2)T- 50 MIN 

tHABF - (1/2)T+ 50 MAX 

tHABE - (1/2)T + 50 MAX 

tAC - (2/2)T-50 MIN 

t1 - (1/2)T - 80 MIN 

t2 - (1/2)T -40 MIN 

tRV - (3/2)T-80 MIN 

tLDR - (2+N)T - 180 MAX 

Note: N is equal to the total WAIT states. 
T= tcvc 

X1 INPUT 

CLK 
OUTPUT 

tXKF 

Figure 6 Clock Timing Waveform 
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READ OPERATION 

tLeK} 

T2 

\ 
T1 

CLK \ I I 

As-A1s ADDRESS 

AD0-AD7 

ALE 

tRD 

RDINTA 
tee 

tAe 

WRITE OPERATION 

eLK ...___,·/ . __ I \ __ ! \ __ 1 
\ T1 } T2 r--- T3 ,.___ T1 

1--tLeK 

ADDRESS 

DATA OUT 

ALE _ ... ..,_twDL 

--+---t----i------tce------i-------
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Read operation with Wait Cycle (Typical)-
same READY timing applies to WRITE operation 

CLK 

ALE 

RD/INTA 

READY 

Note: READY must remain stable during setup and hold times. 

Figure 7 MSM80C85A Bus Timing. Witl! and Without Wait 

HOLD OPERATION 

CLK 

HOLD 

HLDA 

BUS (ADDRESS, 
CONTROLS) 

Figure 8 MSM80C85A Hold Timing 
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THOLD Ti 

As-ts 

BUS FLOATING (1) 

ALE 

tHABE--e""--i.-

HOLD I 

\./ 
HOH 

HLDA if 
-------- tHABF 

tHACK 

Note: ( 1 I 10/M is also floating during this time. 

Figure 9 MSl!n80C85A Interrupt and Hold Timing 
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Table 8 Instruction Set Summery 

lnstructiun Code (1) Clock (21 
Mnemonic Description Cycles 07 06 Os 04 03 02 01 Do 

MOVE, LOAD. AND STORE 
M0Vr1 r2 Mow register to register 0 1 D D D s s s 4 
MOVMr Mow register to memory 0 1 1 1 0 s s s 7 
MOVrM Mow memory to register 0 1 b D D 1 1 0 7 
MVI r Mow immediate register 0 0 D D D 1 1 0 7 
MVIM Mow immediate memory 0 0 1 1 0 1 1 0 10 
LXIB Load immediate register Pair B & C 0 0 0 0 0 0 0 1 10 
LXID Load immediate register Pair D & E 0 0 0 1 0 0 0 1 10 
LXIH Load immediate register Pair H & L 0 0 1 0 0 0 0 1 10 
LXISP Load immediate stack pointer 0 0 1 1 0 0 0 1 10 
STAXB Store A indirect 0 0 0 0 0 0 1 0 7 
STAXD Store A indirect 0 0 0 1 0 0 1 0 7 
LDAXB Load A indirect 0 0 0 0 1 0 1 0 7 
LDAXD Load A indirect 0 0 0 1 1 0 1 0 7 
STA Store A direct 0 0 1 1 0 0 1 0 13 
LOA Load A direct 0 0 1 1 1 0 1 0 13 
SHLD Store H & L direct 0 0 1 0 0 0 1 0 16 
LHLD Load H & L direct 0 0 1 0 1 0 1 0 16 
XCHG Exchange D & E H.& L registers 1 1 1 0 1 0 1 1 4 

STACK OPS 
PUSH B Push register Pair B & C on stack 1 1 0 0 0 1 0 1 12 
PUSH D Push register Pair D & E on stack 1 1 0 1 0 1 0 1 12 
PUSH H Push register Pair H & Lon stack 1 1 1 0 0 1 0 1 12 
PUSH PSW Push A and Flags on stack 1 1 1 1 0 1 0 1 12 
POP B Pop register Pair B & C off stack 1 1 0 0 0 0 0 1 10 
POP D Pop register Pair D & E off stack 1 1 0 1 0 0 0 1 10 
POPH Pop register Pair H & L off stack 1 1 1 0 0 0 0 1 10 
POPPSW 1Pop A and Flags off stack 1 1 1 1 0 0 0 1 10 
XTHL Exchange top of stack H & L 1 1 1 0 0 0 1 1 16 
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 6 

JUMP 
JMP Jump unconditional 1 1 0 0 0 0 1 1 10 
JC Jump on carry 1 1 0 1 1 0 1 0 7110 
JNC Jump on no carry 1 1 0 1 0 0 1 0 7/10 
JZ Jump on zero 1 1 0 0 1 0 1 0 7/10 
JNZ Jump on no zero 1 1 0 0 0 0 1 0 7/10 
JP Jump on positiw 1 1 1 1 0 0 1 0 7/10 
JM Jump on minus 1 1 1 1 1 0 1 0 7/10 
JPE Jump on parity ewn 1 1 1 0 1 0 1 0 7/10 
JPO Jump on parity odd 1 1 1 0 0 0 1 0 7/10 
PCHL H & L to program counter 1 1 1 0 1 0 0 1 6 

CALL 
CALL Call unconditional 1 1 0 0 1 1 0 1 18 
cc Call on carry 1 1 0 1 1 1 0 0 9/18 
CNC Call on no carry 1 1 0 1 0 1 0 0 9/18 
CZ Call on zero 1 1 0 0 1 1 0 0 9/18 
CNZ Call on no zero 1 1 0 0 0 1 0 0 9/18 
CP Call on positiw 1 1 1, 1 0 1 0 0 9/18 
CM Call on minus 1 1 1 1 1 1 0 0 9/18 
CPE Call on parity awn 1 1 1 0 1 1 0 0 9/18 
CPO Call on parity odd 1 1 1 0 0 1 0 0 9/18 
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Table 8 Instruction Set Summary cont'd 

Instruction Code( 1) Clock(2) 
Mnemonic Description Cycles 07 06 Ds 04 03 D2 Dt Do 

RETURN 
RET Return 1 1 0 0 1 0 0 1 10 
RC Return on carry 1 1 0 1 1 0 0 0 6/12 
RNC Return on no carry 1 1 0 1 0 0 0 0 6/12 
RZ Return on zero 1 1 0 0 1 0 0 0 6/12 
RNZ Return on no zero 1 1 0 0 0 0 0 0 6/12 
RP Return on positive 1 1 1 1 0 0 0 0 6/12 
RM Return on minus 1 1 ·1 1 1 0 0 0 6/12 
RPE Return on parity even 1 1 1 0 1 0 0 0 6/12 
RPO Return on parity odd 1 1 1 0 0 0 0 0 6/12 

RESTART 
RST Restart 1 1 A A A 1 1 1 12 

INPUT /OUTPUT 

IN llnput 1 1 0 1 1 0 1 1 10 
OUT Output 1 1 0 1 0 0 1 1 10 

INCREMENT AND DECREMENT 
INR r Increment register 0 0 D D D 1 0 0 4 
OCR r Decrement register 0 0 D D D 1 0 1 4 
INRM Increment memory 0 0 1 1 0 1 0 0 10 
DCRM Decrement memory 0 0 1 1 0 1 0 1 10 
INXB Increment B & C registers 0 0 0 0 0 0 1 1 6 
INX D Increment D & E registers 0 0 0 1 0 0 1 1 6 
INX H Increment H & L registers 0 0 1 0 0 0 1 1 6 
INXSP Increment stack pointer 0 0 1 1 0 0 1 1 6 
DCX B Decrement B & C 0 0 0 0 1 0 1 1 6 
DCX D Decrement D & E 0 0 0 1 1 0 1 1 6 
DCX H Decrement H & L 0 0 1 0 1 0 1 1 6 
DCXSP Decrement stack pointer 0 0 1 I 1 0 1 1 6 

ADD 
ADDr Add register to A 1 0 0 0 0 s s s 4 
ADC r Add register to A with carry 1 0 0 0 1 s s s 4 
ADDM Add memory to A 1 0 0 0 0 1 1 0 7 
ADCM Add memory to A with carry 1 0 0 0 1 1 1 0 7 
ADI Add immediate to A 1 1 0 0 0 1 1 0 7 
ACI Add immediate to A with carry 1 1 0 0 1 1 1 0 7 
DAD B AddB&CtoH&L 0 0 0 0 1 0 0 1 10 
DADD AddD&EtoH&L 0 0 0 1 1 0 0 1 10 
DAD H AddH&LtoH&L 0 0 1 0 1 0 0 1 10 
DAD SP Add stack pointer to H & L 0 0 1 1 1 0 0 1 10 

SUBTRACT 
SUB r Subtract register from A 1 0 0 1 0 s s s 4 
SBB r Subtract register from A with borrow 1 0 0 1 1 s s s 4 
SUBM Subtract memory from A 1 0 0 1 0 1 1 0 7 
SBB M Subtract memory from A with borrow 1 0 0 1 1 1 1 0 7 
SUI Subtract immediate from A 1 1 0 1 0 1 1 0 7 
SBI Subtract immediate from A with 1 1 0 1 1 1 1 0 7 

borrow 

50 



~~~~~~~~~~~--~~~~~• CPU·MSM80C85ARS/GS/JS • 

Table 8 Instruction Set Summary cont'd 

Instruction Code ( 11 Clock(2) Mnemonic Description 
Cycl~s 07 06 Os 04 03 02 01 Do 

LOGICAL 
ANAr And register with A 1 0 1 0 0 s s s 4 
XRA r Exclusive Or register with A 1 0 1 0 1 s s s 4 
ORA r Or register with A 1 0 1 1 0 s s s 4 
CMP r Compare register with A 1 0 1 1 1 s s s 4 
ANAM And memory with A 1 0 1 0 0 1 1 0 7 
XRAM Exclusive Or memory with A 1 0 ·1 0 1 1 1 0 7 
ORAM Or memory with A 1 0 1 1 0 1 1 0 7 
CMPM Compare memory with A 1 0 1 1 1 1 1 0 7 
ANI And immediate with A 1 1 1 0 0 1 1 0 7 
XRI Exclusive Or immediate with A 1 1 1 0 1 1 1 0 7 
ORI Or immediate with A 1 1 1 1 0 1 1 0 7 
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7 

ROTATE 
RLC. Rotate A left 0 0 0 0 0 1 1 1 4 
ARC Rotate A right 0 0 0 0 1 1 1 1 4 
RAL Rotate A left through carry 0 0 0 1 0 1 1 1 4 
AAA Rotate A right through carry 0 0 0 1 1 1 1 1 4 

SPECIALS 
CMA Complement A 0 0 1 0 1 1 1 1 4 
STC Set carry 0 0 1 1 0 1 1 1 4 
CMC Complement carry 0 0 1 1 1 1 1 1 4 
DAA Decimal adjust A 0 0 1 0 0 1 1 1 4 

CONTROL 
El Enable Interrupts 1 1 1 1 1 0 1 1 4 
DI Disable Interrupt 1 1 1 1 0 0 1 1 4 
NOP No-operation 0 0 0 0 0 0 0 0 4 
HLT Halt 0 1 1 1 0 1 1 0 5 
RIM Read Interrupt Mask 0 0 1 0 0 0 0 0 4 
SIM Set Interrupt Mask 0 0 1 1 0 0 0 0 4 

Notes: (1) DOD or SSS. B 000. C 001. 0 010. E 011. H 100. L 101. Memory 110. A 111. 
(2) Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags. 
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MSM80C85A-2RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSMBOC85A-2 is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology 
and compatible with MSMBOC85A. 

It is designed with higher processing speed (max. 5 MHz) and lower power consumption compared with 
MSM80C85A and power down mode is provided, thereby offering a high level of system integration. 

The MSM80C85A-2 uses a multiplexed address/data bus. The address is split between the 8-bit address bus and 
the 8-bit data bus. The on-chip address latches a MSM81 C55-5 memory products allow a direct interface with the 
MSM80C85A-2. 

FEATURES 

• Power down mode 
•Low Power Dissipation: 50mW Typ 
• Single +3 to +6 V Power Supply 
• -40 to +85°C, Operating Temperature 
·Compatible with MSM80C85A 

• 0.8µ Instruction Cycle (V CC = 5V) 
·On-Chip Clock Generator (with External Crystal) 
·On-Chip Syst~m Controller; Advanced Cycle Status 

Information Available for Large System Control 

FUNCTIONAL BLOCK DIAGRAM 

Power {-+sv 
Supply -GND 

x, 
x, CONTROL STATUS OMA 

RESET ,......,..._.., 

• Four Vectored Interrupt Inputs (One is non-maskable) 
Plus the 8080A-compatible interrupt. 

•Serial In/Serial Out Port 
• Decimal, Binary and Double Precision Arithmetic 
·Addressing Capability to 64K Bytes of Memory 

•TTL Compatible 
• 40 pin Plastic DIP (MSM80C85A-2RS) 
• 44 pin Plastic Flat Package (MSM80C85A-2GS) 
• 44 pin PLCC Package (MSM80C85A-2JS) 

CLK R5 WA ALE So 5 1 IQ/f;t HLDA RESET 

OUT READY HOLD RESe'ITN OUT 
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PIN CONFIGURATION 
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MSM80C85A-2 FUNCTIONAL PIN DEFINITION 

The following describes the function of each pin: 

Symbol Function 

Aa-A15 Address Bus: The most significarit 8-bits of the memory address or the 8-bits of the 1/0 
(Output, 3-state) address, 3-stated du ring Hold and Halt modes and during RESET. 

ADo-AD7 Multiplexed Address/Data Bus: Lower8-bits of the memory address (or 1/0 address) 
(Input/Output) appear on the bus during the first clock cycle (T state) of a machine cycle. It then 
3-state becomes the data bus during the second and third clock cycles. 

ALE Address Latch Enable: It occurs during the first clock state of a machine cycle and en11bles 
(Output) the address· to get latched into the on-chip latch of peripherals. The falling edge of ALE 

is set to guarantee setup and hold times for the address information. The falling edge 
of ALE can also be used to strobe the status information ALE is never 3-stated. 

So,S1, 10/M Machine cycle status: 
(Output) 10/MS, So States 101iii1 s, So States 

0 0 1 Memory write 1 1 1 Interrupt Acknowledge 
0 1 0 Memory read 0 0 Halt = 3-state 
1 0 1 1/0 write x x Hold (high impedance) 
1 1 0 1/0 read x x Reset x = unspecified 
0 1 1 Opcode fetch 

S1 can be used as an advanced R/W status. 10/M, S0 and S1 become valid at the beginning 
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may 
be used to latch the state of these lines. 

RD READ control: A low level on RD indicates the selected memory or 1/0 device is to be 
(Output, 3-state) read and that the Data Bus is available for the data transfer, 3:stated during Hold and Halt 

modes and during RESET. 

WR WRITE control: A low level on WR indicates the data on the Data Bus is to be written 
(Output, :i-state) into the selected memory or 1/0 location. Data is set up at the trailing edge of WR, 

3-stated during Hold and Halt modes and during RESET. 

READY If READY is high during a read or write cycle, it indicates that the memory or peripheral 
(Input) is ready to send or receive data. If READY is low, the cpu will wiiit an integral number 

of clock cycles for READY to go high before completing the read or write cycl11 READY 
must conform to specified setup and hold times. 

HOLD HOLD indicates that another master is requesting the use of the address and data buses. 
(Input) The cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the 

completion of the current bus transfer. Internal processing can continue. The processor 
can regain the bus only after the HOLD is removed. When the HOLD is acknowledged, 
the Address, Data, RD, WR, and 10/liii lines are 3:stated. And status of power down is 
controlled by HOLD. 

HLDA HOL'D ACKNOWLEDGE: Indicates that the cpu has received the HOLD request and 
(Output) that it will relinquish the bus·in the next clock cycle. HLDA goes low after the Hold 

request is removed. The cpu takes the bus one half clock cycle after HLDA goes low. 

INTR INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled on during 
(Input) the next to the' last clock cycle of an instruction and during Hold and Halt states. If it is 

active, the Program Counter (PC) will be inhibited from incrementing and an INTA will 
be issued. During this cycle a RESTART or CALL instruction can be i·nserted to jump 
to the interrupt service routine. The INTR is enabled and disabled by software. It is 
disabled by Reset and immediately after an interrupt is accepted. Power down mode is 
reset by INTR. 

INTA INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) RD 
(Output) during the instruction cycle after an INTR is accepted. 

RST 5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except 
RST6.5 they cause an internal· REST ART to be automatically inserted. 
RST 7.5 The priority of these interrupts is ordered as shown in Table 1. These interrupts have a 
(Input) higher priority than INTR. In addition, they may be individually masked out using the 

SIM instruction. Power down mode is reset by these interrupts. 

TRAP Trap interrupt is a nonmaskable RESTART interrupt. It is recognized at the same timing 
(Input) as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt ·Disable. It has the 

highest priority of any interrupt. (See Table 1.) Power down mode is reset by input of 
TRAP. 
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Symbol Function 

RESET IN Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops 
(Input) and release power down mode. The data and address buses and the controJ lines are 3-

stated during RESET and because of the asynchronous nature of RESET, the processor's 
internal registers and flags may be altered by RESET with unpredictable results. RESET 
TN is a Schmitt-triggered input, allowing connection to an R-C network for power-on 
RESET delay. The cpu is held in the reset condition as long as RESET IN is applied. 

RESET OUT Indicated cpu is b\)ing reset. Can be used as a system reset. The signal is synchronized to 
(Output) the processor clock and lasts an integral number of clock periods. 

X,, X2 X, and X2 are connected to a crystal to drive the internal clock generator. X1 can also 
(Input) be an external clock input from a logic gate. The input frequency is divided by 2 to give 

the processor's internal operating frequency. 

CLK Clock Output for use as a system clock. The period of CLK is twice the X1 , X2 input 
(Output) period. 

SID Serial input data line. The data on this line is loaded into accumulator bit 7 whenever 
(Input) a RIM instruction is executed. 

SOD Serial output data line. The output SOD is set or reset as specified by the SIM instruction. 
(Output) 

Vee +5 volt supply. 

GND Ground Reference. 

Table 1 Interrupt Priority, Restart Address, and Sensitivity 

Name Priority 
Address Branched To (1) 

Type Trigger When Interrupt Occurs 

TRAP 1 24H 
Rising edge and high level until 
sampled. 

AST 7.5 2 3CH Rising edge (latched). 

RST6.5 3 34H High level until sampled. 

AST 5.5 4 2CH High level until sampled. 

INTR 5 (2) High level until sampled. 

Notes: (1) The processor pushes the PC on the stack before branching to the indicated address. 
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is ac­

knowledged. 
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FUNCTIONAL DESCRIPTION 

The MSM80C85A-2 is a complete 8-bit parallel 
central processor. It is designed with silicon gate 
C-MOS technology and requires a single +5 volt supply. 
Its basic clock speed is 5MHz, thus improving on the 
present MSM80C85A's performance with higher system 
speed and power down mode. Also . it is designed 
to fit into a minimum system of three IC's: The cpu 
(MSM80C85A-2), and a RAM/10 (MSM81C55-5) 

The MSM80C85A-2 has twelve addressable 8-bit 
register pairs. Six others can be used interchangeably 
as 8-bit registers or a 16-bit register pairs. The MSM-
80C85A-2 register set is as follows: 

Mnemonic Register Contents 

ACC or A Accumulator 8-bits 
PC Program Counter 16-bit address 
BC, DE, HL General-Purpose 8-bit x 6 or 

Registers; 16-bits x 3 
data pointer (HL) 

SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bit space) 

The MSM80C85A-2 uses a multiplexed Data Bus. 
The address is split between the higher 8-bit Address 
Bus and the lower 8-bit Address/Data Bus. During 
the first T st~te (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data Bus. 
These lower 8-bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest of 
the machine cycle the data bus is used for memory or 
1/0 data. 

The MSM80C85A-2 provides RD, WR, So, S1 and 
10/M signals for bus control. An Interrupt Acknow­
ledge signal (INTA) is also provided. Hold and all 
Interrupts are synchronized with the process.or's internal 
clock. The MSM80C85A-2 also provides Serial Input 
Data (SID) and Serial Output Data (SOD) lines for a 
simple serial interface. 

In addition _to these features, the MSM80C85A-2 
has. three maskable, vector interrupt pins, one nonmask­
able TRAP interrupt and power down mode with HALT 
and HOLD. 

. INTERRUPT AND SERIAL 1/0 

The MSM80C85A-2 has 5 interrupt inputs: I NTR, 
RST 5.5, RST 6.5, RST 7.5, and TRAP. INTR is identi­
cal in function to the 8080A INT. Each of the three 
RESTART inputs, 5.5, 6.5, and 7 .5, has a program­
mable mask. TRAP is also a RESTART interrupt but 
it is nonmaskable. 

The three maskable interrupts cause the internal 
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execution of RESTART (saving the program counter 
in the stack and branching to the RESTART address) 
if the interrupts are enabled and if the interrupt mask is 
not set. The nonmaskable TRAP causes the internal 
execution of a RESTART vector independent of the 
state of the interrupt enable or masks. (See Table 1.) 

There are two different types of inputs in the 
restart interrupts. RST 5.5 and RST 6.5 are high 
level-sensitive like INTR (and INT on the 8080A) and 
are recognized with the same timing as I NTR RST 
7 .5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an 
internal flip-flop which generates the internal interrupt 
request. The RST 7.5 request flip-flop remains se.t until 
the request is serviced. Then it is reset au\omatically. 
This flip-flop may also be reset by using the SIM instruc­
tion or by issuing a RESET IN to the MSM80C85A. 
The RST 7.5 internal flip-flop will be set by a pulse on 
the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. 

The interrupts are arranged in a flixed priority that 
determines which interrupt is to be reeognized if more 
than one is pending, as follows: TRAP-highest priority, 

RST 7.5, RST 6.5, RST 5.5, INTR-lowest priority. 
This priority scheme does not take into account the 
priority of a routine that was started by a higher priori­
ty interrupt. RST 5.5 can interrupt an RST 7.5 routine 
if the interrupts are re-enabled before the end of the 
RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic 
events such as power failure or bus error. The TRAP 
input is ·recognized just as any other interrupt but has 
the highest priority. It is not affected by any flag or 
mask. The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until 
it is acknowledged. It will not be recognized again 
until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 3 illus­
trates the TRAP interrupt request circuitry within the 
MSM80C85A-2. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all 
future interrupts (except TRAPs) until an El instruction 
is executed. 

The TRAP interrupt is special in that it disables 
interrupts, but preserves the previous interrupt enat;>le 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the TRAP . 
All subsequent RIM instructions provide current inter­
rupt enable status. Performing a RIM instruction fol­
lowing INTR or RST 5.5-7.5 will provide current 
Interrupt Enable status, revealing that Interrupts are 
disabled. 

The serial 1/0 system is also controlled by the RIM 
and SIM instructions. SID is read by RIM, and SIM 
sets the SOD data. 
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EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 

INSIDE THE MSM80C85A-2 

TRAP 

RESET IN SCHMITT 
TRIGGER RESET 

INTERNAL 
TRAP 

ACKNOWLEDGE 

Figure 3 Trap and RESET IN Circuit 

DRIVING THE X 1 and X2 INPUTS 

You may drive the clock inputs of the MSM80C-
85A-2 with a crystal, or an external clock source. The 
driving frequency must be at least 1 MHz, and must be 
twice the desired internal clock frequency; hence, the 
MSM80C85A-2 is operated with a 6 MHz crystal (for 
3 Mliz clock-I. If a crystal is used, it must have the fol­
lowing characteristics: 

Parallel resonance at twice the clock fr<!Quency 
desired 

CL (load capacitance) :S. 30 pF 
Cs (shunt capacitance) .:S. 7 pF 
Rs (equivalent shunt resistance) :S. 75 ohms 

A. Quartz Crystal Clock Driver 

Drive level: 10 mW 
Frequency tolerance: ±.005% (suggested) 
Note the use of the capacitors between X1 , X 2 and 

ground. These capacitors are required to assure oscilla­
tor startup at the correct frequency. 

Figure 4 shows the recommended clock driver 
circuits. Note in B that a pullup resistor is required to 
assure that the high level voltage of the input is at least 
4V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X 1 and leave X 2 

open-circuited (Figure 48). To prevent self-oscillation 
of the MSM80C85A-2," be sure that X 2 is not coupled 
back to X 1 through the driving circuit. 

B. 1-10 MHz Input Frequency External Clock 
Drive Circuit 

VIH > 0.8Vcc 
High time > 40ns 
Low time > 40ns 

x, 
33pF Capacitor required for crystal freq\lency 10 to 6.25 MHz. 
50pF Capacitor required for crystal· frequency 6.25 to 4 MHz. 
100pF Capacitor required for crystal frequency< 4 MHz. 

• X 2 Left floating 

Figure 4 Clock Driver Circuits 
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BASIC SYSTEM TIMING 

The MSM80C85A·2 has a multiplexed Data Bus. 
ALE is used as a strobe to sample the lower 8-bits of 
address on the Data Bus. Figure 5 shows an instruction 
fetch, memory read and 1/0 write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the 1/0 write and read cycle that the 1/0 port 
address is copied on both the upper and lower half of 
the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (10/M, S1 , S0 ) and the 

three control signals (RD, WR, and INTA). (See Table 
2.) The status line can be used as advanced controls 
(for device selection, for example), since they become 
active at the T, state, at the outset of each machine 
cycle. Control lines RD and WR become active later, 
at the time when the transfer of data is to take place, 
so are used as command lines. 

A machine cycle normally consists of three T 
states, with the exception of OPCODE FETCH, which 
normally has either four or six T states (unless ,WAIT 
or HOLD states are forced by the receipt of READY 
or HOLD inputs). Any T state must be one of ten 
possible states, shown in Table 3. 

Table 2 MSM80CB5A-2 Machine Cycle Chart 

Status 
Machine Cycle 

10/M s, s. RD 

Opcode Fetch (OF) 0 1 1 0 

Memory Read (MR) 0 1 0 0 

Memory Write (MW) 0 0 1 1 

1/0 Read (IOR) 1 1 0 0 

1/0 Write, (IOW) 1 0 1 1 

Acknowledge of INTR (INA) 1 1 '1 1 

Bus Idle (Bl): DAO 0 1 0 1 
ACK. OF 
RST, TRAP 1 1 1 1 
HALT TS 0 0 TS 

Table 3 MSM80C85A-2 Machine State Chart 

Machine State 

T, 

T, 

TWAIT 

T, 

T• 

Ts 

T, 

TRESET 

THALT 

THO LO 

0 = Logic "O" 
1 = Logic "1" 

S, ,So 

x 
x 
x 
x 
1 

1 

1 

x 
0 

x 

TS= High Impedance 
X = Unspecified 

Status & Buses 

10/M A8 -A15 AD0-AD1 RO,WR 

x x x 1 

x x x x 
x x x x 
x x x x 
0 (2) x TS 1 

0 (2) x TS 1 

0 (2) x TS 1 

TS TS TS TS 

TS TS TS TS 

TS TS TS TS 

Notes: (1) ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
(2) 10/M = 1 during T. - T6 of INA machine cycle. 
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Control 

WR INTA 

1 1 

1 1 

0 1 

1 1 

0 1 

1 0 

1 1 

1 1 
TS 1 

Control 

INTA ALE 

1 1(1) 

x 0 

x 0 

x 0 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 
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M, M, M, 

WR 

10/M 

STATUS S, S0 (FETCH) 10 (REAb) 01 WRITE 11 

Figure 5. MSM80C85A-2 Basic System Timing 
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POWER DOWN Mode (a newly added function} 

The MSM80C85A-2 is compatible with the 
MSM80C85A in function and POWER DOWN mode. 
This reduces power consumption further. 

There are two methods available for starting this 
POWER DOWN mode. One is through software control 
by using the HALT command and the other is under 
hardware control by using the pin HOLD .. This mode is 
released by the HOLD, RESET, and interrupt pins 
(TRAP, RST7.5, RST6.5, RST5.5, or INTR}. (See 
Table 4.) 

Since the sequence of HALT, HOLD, RESET, 
and INTERRUPT is compatible with MSM80C85A, 
every the POWER DOWN mode can be used with no 
special attention. 

Table 4 POWER DOWN Mode Releasing Method 

Start by means of 
Released by using pins RESET 

HALT command 
and INTERRUPT (not by pin 
HOLD) 

Start by means of 
Released by using RESET and 

HOLD pin 
HOLD pins (not by interrupt 
pins} 
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( 1} Start by means of HALT command 
(See Figures 6 and 7.) 

The POWER DOWN mode can be started by exe­
cuting the HALT command. 
At this time, the system is put into the HOLD 
status and therefore the POWER DOWN mode 
cannot be released even when the HOLD is released 
later. 
In this case, the POWER DOWN mode can be re­
leased by means of the RESET or interrupt. 

(2) Start by means of HOLD pin (See Figure 8.) 

During the execution of commands other tha.n the 
HALT, the POWER DOWN mode is started when 
the system is put into HOLD status by means of 
the HOLD pin. 

Since no interrupt works during the execution of 
the HOLD, the POWER DOWN mode cannot be 
released by means of interrupt pins. 
In this Ca$e, the POWER DOWN mode can be 
released either by means of the RESET pin or by 
releasing the HOLD status by means of HOLD pin. 
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CLK 
OUT 

ALE 

AD0.7 

CPU 
MODE 

~.· I T 2 I T 3 I T. I ~; I · 

RUN 
POWER 
DOWN 

Figure 6. Started by HALT and Released by RESET IN 

·I· TRESET ·I ~.· I T, I 
JlJlJl_IlJU1_ 

RUN 

._.. _______ T_H_L_T _______ --t• I ~.· I T' I 
CLK 
OUT 

J1_fUUlJU1_ 
ALE 

RSTS.5------------+----------;~1.o--~ 
POWER 

CPU RUN DOWN 
MODE 

Figure 7. Started by HALT and Released by. RST5.5 

CLK 
OUT 

ALE 

HOLD 

HLDA 

CPU 
MODE 

RUN 

Figure 8. Started and Released by HOLD 

POWER 
DOWN 

RUN 

RUN 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Condition 

MSM80C85A·2RS l MSM80C85A·2GS I MSM80C85A· 2JS 
U"it 

Power Supply Voltage Vee -0.5 -+7 v 

Input Voltage V1N 
With respect 

-o.5- Vee +o.5 v 
toGND 

Output Voltage VouT -o.5 - Vee +o.5 v 

Storage Temperature Tstg -55-+150 •c 

Power Dissipation Po Ta= 25°C 1.0 I 0.7 I 1.0 w 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Power Supply Voltage Vee 3-6 v 

Operating Temperature Top -40 - +85 •c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 •c 

"L" Input Voltage V1L -0.3 +0.8 v 

"H" Output Voltage V1H 2.2 Vcc+o.3 v 

"L" RESET IN 
Input Voltage V1LR -0.3 +0.8 v 

"H"RESET IN 
Input Voltage V1HR 3.0 vcc+o.3 v 

D.C. CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" Output Voltage Vol loL =2mA 0.45 v 

loH=-400µA 2.4 v 
"H" Output Voltage VoH 

loH= -40µA 4.2 v 

Input Leak Current iu OS V1N $Vee 
Vcc=4.5V- 5.5V 

-10 10 µA Ta= -40°c- +85°C 
Output Leak Current ILO OS VouTS Vee -10 10 µA 

1 Tcyc = 200ns 
10 20 mA 

Operating Supply 
Ice 

CL= OpF at reset 

Current Tcyc = 200ns 
·cl = OpF at power 3 7 mA 
down mode 

62 



-----------------• CPU·MSM80C85A-2RS/GS/JS• 

A.C. CHARACTERISTICS 
(Ta= -40°C- 85°C, Vee= 4.5V - 5.5V) 

Parameter Symbol Condition Min. Max. Unit 

CLK Cycle Period tcvc 200 2000 

CLK Low Time ,, 40 

CLK High Time t, 70 

CLK Rise and Fall Timi'! tr,tf 30 

X1 Rising to CLK Rising txKR 25 120 

X 1 Rising to CKK Falling 'XKF 30 150 

A, - • • Valid to Leading Edge of Control ( 1) 'AC 115 

·Ao"' 1 Valid to leading Edge of Control lACL 115 

A0 - 15 Valid Data In 'AD 330 

Address Float After Leading Edge of RD INTA 1AFR 

A 1 - 1 s Valid Before Trailing Edge of ALE (1) IAL 50 

Ao"'1 Valid Before Trailing Edge of ALE lALL 50 

READY Valid from Address Valid lAAY 100 

Addreu (A1 - 15 ) Valid After Control 'CA 60 

Width of Control Law (AD, WR, INTA) •cc 231l 

Trailing Edge of Control to Leading Edge of ALE 1CL 25 

Data Valid to Trailing Edge of WR •ow 230 

HLDA to Bus Enable 'HASE 150 

Bus Float After HLDA 'HABF tcvc"" 2oom 
150 

HLDA Valid to Trailing Edge of CLK lHACK CL= 150pF 40 

HOLD Hold Time lHDH 

HOLD Step Up Time to Trailing Edge of CLK. 'HDS 120 

INTA Hold Time fl NH 

INTR, AST and TRAP Setup Time to Falling Edge of CLK ttNS 150 

Address Hold Time After ALE 'LA 50 

Trailing Edge of ALE to Leading Edge of Control 'LC 60 

ALE Low During CLK High lLCK 50 

ALE to Valid Data During Read fLDA 250 

ALE to Valid Data During Write tLDW 140 

ALE Width 'LL 80 

ALE to READY S!able tLRY 30 

Trailing Edge of RD to Re-enabling of Address tAAE 90 

AD (or INTA) to Valid Data 'RD 150 

Control Trailing Edge to Leading Edge of Next Control 'RV 220 

Data Hold Time After AD INTA {7) 'ADH 

READY Hold Time tAYH 

READY Setup Time to Leading Edge of CLK tAYS 100 

Data Valid After Trailing Edge of WA •wo 60 

LEADING Edge of WA to Data Valid tWDL 20 

Notes: 111 A8-A 15 address Specs apply to 10/M, S0 , and S1 except A8-A15 are undefined during T4"""Tg of OF 
cycle whereas 10/M, So, and S1 are stable. 

121 
13) 

14) 
151 

16) 
17) 

Test conditions: tcYC = 200ns CL= 150pF 
For all output t1m1ng where CL= 150pF use the following correction factors: 

25pF ~ CL < 150pF: -0.10ns/pF 
150pF < CL ~ 300pF: +0.30ns/pF 

Output timings are measured with purely capacitive load. 

All timings are measured at output voltage VL = O.BV, VH = 2.2V, and 1.SV with 10ns rise and fa!I time 
on inputs. 
To calculate timing specifications at other values of tcvc use Table 7. 
Data hold time is guaranteed under all loadmg conditions. 

Input Waveform for A.C. Tests: 

2
.
4 ------...X:::::: p6,~s:s ::::::X~------

0.45------ -
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Table 1 Bus Timing Specification as a Tcvc Dependent 

(Ta= -40°c-+s5°c,vcc = 4.5v- 5.5V, CL= 150pF) 

MSM80C85A-2 

tAL - (1/2)T - 50 MIN 

tLA - (1/2)) - 50 MIN 

tLL - (1/2)T- 20 MIN 

tLCK - (1/2)T - 50. MIN 

tLC - (1/2)T -40 MIN 

tAo - (5/2 + N)T- 170 MAX 

tRo - (3/2 + N)T - 150 MAX 

tRAE - (1/2)T - 10 MIN 

tcA - (1/2JT- 40: MIN 

tow - (3/2 + N)T - 70 MIN 

two - (1/2)T - 40 MIN 

tee - (3/2 + N)T - 70 MIN 

tcL - (1/2)T - 75 MIN 

tARY - (3/2)T - 200 MAX 

tHACK - (1/2)T-60 MIN 

tHABF - (1/2)T + 50 MAX 

tHABE - (1/2)T + 50 MAX 

tAC - (2/2)T - 85 MIN! 

t, - (1/2)T -60 MIN 

t, - (1/2}T-30 MIN 

tRv - (3/2)T -80 MIN 

tLOR - (2+N)T- 150 MAX 

Note: N is equal to the total WAIT states. 
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T =tcvc 

X 1 INPUT 

CLK 
OUTPUT 

lXKF 

Figure 6 Clock Timing Waveform 
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READ OPERATION 

T, 

tLCK} 

T, T, 

CLK \ I I \ I 

A8 -Au ADDRESS 

ADo-AD 7 

ALE tLDR 

tRD 

RD INTA 
tee 

WRITE OPERATION 

\ T! ) T'/ \ T/ \ 
T, 

CLK 
I 

1-tLc- • 

A, -A15 ADDRESS 

AD 0 -AD 7 DATA OUT 

tow 

ALE twoL 

tee 
WR 

tLc CL 
tAC 
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Read operation with Wait Cycle (Typical) -
same READY timing applies to WRITE operation 

Note: READY must remain stable during setup and hold times. 

Figure 7 MSMBOC85A-2 Bus Timing, With and Without Wait 

HOLD OPERATION 

T, T, T, 

CLK 

HOLD 

HLDA 

tHABE 
(ADDRESS, 

BUS CONTROLS) 

Figure 8 MSMBOC85A-2 Hold Timing 
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T, T• T, T, 

BUS FLOATING (1) 

ALE 

RD 

INTA 

tHAB E--+---+--

HOLD 
I 

\ I 
\..J 

HLDA-------~!11 tHABF 

tHAc~HI 

Note: (1) 10/M is also floating during this time. 

Figure 9 MSM80C85A-2 Interrupt and Hold Timing 
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Table 8 Instruction Set Summary 

Instruction Code (1) Clock (2) Mnemonic Description 
07 o. o. 04 o. o. o, Do Cycles 

MOVE, LOAD, AND STORE 
M0Vr1 r2 Move register to register 0 1 D D D s s s 4 
MOV Mr Move register to memory 0 1 1 1 0 s s s 7 
MOVrM Move memory to register 0 1 D D D 1 1 0 7 
MVI r Move immediate register 0 0 D D D 1 1 0 7 
MVIM Move immediate memory 0 0 1 1 0 1 1 0 10 
LXIB Load immediate register Pair B & C 0 0 0 0 0 0 0 1 10 
LXID Load immediate register Pak D & E 0 0 0 1 0 0 0 1 10 
LXIH Load immediate register Pair H & L 0 0 1 0 0 0 0 1 10 
LXI SP Load immediate stack pointer 0 0 1 1 0 0 0 1 10 
STAXB Store A indirect 0 0 0 0 0 0 1 0 7 
STAXD Store A indirect 0 0 0 1 0 0 1 0 7 
LDAXB Load A indirect 0 0 0 0 1 0 1 0 7 
LDAX D Load A indirect 0 0 0 1 1 0 1 0 7 
STA Store A direct 0 0 1 1 0 0 1 0 13 
LOA Load A direct 0 0 1 1 1 0 1 0 13 
SHLD Store H & L direct 0 0 1 0 0 0 1 0 16 
LHLD Load H & L direct 0 0 1 0 1 0 1 0 16 
XCHG Exchange D & E H & L registers 1 1 1 0 1 0 1 1 4 

STACK OPS 
PUSH B Push register Pair B & Con stack 1 1 0 0 0 1 0 1 12 
PUSH D Push register Pair D & E on stack 1 1 0 1 0 1 0 1 12 
PUSH H Push register Pair H & Lon stack 1 1 1 0 0 1 0 1 12 
PUSH PSW Push A and Flags on stack 1 1 1 1 0 1 . 0 1 12 
POP B Pop register Pair B & C off stack 1 1 0 0 0 0 0 1 10 
POP D Pop register Pair D & E off stack 1 1 0 1 0 0 0 1 10 
POP H Pop register Pair H & L off stack 1 1 1 0 0 0 0 1 10 
POP PSW Pop A and Flags off stack 1 1 1 1 0 0 0 1 10 

ID 
XTHL Exchange top of stack H & L 1 1 1 0 0 0 1 1 16 
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 6 

JUMP . 
JMP Jump unconditional 1 1 0 0 0 0 1 1 10 
JC Jump on carry 1 1 0 1 1 0 1 0 7/10 
JNC Jump on no carry 1 1 0 1 0 0 1 0 7/10 
JZ Jump on zero 1 1 0 0 1 0 1 0 7/10 
JNZ Jump on no zero 1 1 0 0 0 0 1 0 7/10 
JP Jump on positive 1 1 1 1 0 0 1 0 7/10 
JM Jump on minus 1 1 1 1 1 0 1 0 7/10 
JPE Jump on parity even 1 1 1 0 1 0 1 0 7/10 
JPO Jump on parity odd 1 1 1 0 0 0 1 0 7/10 
PCHL H & L to program counter 1 1 1 0 1 0 0 1 6 

CALL 
CALL Call unconditional 1 1 0 0 1 1 0 1 18 
cc Call on carry 1 1 0 1 1 1 0 0 9/18 
CNC Call on no carry 1 1 0 1 0 1 0 0 9/18 
CZ Call on zero 1 1 0 0 1 1 0 0 9/18 
CNZ Call on no zero 1 1 0 0 0 1 0 0 9/18 
CP Call on positive 1 1 1 1 0 1 0 0 9/18 
CM Call Qn minus 1 1 1 1 1 1 0 0 9/18 
CPE Call on parity even 1 1 1 0 1 1 0 0 9/18 
CPO Call on parity odd 1 1 1 0 0 1 0 0 9/18 
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Table 8 Instruction Set Summary cont'd 

Instruction Code( 1) Clock(2) Mnemonic Description 
D, o. D, o. D, D2 D, Do Cycles 

RETURN 
RET Return 1 1 0 0 1 0 0 1 10 
RC Return on carry 1 1 0 1 1 0 0 0 6/12 
RNC Return on no carry 1 1 0 1 0 0 0 0 6/12 
RZ Return on zero 1 1 0 0 1 0 0 0 6/12 
ANZ Return on no zero 1 1 0 0 0 0 0 0 6/12 
RP Return on positive 1 1 1 1 0 0 0 0 6/12 
RM Return on minus 1 1 1 1 1 0 0 0 6/12 
APE Return on parity even 1 1 1 0 1 0 0 0 6/12 
RPO Return on parity odd 1 1 1 0 0 0 0 0 6/12 

RESTART 
AST Restart 1 1 A A A 1 1 1 12 

INPUT/OUTPIT 
JN Input 1 1 0 1 1 0 1 1 10 
OUT Output 1 1 0 1 0 0 1 1 10 

INCREMENT AND DECREMENT 
INR r Increment register 0 0 D D D 1 0 0 4 
OCR r Decrement register 0 0 D D D 1 0 1 4 
INRM Increment memory 0 0 1 1 0 1 0 0 10 
OCR M Decrement memory 0 0 1 1 0 1 0 1 10 
INX B Increment B & C registers 0 0 0 0 0 0 1 1 6 
INX D Increment D & E registers 0 0 0 1 0 0 1 1 6 
INX H Increment H & L registers 0 0 1 0 0 0 1 1 6 
INX SP Increment stack pointer 0 0 1 1 0 0 1 1 6 
DCX B Decrement B & C 0 0 0 0 1 0 1 1 6 
DCX D Decrement D & E 0 0 0 1 1 0 1 1 6 
DCX H Decrement H & L 0 0 1 0 1 0 1 1 6 
DCX SP Decrement stack pointer 0 0 1 1 1 0 1 1 6 

ADD 
ADDr Add register to A 1 0 0 0 0 s s s· 4 
ADC r Add register to A with carry 1 0 0 0 1 s s s 4 
ADDM Add memory to A 1 0 0 0 0 1 1 0 7 
ADCM Add memory to A with carry 1 0 0 0 1 1 1 0 7 
ADI Add immediate to A 1 1 0 0 0 1 1 0 7 
ACJ Add immediate to A with carry 1 1 0 0 1 1 1 0 7 
DAD B Add B & C to H & L 0 0 0 0 1 0 0 1 10 
DADD AddD&EtoH&L 0 0 0 1 1 0 0 1 10 
DAD H AddH&LtoH&L 0 0 1 0 1 0 0 1 10 
DAD SP Add stack pointer to H & L 0 0 1 1 1 0 0 1 10 

SUBTRACT 
SUB r Subtract register from A 1 0 0 1 0 s s s 4 
SBB r Subtract register from A with borrow 1 0 0 1 1 s s s 4 
SUB M Subtract memory from A 1 0 0 1 0 1 1 0 7 
SBB M Subtract memory from A with borrow 1 0 0 1 1 1 1 0 7 
SUI Subtract immediate from A 1 1 0 1 0 1 1 0 7 
SBI Subtract immediate from A with 1 1 0 1 1 1 1 0 7 

borrow 
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Table 8 Instruction Set Summary cont'd 

Instruction Code(1) Clock(:!} Mnemonic Description 
07 o. D, o. D, D2 o, Do ·Cycles 

LOGICAL 
ANA r And register with A 1 0 1 0 0 s s s 4 
XRA r Exclusive Or register with A 1 0 1 0 1 s s s 4 
ORA r Or register with A 1 0 1 1 0 s s s 4 
CMPr Compare register with A 1 0 1 1 1 s s s 4 
ANAM And memory with A 1 0 1 0 0 1 1 0 7 
XRAM Exclusive Or Memory with A 1 0 1 0 1 1 1 0 7 
ORAM Or memory with A 1 0 1 1 0 1 1 0 7 
CMPM Compare memory with A 1 0 1 1 1 1 1 0 7 
ANI And immediate with A 1 1 1 0 0 1 1 0 7 
XRI Exclusive Or immediate with A 1 1 1 0 1 1 1 0 7 
ORI Or immediate with A 1 1 1 1 0 1 1 0 7 
CPI Compare immediatewith A 1 1 1 1 1 1 1 0 7 

ROTATE 
RLC Rotate A left 0 0 0 0 0 1 1 1 4 
RRC Rotate A rig ht 0 0 0 0 1 1 1 1 4 
RAL Rotate A left through carry 0 0 0 1 0 1 1 1 4 
RAR Rotate A right through carry 0 0 0 1 1 1 1 1 4 

SPECIALS 
CMA Complement A 0 0 1 0 1 1 1 1 4 
STC Set carry 0 0 1 1 0 1 1 1 4 
CMC Complement carry 0 0 1 1 1 1 1 1 4 
DAA Decimal adjust A 0 0 1 0 0 1 1 1 4 

CONTROL 
El Enable Interrupts 1 1 1 1 1 0 1 1 4 
DI Disable Interrupts 1 1 1 1 0 0 1 1 4 
NOP No-operation 0 0 0 0 0 0 0 0 4 
HLT Halt (Power down} 0 1 1 1 0 1 1 0 5 
RIM Read Interrupt Mask 0 0 1 0 0 0 0 0 4 
SIM Set Interrupt Mask 0 0 1 1 0 0 0 0 4 

Notes: (1) DOD or SSS. B 000, C 001. D 010'. E 011. H 100, L 101. Memory 110. A 111. 
(2) Two possible cycle times, (6/12} indicate instruction cycles dependent on condition flags. 
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OKI semiconductor 

MSM80C86RS/GS/J1S. 
MSM80C86-21RS/GS/JS 
16-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C86/MSM80C86-2 are complete 16-bit CPUs implemented in Silicon Gate CMOS technology. They 
are designed with same processing speed as the NMOS 8086/8086-2 but use considerably less power. They are 
directly compatible with MSM80C88/MSM80C88-2 software and MSM80C85A/MSM80C85A-2 hardware and peri­
pherals. 

FEATURES 
• 1 Mbyte Direct Addressable Memory Space • 8 and 16-bit Signed and Unsigned Arithmetic Operation 
• Internal 14 Word by 16-bit Register Set 
• 24 Operand Addressing Modes 
• Bit, Byte, Word and String Operations 

CIRCUIT CONFIGURATION 

TEST 

INTA 

NMI 

AO/GTO, 1 

HOLD 

HLDA 

EXECUTION UNIT 

REGISTER FILE 

DATA 

POINTER AND 
INDEX REGS 
(BWORDSI 

16BIT ALU 

FLAGS 

• 5 MHz Clock Rate (MSM80C86) 
• 8 MHz Clgck Rate (MSMBOC86-2) 
• Low Power Dissipation (MAX 55 mA/MSMBOC86 

MAX 80mA/MSMBOC86-2) 

BUS INTERFACE UNIT 

RELOCATION 
REGISTER FILE 

SEGMENT 
REGISTERS 

AND 
INSTRUCTION 

POINTER 
(5WOAOS) 

BHE/S7 

A19/S6 

A16tS3 
AD15 - ADO 

INTA, AD. WA, M/iO 

OT/A, DEN.ALE 

CONTROL& 

TIMING 
050,051 

CLK RESET READY MNJMX GND 
Vee 

71 



• CPU· MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS----------

PIN CONFIQURATION 

lil " I~ "' Ci I~ cj z lfi! z ;;: :; 

MSM80C86RS (Top View) 
MSM80C86-2RS 
40 Lead Plastic DIP 

Ci <i 
...J g 0 
~ ~ ~ lg % ~ ~ ~ ~ ~ 9 ~ 

cj ~ ~ I~ ~ I;;; ~ z 2 2 

GND 
AD14 

AD13 

AD12 

A011 

A010 

AD9 

'ADB 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADI 

ADO 

NMI 
INTR 

CLK 

GND 

A16/S3 

A 17/54 

A18/S5 

A19/S6 

RCi/GTl (HLDA) 

LOCK (WR) 

S2 (M/10) 

Si IDT/A) 

SQ {DEN) 

QSO !ALE) 

OSl (INTA) 

READY 

RESET 

Fig. 2a MSM80C86RS/MSM80C86-2RS 

A18/S5 

A17/S4 

43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 aso IALEI 

as1 liNfAI 

TEST 

READY 
RESET 

N.C. 

MSM80C86GS (Top View) 
MSM80C86-2GS 
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i A16/S3 

AD15 

N.C. 

Vee 

vcc 
N.C. 

GND 

N.C. 

AD14 

AD13 

A,012 

AD11 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 0 55 

56 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Fig. 2b MSM80C86GS/MSM80C86-2GS 

MSM80C86JS (Top View) 
MSM80C86-2JS 
44-pin Plastic Leaded Chip Carrier 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

AD10 

AD9 

AD8 

AD7 

AD6 

ADS 

AD4 

ADJ 

AD2 

AD1 

ADO 

N.C. 

Vee 
GND 

N.C. 

N.C. 

CLK 

INTR 

NMI 

18 

u z 

56 Lead Plastic Flat Package 

19 20 21 22 23 24 25 26 27 28 

:E a: ""0 u ... ~I ... - 0 ... ...J z 2 w 0"' l9 l9 z 1!: u"' "' <( w w w ... 

l~i~ a: a: 

NC 

A19/S6 

BHE/S7 

MN/MX 

RD 

RQ/GTO IHOLDI 

RO/GT1 IHLDAI 

LOCK IWR"J 

52 iM/iOI 

51 IDT/R'J 

So ll5tfilJ 
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ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol MSM80086RS 1 MSM80C86GS 1 MSM80C86JS Unit Conditions 

MSM80C86-2RS MSM80C86-2GS MSM80C86-2JS 

Power Supply Voltage Vee -0.5 - +7 v 

Input Voltage V1N -0.5 - Vee +o.5 v 
With respect 
to GND 

Output Voltage vouT -o.5 - Vee +o.5 v 

Storage Temperature Tstg -65 - +150 oc 

Power Dissipation Po 1.0 I 0.7 w Ta= 25°C 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSM80C86 MSM80C86-2 

Power Supply Voltage Vee 3-6 4.75 - 5.25 v 

Operating Temperature Top -40 -+85 0 - +70 oc 

RECOMMENDED OPERATING CONDITIONS 

MSM80C86 MSM80C86-2 
Parameter Symbol Unit 

MIN TYP MAX MIN TYP MAX 

Power Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 v 

Operating Temperature Top -40 +25 +85 0 +25 +70 oc 

"L'' Input Voltage V1L -0.5 +0.8 -0.5 +0.8 v 

(* 1) Vcc-0.8 Vcc+q.5 vcc-0.8 Vcc+0.5 v 

"H" Input Voltage V1H (*2) 3.0 Vcc+0.5 3.0 Vcc+o.5 v 

(*3) 2.2 Vcc+o.5 2.2 l Vcc+0.5 v 

*1 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready 

DC CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 

Parameter Symbol MIN TYP MAX Unit Conditions 

"L" Output Voltage Vol 0.4 v IOL = 2.5 mA 

"H" Output Voltage VoH 
3.0 IOH = -2.5 mA 

Vcc-0.4 
v 

loH=-100µA 

Input Leak Current lu -1.0 +1.0 µA 0 s V1 SVcc 

Output Leak Current ILO -10 +10 µA osvosvcc 

MSM80C86 55 
TCLCL = 200 ns 

Operating Supply Reset Cycle 

Current Ice mA 
TCLCL=125ns 

MSM80C86-2 80 
Reset Cycle 

Input Capacitance C;n 5 pF *4 

Output Capacitance Gout 15 pF *4 

1/0 Capacitanc,e C1/0 20 pF *4 

*4. Test Conditions: a) Freq= 1 MHz. 
b) Ummeasured Pins at GND. 
c) V1N at 5.0V or GND. 
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A.C. CHARACTERISTICS 
(MSM80C86: Vcc=4.5Vto5.5V, Ta=-40°Cto+85°C) 
(MSM80C86-2: Vee= 4.75V to 5.25V, Ta= 0°C to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C86 
Parameter Symbol 

Min. Max. 

CLK Cycle Period TCLCL 200 500 

CLK Low Time TCLCH 118 

CLK High Time TCHCL 65 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 

Data in Setup Time TDVCL 30 

Data in Hold Time TCLDX 10 

RDY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 

RDY Hold Time into MSM 82C84A 
TCLR1X 0 

(See Notes 1, 2) 

READY Setup Time into MSM 80C86 TRYHCH 110 

READY Hold Time into MSM 80C86 TCHRYX 30 

READY inactive to CLK (See Note 3) TRYLCL -8 

HOLD Setup Time THVCH 35 

INTR, NMI, TEST Setup Time 
TINVCH 30 

(See Note 2) 

Input Rise Time (Except CLK) 
TILIH 15 (From O.SV to 2.2V) 

Input Fall Time (Except CLK) 
TIHIL 15 

(From 2.2V to 0.8V) 

Timing Responses 

MSM80C86 
Parameter Symbol 

Min. Max. 

Address Valid Delay TCLAV 10 110 

Address Hold Time TC LAX 10 

Address Float Delay TCLAZ TC LAX 80 

ALE Width TLHLL TCLCH-20 

ALE Active Delay TCLLH 80 

A LE Inactive Delay TCHLL 85 

Address Hold Time to A LE Inactive TL LAX TCHCL-10 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 

Data Hold Time after WR TWHDX TCLCH-30 

Control Active Delay 1 TCVCTV 10 110 

Control Active Delay 2 TCHCTV 10 110 

Control Inactive Delay TCVCTX 10 110 

Address FI oat to RD Active TAZRL 0 

RD Active Delay TCLRL 10 165 
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MSM80C86-2 
Unit 

Min. Max. 

125 500 ns 

68 ns 

44 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

20 ns 

15 ns 

15 ns 

15 ns 

MSM80C86-2 
Unit 

Min. Max. 

10 60 ns 

10 ns 

TC LAX 50 ns 

TCLCH-10 ns 

50 ns 

55 ns 

TCHCL-10 ns 

10 60 ns 

10 ns 

TCLCH-30 ns 

10 70 ns 

10 60 ns 

10 70 ns 

0 ns 

10 100 ns 
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MSM80C86 MSM80C86-2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

RD Inactive Delay TCLRH 10 150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

HLDA Valid Delay TCLHAV 10 160 10 110 ns 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 ns 

WR Width TWLWH 2TCLC~-60 2TCLCL-40 ns 

Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns 

Output Rise Time (From 0.8V to 2.2V) TO LOH 20 20 ns 

Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns 

Notes: 1. Signals at MSM82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 

75 



• CPU· MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS•1---------

Maximum Mode System (Using the MSM 82C88 Bus Controller) 
Timing Requirements 

MSM80C86 
Parameter Symbol 

Min. Max. 

C LK Cycle Period TCLCL 200 500 

CLK Low Time TCLCH 118 

CLK High Time TCHCL 65 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 

Data in Setup Time TDVCL 30 

Data in Hold Time TCLDX 10 

RDY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 

RDY Hold Time into MSM 82C84A 
TCLR1X 0 (See Notes 1, 2) 

READY Setup Time into MSM 80C86 TRYHCH 110 

READY Hold Time into MSM 80C86 TCHRYX 30 

READY inactive to CLK (See Note 3) TRYLCL -8 

Set up Time for Recognition (NMI, 
TINVCH 30 

INTR, TEST) (See Note 2) 

RQ/GT Setup Time TGVCH 30 

RQ Hold Time into MSM 80C86 TCHGX 40 

Input Rise Time (Except CLK) 
TILIH 15 

(From 0.8V to 2.2V) 

Input Fall Time (Except CLK) 
TIHIL 15 

(From 2.2V to 0.8V) 

Timing Responses 

MSM80C86 
Parameter Symbol 

Min. Max. 

Command Active Delay (See Note 1) TCLML 5 45 

Command Inactive Delay (See Note 1) TCLMH 5 35 

READY Active to Status Passive 
TRYHSH 110 

(See Note 4) 

Status Active Delay TCHSV 10 110 

Status Inactive Delay TCLSH 10 130 

Address Valid Delay TC LAV 10 110 

Address Hold Time TC LAX 10 

Address Float Delay TCLAZ TC LAX 80 

Status Valid to ALE High (See Note 1) TSVLH 35 

Status Valid to MCE High (See Note 1) TSVMCH 35 

CLK low to ALE Valid (See Note 1) TCLLH 35 

CLK Lo1111 to MCE High (See Note 1) TCLMCH 35 

ALE Inactive Delay (See Note 1) TCHLL 4 35 

MCE Inactive Delay (See Note 1) TCHMCL 45 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 
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MSM80C86-2 
Unit 

Min. Max. 

125 500 ns 

68 ns 

44 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 

15 ns 

15 ns 

MSM80C86-2 
Unit 

Min. Max. 

5 35 ns 

5 35 ns 

65 ns 

10 60 ns 

10 70 ns 

10 60 ns 

10 ns 

TC LAX 50 ns 

25 ns 

30 ns 

25 ns 

25 ns 

4 25 ns 

45 ns 

10 60 ns 

10 ns 
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MSM80C86 MSM80C86-2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns 

Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns 

Address Float to RD Active TAZRL 0 0 ns 

RD Active Delay TCLRL 10 165 10 100 ns 

RD Inactive Delay TCLRH 10 
. 

150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

Direction Control Active Delay 
TCHDTL 50 50 ns 

(See Note 1) 

Direction Control Inactive Delay 
TCHDTH 35 30 ns 

(See Note 1) 

GT Active Delay TCLGL 0 85 0 50 ns 

GT Inactive Delay TCLGH 0 85 0 50 ns 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 ns 

Output Rise Time (From 0.8V to 2.2V) TO LOH 20 20 ns 

Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns 

Notes: 1. Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3) 
4. Applies only to T3 and wait states. 
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TIMING CHART 
Input/Output 

'·'=><'·' -mHO,NT,_ ··:>< 
0.45 ------

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 
"1" AND 0.45V FOR A LOGIC "O" TIMING MEASUREMENTS 
ARE 1.5V FOR BOTH A LOGIC "1" AND "O" 

Minimum Mode 

V1H 
CLK (MSM 82C84A Output) 

V1L 

BHE/S7,A19/S6-A 16/S3 

ALE 

RDY (MSM 82C84A Input) 

SEE NOTE 5 

'<AOY '"'" '°'86 '"'"" { 
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READ CYCLE 

(NOTE 1) 

(WR,INTA=VoHl 

TC LAV 

AD15-ADO 

T1 

TCVCTV 

A.C. Testing Load Circuit 

DEVICE 
UNDER 
TEST 

-cL= I 100pF 

CL INCLUDES JIG CAPACITANCE 

T4 
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Minimum Mode (Continued) 

V1H 
CLK (MSM 82C84A Output) 

V1L 

BHE/S7,A19/S6 - A16/S3 

ALE 

WRITE CYCLE 

(NOTE 11 
(RD, INTA, DEN 
DT/R ;VOHI 

INTA CYCLE 

(NOTES l&31 
(RD.WR; VOH 
BHE; VOL) 

T1 T2 

TCLCL TCH1CH2 

AD15 - ADO INVALID ADDRESS 

T3 T4 

TCL2CL1 

S7-S3 

DATA OUT 

TCVCTX 

SOFTWARE HALT 
SOFTWARE HALT- ---~-"l''----------
RD, WR, INTA; VOH TCLAV 
DT/R; INDETERMINATE 
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Maxim"m Mode 

T1 T2 TJ T4 

TCL2CL1 

V1H 
CLK (MSM 82C84A output) 

V1L 

OSO,OS1 

S2,S1,so (EXCEPT HALT) 

BHE/S7,A19/S6 - A16/S3 S7-S3 

( '5VCH ALE (MSM TCLLH 
82C88'0UTPUT) 

SEE NOTE 5 

ROY (MSM 82C84A V1H 
INPUT) 

( READY (MSM 80C86 
INPUT) 

READ CYCLE TC LAV 

AD15-ADO 

RD l oot• MSM 82C88 . 
OUTPUTS MRDC OR 
SEE NOTES 5, 6 IORC 

DEN 

TCVNX 
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·Maximum Mode {Continuedl 

V1H 
CLK (MSM 82C84A output) 

V1L 

S2, Sl, SO I EXCEPT HALT) 

WRITE CYCLE 

MSM 82C88 
OUTPUTS_ 

AD15 - ADO 

DEN 

SEE NOTES 5, 6 AMWC OR AIOWC 

INTA CYCLE 

MWTCOR IOWC 

AD15-ADO { 
SEE NOTE 3, 4 

TSVMCH 
MCE/ 

T1 T2 T3 T4 
Tw 

FLOAT 

~--/ 
PDEN 

TCLMCH 
.......... __,,__ ________ -+----t-+-----'----

MSM 82C88 
OUTPUTS 

DT/R 

SEE NOTES 5, 6 INTA 

DEN 
SOFTWARE HALT-
(DEN=VoL; RD, MRDC, IORC, MWTC, 

AMWC, IOWC, AIOWC, INTA,=VoH) 

AD15 - ADO INVALID ADDRESS 
-----+--'l~---------------

TCLA V 

S2,S1 ,SO ----"'\._ ___ _,/ 

Notes: 1. All signals switch between VoH and Vol unless otherwise specified. 

TCHDTH 

2. ROY is sampled near the end of T2,T3,Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 
4. Two INTA cycles run back-to-back. The MSM 80C86 LOCAL ADDA/DATA BUS is floating during both INTA 

cycles. Control for pointer address is shown for second I NT A cycle. 
5. Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 
6. The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,IORC,IOWC,AIOWC, 

INTA and DEN) lags the active high MSM 82C88 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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Asynchronous Signal Recognition 

CLK \ j\ 

INTR SIGNAL 
NMI } ~1) 
TEST 

NOTE: .1. SETUP REQUIREMENTS FOR ASYNCHRO· 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

.:f "";~~t-J' '/ """! 
CLK -H 

TCLAV TCLAV 

Vee 

CLK 

RESET 

j--;,- 50 µSEC 

<? 4 CLK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

Note : 1. The coprocessor may not drive the buses outside the region shown without risking contention. 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

82 

CLK 

HLDA 

X !CLAZ 

AD15- ADO, : : 
.. _____ M_s_M_ao_c86-< .. ___ _, ... ____ c_o_P_R"'oc .. E_s_s_o_R ____ _, A19/S6- A16/S3, . _ . 

RD, 
BHE/S7, M/10, 
DT/R, WR, DEN 

MSM 80C86 
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PIN DESCRIPTION 

ADO-AD15 
ADDRESS DATA BUS: Input/Output 

These lines are the multiplexed address and data 
bus. 

These are the address bus at T1 cycle and the data 
but at T2, T3, TW and T4 cycle. 

At T1 cycle, ADO low indicates Data Bus Low (DO 
- D7) Enable. These lines are high impedance during 
interrupt acknowledge and hold acknowledge. 

A16/S3. A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

These are the four most significant addresses, at 
the T1 cycle. Accessing the 1/0 port address, these are 
low at T1 cycle. These lines are Status lines at T2, T3. 
TW and T4 cycle. 53 and S4 are encoded as shown. 

S3 S4 Characteristics 

0 0 Alternate Data 

1 0 Stack 

0 1 Code or None 

1 1 Data 

INTR 
INTERRUPT REQUEST: Input 

This line _is a level triggered interrupt request signal 
which is sampled during the last clock cycle of instruc· 
tion and string manipulation. · 

It can be internally masked by software. 
This signal is active high and internally synchro· 

nized. 

TEST 
TES"f: Input 

NMI 

This line is examine~ by a WAIT instruction. 
When TEST is high, CPU enters idle cycle. 
When TEST is low, CPU exits idle cycle. 

NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NMI is not maskable. 
This signal is internally synchronized and needs a 

2 clock cycle pulse width. 

RESET 
RESET: Input 

This signal causes the CPU to initialize immediately. 
This signal is active high and must .be on for at least 

four clock cycles. 

These lines are high impedance during hold 
acknowledge. eLK 

BHE/S7 
BUS HIGH ENABLE/STATUS: Output 

This line indicates Data Bus High Enable (BHE) at 
the T1 cycle. 

This line· is the status line at the T2, T3, TW and 
T4 cycle. 

This line is high impedance during hold acknow· 
ledge. 

RD 
READ: Output 

This line indicates that the CPU is in memory or 
1/0 read cycle. 

This line is the read strobe signal when CPU reads 
data from memory or an 1/0 device. 

This line is active low. 
This line is high impedance during hold acknow· 

ledge. 

READY 
REA!)Y: Input 

This line indicates to the CPU that the addressed 
memory or 1/0 device is ready to read or write. 

This line is active high. 
If the setup and hold time is out of specification, 

illegal operation will occur. 

CLOCK: Input 
This signal provides the basic timing for the inter· 

nal circuit. 

MN/MX 
MINIMUM/MAXIMUM: Input 

This signal selects the CPU's operate mode. 
When V CC is connected, the CPU operates Mini· 

mum mode. 
When GND is connected, the CPU operates Maxi­

mum mode. 

Vee 
Vee= 

+3 - +6V supplied. 

GND 
GROUND: 

The following pin function descriptions are for 
maximum mode only. 

Other pin functions are already described. 

so.S1,s2 
STATUS: Output 

These lines indicate bus status and are used by the 
MSM82C88 Bus Controller to generate all memory and 
1/0 aecess control signals. 

These lines are high impedance during hole;! 
acknowledge. 

These status lines are encoded as shown. 
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S2 

O(LOW) 

0 

0 

0 

1 (HIGH) 

1 

1 

1 

RO/GTO 
RQ/GT1 

S1 

0 

0 

1 

1 

0 

0 

1 

1 

so Characteristics 

0 Interrupt acknowledge 

1 Read I /O Port 

0 Write 1/0 Port 

1 Halt 

0 Code Access 

1 Read Memory 

0 Write Memory 

1 Passive 

REQUEST/GRANT: Input/Output 
These lines are used for Bus Request from other 

device and Bus GRANT to other deivce. 
These lines are bidirectional and active low. 

LOCK 
LOCK: Output 

This line is active low. 
When this line is low, other device can not gain 

control of the bus. 
This line is high impedance during hold acknow­

ledge. 

OSO/OS1 
QUEUE STATUS: Output 

These lines are Queue Status that indicate Internal 

instruction queue status. 

QS1 QSO Characteristics 

O(LOW) 0 No Operation 

0 1 First Byte of Op Code from 
Queue 

1 (HIGH) 0 Emp~y the Queue 

1 1 Subsequent Byte from Queue 

The following pin function descriptions are for 
minimum mode only. Other pin functions are already 
described. 

M/10 
STATUS: Output 

This line selects memory address space or 1/0 
address space. 

When this line is high, the CPU selects memory 
address space and when it is low, the CPU selects 1/0 
address space. 

This line is high impedance during hold acknow­
ledge. 
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WR 
WRITE:Output 

This line indicates that the CPU is in memory or 
1/0 write cycle. 

This line is a write strobe signal when the CPU 
writes data to a memory or 1/0 device. 

This line is active low. 
This line is high impedance during hold acknow­

ledge. 

INTA 
INTERRUPT ACKNOWLEDGE: Output 
This line is a read strobe signal for the interrupt 

acknowledge cycle. 
This line is active low. 

ALE 
ADDRESS LATCH ENABLE: Output 

This line is used for latching an address into 
MSM82C12 address latch. It is a positive pulse and the 
trailing edge is used to strobe the address. This line is 
never floated. 

DT/R 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus 
transceiver. 

When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 

This line is high impedance during hold acknow­
ledge. 

DEN 
DATA ENABLE: Output 

This line is used to control the output enable of 
the bus transceiver. 

This line is active low. This line is high impedance 
during hold acknowledge. 

HOLD 
HOLD REQUEST: Input 

This line is used for Bus Request from another 
device. 

This line is active high. 

HLDA 
HOLD ACKNOWLEDGE: Output 

This line is used for Bus Grant to other device. 
This line is active high. 
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FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 
The internal function of the MSM80C86 consists 

of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

BI U performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. By using instruction pre-fetch 
while waiting for decording and execution of instruction 
the CPU's performance is increased. Up to a 6-byte in­
struction stream can be queued. 

The EU receives pre-fetched instructions from the 
B IU queue, decodes and executes the instructions and 
provides an un-relocated operand address to the BIU. 

MEMORY ORGANIZATION 
The MSM80C86 has a 20-bit address to memory. 

Each address has an 8-bit data width. Memory is orga­
nized OOOOOH to FFFFFH and is logicaly divided into 

Memory Organization 

.( 1 FFFFFH 

}cooE 
SEGMENT 

I 
64 KB 

XXXXOH 

} STACK 
SEGMENT +OF~ET 

SEGMENT 

}DATA 
SEGMENT 

R EGISTER FILE 

cs 

SS }--

OS 

}meADATA 
SEGMENT 

ES D---- , 

T 'f OOOOH 

four segments: ·code. data, extra data and stack seg­
ment. Each segment contains up to 64 Kbytes and 
locates on 16-byte boundaries. 

All memory references ~re made relative to a seg­
ment register according to a select rule. A word operand 
can be located on an even or odd address boundary_ 

BIU automatically performs the proper number of 
memor~ accesses. Memory consists of even address 
and odd addresses. Byte data of even address is trans­
ferred on Do - 0 7 and byte data of add address is trans­
ferred on Os - Dis. 

The CPU provides two enable signals, B HE and AO, 
to access either an odd address, even address or both: 

Memory location FFFFOH is the start address after 
reset, and OOOOOH through 003FFH are reserved for 
an interrupt pointer, 256 types interrupt pointers are 
available. 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit off­
set address. 

Reserved Memory Locations 

RESET BOOTSTRAP 
FFFFFH 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH 

-
7H 

INTERRUPT POINTER 
FOR TYPE 1 4H 

INTERRUPT POINTER 3H 

FOR TYPE 0 
OH 

85 



• CPU· MSM80C86RS/GS/JS MSM80C86-2RS/GS/JS•1---------

Memory Segment Register 
Reference Need Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (DS) 

External (Global) Data EXTRA (ES) 

MINIMUM AND MAXIMUM MODES 
The MSM80C86 has two system modes: minimum 

and maximum. When using maximum mode, it is easy to 
organize a multi-CPU system with an 82C88 Bus Con­
troller which generates the bus control signals. 

When using munimum mode, it is easy to organize 
a simple system by generating bus control isgnal itself. 

MN/MX:isthe mode select pin. Definition' of 24-31 
pin changes depend on the MN/MX pin. 

BUS OPERATION 
MSM80C86 has a time multiplexed address and 

data bus. If non-multiplexed bus is desired for the 
system, it is used only to add the address latch. 

CPU bus cycle consists of at least four clock cycles. 
T1, T2, T3 and T4. (Fig. 4) 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang· 
inf the direction of the bus at the read operation. When 
the device '!'fhich is accessed by the CPU is not ready for 
data transfer. and sends "NOT READY" to the CPU, 
TW cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution.· 
At the T1 cycle, an ALE signal is output from the CPU 
or MSM82C88 depending on MN/MX. At the tiainling 
edge of ALE, a valid address may be latched. 

Status bits SO, S1 and, S2 are used in maximum 
mode by the bus controller to recognize the type of bus 
operation according to the following table. 

S2 Sf :so Characteristics 

O(LOW) 0 0 Interrupt acknowledge 

0 0 1 Read 1/0 

0 1 0 Write 1/0 

0 1 1 Halt 

1 (HIGH) 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 

1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 

86 

Segment 
Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references relative to 
BP base register except data references. 

Data references when relative to stack destination of str· 
ing operation, or explicitly overridden. 

Destination of string operations: Explicitly selected us-
ing a segment overriden. 

Status bits S3 through S7 are multiplexed with 
A16 A19, and BHE. Therefore they are valid during 
T2 through T4. 

S3 and S4 indicate which segment register was 
selected on the bus cycle, according to the following 
table. 

S4 S3 Characteristics 

O(LOW) 0 Alternate Data (Extra segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 

1 1 Data 

S5 indicates interrupt enable Flag. 

1/0 ADDRESSING 
MSM80C86 has 64 Kbyte 1/0 or 32 Kword 1/0. 

When the CPU accesses an 1/0 device, address AO - A 15 
are the same format as a memory access, and A 16 -
A19 are low. 

1/0 port addresses are the same as memory, so it is 
necessary to be careful when using 8-bit peripherals. 



Basic System Timing 

CLK 

ALE 

ADDR/ 
STATUS 

ADDR/DATA 

READY 

DT/R 

WR 

CPU· MSM80C86RS/GS/ JS MSM80C86-2RS/GS/ JS• 

1-(4 + N*WAIT) = TCY-1--(4 + N*WAIT) = TCY~ 
I T1 I T2 I T3 jTWAITI T4 I T1 I T2 I T3 jTWAITI T4 I 

READY 

WAIT 

MEMORY ACCESS TIME 

GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 

BHE, A19-A16 

S7-S3 

DATA OUT 
(015-DO) 

READY 

WAIT 
/ 

87 
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EXTERNAL INTERFACE 

RE-SET 

CPU Initialization is executed by the RESET pin. 
The MSM80C86's RESET High signal is required for 
greater than 4 clock cycles. 

The rising edge of RESET terminates the present 
operation immediately. The falling edge of RESET 
triggers the internal reset sequence for approximately 
10 clock cycles. After the internal reset sequence is 
finished, normal operation occurs from absolute loca­
tion FFFFOH. 

INTERRUPT OPERATIONS 
lnterrup operation is classified as softwarer or 

hardware, and hardware interrupt is classified as non­
maskable or maskable. 

Interrupt causes a new program location, as 
defined an interrupt pointer table, according to interrupt 
type. Absolute ocations OOOOOH through 003FFH are 

reserved for the interrupt pointer table. The interrupt 
pointer table consists of 256 elements. Each element is 

Interrupt Acknowledge Sequence 

4 bytes in size and corresponds to an 8 bit type number 
which is sent from the interrupt request device during 
the interrupt asknowledge cycle. 

NON-MASKABLE INTERRUPT (NMI) 
The MSM80C86 has a Non-maskable Interrupt 

(NMI) which is of a higher priority than the maskable 
interrupt request (INTR). 

The NMI request pulse width needs a minimum 
of 2 clock cycles. NMI will be serviced at the end. of 
the current instruction or between string manipulations. 

MASKABLE INTERRUPT (INTR) 
The MSM80C86 provides an another interrupt 

request (I NTR) which can be masked by software. 
IMTR is level triggered, so it must be held until the 
interrupt request is acknowledged. 

INTR will be serviced at the end of the current 
instruction or between string manipulations. 

I T1 I T2 I T3 I T4 IT1I T1 I T2 I T3 I T4 I 

ALE ~J\__ 
LOCK 

\'--____.r 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, further 

interrupts are disabled. The interrupt enable bit is reset 
by any interrupt, after the Flag register is automatically 
pushed onto the stack. During the acknowledge 
sequence, the CPU emits the lock signal from T2 of first 
bus cycle to T2 of second bus cycle. At the second bus 
cycle, a byte is fetched from an external device as a 
vector which identified the type of interrupt. This vec­
tor is multiplied by four and as used as an interrupt 
pointer address. (INTR only) 

The Interrupt Return (IRET) instruction includes a 
Flag pop operation which returns the original interrupt 
enable.bit when it resiores the Flag. 

HALT 
When the Halt instruction is executed, the CPU 

enters a Halt state. Interrupt request or RESET will 
force the MSM80C86 out ot the Halt state. 

88 

SYSTEM TIMING-MINIMUM MODE 

A bus cycle begins T1 with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
T1 to ·T4 the M/fO signal indicates a memory or 1/0 
operation. From T2 to T4, the address data bus changes 
from the address bus to the data bus. 

The read (RD), write (WR) and interrupt acknow­
ledge (I NTN signal cause the addressed device to enable 
the data bus. These signals become active at the begin­
ning of T2 and inactive at the beginning of T4. 

SYSTEM TIMING - MAXIMUM MODE 
At maximum mode, the MSM82C88 "Bus Con­

troller is added to the system. The CPU sends status in­
formation to the Bus Controller. Bus timing signals are 
generated by the Bus Controller. Bus timing is almost 
the same as in the minimum mode. 



DATA TRANSFER 

MOV =Move: 7 6 5 4 3 2 1 
Register/memory to/from register 1 0 o· o 1 0 d 

Immediate to register/memory 1 1 0 0 0 1 1 

Immediate to register 1 0 1 1 w reg 

Memory to accumulator 1 0 1 0 0 0 0 
Accumulator to memory 1 0 1 0 0 0 1 
Register/memory to segment register 1 0 0 0 1 1 1 

Segment register to register/memory 1 0 0 0 1 1 0 

PUSH"'. Push: 

Register/memory 1 1 1 1 1 1 1 

Register 0 1 0 1 0 reg 

Segment register 0 0 0 reg 1 1 

POP= Pop: 

Register/memory 1 0 0 0 1 1 1 
Register 0 1 0 1 1 reg 

Segment register 0 0 0 reg 1 1 

XCHG = Exchange: 

Register/memory with register 1 0 0 0 0 1 1 

Register with accumulator 1 0 0 1 0 reg 

IN= Input from: 

Fixed port 1 1 1 0 0 1 0 
Variable port 1 1 1 0 1 1 0 

OUT= Output to: 

Fixed port 1 1 1 0 0 1 1 
Variable port 1 1 1 0 1 1 1 

XLAT =Translate byte to AL 1 1 0 1 0 1 1 
LEA= Load EA to register 1 0 0 0 1 1 0 
LDS = Load pointer to DS 1 1 0 0 0 1 0 
LES= Load pointer to ES 1 1 0 0 0 1 0 
LAH F = Load AH with flags 1 0 0 1 1 1 1 

SAHF =Store AH into flags 1 0 0 1 1 1 1 

PUSHF = Push flags 1 0 0 1 1 1 0 

POP F ~ Pop flags 1 0 0 1 1 1 0 

~ 

ii 

0 7 6 5 4 3 2 1 
w mod reg rim 
w mod 0 0 0 r/m 

data 
w addr-low 
w addr-low 
0 mod 0 reg r/m 

0 mod 0 reg r/m 

1 mod 1 1 0 rim 

0 

1 mod 0 0 0 rim 

1 

w mod reg r/m 

w port 
w 

w port 
w 
1 
1 mod reg r/m 
1 mod reg r/m 
O: mod reg rim 
1 

0 
0 
1 

0 7 6 5 4 3 2 1 0 7 

data 
data if w = 1 

addr-high 
addr-high 

6 5 4 3 2 1 

data if w = 1 

0 

• 
0 
"a 
c: 
s::: en 
s::: 
CD 
0 
0 
CD 
0) 
:D en 
' G> en 
' c.. en 
s::: en 
s::: 
CD 
0 
0 
CD 
0) 
I 
I\) 
:D 
en 
' G> en 
' c.. en 
• 



= 
~ ARITHMETIC, 

ADD= Add: 

Reg./memory with register to either 0 0 0 0 0 0 

Immediate to register/memory 1 0 0 0 0 0 
Immediate to accumulator 0 0 0 0 0 1 

ADC = Add with carry: 

Reg./memory with register to either 0 0 0 1 0 0 
Immediate to register/memory 1 0 0 0 0 0 
Immediate to accumulator 0 0 0 1 0 1 

INC= Increment: 

Register/memory 1 1 1 1 1 1 

Register 0 1 0 0 0 

AAA= ASCII adjust for add 0 0 1 1 0 1 

DAA =Decimal adjust for add 0 0 1 0 0 1 

SUB= subtract: 

Reg./memory and register to either 0 0 1 0 1 0 
Immediate from register/memory 1 0 0 0 0 0 
Immediate from accumulator 0 0 1 0 1 1 

SBB = Subtract with borrow: 

Reg./memory and register to either 0 0 0 1 1 0 
Immediate from re"gister/memory 1 0 0 0 0 0 
Immediate from accumulator 0 0 0 1 1 1 

DEC= Decrement: 

Register /memory 1 1 1 1 1 1 
Register 0 1 0 0 1 
NEG = Change sign 1 1 1 1 0 1 

CMP =Compare: 

Register /memory and register 0 0 1 1 1 0 
Immediate with register /memory 1 0 0 0 0 0 
Immediate with accumulator 0 0 1 1 1 1 
AAS= ASCII adjust for subtrac< 0 0 1 1 1 1 

d w mod reg 
s w mod 0 0 0 
0 w data 

d w mod reg 
s w mod 0 1 0 
0 w data 

1 w mod 0 0 0 
reg 

1 1 
1 1 

d w mod reg 
s w mod 1 0 1 
0 w data 

d w mod reg 
s w mod 0 1 1 
0 w data 

1 w mod 0 0 1 
reg 
1 w mod 0 1 1 

d w mod reg 
s w mod 1 1 1 
0 w data 
1 1 

rim 
rim data 

data if w = 1 

rim 
r/m data 

data if w = 1 

rim 

rim 
rim data 

data if w = 1 

rim 
rim data 

data if w = 1 

rim 

rim 

rim 
rim data 

data if w = 1 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

• 
(') ,, 
c: 
s: en s: 
Q) 
0 
(') 
Q) 
O> 
::D 

"' ....... 
C) 

"' ....... c.. 

"' s: 
"' s: 
Q) 
0 
(') 
Q) 
O> 
I 

N 
::D 

"' ....... 
C) 

"' ....... 
c.. 

"' 



DAS= Decimal adjust for subtract 0 0 1 0 1 1 1 
MUL =Multiply (unsigned) 1 1 1 1 0 1 1 
IMUL =Integer multiply (signed) 1 1 1 1 0 1 1 
AAM =ASCII adjust for multiply 1 1 0 1 0 1 0 
DIV = Divide (unsigned) 1 ·1 1 1 0 1 1 
IDIV = Integer divide (signed) 1 1 1 1 0 1 1 
AAD = ASCII adjust for divide 1 1 0 1 0 1 0 
CBW = Convert byte to word 1 0 0 1 1 0 0 
CWD = Convert word to double word 1 0 0 1 1 0 0 

-~ 

i 

1 
w mod 1 0 
w mod 1 0 
0 0 0 0 0 
w mod 1 1 
w mod 1 1 
1 0 0 0 0 
0 
1 

0 rim 
1 rim 
1 0 1 
0 rim 
1 rim 
1 0 1 

0 

0 

• 
(') 
'V 
c: 
3: en 
3: 
Q) 
0 
(') 
Q) 
CJ) 
::u en ...... 
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3: en 
3: 
Q) 
0 
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Q) 
CJ) 
I 
I\) 
::u en ....... 
Ci) 
en ...... 
c.. en 
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«> 
I\) LOGIC 

NOT= Invert 
SHL/SAL =Shift logical/arithmetic left 
SHR =Shift logical right 
SAR = Shift arithmetic right 
ROL = Rotate left 
ROR = Rotate right 
RCL = Rotate left through carry 
RCR = Rotate right through carry 

AND= And: 

Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST= And function to flags, no result: 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR= Or: 

Reg./memory and register to either 
Immediate to register /memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

STRING MANIPULATION 

REP - Repeat 
MOVS = Move byte/word 
CMPS = Compare byte/word 
SCAS = Scan byte/word 
LOOS= Load byte/word to AL/AX 
STOS =Store byte/word from AL/AX 

1 
1 
1 
1 
1 
1 
1 
1 

0 
1 
0 

1 
1 
1 

0 
1 
0 

0 
1 
0 

1 
1 
1 
1 
1 
1 

rm 
1 1 1 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 
1 0 1 0 

0 1 0 0 
0 0 0 0 
0 1 0 0 

0 0 0 0 
1 1 1 0 
0 1 0 1 

0 0 0 1 
0 0 0 0 
0 0 0 1 

0 1 1 0 
0 0 0 0 
0 1 1 0 

1 1 1 0 
0 1 0 0 
0 1 0 0 
0 1 0 1 
0 1 0 1 
0 1 0 1 

1 1 w mod 0 
0 v w mod 1 
0 v w mod 1 
0 v w mod 1 
0 v w mod 0 
0 v w mod 0 
0 v w mod 0 
0 v w mod 0 

0 d w mod 
0 0 w mod 1 
1 0 w 

1 0 w mod 
1 1 w mod 0 
0 0 w 

0 d w mod 
0 0 w mod 0 
1 0 w 

0 d w mod 
0 0 w mod 1 
1 0 w 

0 1 z 
1 0 w 
1 1 w 
1 1 w 
1 0 w 
0 1 w 

1 0 r/m 
0 0 r/m 
0 1 r/m 
1 1 r/m 
0 0 r/m 
0 1 r/m 
1 0 r/m 
1 1 r/m 

reg rim 
0 0 r/m 
data 

reg rim 
0 0 rim 
data 

reg r/m 

0 1 r/m 

data 

reg rim 
1 0 rim 
data 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 
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CJMP = Conditional Jll(IP 

JE/JZ =Jump on equal/zero 0 1 
J?/JNG E = Jump on less/not greater or equal 0 1 
JLE/JNG =Jump on less or equal/not greater 0 1 
JB/JNAE =Jump on below/not above or equal 0 1 
JBE/JNA =Jump on below or equal/not above 0 1 
JP/JPE =Jump on parity/parity even 0 1 
JO = Jump on over flow 0 1 
JS = Jump on sign 0 1 
JNE/JNZ =Jump on not equal/not zero 0 1 
JNL/JGE =Jump on not less/greater or equal 0 1 
JN LE/JG =Jump on not less or equal/greater 0 1 
JNB/JAE =Jump on not below/above or equal 0 1 
JNBE/JA =Jump on not below or equal/above 0 1 
JNP/JPO =Jump on not parity/parity odd 0 1 
JNO =Jump on not overflow 0 1 
JNS =Jump on not sign 0 1 
LOOP = Loop CX times 1 1 
LOOPZ/LOOPE = Loop while zero/equal 1 1 
LOOPNZ/LOOPNE = Loop while not zero/equal 1 1 
JCXZ = Jump on CX zero 1 1 

INT= Interrupt: 

Type specified 1 1 
Type 3 1 1 
INTO= Interrupt on overflow 1 1 
IRET = Interrupt return 1 1 

PROCESSOR CONTROL 
C LC = Clear carry 1 1 
CMC = Complement carry 1 1 
STC = Set carry 1 1 
CLO= Clear direction 1 1 
STD = Set direction 1 1 
CL! =Clear interrupt 1 1 
ST! = Set interrupt 1 1 
HLT= Halt 1 1 
WAIT= Wait 1 0 
ESC = Escape (to external device) 1 1 
LOCK = Bus lock prefix 1 1 

~ 

1 1 0 1 
1 1 1 1 

l 1 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 0 0 
1 1 1 0 
1 1 0 1 
1 1 1 1 
1 1 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 0 0 
1 1 1 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 

0 0 1 1 
0 0 1 1 
0 0 t 1 
0 0 1 1 

1 1 1 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
1 1 1 0 
1 1 1 0 
1 1 0 1 

0 1 1 0 
0 1 1 x 

1 1 0 0 

;; 

0 0 
0 0 
1 0 
1 0 
1 0 
1 0 
0 0 
0 0 
0 1 
0 1 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
1 0 
0 1 
0 0 
1 1 

0 1 
0 0 
1 0 
1 1 

0 0 
0 1 
0 1 
0 0 
0 1 
1 QI 
1 1 
0 0 
1 1 
x x mod 
0 0 

disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 

type 

x x x rim 

• 
0 ,, 
c: 
3:: 
tn 
3:: 
CD 
0 
0 
CD 
CD ::u en 
' G) 
en 
' c.. en 
3:: en 
3:: 
CD 
0 
0 
CD 
CD 
I 
I\) 
::u 
en 
' G) 
en 
' c.. 
tn 
• 



<O 
.i:- CONTROL TRANSFER 

CALL= Call: 
Direct within segment 
Indirect with in segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 
Within seg. adding immediate to SP 
I ntersegment 
lntersegment adding immediate to SP 

7 6 
1 1 
1 1 
1 0 

1 1 

1 1 
1 1 
1 1 
1 1 

1 1 

1 1 
1 1 
1 1 
1 1 

! 
5 4 3 2 1 0 
1 0 1 0 0 0 
1 1 1 1 1 1 
0 1 1 0 1 0 

1 1 1 1 1 1 

1 0 1 0 0 1 
1 0 1 0 1 1 
1 1 1 1 1 1 
1 0 1 0 1 0 

1 1 1 1 1 1 

0 0 0 0 1 1 
0 0 0 0 1 0 
0 0 1 0 1 1 
0 0 1 0 1 0 

7 6 5 4 3 2 1 
disp-low 

f!'Od 0 1 0 rim 
offset-low 

seg-low 
mod 0 1 1 rim 

disp-low 
disp 

mod 1 0 0 rim 
offset-low 

seg-low 
mod 1 0 1 rim 

data-low 

data-low 

0 7 6 5 4 3 2 1 0 
disp-high 

offset-high 
seg-high 

disp-high 

offset-high 
seg-high 

data-high 

data-high 

7 6 5 4 3 2 1 0 
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Footnotes: 

AL= 8-bit accumulator 
AX = 18-bit accumulator 
CX = Count register 
DS = Data s~gment 
ES = Extra segment 
Above/below refers to unsigned value 
Greater = more positive 
Less= less positive (more negative) signed value 
If d = 1 then "to" reg: If d = 0 then "from" reg. 
If w = 1 then word instruction: If w = 0 then byte instruction 

If mod= 11 then r/m is treated as a REG field 
If mod = 00 then D ISP = O*. disp-low and disp-high are absent 
If mod = 01 then D ISP = disp-low sign-extended to 16-bits, disp-high is absent 
If mod= 10 then DISP = disp-high: disp-low 

If r/m = 000 then EA= (BX)+ (SI)+ DISP 
If r/m = 001 then EA= (BX)+ (DI)+ DJS.P 
If r/m = 010 then EA= (BP)+ (SI)+ DISP 
If r/m = 011 then EA= (BP)+ (DI)+ DJSP 
If r/m = 100 then EA= (SJ)+ DISP 
If r/m = 101 then EA= (DI)+ DISP 
If r/m = 110 then EA= (BP)+ DISP* 
If r/m = 111 then EA= (BX)+ DISP 
DISP follows 2nd byte of instruction (before data if required) 

* except if mod= 00 and rim = 110 then EA-disp-high: disp-low 

If s:w = 01 then 16 bits of immediate data form the operand 
If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v = 0 then "count"= 1: If v = 1 then "count" in (CL) 
x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001reg110 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w=O) 

000 AX 000 AL 
001 ex 001 CL 
010 DX 010 DL 
011 ax 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SJ 110 DH 
111 DI 111 BH 

Segment 
00 ES 
01 cs 
10 SS 
11 OS 

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 

FLAGS= x:x:x:x:(OF): (DF ):(IF): (TF):(SF) :(ZF) :X: (AF) :X: (PF):X :(CF) 
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OKI semiconductor 

MSM80C86ARS/GS/JS 
MSM80C86A-2RS/GS/JS 
16-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C86A/MSM80C86A-2 are complete 16-bit CPUs implemented in Silicon Gate CMOS technolo­
gy. They are designed with same processing speed as the NMOS 8086/8086-2 but have considerably less power 
consumption. They are directly compatible with MSM80C88A/MSM80C88A-2 software and MSM80C85A/ 
MSM80C85A-2 hardware and peripherals. · 

FEATURES 
• 1 Mbyte Direct Addressable Memory Space 
•Internal 14 Word by 16-bit Register Set 
• 24 Operand Addressing Modes 
• Bit, Byte, Word and String Operations 

CIRCUIT CONFIGURATION 

EXECUTION UNIT 

REGISTER FILE 

DATA 

POINTER AND 

INDEX REGS 
(SWORDS) 

16BlT ALU 

FLAGS 

• 8 and 1 G-bit Signed and Unsigned Arithmetic Operation 
•From DC to 5 MHz Clock Rate (MSM80C86A) 
•\From DC to 8 MHz Clock Rate (MSM80C86A-2) 
e ILow Power Dissipation 10 mA/MHz 
•Bus Hold Circuitry Eliminates Pull-Up Resistors 

BUS INTERFACE UNIT 

RELOCATION 

REGISTER FILE 

SEGMENT 
REGISTERS 

ANO 
INSTRUCTION 

POINTER 

(5WORDSl 

6BYTE 
INSTRUCTION 

QUEUE 

BHE/S7 

A19/S6 

A16/S3 

A015-A00 

INTA, RD, WA, M/IO 

OT/A, DEN,ALE 

~ 

JNTR 

NMI 

ROtGT0, 1 

CONTROL& 

TIMING 
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PIN CONFIGURATION 

MSM80C86ARS (Top View) 
MSM80C86A-2RS 
40 Lead Plastic DIP 

§ :;: 
0 

0 ..J 

GND 

AD14 

A013 

AD12 

A011 

AD10 

AD9 

ADS 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADl 

ADO 

NMI 

INTR 

CLK 

GND 

Vee 

AD15 

A16/S3 

A17/S4 

A 18155 

A19/S6 

BHEIS7 

MN/MX 

RB 
R51GTO IHOLDI 

RO/CiT1 (HLDAl 

LOCK (WAl 

52 IM/101 

S1 IQT1A) 

SO (DENl 

OSO !ALE) 

051 (INTAI 

TEST 

READY 

RESET 

! ! 

I~ ~ ~ 
I"' -~ IQ ii: 

~ 
Fig. 2a MSM80C86ARS/MSM80C86A-2RS 

A18/S5 

A17/S4 

A16/S3 

AD"15 

N.C. 

Vee 

Vee 

N.e. 

GNO 

N.e. 

A014 

AD13 

AD12 

AD11 

~ ;::: 
"' ~ ~ u I~ z I~~ u u u ~ 

u - e 
z :? z z z I~ ~ ~ 

43 42· 41 40 39 38 37 36 35 34 33 32 31 30 29 

44 

45 26 

46 

47 24 

48 23 

49 22 

50 21 

51 20 

52 19 

53 18 

54 0 55 

56 1 2 3 4 5 6 7 8 9 10 1112 1314 15 

Fig. 2b MSMBOC86AGS/MSM80C86A-2GS 

AD10 

AD9 

MSM80C86AJS (Top View) ADS 

MSM80C86A-2JS AD7 

44-pin Plastic Leaded Chip Carrier AD6 

AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

OSO IALEI MSM80C86AGS (Top View) 
051 (INTA) MSM80C86A-2GS 
TEST 56 Lead Plastic Flat Package 
READY 
RESET 

N.e. 

N.e. 

Vee 

GND 

N.e 

N.e. 

eLK 

INTA 

NMI 

"' " "' N " 0 u "' ;]l ~ ~ 0 0 0 0 z u u 0 :;: :;: :;: <( <( <( <( l'.l z > <( 

NC 

A19/S6 

BHE/57 

MN/MX 

RD 

RQ/GTO IHOLDI 

RO/GT1 IHLDAI 

LOCK IW~I 

52~1101 
Sf IDT/111 

So 10101\il 

CJ ~ a: "" 0 CJ .... > , .... c;; 0 
z .... ..J z z w 0 "' "' z 

~ CJ " 
en <( w a a 
w w .... 

I~ 
a: w a: ..J 

:! 
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ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol MSM80086ARS JMSM80C86AGS J MSM80C86AJS Unit Conditions 

MSM80C86A-2RS MSM80C86A-2GS MSM80C86A-2JS 

Power Supply Voltage Vee -0.5-+7 v 
Input Voltage V1N -0.5 - Vee +0.5 v With respect 

to GND 
Output Voltage VouT -o.5 - Vee +0.5 v 
Storage Temperature Tstg -65 - +150 oc -
Power Dissipation Po 1.0 I 0.7 w Ta= 25°C 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSM80C86A MSM80C86A-2 

Power Supply Voltage Vee 3 -6 4.75 - 5.25 v 
Operating Temperature Top -40 -+85 0 - +70 oc 

RECOMMENDED OPERATING CONDITIONS 

MSM80C86A MSM80C86A-2 
Parameter Symbol Unit 

MIN TYP MAX. MIN TYP MAX 

Power Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 v 
Operating Temperature Top -40 +25 +85 0 +25 +70 oc 

"L" Input Voltage VIL -0.5 +0.8 -0.5 +0.8 v 
(* 1) Vcc-o.8 Vcc+0.5 Vcc-0.8 Vcc+0.5 v 

"H" Input Voltage V1H 
(*2) 2.0 Vcc+0.5 2.0 Vcc+o.5 v 

*1 Only CLK, *2 Except CLK. 
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DC CHARACTERISTICS 
(MSM80C86A: Vee= 4.5V to 5.5V, Ta= -40° to +85°C) 

(MSM80C86A-2: Vee= 4.75 to 5.25V, Ta= 0°C to +70°C) 

Parameter Symbol MIN 

"L" Output Voltage VOL 

3.0 
"H" Output Voltage VOH 

vcc-0.4 

Input Leak Current IU -1.0 

Output Leak Current ILO -10 

Input Leakage Current 
IBHL 50 

(Bus Hold Low) 

Input Leakage Current 
IBHH -50 

(Bus Hold High) 

Bus Hold Low Overdrive IBHLO 

Bus Hold High Overdrive IHBHHO 

Operating Power 

TYP MAX Unit Conditions 

o.4 v IOL = 2.5 mA 

v 
IOH = -2.5 mA 

IOH =-100µA 

+1.0 µA o < v1 <Vee 

+10 µA o <Vo< Vee 

400 µA 
VIN= 0.8V 

*3 

-400 µA 
VIN =3.0V 

*4 

600 µA *5 

-600 µA *6 

Ta= 25°C 
Supply Current ice 10 mA/MHz 

Vee =5.5V, Typical: 

Standby Power 
vcc= 5.5v 

Supply Current ices 500 µA Outputs Unloaded 
V1N =Vee or GND 

Input Capacitance Cin 5 pF *7 

Output Capacitance Cout 15 pF *7 

1/0 Capacitance ClfO 20 pF *7 

*3 Test condition is to lower V1N to GND and then raise V1N to 0.8V on pins 2-16, and 35-39 

*4 Test condition is to raise V1N to Vee and then lower V1N to 3.0V on' pins 2-16, 26-32, and 34-39. 

*5 An external driver must source at least IBHLO to switch this node from LOW to HIGH. 

*6 An external driver must sink at least IBHHO to switch this node from HIGH to LOW. 

*1 Test Conditions: a) Freq= 1 MHz. 

b) Ummeasured Pins at GND. 

c) V1N at 5.0V or GND. 
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A.C. CHARACTERISTICS 
(MSMBOC86A: Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 
(MSM80C86A-2: Vee= 4.75V to 5.25V, Ta= 0°C to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C86A 
Parameter Symbol 

Min. Max. 

CLK Cycle Period TCLCL 200 DC 

CLK Low Time TCLCH 118 

CLK High Time TCHCL 69 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 

Data in Setup Time TDVCL 30 

Data in Hold Time TC LOX 10 

ROY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 

ROY Hold Time into MSM 82C84A 
TCLR1X 0 (See Notes 1, 2) 

READY Setup Time into MSMBOC86A TRYHCH 118 

READY Hold Time into MSMBOC86A-2 TCHRYX 30 

READY inactive to CLK (See Note 3) TRYLCL -8 

HOLD Setup Time THVCH 35 

INTR, NMI, TEST Setup Time 
TINVCH 30 

(See Note 2) 

Input Rise Time (Except CLK) 
TILIH 15 (From O.BV to 2.0V) 

Input Fall Time (Except CLK) 
TIHIL 15 

(From 2.0V to O.!lV) 

Timing Responses 

MSM80C86A 
Parameter Symbol 

Min. Max. 

Address Valid Delay TC LAV 10. 110 

Address Hold Time TC LAX 10 

Address Float Delay TCLAZ TC LAX 80 

ALE Width TLHLL TCLCH-20 

ALE Active Delay TCLLH 80 

ALE Inactive Delay TCHLL 85 

Address Hold Time to ALE Inactive TL LAX TCHCL-10 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 

Data Hold Time after WR TWHDX TCLCH-30 

Control Active Delay 1 TCVCTV 10 110 

Control Active Delay 2 TCHCTV 10 110 

Control Inactive Delay TCVCTX 10 110 

Address FI oat to RD Active TAZRL 0 

RD Active Delay TCLRL 10 165 

100 

MSM80C86A-2 
Unit 

Min. Max. 

125 DC ns 

68 ns 

44 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

20 ns 

15 ns 

15 ns 

15 ns 

MSM80C86A-2 
Unit 

Min. Max. 

10 60 ns 

10 ns 

TC LAX 50 ns 

TCLCH-10 ns 

50 ns 

55 ns 

TCHCL-10 ns 

10 60 ns 

10 ns 

TCLCH-30 ns 

10 70 ns 

10 60 ns 

10 70 ns 

0 ns 

10 100 ns 
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MSMBOC86A MSM80C86A-2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

RD Inactive Delay TCLRH 10 150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

HLDA Valid Delay TCLHAV 10 160 10 110 ns 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 ns 

WR Width TWLWH 2TCLCL-60 2TCLCL-40 ns 

Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns 

Output Rise Time (From O.BV to 2.0V) TO LOH 15 15 ns 

Output Fall Time (From 2.0V to O.BV) TOHOL 15 15 ns 

Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 
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Maximum Mode System (Using MSM 82C88 Bus Controller) 
Timing Requirements 

Parameter Symbol 

CLK Cycle Period TCLCL 

CLK Low Time TCLCH 

CLK High Time TCHCL 

CLK Rise Time (From 1.0V to 3.5VI TCH1CH2 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 

Data in Setup Time TDVCL 

Data in Hold Time TCLDX 

ROY Setup Time into MSM 82C84A 
TR1VCL 

(See Notes 1, 2) 

ROY Hold Time into MSM 82C84A 
TCLR1X 

(See Notes 1, 2) 

READY Setup Time into MSM 80C86A TRYHCH 

READY Hold Time into MSM 80C86A TCHRYX 

READY inactive to CLK (See Note 3) TRYLCL 

Set up Time for Recognition (NMI, 
TINVCH 

INTR, TEST) (See Note 2) 

RO/GT Setup Time TGVCH 

RO Hold Time into MSM 80C86A TCHGX 

Input Rise Time (Except CLK) 
TILIH 

(From 0.8V to 2.0V) 

Input Fall Time (Except CLK) 
TIHIL 

(From 2.0 to ·o.8V) 

Timing Responses 

Parameter Symbol 

Command Active Delay (See Note 1) TCLML 

Command Inactive Delay (See Note 1) TCLMH 

READY Active to Status Passive 
TRYHSH 

(See Note 4) 

Status Active Delay TCHSV 

Status Inactive Delay TCLSH 

Address Valid Delay TC LAV 

Address Hold Time TC LAX 

MSM80C86A 

Min. Max. 

200 DC 

118 

69 

10 

10 

30 

10 

35 

0 

118 

30 

-8 

30 

30 

40 

15 

15 

MSM80C86A 

Min. Max. 

5 45 

5 35 

110 

10 110 

10 130 

10 110 

10 

Address Float Delay TCLAZ TC LAX 80 

Status Valid to ALE High (See Note 1) TSVLH 35 

Status Valid to MCE High (See Note 1) TSVMCH 35 

CLK low to ALE Valid (See N01:e 1) TCLLH 35 

CLK Low to MCE High (See Note 1) TCLMCH 35 

ALE Inactive Delay (See Note 1) TCHLL 4 35 

MCE Inactive Delay (See Note 1) TCHMCL 35 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 

102 

MSM80C86A:2 
Unit 

Min. Max. 

125 DC ns 

68 ns 

44 ns 

10 ·ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

15 ns 

15 ns 

30 ns 

15 ns 

15 ns 

MSM80C86~2 
Unit 

Min. Max. 

5 35 ns 

5 35 ns 

65 ns 

10 60 ns 

10 70 ns 

10 60 ns 

10 ns 

TC LAX 50 ns 

20 ns 

30 ns 

20 ns 

25 ns 

4 18 ns 

45 ns 

10 60 ns 

10 ns 
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MSM80C86A MSM80C86A-2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns 

Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns 

Address Float to RD Active TAZRL 0 0 ns 

RD Active Delay TCLRL 10 165 10 100 ns 

RD Inactive Delay TCLRH 10 150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

Direction Control Active Delay 
TCHDTL 

(See Note 1) 
50 50 ns 

Direction Control Inactive Delay 
TCHDTH 

(See Note 1) 
35 30 ns 

GT Active Delay TCLGL 0 85 0 50 ns 

GT Inactive Delay TCLGH 0 85 0 50 ns 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 ns 

Output Rise Time (From 0.8V to 2.0V) TO LOH 15 15 ns 

Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns 

Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3) 
4. Applies only to T3 and wait states. 

u 
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TIMING CHART 
Input/Output 

2 ·4~1.5 -TEST POINTS- 1.~ 
0.45 ---­

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 
"1" AND 0.45V FOR A LOGIC "O" TIMING MEASUREMENTS 
ARE 1.5V FOR BOTH A LOGIC "1" AND "O" 

Minimum Mode 

Tl 

V1H 
CLK (MSM 82C84A Output) 

V1L 

BH E/S7,A19/S6-A 16/SJ 

ALE 

ADY (MSM 82C84A Input) 

SEE NOTE 5 

A <ADY (M'M SOCOOA '"P"d{ 

READ CYCLE 

AD15-ADO 

RD 
(NOTE 1) TCHCTV 

!WR,INTA=VoH) TCLRL 

TCVCTV 

DEN 

104 

A.C. Testing Load Circuit 

DEVICE 

UNDER n 
TEST 

--cL= l 100pF 

CL INCLUDES JIG CAPACITANCE 

TCHDX 

. TRLRH 
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Minimum Mode (Continuadl 

V1H 
CLK (MSM 82C84A Output) 

V1L 

BHE/S7,A19/S6 - A16/S3 

ALE 

WRITE CYCLE 

(NOTE 1) 
(RD, INTA, DEN 
DT/R =VOH) 

INTA CYCLE 

(NOTES 1&31 
(RD.WR= VOH 
BHE = VOLi 

AD15-ADO 

DT/R 

T1 T2 T3 T4 

TCLCL TCH1CH2 TCL2CL1 

S7-S3 

DATA OUT 

TCHCTV 

TCVCTV 

SOFTWARE HALT- AD,15 -_A_D_o_-i-...J'l'--1_N_v_A_L_1_D_A_D_D_R_E_ss __ SOFTWARE HALT 

RD, WR, INTA = VOH TC LAV 
DT/R =INDETERMINATE 
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Maxim\lm Mode 

T1 T2 T3 T4 

V1H 
CLK (MSM 82C84A output) 

V1L 

OSO,OS1 

s2.S1.so (EXCEPT HALT) 

8HE/S7,A 19/S6 - A 16/S3 
TSVLH 

ALE(MSM TCLLH 
82C88 OUTPUT) 

SEE NOTE 5 

ROY (MSM 82C84A 
INPUT) 

READY (MSM 80C86A l INPUT) 

READ CYCLE TC LAV 

AD15-ADO 

RD l DTIR MSM 82C88 
OUTPUTS MRDC OR TCLML 

SEE NOTES 5, 6 ,iQRC 

DEN 
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Maximum Mode (Continuedl 

V1H 
CLK (MSM 82C84A output I 

V1L 

S2. Sl, So (EXCEPT HALT) 

WRITE CYCLE 

AD15 - ADO 

DEN 

MSM 82C88 

OUTPUTS. AMWC OR AIOWC 
SEE NOTES 5, 6 

INTA CYCLE 

AD15- ADO { 
SEE NOTE 3,4 

MSM 82C88 
OUTPUTS 

TSVMCH 
MCE/ 
PDEN 

TCLMCH 

DT/R 

SEE NOTES 5, 6 INTA 

DEN 
SOFTWARE HALT-
(DEN=VoL; RD, MRDC, IORC, MWTC, 

AMWC, IOWC, AIOWC, INTA,=VoHI 

AD15 - ADO 

T1 T2 T3 T4 
Tw 

TCLMH 

FLOAT 

~--/ 
........... __.i--~~~~-1-~-+--+-~--'----

TCHDTH 

INVALID ADDRESS 
~--+-'l'--------

TCLA V 

S2,S1,SO ~ ... ____ ..,, ... --------.,,-=-~-= 

Notes: 1. All signals switch between VoH and Vol unless otherwise specified. 
2. RDY is sampled near the end of T2,T3,Tw to determine if Tw machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The MSM 80C86A LOCAL ADDR/DATA BUS is floating during 
both INTA cycles. Control for pointer address is shown for second INTA cycle. 

5. Signals at MSM 82C84A or M-SM 82C88 are shown for reference only. 
6. The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,IORC,IOWC.AIOWC, 

INTA and DENI lags the active high MSM 82C88 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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Asynchronous Signal Recognition 

I 

CLK~ 
NMI } ~INVCH ISEE NOTE 1) 

INTA SIGNAL 

TEST 

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHAO· 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

.-i""";~~t-~r '/.CYCLE [ 

CLK -H 
TCLAV . TCLAV 

Vee 

CLK 

RESET 

!-;:-so µSEC 

;? 4 CLK CYCLES 

Request/Grant Sequenca Timing (Maximum Mode Only) 

Note : 1. The coprocessor may not drive the buses outside the region shown without risking contention. 

Hold/Hold Acknowledge Timing (Minimum Mode Only} 
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CLK 

HLOA r TCLAZ 

A015- AOO, : : 
.. _____ M_s_M_s_o_c_BS_,• ,.. ___ _, .._ ____ c_o_· _P_A ... oc .. E_s_s_o_A ____ _,, A 19/S6- A 16/S3, • • 

AO, 
BHE/S7, M/10, 
OT/A, WA, DEN 

MSM 80C86A 
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PIN DESCRIPTION 

ADO-AD15 

ADDRESS DATA BUS: Input/Output 
These lines are the multiplexed address and data 

bus. 
These are the address bus at the T1 cycle and the 

data bus at the T2, T3, TW and T4 cycles. 
At the Tl cycle, ADO low indicates Data Bus Low 

(DO - D7) Enable. These lines are high impedance 
during interrupt acknowledge and hold acknowledge. 

A16/S3. A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

Tses are the four most significant addresses, at 
the Tl cycle. Accessing 1/0 port address, these are low 
at Tl cycles. These lines are Status lines at T2, T3, TW. 
and T 4 cycles. S3 and S4 are encoded as shown. 

S3 S4 Characteristics 

(I 0 Alternate Data 

1 0 Stack 

0 1 C.ode or None 

1 1 Data 

These lines are high impedance during hold 
acknowledge. 

BHE/S7 
BUS HIGH ENABLE/STATUS: Output 

This line indicates Data Bus High Enable (BHE) at 
the T 1 cycle. 

This line indicates Data Bus High Enable (BHE) 
at the T 1 cycles. 

This line is status line at T2, T3, TW and T4 cycles. 

RD 
READ: Output 

This line indicates that CPU is in the memory or 

1/0 read cycle. 
This line is the read strobe signal when CPU read 

data from memory or 1/0 device. 

This line is active low. 
This line is high impedance during hold acknow­

ledge. 

READY 
READY: Input 

This line indicates to the CPU that the addressed 

memory or 1/0 device is ready to read or write. 
This line is active high. 

If the setup and hold time is out of specification, 
illegal operation will occur. 

INTR 

INTERRUPT REQUEST: Input 
This line is the level triggered interrupt request 

signal which is sampled during the last clock cycle of 
instruction and string manipulation. 

It can be internally masked by software. 
This signal is active high and internally synchro­

nized. 

TEST 
TEST: Input 

NMI 

This line is examined by the WAIT instruction. 
When TEST is high, the CPU enters idle cycle. 

When TEST is low, the CPU exits the idle cycle. 

NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 

NM I is not maskable. 
This signal is internally synchronized and needs 

2 clock cycles of pulse width. 

RESET 

RESET: Input 

This signal causes the CPU to initialize immedi­
ately. 

This signal is active high and must be at least four 

clock cycles. 

CLK 
CLOCK: Input 

This signal provides the basic timing for the 
internal circuit: 

MN/MX 
MINIMUM/MAXIMUM: Input 

This signal selects the CPU's operating mode. 
When V CC is connected, the CPU operates in 

Minimum mode. 

Whin GND is connected, the CPU orerates 
Maximum mode. 

Vee 
Vee' +3 - +6V supplied. 

GND 

GROUND 

The following pin function descriptions are maxi­

mum mode only. 
Other pin functions are already described. 

so,81. s2 
STATUS: Output 

These lines indicate bus status and they are used 
by the MSM82C88 Bus Controller to generate all 

memory and 1/0 access control signals. 
These lines are high impedance during hold 

acknowledge. 
These status lines are encoded as shown. 
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S2 

O(LOW) 

0 

0 

0 

1 (HIGH) 

1 

1 

1 

RQ/GTO 
RQ/GT1 

S1 

0 

0 

1 

1 

0 

0 

1 

1 

so Characteristics 

0 Interrupt acknowledge 

1 Read I /O Port 

0 Write I /0 Port 

1 Halt 

0 Code Access 

1 Read Memory 

0 Write Memory 

1 Passive 

REQUEST/GRANT: Input/Output 
These ·lines are used for Bus Request from other 

devices and Bus GRANT to other deivces. 
These lines are bidirectional and active low. 

LOCK 
LOCK: Output 

This line is active low. 
When this line is low, other devices can not gain 

control of the bus. 
This line is high impedance during hold acknow­

ledge. 

QSO/QS1 
QUEUE STATUS: Output 

These lines are Queue Status, and indicate internal 

instrucion queue status. 

QS1 QSO Characteristics 

O(LOW) 0 No Operation 

0 1 First Byte of Op Code from 
Queue 

1 (HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from Queue 

The following pin function descriptions are mini­
mum mode only. Other pin functions are already 
described. 

M/10 
STATUS: Output 

This line selects memory address space or 1/0 
address space. 

When this line is high, the CPU selects memory 
address space and when it is low, the CPU selects 1 /0 

address space. 

This line is high impedance during hold acknow­
ledge. 
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WR 
WRITE: Output 

This line indicates that the CPU is in the memory 
or 1/0 write cycle. 

This line is a write strobe signal when the CPU 
writes data to memory or 1/0 device. 

This line is active low. 
This line is high impedance during hold acknow­

ledge. 

INTA 
INTERRUPT ACKNOWLEDGE: Output 

This line is a read strobe signal for the interrupt 
acknowledge cycle. 

This line is active low. 

ALE 
ADDRESS LATCH ENABLE: Output 

This line is used for latching the address into· the 
MSM82C12 address latch, It is a possitive pulse and its 
trailing edge is used to strobe the address, This line is 
never floated. 

DT/R 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the output enable of 
the bus transceiver. 

When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 

This line is high impedance during hold acknow­
ledge. 

DEN 
DATA ENABLE: Output 

This line is used to control the output enable of 
the bus transceiver. 

This line is active low. This line is high impedance 
during hold acknowledge. 

HOLD 
HOLD REQUEST: Input 

This line is used for Bus Request from other 
devices. 
This line is active high. 

HLDA 
HOLD ACKNOWLEDGE: Output 

This line is used for Bus Grant to other devices. 
This line is active high. 
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FUNCTIONAL DESCRIPTION 

STATIC OPERATION 
All MSM80C86A circuitry is of static design. 

Internal registers, counters and latches are static and 
require no refresh as with dynamic circuit design. This 
eliminates the minimum operating frequency restriction 
placed on other microprocessors. The MSM80C86A can 
operate from DC to the appropriate upper frequency 
limit. The processor clock may be stopped in either 
state (high/low) and held there indefinitely. This type of 
operation is especially useful for system debug or power 
critical applications. 

The MSM80C86A can be single stepped using only 
the CPU clock. This state can be maintained as long as 
is necessary. Sigle step clock operation allows simple 
interface circuitry to provice critical information for 
bringing up your system. 

Static design also allows very low frequency opera­
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
MSM80C86A power dissipation is directly related to 
operating frequency. As the system frequency is re­
duced, so is the operating power until, ultimately, at a 
DC input frequency, MSM80C86A power requirement is 
the standby current (500 µA maximum). 

GENERAL OPERATION 
The internal function of the MSM80C86 consists 

of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

BIU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. Instruction pre-fetch is perfomed 

Memory Organization 

). FFFFFH 

}co DE 
SEGMENT 

I 
64 KB 

XXXXOH 

+OFFSET 
} STACK 

SEGMENT 

}DATA 
SEGMENT 

}mRADATA 
SEGMENT 

T 'r OOOOH 

while waiting for decording and execution of instruc­
tions. Thus, the CPU's peHormance is increased. Up to 
6-bytes of instruction stream can be queued. 

The EU receives pre-fetched instructions from the 
BIU queue, decodes and executes the instructions, and 
provides the un-relocated operand address to BIU. 

MEMORY ORGANIZATION 
The MSM80C86A has a 20-bit address to memory. 

Each address has an 8-bit data width. Memory is 
organized OOOOOH to FF FF F H and is logicaly divided 
into four segments: code, data, extra data and stack 
segment. Each segment contains up to 64 Kbytes and 
locates on a 16-byte boundary. (Fig. 3a) 

All memory references are made relative to the 
segment register which functions in accordance with 
a select rule. Word operands can be located on even or 
odd address boundary. 

The BIU automatically performs the proper num­
ber of memory accesses. Memory consists of an even 
address and an odd address. Byte data of even address 
is transfered on the DO - D 7 and byte data of odd ad­
dress is transfered on the D8 - D15. 

The CPU prevides two enable signals SHE and AO 
to access either an odd address, even address or both: 

Memory location FFFFOH is the start address after 
reset, and OOOOOH through 003FFH are reserved as an 
interrupt pointer. where there are 256 types of inter­
rupt pointers. 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit 
offset address. 

Reserved Memory Locations 

RESET BOOTSTRAP 
FFFFFH 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH 

~ 

7H 
INTERRUPT POINTER 

FOR TYPE 1 4H 

INTERRUPT POINTER 3H 

FOR TYPE 0 
OH 
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Memory Segment Register 
Reference Need Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (OS) 

External (Global) Data EXTRA (ES) 
! 

MINIMUM AND MAXIMUM MODES 
The MSM80C86A has two system modes: mini­

mum and maximum. When using maximum mode, it is 
easy to organize a multi-CPU system with a 82C88 Bus 
Controller which generate the bus control signal. 

When using minimum mode, it is easy to organize 
a simple system by generating bus control signal by 
itself. 

MN/MX is the mode select pin. Definition of 24-
31 pin changes depend on the MN/MX pin. 
BUS OPERATION 

The MSM80C86A has a time multiplexed address 
and data bus. If a non-multiplexed bus is desired for a 
system, it is only to add the address latch. 

A CPU bus cycle consists of at least four clock 
cycles: T1, T2 T3 and T4. (Fig. 4) 

The address output occurs during T1 and data 
transfer occurs during T3 and T4. T2 is used for chang­
ing the direction of the bus at the read operation. When 
the device which is accessed by the CPU is not ready 
for The data transfer and the CPU "NOT READY", TW 
cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution. 
During the T1 cycle, the A LE signal is output from the 
CPU or the MSM82C88 depending on MN/MX. At the 
trailing edge of A LE, a valid address may be latched. 

Status bits SO, S 1 and S2 are used in the maxi­
mum mode by the bus controller to recognize the type 
of bus operation according to the following table. 

S2 Sf so Characteristics 

O(LOW) 0 0 Interrupt acknowledge 

0 0 1 Read 1/0 

0 1 0 Write 1/0 

0 1 1 Halt 

1 (HIGH) 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 

1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 
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Segment 
Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references relative to 
BP base register except data references. 

Data references when relative to stack destination of str-
ing operation, or explicitly overridden. 

Destination of string operations: Expl.icitly selected us-
ing a segment overriden. 

Status bits S3 through S7 are multiplexed with 
A16 - A19, and BHE: therefore, they are valid during 
T2 through T4. 

S3 and S4 indicate which segment register was 
selected on the bus cycle, according to the following 
table. 

S4 S3 Characteristics 

O(LOW) 0 Alternate Data (Extra segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 

1 1 Data 

S5 indicates interrupt enable Flag. 

1/0 ADDRESSING 

The MSM80C86A has 64 Kbyte of 1/0 or as 32 
Kwords 1/0. When the CPU accesses an 1/0 device, ad­
dresses AO - A 1 5 are in the same format as a memory 
address, and A 16 - A 19 are low. 

The 1/0 ports addresses are same as memory, so 
it is necessary to be careful when using 8-bit 
peripherals. 
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Basic System Timing 

CLK 

ADDR/ 
STATUS 

ADDR/DATA 

READY 

DT/R 

DEN 

1-<4 + N*WAIT) = TCY --1-(4 + N*WAITl = TCY~ 
I T1 I T2 I TJ ITWAITI T4 I T1 I T2 I TJ ITWAITI T4 I 

BHE, A19-A16 

READY 

WAIT 

MEMORY ACCESS TIME 

GOES INACTIVE IN THE STATE" 
JUST PRIOR TO T4 

BHE, A19-A16 

S7-S3 

DATA OUT 
(D15-DO) 

READY 

WAIT 
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EXTERNAL INTERFACE 

RESET 
CPU lnitalization is executed by the RESET pin. 

The MSM80C86A 's RESET Higli signal is required for 
greater than 4 clock cycles. 

The Rising edge of RESET. terminates present 
operation immediately. The Falling edge of RESET 
triggers an internal reset sequence for approximately 10 
clock cycles. Afer the internal reset sequence is finished 
normal operation occurs from absolute location 
FFFFOH. 
INTERRUPT OPERATIONS 

Interrupt operation is classified as software or 
hardware, and hardware interrupt is classified as non­
maskable or maskable. 

An interrupt causes a new program location de­
fined on the interrupt pointer table, according to the in­
terrupt type. Absolute locations OOOOOH through 

003F FH are reserved for the interrupt pointer table. 
The interrupt pointer table consists of 256-illements. 
Each element is 4 bytes in size and corresponds to an 

Interrupt Acknowledge Sequence 

8 bit type number which is sent from an interrupt 
interrupt request device during the interrupt acknow­
ledge cycle. 

NON-MASKABLE INTERRUPT (NMI) 
The MSM80C86A has a Non-maskable Interrupt 

(NMI) which is of higher priority than the maskable 
interrupt request (I NTR). 

The NMI request pulse width needs a minimum of 
2 clock cycles. The NMI will be serviced at the end of 
the current instruction or between string manipulations. 

MASKABLE INTERRUPT (INTR) 
The MSM80C86A provides another interrupt 

request (INTR) which can be masked by software. 
INTR is level triggered, so it must be held until the 
interrupt request is acknowledged. 

INTR will be serviced at the end of the aurrent 
instruction or between string manipulations. 

I T1 I T2 I T3 I T4 tril T1 I T2 I T3 I T4 I 

ALE ~J\__ 
LOCK 

\ ___ ____.r 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, 

further interrL1pts are disabled. The interrupt enable bit 
is reset by any interrupt, after which the Flag register is 
automatically pushed onto the stack. During the 
acknowledge sequence, the CPU emits the lock signal 
from T2 of the first bus cycle to· T2 of the second bus 
cycle. At second bus cyclees, byte is fetched from the 
external device as a vector which identified the type 
of interrupt. This vector is multiplied by four and used 
as a interrupt pointer address. (INTR only) 

The Interrupt Return (I RET) instruction includes a 
Flag pop operation which returns the original interrupt 
enable bit when it restores the F 1.ag. 

HALT 
When a Halt instruction is executed, the CPU 

enters the Halt state. An interrupt request or RESET 
will force the MSM80C86A out of the Halt state. 
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SYSTEM TIMING - MINIMUM MODE 

A bus cycle begins T1 with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
T1 to T4 the M/iO signal indicates a memory or 1/0 
operation. From T2 to T4, the address data bus changes 
the address bus to data bus. 

The read (RD), write (WR) and interrupt ac­
knowledge (INT A) signals causes the addressed device 
to enable data bus. These signal becomes active at the 
beginning of T2 and inactive at the beginning of T 4. 

SYSTEM TIMING - MAXIMUM MODE 

At maximum mode, the MSM82C88 Bus Cont­
roller is added to system. The CPU sends status informa­
tion to the Bus Controller. Bus timing signals are gene­
rated by Bus Controller. Bus timing is almost the same 
as in the minimum mode. 
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BUS HOLD CIRCVITRY 

To avoid high current conditions caused by float­
ing inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has been 
used on MSMSOC86A pins 2-16, 26-32, and 34-
39 (Figures 6a, Sb). These circuits will maintain the 
last valid logic state if no driving source is present 
(i.e. an unconnected pin or a driving source which 
goes to a high impedance state). To overdrive the 

"bus hold" circuits, an external driver must be" capa­
ble of supplying approximately 600 µ.A minimum sink 
or source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis­
tive" type element, the associated power supply current 
is negligible and power dissipation is significantly 
reduced when compared to the use of passive pull-up 
resistors. 

"PULL-UP/PULL-DOWN" 

INPUT 
..... __ ._ _ __,PROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

BOND 
PAD 

Figure 6a. Bus hold circuitry pin 2-16, 35-39. 

"PULL-UP" 

INPUT 
.... --·--.. PROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

Figure 6b. Bus hold circuitry pin 26-32, 34 

BOND 
PAD 

EXTERNAL 
PIN 

EXTERNAL 
PIN 
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O> DATA TRANSFER 

MOV =Move: 
Register /memory to/from register 
Immediate to register /memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register /memory 

PUSH= Push: 

Register/memory 
Register 
Segment register 

POP= Pop: 

Register/memory 
Register 
Segment register 

XCHG = Exchange: 

Register/memory with register 
Register with accumulator 

IN= Input from: 

Fixed port. 
Variable port 

OUT= Output to: 

Fixed port 
Variable port 
XLAT =Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAH F = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 

7 
1 
1 
1 
1 
1 
1 
1 

1 
0 
0 

1 
0 
0 

1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 
6 5 4 3 2 1 
0 0 0 1 0 d 
1 0 0 0 1 1 
0 1 1 w reg 

0 1 0 0 0 0 
0 1 0 0 0 1 
0 0 0 1 1 1 
0 0 0 1 1 0 

1 1 1 1 1 1 
1 0 1 0 reg 
0 0 reg 1 1 

0 0 0 1 1 1 
1 0 1 1 reg 

0 0 reg 1 1 

0 0 0 0 1 1 
0 0 1 0 reg 

1 1 0 0 1 0 
1 1 0 1 1 0 

1 1 0 0 1 1 
1 1 0 1 1 1 
1 0 1 0 1 1 
0 0 0 1 1 0 
1 0 0 0 1 0 
1 0 0 0 1 0 
0 0 1 1 1 1 
0 0 1 1 1 1 
0 0 1 1 1 0 
0 0 1 1 1 0 

0 7 6 5 4 3 2 1 0 7 6 
w mod reg r/m 
w mod 0 0 0 rim 

data 
w addr-low 
w addr-low 
0 mod 0 reg rim 
0 mod 0 reg rim 

1 mod 1 1 0 rim 

0 

1 mod 0 0 0 rim 

1 

w mod reg rim 

w port 
w 

w port 
w 
1 
1 mod reg rim 
1 mod reg rim 
0 mod reg rim 
1 
0 
0 
1 

5 4 3 2 1 0 7 6 5 

data 
data if w = 1 

addr-high 
addr-high 

4 3 2 1 0 

data if w = 1 
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ARITHMETIC, 

ADD= Add: 

Reg./memory with register to either 0 0 0 0 0 0 d 

Immediate to register/memory 1 0 0 0 0 0 s 
Immediate to accumulator 0 0 0 0 0 1 0 

ADC = Add with carry: 

Reg./memory with register to either 0 0 0 1 0 0 d 
Immediate to register/memory 1 0 0 0 0 0 s 
Immediate to accumulator 0 0 0 1 0 1 0 

INC= Increment: 

Register/memory 1 1 1 1 1 1 1 
Register 0 1 0 0 0 reg 

AAA = ASC 11 adjust for add 0 0 1 1 0 1 1 

DAA =Decimal adjust for add 0 0 1 0 0 1 1 

SUB= subtract: 

Reg./memory and register to eithe~ 0 0 1 0 1 0 d 

Immediate from register/memory 1 0 0 0 0 0 s 
Immediate from accumulator 0 0 1 0 1 1 0 

SBB =Subtract with borrow: 

Reg./memory and register to either 0 0 0 1 1 0 d 
Immediate from register/memory 1 0 0 Q 0 0 s 
Immediate from accumulator 0 0 0 1 1 1 0 

DEC= Decrement: 

Register/memory 1 1 1 1 1 1 1 
Register 0 1 0 0 1 reg 

NEG= Change sign 1 1 1 1 0 1 1 

CMP =Compare: 

Register/memory and register 0 0 1 1 1 0 d 

Immediate with register/memory 1 0 0 0 0 0 s 

Immediate with accumulator 0 0 1 1 1 1 0 

AAS= ASCII adjust for subtract 0 0 1 1 1 1 1 

...... 

...... 

!iJ 

w mod reg rim 
w mod 0 0 0 r/m 
w data 

w mod reg r/m 
w mod 0 1 0 r/m 
w data 

w mod 0 0 0 rim 

1 

1 

w mod reg r/m 
w mod 1 0 1 r/m 

w data 

w mod reg rim 
w mod 0 1 1 rim 
w data 

w mod 0 0 1 r/m 

w mop 0 1 1 r/m 

w mod reg rim 
w mod 1 1 1 r/m 
w data 
1 

data data if s:w = 01 
data if w = 1 

data data if s:w = 01 

data if w = 1 

data data if s:w = 01 

data if w = 1 

data data if s:w = 01 
data if w = 1 

data data if s:w = 01 
data if w = 1 

0 .,, 
c: 
s: 
tJ) 

s: 
co 
0 
0 co 
Ol 
> :u 
tJ) 
...... 
C> 
tJ) 
...... 
c.. 
tJ) 

s: 
tJ) 

s: 
co 
0 
0 co 
Ol 
> 

I ..., 
:u 
tJ) 

Q 
tJ) 
...... 
c.. 
tJ) 
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~ 
CD 

DAS= Decimal adjust for subtract 0 0 1 0 1 1 

MUL = Multiply (unsigned) 1 1 1 1 0 1 
IMUL = Integer multiply (signed) 1 1 1 1 0 1 

AAM =ASCII adjust for multiply 1 1 0 1 0 1 

DIV.= Divide (unsigned) 1 ·1 1 1 0 1 

IDIV =Integer divide (signed! 1 1 1 1 0 1 

AAD =ASCII adjust for divide 1 1 0 1 0 1 
CBW = Convert byte to word 1 0 0 1 1 0 
CWD = Convert word to double word 1 0 0 1 1 0 

1 1 
1 w mod 1 0 
1 w mod 1 0 
0 0 0 0 0 0 
1 w mod 1 1 
1 w mod 1 1 
0 1 0 0 0 0 
0 0 
0 1 

0 rim 
1 rim 
1 0 1 
0 rim 
1 rim 
1 0 1 

0 

0 
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LOGIC 

NOT= Invert 1 1 1 1 0 
SHL/SAL =Shift logical/arithmetic left 1 1 0 1 0 
SHR =Shift logical right 1 1 0 1 0 
SAR = Shift arithmetic right 1 1 0 1 0 
ROL = Rotate left 1 1 0 1 0 
ROR = Rotate right 1 1 0 1 0 
RCL = Rotate left through carry 1 1 0 1 0 
RCR = Rotate right through carry 1 1 0 1 0 

AND= And: 

Reg./memory and register to either 0 0 1 0 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 1 0 0 

TEST= And function to flags, no result: 

Register /memory and register 1 0 0 0 0 
Immediate data and register/memory 1 1 1 1 0 
Immediate data and accu mu lat or 1 0 1 0 1 

OR= Or: 

Reg./memory and register to either 0 0 0 0 1 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 0 0 1 

XOR = Exclusive or: 

Reg./memory and register to either 0 0 1 1 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 1 1 0 

STRING MANIPULATION 

REP= Repeat 1 1 1 1 0 

MOVS = Move byte/word 1 0 1 0 0 

CMPS = Compare byte/word 1 0 1 0 0 
SCAS = Scan byte/word 1 0 1 0 1 

LOOS= Load byte/word to AL/AX 1 0 1 0 1 

STOS =Store byte/word from AL/AX 1 0 1 0 1 

.... 
co 

i 

1 1 w mod 0 
0 v w mod 1 
0 v w mod 1 
0 v w mod 1 
0 v w mod Q 
0 v w mod 0 
0 v w mod 0 
0 v w mod 0 

0 d w mod 
0 0 w mod 1 
1 0 w 

1 0 w mod 

1 1 w mod 0 
0 0 w 

0 d w mod 
0 0 w mod 0 
1 0 w 

0 d w mod 
0 0 w mod 1 
1 0 w 

0 1 z 
1 0 w 
1 1 w 
1 1 w 
1 0 w 
0 1 w 

1 0 r/m 

0 0 r/m 
0 1 r/m 
1 1 r/m 
0 0 rim 
0 1 r/m 
1 0 rim 
1 1 rim 

reg r/m 
0 0 rim 
data 

reg rim 

0 0 r/m 
data 

reg r/m 

0 1 r/m 

data 

reg r/m 

1 0 r/m 

data 

data data if w = 1 
data if w = 1 

data data if w = 1 

data if w = 1 

data data if w = 1 

data if w = 1 

data data if w = 1 

data if w = 1 

(") ,, 
c: 
!ii:: 
UI 
!ii:: 
Q) 
0 
(") 
Q) 
O> ,. 
::D 
UI ....... 
Ci) 
UI ....... 
c.. 
UI 
!ii:: 
UI 
!ii:: 
Q) 
0 
(") 
Q) 
O> ,. 
I 

I\) 

::D 
UI ....... 
Ci) 
UI 
....... 
c.. 
UI 

• 



I 
... 
~ CJMP =Conditional Jll(IP 

JE/JZ =Jump on equal/zero 0 1 1 1 
JZ/JNGE =Jump on less/not greater or equal 0 1 1 1 
JLE/JNG =Jump on less or equal/not greater 0 1 1 1 
JB/JNAE =Jump on below/not above or equal 0 1 1 1 
JBE/JNA =Jump on below or equal/not above 0 1 1 1 
JP/JPE =Jump on parity/parity even 0 1 1 1 
JO = Jump on over flow 0 1 1 1 
JS= Jump on sign 0 1 1 1 
JNE/JNZ =Jump on not equal/not zero 0 1 1 1 
JNL/JGE =Jump qn not less/greater or equal 0 1 1 1 
JN LE/JG = Jump on not less or equal/greater 0 1 1 1 
JNB/JAE =Jump on not below/above or equal 0 1 1 1 
JNBE/JA =Jump on not below or equal/above 0 1 1 1 
JNP/JPO =Jump on not parity/parity odd 0 1 1 1 
JNO =Jump on not overflow 0 1 1 1 
JNS =Jump on not sign 0 1 1 1 
LOOP = Loop CX times 1 1 1 0 
LOOPZ/LOOPE = Loop while zero/equal 1 1 1 0 
LOOPNZ/LOOPNE = Loop while not zero/equal 1 1 1 0 
JCXZ = Jump on CX zero 1 1 1 0 

INT= Interrupt: 

Type specified 1 1 0 0 
Type 3 1 1 0 0 
INTO= Interrupt on overflow 1 1 0 0 
IRET = Interrupt return 1 1 0 0 

PROCESSOR CONTROL 
C LC = Clear carry 1 1 1 1 
CMC = Complement carry 1 1 1 1 
STC = Set carry 1 1 1 1 
CLO =Clear direction 1 1 1 1 
STD = Set direction 1 1 1 1 
CLI =Clear interrupt 1 1 1 1 
STI =Set interrupt 1 1 1 1 
HLT=Halt 1 1 1 1 
WAIT= Wait 1 0 0 1 
ESC = Escape (to external device) 1 1 0 1 
LOCK = Bus lock prefix ' 1 1 1 1 

0 1 0 
1 1 0 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
0 0 0 
1 0 0 
0 1 0 
1 1 0 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
0 0 0 
1 0 0 
0 0 1 
0 0 0 
0 0 0 
0 0 1 

1 1 0 
1 1 0 
1 1 1 
1 1 1 

1 0 0 
0 1 0 
1 0 0 
1 1 0 
1 1 0 
1 0 1 
1 0 1 
0 1 0 
1 0 1 
1 x x 
0 0 0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 

1 
0 
0 
1 

0 
1 
1 
0 
1 
0 
1 
0 
1 
x mod x 
0 

disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 

type 
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·CONTROL TRANSFER 

CALL= Call: 7 6 5 4 3 2 1 0 
Direct within segment 1 1 1 0 1 0 0 0 
Indirect within segment 1 1 1 1 1 1 1 1 
Direct intersegment 1 0 0 1 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 

JMP =Unconditional Jump: 

Direct within segment 1 1 1 0 1 0 0 1 

Direct within segment-short 1 1 1 0 1 0 1 1 
Indirect within segment 1 1 1 1 1 1 1 1 
Direct intersegment 1 1 1 0 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 

RET =Return from CALL: 

Within segment 1 1 0 0 0 0 1 1 
Within seg. adding immediate to SP 1 1 0 0 0 0 1 0 
I ntersegment 1 1 0 0 1 0 1 1 
lntersegment adding immediate to SP 1 1 0 0 1 0 1 0 

~ 

7 6 5 4 3 2 1 0 7 6 
disp-low 

mod 0 1 0 rim 
offset-low 

seg-low 
mod 0 1 1 rim 

disp-low 

disp 

mod 1 0 0 rim 
offset-low 

seg-low 

mod 1 0 1 rim 

data-low 

data-low 

5 4 3 2 1 0 7 6 
disp-high 

offset-high 
seg-high 

disp-high 

offset-high 
seg-high 

data-high 

data-high 

5 4 3 2 1 0 

(') ,, 
c: 
s::: 
0 
s::: 
co 
0 
(') 
co 
CJ) 
)lo 
::u 
0 
....... 
ti) 
0 
....... 
~ 
0 
s::: 
0 
s::: 
co 
0 
(') 
co 
CJ) 
)lo 
I 

I\) 

::u 
0 
....... 
ti) 
0 
....... 
~ 
0 
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Footnotes: 

AL = 8-bit accumulator 
AX= 18-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
A.bove/below refers to unsigned value 
Greater = more positive 
Less= less positive (more negative) signed value 
If d = 1 then "to" reg: If d = 0 then "from" reg. 
If w = 1 then wo~d instruction: If w = 0 then byte instruction 

If mod = 11 then r/m is treated as a REG field 
If mod= 00 then DISP = O*, disp-low and disp-high are absent 
If mod= 01 then DISP = disp-low sign-extended to 16-bit&, disp-high is absent 
If mod= 10 then DISP = disp-high: disp-low 

If r/m = 000 then EA= (BX)+ (SI)+ DISP 
If rim= 001 then EA= (BX)+ (DI)+ DIS.P 
If r/m = 010 then EA= (BP)+ (SI)+ DISP 
If r/m = 011 then EA= (BP)+ (DI)+ DISP 
If r/m = 100 then EA= (SI)+ DISP 
If r/m = 101 then EA= (DI)+ DISP 
If r/m = 110 then EA= (BP)+ DISP* 
If r/m = 111 then EA= (BX)+ DISP 
DISP follows 2nd byte of instruction (before data if required) 

•except if mod= 00 and r/m = 110 then EA-disp-high: disp-low 

If s:w = 01 then 16 bits of immediate data form the operand 
If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v = 0 then "count"= 1: If v = 1 then "count" in (CL) 
x· = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001reg110 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w=O) Segment 
000 AX 000 AL 00 ES 
001 ex 001 CL 01 cs 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 

FLAGS= x:x:x:x:(OF): (OF) :(IF): (TF ):(SF): (ZF) :X:(AF) :X: (PF):X: (CF) 
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OKI semiconductor 

MSM80C88RS/GS/JS 
MSM80C88~2RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C88-2 are internal 16-bit CPUs with an 8-bit interface implemented in Silicon Gate CMOS tech­
nology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with considerably 
less power consumption. 

The processor has attributes of both 8· and 16-0it microprocessor. ft is directly compatibly with MSM80C86/ 
MSM80C86-2 software and MSM80C85A/MSM80C85A·2 hardware and peripherals. 

FEATURES 

• 8-Bit Data Bus Interface • Bit, Byte, Word and String Operations 
• 16·Bit Internal Architecture • 8 and 16·bit Signed and Unsigned Arithmetic Opera· 
• 1 Mbyte Direct Addressable Memory Space tion 
• Software Compatible with MSM80C86 • 5 MHz Clock Rate (MSM80C88) 
• Internal 14 Word by 16·bit Register Set • 8 MHz Clock Rate (MSM 80C88-2) 
• 24 Operand Addressing Modes • Low Power Dissipation 

FUNCTIONAL BLOCK DIAGRAM 

TEST 

INTR 

NMI 

RatGTo.1 

HOLD 

HLDA 

EXECUTION UNIT 

REGISTER FILE 

DATA 

POINTER AND 

INDEX REGS 
(8WOADSI 

16BIT ALU 

FLAGS 

BUS INTERFACE UNIT 

RELOCATION 

REGISTER FILE 

SEGMENT 

REGISTERS 

AND 

INSTRUCTION 

POINTER 

(SWORDS) 

CONTROL & 

TIMING 

CLK RESET READY MN1MX' GND 

SSo 
A191S6 

AB 

AD7-AOO 

i'NTA. RD. WA, 101M 

OT.IA, OEN.ALE 

050.051 
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PIN CONFIGURATION 

A18/S5 

A17/S4 

A16/S3 

A15 

N.C. 

Vee 
Vee 
N.C. 

GND 

N.C. 

A14 

A13 

A12 

All 
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MSM80C88-2RS 
40 Lead Plastic DIP 
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Fig. 2b MSM80C88GS/MSM80C88-2GS 

MSMSOCSSJS (Top View) 
MSMSOC88-2JS 
44-pin Plastic Leaded Chip Carrier 

A9 

A8 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

GND Vee 
A14 A15 
A13 A16/S3 
A1>2 A17/S4 
A11 A18/S5 

A10 A19/S6 

A9 SSO (HIGH) 

AS MN/MX 

AD7 R5 
AD6 HOLD (RQ/GTO) 

AD5 HLDA(RQ/GT1) 

AD4 WR tiJ5CKI 
AD3 101MtS21 

AD2 DT/R (Sll 

ADl DEN (SCJ) 

ADO ALE (QSO) 

.NMI iNTAIOSll 

INTR TEST 

CLK READY 

GND RESET 

Fig. 2a MSM80CBBRS/MSM80C88-2RS 

ALE (OSOi 

iNTA 1as11 

TEST 

READY 

RESET 

N.C. 

N.C. 

Vee 
GND 
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N.C. 
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INTR 

NMI 
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---------• CPU· MSM80C88RS/GS/JS MSM80C88-2RS/GS/ JS• 

ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol' 
f-----· 

Unit Conditions MSM80C88RS l MSM80C88GS -~ MSM80C88JS 
MSM80C88-2RS MSM80C88-2GS MSM80C88-2JS 

Power Supply Voltage Vee -0.5 - +7 v 

Input Voltage V1N -0.5 - Vee +o.5 v 
With respect 
to GND 

Output Voltage vouT -0.5 - Vee +o.5 v 
r----

Storage Temperature Tstg -65 - +150 oc -
Power Dissipation Po 1.0 I 0.7 w Ta= 25°C 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSM80C88 MSM80C88-2 

Power Supply Voltage Vee 3-6 4.75 - 5.25 v 

Operating Temperature Top -40 - +85 0 - +70 oc 

RECOMMENDED OPERATING CONDITIONS 

MSM80C88 MSf\/180C88-2 
Parameter Symbol 

MIN TYP MAX 

Power Supply Voltage Vee 4.5 5.0 5.5 

Operating Temperature Top -40 +25 +85 

"L" Input Voltage V1i.. -0.5 +0.8 

(* 1) V~c-0.8 Vcc.+0.5 

"H" Input Voltage V1H (*2) 3.0 Vcc+0.5 

(*3) 2.2 vcc+0.5 

* 1 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready 

DC CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta" -40°C to +85°C) 

Parameter Symbol 

"L" Output Voltage Vol 

"H" Output Voltage VoH 

Input Leak Current lu 

Output Leak Current ILO 

l\/ISM80C88 
Operating Supply 
Current Ice 

MSM80C88-2 

Input Capacitance Cin 

Output Capacitance Cout 

1/0 Capacitance C1/0 

*4. Test Conditions: a) Freq= 1 MHz. 
b) Ummeasured Pins at GND. 
cl V1N at 5.0V or GND. 

MIN TYP 

3.0 

Vcc-0.4 

-1.0 

-10 

Unit 
MIN TYP MAX 

4.75 5.0 5.25 v 

0 +25 +70 oc 

-0.5 +0.8 v 

Vcc-0.8 Vcc+0.5 v 

3.0 Vcc+0.5 v 

2.2 Vcc+o.5 v 

MAX Unit Conditions 

0.4 v IOL = 2.5 mA 

v 
IOH = -2.5 mA 
IOH = -100µA 

+1.0 µA o .""'. v1 s Vee 

+10 µA o .""'.Vo.""'. Vee 

55 
TCLCL = 200 ns 

Reset Cycle 
mA 

80 
TCLCL = 125 ns 

Reset Cycle 

5 pF *4 

15 pF *4 

20 pF *4 
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A.C. CHARACTERISTICS 
(MSM80C88: Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 
(MSM80C88-2: Vee= 4.75V to 5.25V, Ta= 0°C to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C88 
Parameter Symbol 

Min. Max. 

CLK Cycle Period TCLCL 200 500 

CLK Low Time TCLCH 118 

CLK High Time TCHCL 65 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 

Data in Setup Time TDVCL 30 

Data in Hold Time TCLDX 10 

ROY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 

ROY Hold Time into MSM 82C84A 
TCLR1X 0 

(See Notes 1, 2) 

READY Setup Time into MSM 80C88 TRYHCH 110 

READY Hold Time into MSM 80C88 TCHRYX 30 

READY inactive to CLK (See Note 3) TRYLCL -8 

HOLD Setup Time THVCH 35 

INTR, NMI, TEST Setup Time 
Tl NV CH 30 

(See Note 2) 

Input Rise Time (Except CLK) 
TILIH 15 

(From 0.8V to 2.2V) 

Input Fall Time ('Except CLK) 
TIHIL 15 

(From 2.2V to 0.8V) 

Timing Responses 

MSM80C88 
Parameter Symbol 

Min. Max. 

Address Valid Delay TC LAV 10 110 

Address Hold Time TC LAX 10 

Address Float Delay TCLAZ TC LAX 80 

ALE Width TLHLL TCLCH-20 

ALE Active Delay TCLLH 80 

ALE Inactive Delay TCHLL 85 

Address Hold Time to ALE Inactive TL LAX TCHCL-10 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 

Data Hold Time after WR TWHDX TCLCH-30 

Control Active Delay 1 TCVCTV 10 110 

C~ntrol Active Delay 2 TCHCTV 10 110 

Control Inactive Delay TCVCTX 10 110 

Address FI oat to RD Active TAZRL 0 

RD Acrive Delay TCLRL 10 165 

126 

MSM80C88-2 
Unit 

Min. Max. 

125 500 ns 

68 ns 

44 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

20 ns 

15 ns 

15 ns 

15 ns 

MSM80C88-2 
Unit 

Min. Max. 

10 60 ns 

10 ns 

TC LAX 50 ns 

TCLCH-10 ns 

50 ns 

55 ns 

TCHCL-10 ns 

10 60 ns 

10 ns 

TCLCH-30 ns 

10 70 ns 

10 60 ns 

10 70 ns 

0 ns 

10 100 ns 
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MSM80C88 MSM80C88-2 
Parameter Symbol 

Min. Max. Min. Max. 

RD Inactive Delay TCLRH 10 150 10 80 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 

HLDA Valid Delay TCLHAV 10 160 10 110 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 

WR Width TWLWH 2TCLCL-60 2TCLCl,.-40 

Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 

Output Rise Time (From 0.8V to 2.2Vl TO LOH 20 20 

Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 

Notes: 1. Signals at MSM82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 

Maximum Mode System (Using MSM 82C88 Bus Controller) 
Timing Requirements 

Parameter Symbol 

C LK Cycle Period TCLCL 

CLK Low Time TCLCH 

CLK High Time TCHCL 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 

Data in Setup Time TDVCL 

Data in Hold Time TCLDX 

RDY Setup Time into MSM 82C84A 
TR1VCL 

(See Notes 1, 2) 

ROY Hold Time into MSM 82CB4A 
TCLR1X 

(See Notes 1, 2) 

READY Setup Time into MSM 80C88 TRYHCH 

READY Hold Time into MSM 80C88 TCHRYX 

READY inactive to CLK (See Note 3) TRYLCL 

Set up Time for Recognition. (NM I, 
TINVCH 

INTR, TEST) (See Note 2) 

RO/GT Setup Time TGVCH 

RO Hold Time into MSM 80C88 TCHGX 

Input Rise Time (Except CLK) 
TILIH 

(From 0.8V to 2.2V) 

Input Fall Time (Except CLK) 
TIHIL 

(From 2.2V to 0.8V) 

MSM80C88 MSM80C88-2 

Min. Max. Min. Max. 

200 500 125 500 

118 68 

65 44 

10 10 

10 10 

30 20 

10 10 

35 35 

0 0 

110 68 

30 20 

-!i -8 

30 15 

30 15 

40 30 

15 15 

15 15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Timing Responses 

MSM80C88 MSM80C88-2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Command Active Delay (See Note 1) TCLML 5 45 5 35 ns 

Command Inactive Delay (See Note 1) TCLMH 5 35 5 35 ns 

READY Active to Status Passive 
TRYHSH 110 65 (See Note 4) ns 

Status Active Delay TCHSV 10 110 10 60 ns 

Status Inactive Delay TCLSH 10 130 10 70 ns 

Address Val id Delay TC LAV 10 110 10 60 ns 

Address Hold Time TC LAX 10 10 ns 

Address FI oat Delay TCLAZ TC LAX 80 TC LAX 50 ns 

Status Valid to ALE High (See Note 1) TSVLH 35 25 ns 

Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns 

CLK low to ALE Valid (See Note 1) TCLLH 35 25 ns 

CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns 

ALE Inactive Delay (See Note 1) TCHLL 4 35 4 25 ns 

MCE Inactive Delay (See Note 1) TCHMCL 45 45 ns 

Data Valid Delay TCLDV 10 110 10 60 ns 

Data Hold Time TCHDX 10 10 ns 

Control Active Delay (See Note 1) TCVNV •5 45 5 45 ns 

Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns 

Address Float to RD Active TAZRL 0 0 ns 

RD Active Delay TCLRL 10 165 10 100 ns 

RD Inactive Delay. TCLRH 10 150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

Direction Control Active Delay 
TCHDTL 50 50 ns (See Note 1) 

Direction Control Inactive Delay 
TCHDTH 35 30 ns (See Note 1) 

GT Active Delay TCLGL 0 85 0 50 ns 

GT Inactive Delay TCLGH 0 85 0 50 ns 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 ns 

Output Rise Time (From 0.8V to 2.2V) TO LOH 20 20 ns 

Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns 

Notes: 1. Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3) 
4. Applies only to T3 and wait states. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

2.4 

1.5 

0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V 
FOR A LOGIC "1" AND 0.45V FOR A LOGIC 
"O" TIMING MEASUREMENTS ARE 1.SV FOR 
BOTH A LOGIC "1" AND "O" 

TIMING CHART 
Minimum Mode 

VtH 
CLK (MSM 82C84A Output) 

VtL 

10/M, sso 

A15-AB 

A19/S6-A16/S3 

ALE 

ADY (MSM82C84A Input) 
SEE NOTE 4 

"""' '~ '""" { 

AD7-ADO 

TC LAV 

AD7-ADO 

Cl INCLUDES JIG CAPACITANCE 

A15-A8 (Float during INTAJ 

TCHDX 

S6-S3 

FLOAT 

TAZRL TC LAH 

READ CYCLE 
lt!QTLJL 
{WR, INTA ~ VoHl 

TCHCTV 

OT/A 

TCLAL+to-+-~~-+-~-TRLRH~~~1--~-o< 

TCVCTV TCVCTX 

r--· 
I 

I 
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Minimum Mode (Continued) 

V\H 

CLK~(MSM 82C84A Output) 

V\L 

IOtM, 550 

A19/S6-A16/S3 

ALE 

AD7-ADO 

WRITE CYCLE 
INOTE 1) OEN 
(Ri5:.J_NTA. 
DT/R = VQH) 

INTA CYCLE 
(NOTES 1 & 3) 
(AD, WR"' .VQH 
BHE =Voll 

A07-AOO 

DT/R 

DEN 

SOFTWARE HALT· 
AD. Wft. iNTA = v0 H 
DT/R =INDETERMINATE 

NOTES: 

INVALID ADDRESS 

TCLAV 

1. All signals switch between VoH and VoL unless otherwise specified. 

SOFTWARE HALT TCLAV 

2. ROY is sampled near the end of T2, T3, TW to determine if TW machines states are'to be inserted. 
3. Two INTA cycles run back-to-back. The MSM 80C88 LOCAL ADDA/DATA BUS is floating during both INTA 

cycles. Control signals shown for second I NT A cycle. 

4. Signals at MSM 82C84A shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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Maximum Moda 

T1 T2 T3 T4 

TCH1CH2- I-- - l-TCL2CL1 
i---TCLCL~ TW 

CLK IMSM82C84A OUTP~':: v---\ v---; t----J ir--f I--\ rl. 
V1L -I j\----..J J\..__l t...___i] iL..-...if L__ 

oso. 051 

52, !f, °Slr (EXCEPT HALT) 

SEE NOTE 5 

A15-AS 

A19/56-A16/S3 

ALE IMSM82C88 
OUTPUT) 

TCLAV- _I=_ i--TCHCL• j--TCLCH• 
r--+---+-~ 

--~l·~· _____.~~~-+--J---~I 
!--- TCHSV 

A15-A8 

S6-S3 

I 
I 

~-----· 

A19-A1~ 1 
TSVLH-1 t::::--1 1cHLL -;----+-t---+----t---+-~L..__ 
TCLLH-i r- r---

-~j \'-+----+-----+-1---+----+---+----'~----
ROY lMSM 82C84A INPUT) V1H ~ H TR1V'1 

READ CYCLE 

MSM82C88 
OUTPUTS 
SEE NOTE 5,6 

A07-ADO 

DT/fi 

MAi5C OR fOAC 

OEN 

TCLAV-i 

V1L ~.ill}.ll\\~'1.]ill:~\\\~~&~~~\~\~~-~\\\\\W--~lllill. 
j>--TCLR1X 

TR re 
'---+-+---+---'II 

1 _ ___, jo--TCHRYX 

TAYHSH -1..ir--c;:....~1----11 

--JrcLAX1f--*"""--'"-,'I 
TRYHCH--< 

--iTCLAZf-

AD7-A~ 1--FLOA:JI'\ 

TD~--·~ 
~ 

DATA IN _)}1--,F,-L"°OJ'°'T:---t 

r~· TA,'RL- / 

---~-i---T---.1 V1 I 1- TRHAV 

1 
TCHOTL---i 

L TCLRLl:t:::t:=====rrR~LUR;H;::::====+=:~1\~ 

~''-4-----< ....... 1---------+--__l-+-l,,,~.TCHOTH 
\~-TCLMH--+-'--i_p~~ 

TCVNV- \1--

r 

TCLML---1 
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Maximum. Mode (Continued) 

V1H 
CLK (MSM82C84A OUTPUTS) 

Vil 

$2, Sf, SQ 1EXCEPT HALT) 

WRITE CYCLE 

MSM 82C88 OUTPUTS 
SEE NOTES 5, 6 

INTA CYCLE 

A15-A8 

AD7-ADO 

DEN 

(SEE NOTES 3 & 4) 

AD7-ADO 

MSM 82C88 OUTPUTS 

~~E_L 
PDEN 

OT/A 

SEE NOTES 5, 6 tNTA 

DEN 

SOFTWARE HALT 
!DEN VOL· ·R~D, MR!SC. TORC, rviwTC, AMWC. 

1owc·, AIOWC,INTA, VoH) 

AD7-AOO, A15-A8 

TC LAV 

s2~ Sf so 

NOTES: 

T1 T2 

INVALID ADDRESS 

All signals switch between VoH and Vol unless otherwise specified 

T3 

TW 

DATA 

TGLMH 

TCLML 

TCVNX 

ROY is sampled near the end of T2. T3, TW to determine 1f TW machines ~tates are 10 be inserted 
Cascade address is valid between first and second INTA cycle 

T4 

TCHDX 

TCVNX 

\ 
\ 

TCLMH 

FLOAT 

TCLDX 

FLOAT 

TC HOTH 

\.. ______ _ 

4. Two INTA cycles run back-to-back The MSM 80C88 LOCAL ADDA/DATA BUS is floating during both INTA cycles 

Control for po1hter address is shown for second INT A cycle 

Signal at MSM 82C84A and MSM82C88 shown for reference only. 

6 The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC. IOAC, IOWC, AIOWC, INTA 

and DEN) lags the active high MSM 82C88 CEN 

All t1mmg measurements are made at 1.5V unless otherw1se noted 

8. Status 1nact1ve 1n state just prior to T4 
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Asynchronous Signal Recognition 

NMI } "~ INTR SIGNAL 
TEST 

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK. 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

Vee 

eLK 

RESET 

I--- ~ 50 µsec 

;; 4 CLK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

eLK 

AD7-ADO, A15-A8 
A19/S6-A16/S3 
$2, 51, SO, 
AD, COCK 

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE SUSSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

MSM 80C88 

(SEE NOTE 1) 

AD7-ADO,A15-A8 
A19/S6-A 16/53, 
RDL_ 
10/~-­
DT/R, WR, OEN 

~lr6T_e_L_A_Z ___ ..... 
" COPROCESSOR >-----------< ~------J 

MSM 80CB8 
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PIN DESCRIPTION 

ADO-AD7 
ADDRESS DATA BUS: Input/Output 

These lines are multiplexed address and data buses. 
They are an address bus at the T1 cycle and a data 
bus at the T2, T3, TW and T4 cycle. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 

A8-A15 
ADDRESS BUS: Output 

These lines are the address bus of bits 8 thru 15 at 
all cycles. 
These lines do not have to be latch by an ALE 
signal 
These lines are high impedance· during interrupt 
acknowledge and hold acknowledge. 

A16/S3, A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

S3 

0 

1 

0 

1 

These are the four most significant addresses at 
the T1 cycle. 
When accessing 1/0 port address, they are low at 
the T1 Cycle. 
These lines are Status lines at the T2, T3, TW, and 
T4 Cycle. 
S5 indicates interrupt enable Flag. 
S3 and S4 are encoded as shown. 

S4 Characteristics 

0 Alternate Data 

0 Stack 

1 Code or None 

1 Data 

These lines are high impedance during hold acknowl­

. edge. 

RO 
READ: Output 

This line indicates that the CPU is in the memory 
or 1/0 read cycle. 
This line is a read strobe signal when the CPU reads 
data from memory or an 1/0 device. 
This line is active low. 
This line is high impedance during hold acknowl­
edge. 

READY 
READY: Input 
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This line indicates to the CPU that the addressed 
memory or 1/0 device is ready to read or write. 
This lihe is active high. 
If the setup and hold time is out of specification 
illegal operation will occur. 

INTR 
INTERRUPT REQUEST: Input 

This line is a level triggered interrupt request signal 
which is sampled during the last clock cycle of 
instruction and string manipulations. 
It can be internally masked by software. 
This signal is active high and internally synchro­
nized. 

TEST 
TEST: Input 

NMI 

This line is examined by the "WAIT" instruction. 
When TEST is high, the CPU enters an idle cycle. 
When TEST is low, the CPU exits an idle cycle. 

NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NM I is not maskable. 
This signal is internally synchronized and needs 2 

clock cycles of pulse width. 

RESET 
RESET: Input 

CLK 

The signal causes the CPU to initialize immediately. 
This signal is active high and must be at least four 

clock cycles long. 

CLOCK: Input 
This signal provides the basic timing for the internal 
circuit. 

MN/MX 
MINIMUM/MAXIMUM: Input 

This signal selects the CPU's operate mode. 
When Vee is connected, the CPU operates in 
minimum mode. 
When GND is connected, the CPU operates in 
maximum mode. 

Vee 
Vee= 

+ 3 -+6 V supplied. 

GNO 
GROUND 

The following pin function descriptions are tor 
maximum mode only. 
Other pin functions are already described. 
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STATUS: Output 
These lines indicate bus status· and are used by 
the MSM82C88 Bus Controller to generate all 
memory and 1/0 access control signals. 
These lines are high impedance during hold 
acknowledge. 
These status lines are encoded as shown. 

S2 

O(LOW) 

0 

0 

0 

1 (HIGH) 

1 

1 

1 

1i0/lffii 
RO/GT1 

Sf 

0 

0 

1 

1 

0 

0 

1 

1 

so Characteristics 

0 Interrupt acknowledge 

1 Read 1/0 Port 

0 Write 1/0 Port 

1 Halt 

0 Code Access 

t Read Memory 

0 Write Memory 

1 Passive 

REQUEST/GRANT: Input/Output 
These I ini!s are used for Bus Request from an other 
device and Bus GRANT to an other device. 
These lines are bidirectional and active low. 

LOCK 
LOCK: Output 

This line is actJve low. 
When this line is low, other device can not gain 
control of the bus. 
This line is high impedance during hold acknowl­
edge. 

QSO/OS1 
QUEUE STATUS: Output 

These lines are Queue Status that indicate internal 
instruction queue status. 

QS1 QSO Characteristics 

O(LOW) 0 No Operation 

0 1 
First Byte of Op Code from 
Queue 

1 (HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from Queue 

The following pin function descriptions are mini­
mum mode only. Other pin functions are already 
described. 

101'M 
STATUS: Output 

This line selects memory address space or 1/0 
address space. 

WR 

When this line is low, the CPU selects memory 
address space; and when it is high, the CPU selects 
1/0 address space. 
This line is high impedance during hold acknowl­
edge. 

WRITE: Output 
This line indicates that the CPU is in a memory or 
1/0 write cycle. 
Th is line is a write strobe signal when the CPU 
writes data to memory or an 1/0 device. 
This line is active low. 
This line is high impedance during hold acknowl­
edge. 

INTA 
INTERRUPT ACKNOWLEDGE: Output 

ALE 

This line is a read strobe signal for the interrupt 
acknowledge cycle. 
This line is active low. 

ADDRESS LATCH ENABLE: Output 
This line is used for 'latching an address into 
the MSM82C12 address latch. It is a positive pulse 
and the trailing edge is used to strobe the address. 
This line is never floated. 

DTffl 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus 
transceiver. 

DEN 

When this line is high, the CPU transmits data, and 
when it is low, the CPU receives data. 
This line is high impedance during hold acknowl­
edge. 

DATA ENABLE: Output 
This line is used to control an output enable of 
the bus transceiver. 
This line is active low. This line is high impedance 
during hold acknowledge. 

HOLD 
HOLD REQUEST: Input 

This line is used for a Bus Request from an other 
device. 
This line is active high. 

HLDA 
HOLD ACKNOWLEDGE: Output 

sso 

This line is used for Bus Grant to an other device. 
Th is I ine is active high. 

STATUS: Output 
This line is logic~lly equivalent to SO in the maxi­
mum mode .. 
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FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 
The internal function of the MSM80C88 consists 

of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

The BIU performs instruction fetch and queueing, 
operand fetch, DATA read and write address relocation 
and basic bus control. By using instruction pre-fetch 
while waiting for decoding and execution of instructions, 
the CPU's performance is increased. Up to 4-0ytes of 
instruction stream can be queued. 

The EU receives pre-fetched instructions from the 
BIU queue, decodes and executes instruction and pro­
vides an un-relocated operand address to the BIU. 

Memory Organization 

SEGMENT 
REGISTER FILE 

cs 
SS 

DS 

ES 

~ l;'FFFFH 

T 
64 KB }CODE SEGMENT 

~~-+>------<XXXXOH 

~-------< 

}
EXTRA DATA 
SEGMENT 

-.:...___J" OOOOOH 

Memory Reference Need Segment Register Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (OS) 

External (Global) Data EXTRA (ES) 

MINIMUM AND MAXIMUM MODES 
The MSM80C88 has two system modes: minimum 

and maximum. When 'using maximum mode, it is easy to 
organize a multi-CPU system with the MSM82C88 Bus 
Controller which generates the bus control signal. ' 
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MEMORY ORGANIZATION 
The MSM80C88 has a 20-0it address to memory. 

Each address has an 8-0it data width. Memory is 
organized OOOOOH to. FFFFFH, and is logically divided 
into four segments code, data, extra data and stack 
segment. Each segment contains up to 64 Kbytes and 
locates on a 16-0yte boundary. (Fig. 3a) 

All memory references are made relative to the 
segment register according to a select rule. Memory 
location FFFFOH is the start address after reset, and 
OOOOOH through 003FFH are reserved as an interrupt 
pointer. There are 256 types interrupt pointer. 

Each interrupt type has a 4-0yte pointer element 
consisting of a 16-0it segment address and a 16-bit 
offset address. 

Reserved Memory Locations 

Segment Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references 

relative to BP base register except data references. 

Data references when relative to stack, destination 
of string operation, or explicitly overridden. 

Destination of string operations: Explicitly selected 
using a segment override. 

When in minimum mode, it is easy to organize a 
simple system by generating the bus control signal 
itself. MN/MX is the mode select pin. Definition of 
31, 34 pin changes depend on the MN/MX pin. 
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BUS OPERATION 
The MSM80C88 has a time multiplexed address 

and data bus. If a non-cultiplexed bus in desired for a 
system, it is only needed to add the address latch. 

The CPU bus cycle consists of at least four clock 
cycles. T1, T2, T3 and T4. (Fig. 4) 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang­
ing the direction of the bus at a read operation. When 
the device which is accessed by CPU is not ready to 
transfer data and send to CPU, "NOT READY" TW 
cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between bus cycles for internal execution. 
At the T1 cycle an ALE signal is output from the CPU 
or the MSM82C88, depending in MN/MS. At the trailing 
edge of ALE, a valid address may be latched. Status bits 
SO, S1 and S2 are used in maximum mode by the bus 
controller to recognize the type of bus operation 
according to the following table. 

S2 Si So Characteristics 

0 (LOW) 0 0 Interrupt acknowledge 

0 0 1 Read 1/0 

0 1 0 Write 1/0 

0 1 1 Halt 

1 (HIGH) 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 

1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 

Status bits S3 through S6 are multiplexed with 
A16-A19, and therefore they are valid cturing T2 
through T4. S3 and S4 indicate which segment register 
was selected on the bus cycle, according to the follow· 
ing table. 

S4 S3 Characteristics 

0 (LOW) 0 Alternate Data (Extra Segment) 

0 1 Stack 

1 '(HIGH) 0 Code or None 
--

1 1 Data 

S5 indicates interrupt enable Flag. 

1/0 ADDRESSING 

The MSMBOCBB has a 64 Kbyte 1/0. When the 
CPU addresses an 1/0 device, address AO-A 15 are 
in same format as in memory access, and A 16-A 19 
are low. 

1/0 ports address are the same as for memory. 
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Basic System Timing 
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CLK 

ALE 

ADOR/ 
STATUS 

ADDR 

ADDR/ 
DATA 

READY 

DT/R 

A19-A16 

S6-S3 S6-S3 

A15-A8 A15-A8 

BUS RESERVED D]-DO 

'1-~~JFORDAT:~:~. 

READY 

WAIT 

MEMORY ACCESS 
TIME 

READY 

WAIT 
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EXTERNAL INTERFACE 

RESET 
CPU initialization is executed by the RESET pin. 

The MSMBOCBB's RESET High signal is required for 
greater than 4 clock cycles. 

The rising edge of RESET terminates the present 
operation immediately. Falling edge of RESET triggers 
the internal reset sequence for approximately 1 0 clock 
cycles. After internal reset sequence is finished, normal 
operation begins from absolute location FFFFOH. 

INTERRUPT OPERATIONS 
An interrupt operation is classified as software or 

hardware, and a hardware interrupt is classified as non­
maskable or maskable. 

Interrupt causes a new program location which 
is defined in interrupt pointer table, according to inter­
rupt type. Absolute location OOOOOH through 003FFH 
is reserved for the interrupt pointer table." The interrupt 
pointer table consist of 256-elements. Each element is 
4 bytes insize and corresponds to an B bit type number 
which is sent from interrupt request device during the 
interrupt acknowledge cycle. 

NON-MASKABLE INTERRUPT (NMI) 
The MSMBOCBB has a Non-maskable Interrupt 

(NM1) which is higher of priority than a maskable 
interrupt request (I NTR). 

The NM1 request pulse width needs a minimum of 
2 clock cycles. A NM1 will be serviced at the end of the 
current instruction or between string manipulations. 
MASKABLE INTERRUPT (INTR) 

The MSMBOCBB provides an another interrupt 
request (INTR) which can be masked by software. 
INTR is level triggered, so it must be held until the 
interrupt request is anknowledged. 

INTR will be serviced at the end of the currect 
instruction or between string manipulations. 

Interrupt Acknowledge Sequence 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, 

further interrupts are disabled. An interrupt enable 
bit is reset by any interrupt, after which Flag register 
is automatically pushed onto the stack. During an 
acknowledge sequence. The CPU emits the lock signal 
from T2 of the first bus cycle .to T2 of the second bus 
cycle. At the second bus cycle, a byte is fetched from an 
external device as a vector which identifies the type of 
interrupts. This vector is multiplied by four and used as 
a interrupt pointer address (I NTR only). 

The Interrupt Return (IRET) instruction includes 
a Flag pop operation which returns the original inter­
rupt enable bit when it restores the Flag. 

HALT 
When a Halt instruction is executed, the CPU 

enters the Halt state An interrupt request or a RESET 
will force the MSMBOCBB out of the Halt state. 

SYSTEM TIMING-MINIMUM MODE 
A bus cycle begins T1 with an ALE signal. The 

trailing edge of ALE is used to latch the address. From 
T1 to T4 the 10/M signal .indicates a memory or 1/0 
operation. From T2 to T4, the address data bus changes 
the address bus to a data bus. 

The read (RD), write (WR), interrupt acknowledge 
(INTA) signal causes the addressed device to enable 
the data bus. These signals become active at the begin­
ning of T2 and inactive at the beginning of T4. 

SYSTEM TIMING -MAXIMUM MODE 
In maximum mode, the MSMB2CBB Bus Controller 

is added to system. The CPU sends status information 
. to the Bus Controller. Bus timing signals are generated 

by the Bus Controller. Bus timing is almost the same as 
in the minimum mode. 

I T1 I T2 I T3 I T4 IT1I T1 I T2 I T3 I T4 I 
ALE~r-f\__ 

\._ __ _,/'~ \ 
ADO-AD7 ==>~F_L_O_A_T _____ -Jll~YPE VEC~ 
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~ DATA TRANSFER 

MOV =Move: 7 6 5 4 3 2 1 
Register/memory to)from register 1 0 O· 0 1 0 d 

Immediate to register/memory 1 1 0 0 0 1 1 

Immediate to register 1 0 1 1 w reg 

Memory to accumulator 1 0 1 0 0 0 0 
Accumulator to memory 1 0 1 Q 0 0 1 

Register/memory to segment register 1 0 0 0 1 1 1 
Segment register to register/memory 1 0 0 0 1 1 0 

PUSH= Push: 

Register~memory 1 1 1 1 1 1 1 

Register 0 1 0 1 0 reg 

Segment register 0 0 0 reg 1 1 

POP= Pop: 

Register/memory 1 0 0 0 1 1 1 

Register 0 1 0 1 1 reg 

Segment register 0 0 0 reg 1 1 

XCHG = Exchange: 

Register/memory with register 1 0 0 0 0 1 1 

Register with accumulator 1 0 0 1 0 reg 

IN= Input from: 

Fixed port 1 1 1 0 0 1 0 
Variable port 1 1 1 0 1 1 0 

OUT= Output to: 

Fixed port 1 1 1 0 0 1 1 

Variable port 1 1 1 0 1 1 1 

X LAT= Translate byte to AL 1 1 0 1 0 1 1 

LEA = Load EA to register 1 0 0 0 1 1 0 
LOS = Load pointer to OS 1 1 0 o.o 1 0 
LES = Load pointer to ES 1 1 0 0 0 1 0 
LAHF = Load AH with flags 1 0,0 1 1 l 1 

SAHF =Store AH into flags 1 0 0 1 1 1 1 

PUSHF = Push flags 1 0 0 1 1 1 0 
POPF = Pop flags 1 0 0 1 1 1 0 

0 7 6 5 4 3 2 1 
w mod reg rim 
w mod 0 0 0 rim 

data 
w addr-low 
w addr-low 
0 mod 0 reg r/m 
0 moc;I 0 reg rim 

1 mod 1 1 0 rim 

0 

1 mod 0 0 0 rim 

1 

w mod reg rim 

w port 
w 

w port 
w 
1 
1 mod reg rim 
1 mod reg r/m 
0 mod reg r/m 
l 
0 
0 
1 

0 7 6 5 4 3 2 1 0 

data 
dataif w= 1 

addr-high 
addr-high 

7 6 5 4 3 

data if 

2 1 0 

w=1 

• 
n .,, 
c: 
i:: 
(I) 
i:: 
~ n co co 
:II 
(I) 
....... 
Ci) 
(I) 
....... c.. 
(I) 

i:: 
(I) 

i:: co 
0 
n co co 
I 

~ 
:II 
(I) 
....... 
Ci) 
(I) 

c::: 
(I) 



ARITHMETIC 

ADD= Add: 

Reg./memory with register to either 0 0 0 0 0 0 d 
Immediate to register/memory 1 0 0 0 0 0 s 
Immediate to accumulator 0 0 0 0 0 1 0 

ADC = Add with carry: 

Reg./memory with register to either 0 0 0 1 0 0 d 
Immediate to register/memory 1 0 0 0 0 0 s 
Immediate to accumulator 0 0 0 1 0 1 0 

INC= Increment: 

Register /memory 1 1 1 1 1 1 1 
Register 0 1 0 0 0 reg 

AAA= ASCII adjust for add 0 0 1 1 0 1 1 

DAA = Decimal adjust for add 0 0 1 0 0 1 1 

SUB =subtract: 

Reg./memory and register to either 0 0 1 0 1 0 d 
Immediate from register/memory 1 0 0 0 0 0 s 
Immediate from accumulator 0 0 1 0 1 1 0 

SBB =Subtract with borrow: 

Reg./memory and register to either 0 0 0 1 1· 0 d 
Immediate from register/memory 1 0 0 0 0 0 s 
Immediate from accumulator 0 0 0 1 1 1 0 

DEC= Decrement: 

Register/memory 1 1 1 1 1 1 1 
Register 0 1 0 0 1 reg 
NEG =Change sign 1 1 1 1 0 1 1 

CMP =Compare: 

Register /memory and register 0 0 1 1 1 0 d 
Immediate with register/memory 1 0 0 0 0 0 s 
Immediate with accumulator 0 0 1 1 1 1 0 
AAS= ASCII adjust for subtract 0 0 1 1 1 1 1 

..... 
~ 

;; 

w mod reg 
w mod 0 0 0 
w ·data 

w mod reg 
w mod 0 1 0 
w data 

w mod 0 0 0 

1 
1 

w mod reg 
w mod 1 0 1 
w data 

w mod reg 
w mod 0 1 1 
w data 

w mod 0 0 1 

w mod 0 1 1 

w mod reg 
w mod 1 1 1 
w data 
1 

rim 
rim data 

data if w = 1 

rim 
r/m data 

date if w = 1 

rim 

r/m 
r/m data 

data if w = 1 

rim 
rim data 

data if w = 1 

rim 

rim 

rim 
rim data 

data if w = 1 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

• 
0 
"a 
c:: 
s:: en s:: 
OQ 
0 
0 
OQ 
OQ 
:D en ....... 
G> en 
....... 
c.. en 
s:: en s:: 
OQ 
0 
0 
OQ 
OQ 
I 

N 
:D en ....... 
G> en ....... 
c.. en 
• 
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... 
t DAS= Decimal adjust for subtract 0 0 1 0 1 1 

MUL =Multiply (unsigned) 1 1 1 1 0 1 

JMUL =Integer multiply (signed) 1 1 1 1 0 1 

AAM = ASCII adjust for multiply 1 1 0 1 0 l 

DIV= Divide (unsigned) 1 1 1 1 0 1 

llJIV =Integer divide (signed) 1 1 1 1 0 1 
AAD = ASCII adjust for divide 1 1 0 1 0 1 
CBW = Convert byte to word 1. 0 0 1 1 0 
CWD =Convert word to double word 1 0 0 1 1 0 

1 1 
1 w mod 1 0 
1 w mod 1 0 
0 0 0 0 0 0 
1 w mod 1 1 
1 w mod 1 1 
0 1 0 0 0 0 
0 0 
0 1 

0 rim 

1 rim 
1 0 1 
0 rim 

1 rim 
1 0 1 

0 

0 

• 
(') 
'V c 
:s::: 
en 
:s::: 
Cl) 
0 
(') 
Cl) 
Cl) 
:a 
en ...... 
Ci) 
en ...... 
c.. 
en 
:s::: 
en 
:s::: 
Cl) 
0 
(') 
Cl) 
Cl) 
I 

I\) 

:a en ...... 
Ci) 
en ...... 
c.. 
en 



LOGIC 

NOT= Invert 1 1 1 1 0 
SHL/SAL =Shift logical/arithmetic left 1 1 0 1 0 
SHA =Shift logical right 1 1 0 1 0 
SAR = Shift arithmetic right 1 1 0 1 0 
AOL = Rotate left 1 1 0 1 0 
ROA = Rotate right 1 1 0 1 0 
RCL = Rotate left through carry 1 1 0 1 0 
RCA = Rotate right through carry 1 1 0 1 0 

ANO= And: 

Reg./memory and register to either 0 0 1 0 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 T 0 0 

TEST= And function to flags, no result: 

Register/memory and register 1 0 0 0 0 
Immediate data and register/memory 1 1 1 1 0 
Immediate data·and accumulator 1 0 1 0 1 

OR= Or: 

Reg./memory and register to either 0 0 0 0 1 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 0 0 1 

XOR = Exclusive or: 

Reg./memory and register to either 0 0 1 1 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 1 1 0 

STRING MANIPULATION 

REP= Repeat 1 1 1 1 0 
MOVS = Move byte/word 1 0 1 0 0 
CMPS = Compare byte/word 1 0 1 0 0 
SCAS = Scan byte/word 1 0 1 0 1 
LOOS= Load byte/word to AL/AX 1 0 1 0 1 

STOS =Store byte/word from AL/AX 1 0 1 0 1 

..... 
t; 

I 

1 1 w mod 0 1 0 
0 v w mod 1 0 0 
0 v w mod 1 0 1 
0 v w mod 1 • 1 1 
0 v w mod 0 0 0 
0 v w mod 0 0 1 
0 v W !flOd 0 1 0 
0 v w mod 0 1 1 

0 d w mod reg 
0 0 w mod 1 0 0 
1 0 w data 

1 0 w mod reg 
1 1 w mod 0 0 0 
0 0 w data 

0 d w mod reg 
0 0 w mod 0 0 1 
1 0 w data 

0 d w mod reg 
0 0 w mod 1 1 0 
1 0 w data 

0 1 z 
1 0 w 
1 1 w 
1 1 w 
1 0 w 
0 1 w 

r/m 
r/m 
r/m 
r/m 
r/m 
r/m 
r/m 
r/m 

r/m 
r/m data 

data i-f w = 1 

r/m 
r/m data 

data if w = 1 

r/m 
r/m data 

data if w = 1 

r/m 
r/m data 

dataifw=1 

data if w = 1 

dataifw= 1 

data if w = 1 

data if w = 1 

• 
n 
'U c 
a: 
"' a: 
00 
0 n 
00 
00 
:u 
~ 
G> 

"' ....... c.. 

"' a: 
"' a: 
00 
0 n 
00 
00 
I 

~ 
:u 

"' ....... 
G> 

"' ....... 
c.. 
"' • 
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t CJMP = Conditional JMP 

JE/JZ =Jump on equal/zero 0 1 
JZ/JNGE =Jump on less/not greater or equal 0 1 
JLE/JNG =Jump on less or equal/not greater 0 1 

JB/JNAE =Jump on below/not above or equal 0 1 
JBE/JNA =Jump on below or equal/not above 0 1 
JP/JPE =Jump on parity/parity even 0 1 

JO = Jump on over flow 0 1 
JS = Jump on sign 0 1 
JNE/JNZ =Jump on not equal/not zero 0 1 
JNL/JGE =Jump on not less/greater or equal 0 1 
JN LE/JG= Jump on' not less or equal/greater 0 1 
JNB/JAE =Jump on not below/above or equal 0 1 
JNBE/JA =Jump on not below or equal/above 0 1 
JNP/JPO =Jump on not parity/parity odd 0 1 
JNO =Jump on not overflow 0 1 
JNS =Jump on not sign 0 1 
LCJOP = Loop CX times 

I; 
1 

LOOPZ/LOOPE = Loop while zero/equal 1 
LOOPNZ/LOOPNE = Loop while not zero/equal 1 
JCXZ = Jump on ex zero 1 1 

INT= Interrupt: 

Type specified 1 1 

Type 3 1 1 

INTO= Interrupt on overflow 1 1 

IRET = Interrupt return 1 1 

PROCESSOR CONTROL 
C LC = Clear carry 1 1 

CMC = Complement carry 1 1 

STC = Set carry 1 1 

CLD =Clear direction 1 1 

STD = Set direction 1 1 
CL! = Clear interrupt 1 1 
STI =Set interrupt 1 1 

HLT=Halt 1 1 

WAIT= Wait 1 0 
ESC =Escape (to external device) 1 1 
LOCK = Bus lock prefix 1 1 

! 
1 1 0 1 
1 1 1 1 
1 1 1 1 
1 1 0 0 
1 1 0 1 

1 1 1 0 
1 i 0 0 
1 1 1 0 
1 1 0 1 
1 1 1 1 
1 1 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 0 0 
1 1 1 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 
1 0 0 0 

0 0 1 1 
0 0 1 1 
0 0 1 1 
0 0 1 1 

1 1 1 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
1 1 1 0 
1 1 1 0 
1 1 0 1 
0 1 1 0 
0 1 1 x 

1 1 0 0 

0 0 
0 0 
1 0 
1 0 
1 0 
1 0 
0 0 
0 0 
0 1 
0 1 
1 1 
1 1 
1 1 
1 1 
0 1 
0 1 
1 0 
0 1 
0 0 
1 1 

0 1 
0 0 
1 0 
1 1 

0 0 
0 1 
0 1 
0 0 
0 1 
1 0 
1 1 
0 0 
1 1 
x x mod x 

0 0 

disp 

disp 
disp 
disp 

disp 

disp 

disp 
disp 

disp 

disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 

type 

x x r/m 

• 
0 
"1:1 
c: 
s:: 
(/) 

s:: 
co 
0 
0 co co 
::u 
(/) 

' Q 
(/) 

' c.. 
(/) 

s:: 
(/) 

s:: co 
0 
0 co co 
I 
I\) 

::u 
(/) 

' Q 
(/) 

' c.. 
(/) 



CONTROL TRANSFER 

CALL= Call: 7 6 5 4 3 2 1 0 7 6 
Direct within segment 1 1 1 0 1 0 0 0 
Indirect within segment 1 1 1 1 1 1 1 1 mod 
Direct intersegment 1 0 0 1 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 mod 

JMP = Unconditional Jump: 

Direct within segment 1 1 1 0 1 0 0 1 
Direct within segment-short 1 1 1 0 1 0 1 1 
Indirect within segment 1 1 1 1 1 1 1 1 mod 
Direct intersegment 1 1 1 0 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 mod 

RET =Return from CALL: 

Within segment 1 1 0 0 0 0 1 1 
Within seg. adding immediate to SP 1 1 0 0 0 0 1 0 
I ntersegment 1 1 0 0 1 0 1 1 
lntersegment adding immediate to SP 1 1 0 0 1 0 1 0 

_. 

~ 

;; 

5 4 3 2 1 0 7 6 
disp-low 

0 1 0 rim 
offset-low 

seg-low 

0 1 1 rim 

disp-low 
disp 

1 0 0 rim 
offset-low 

seg-low 

1 0 1 rim 

data-low 

data-low 

5 4 3 2 1 0 7 6 5 
disp-high 

offset-high 

seg-high 

disp-high 

offset-high 
seg-high 

data-high 

data-high 

4 3 2 1 0 

-

• 
0 
"ti c: 
s:: 
UJ s:: 
co 
0 
0 co co 
::u 
UJ 
' C) 
UJ 
' c.. 
UJ 
s:: 
UJ s:: 
co 
0 
0 
co co 
I 

N 
::u 

"' ' C) 
UJ 
' c.. 
UJ • 
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Footnotes: 

AL= 8-bit accumulator 
AX = 18-bit accumulator 
ex = co"unt register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value 
Greater = more positive 
Less= less positive (more negative) signed value 
If d = 1 then "to" reg: If d = 0 then "from" reg. 
If w = 1 then word instruction: If w = 0 then byte instruction 

If mod= 11 then r/m is treated as a REG field 
If mod= 00 then DISP = O*, disp-low and disp-high are absent 
If mod= 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
If mod= 10 then DISP = disp-high: disp-low 

If r/m = 000 then EA= (BX)+ (SI)+ DISP 
If r/m = 001 then EA= (BX)+ (DI)+ DISP 
If rim= 010 then EA= (BP)+ (SI)+ DISP 
If r/m = 011 then EA= (BPI+ (DI)+ DISP 
If r/m = 100 then EA= (SI)+ DISP 
If rim= 101 then EA= (DI)+ DISP 
If r/m = 110 then EA= (BP)+ DISP* 
If rim = 111 then EA= (BX) + DISP 
DISP follows 2nd byte of instruction (before data if required) 

*except if mod= 00 and rim= 110 then EA-disp-high: disp-low 

If s:w = 01 then 16 bits of immediate data form the operand 
If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v = 0 then "count"= 1: If v = 1 then "count" in (CL) 
x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001reg110 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w= 0) Segment 
000 AX 000 AL 00 ES 
001 ex 001 CL 01 cs 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 

FLAGS= x :·x:x:x:(OF): (OF): (IF): (TF): (SF): (ZF) :X: (AF) :X: (PF):X: (CF) 

146 



OKI semiconductor 

MSM80C88.A,RS/GS/JS 
MSM80C88.A-2RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C88A/MSM80C88A-2 are internal 16-bit CPUs with 8-bit interface implemented in Silicon Gate 
CMOS technology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with con­
siderably less power consumption. 

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with 
MSM80C86A/MSM80C86A-2 software and MSM80C85A/MSM80C85A-2 hardware and peripherals. 

FEATURES 

• 8-Bit Data Bus Interface 
• 16-Bit Internal Architecture 
• 1 Mbyte Direct Addressable Memory Space 
• Software Compatible with MSM80C86 
• Internal 14 Word by 16·bit Register Set 
• 24 Operand Addressing Modes 

• Bit. Byte, Word and String Operations 
• 8 and 16-bit Signed and Unsigned Arithmetic Opera· 

tion 

•From DC to 5 MHz Clock Rate (MSM80C88A) 
•From DC to 8 MHz Clockf!ate (MSM 80C88A-2) 
•Low Power Dissipation (10 mA/MHz) 
•Bus Hold Circuitry Eliminates Pull-Up Resistors 

FUNCTIONAL BLOCK DIAGRAM 

TEST 
1NTR 

NM< 

RQ1lfo. I 

HOLD 

HLDA 

EXECUTION UNIT BUS INTERFACE UNIT 

REGISTER FILE RELOCATION 

DATA 
POINTER ANO 

INDEX REGS 
(8WORDSI 

16BIT ALU 

FLAGS 

REGISTER FILE 

SEGMENT 

REGISTERS 
AND 

INSTRUCTION 

POINTER 
15WOAQS) 

4 BYTE 
INSTRUCTION 

QUEUE 

CONTROL & 

TIMING 

CLK RESET READY MN M°X GND 

SSo 
A191S6 

AB 

A07-AOO 

iNTA. RO. WR, 101M 

OT A. DEN.ALE 

oso 051 

52.S1 SO 

147 



ID 

• CPU· MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS---------

PIN CONFIGURATION 
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---------• CPU· MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS• 

ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol' MSM80e88ARS JMSM80e88AGS J MSM80e88AJS Unit eondi°tions 

MSM80e88A-2RS MSM80e88A-2GS MSM80e88A-2JS 

Power Supply Voltage Vee -0.5 - +7 v 

Input Voltage V1N -o.5 - Vee +o.5 v 
With respect 
to GND 

Output Voltage VouT -o.5 - Vee +0.5 v 

Storage Temperature Tstg -65 - +150 oe -

Power Dissipation Po 1.0 I 0.7 w Ta~ 25°e 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSM80e88A MSM80e88A-2 

Power Supply Voltage Vee 3-6 4.75 - 5.25 v 

Operating Temperature Top -40 - +85 0 - +70 oe 

RECOMMENDED OPERATING CONDITIONS 

MSM80e88A MSM80e88A-2 
Parameter Symbol Unit 

MIN TYP MAX MIN TYP MAX 

Power Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 v 

Operating Temperature Top -40 +25 +85 0 +25 +70 oe 

"L" Input Voltage V1L -0.5 +0.8 -0.5 +0.8 v 

I* 1) vee-o.8 vee+o.5 vee-0.8 Vee+0.5 v 
"H" Input Voltage 

V1H (*2) 2.0 Vee+o.5· 2.0 Vee +o.5 v 

* 1 Only eLK, *2 Except eLK, Reset and Ready 
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DC CHARACTERISTICS 
(MSM80C86A: Vee; 4.5V to 5.5V, Ta; -40° to +85°C) 

(MSM80C88A-2: Vee; 4.75 to 5.25V, Ta; 0°C to +70°C) 

Parameter Symbol MIN 

"L" Output Voltage VOL 

3.0 
"H" Ou~put Voltage VoH 

lvcc-o·.4 

Input Leak Current IU -1.0 

Output Leak Current ILO -10 

Input Leakage Current 
IBHL 50 (Bus Hold Low) 

Input Leakage Current 
IBHH -50 (Bus Hold High) 

Bus Hold Low Overdrive IBHLO 

Bus Hold High Overdrive IBHHO 

Operating Power 
ice Supply Current 

StandbySupply 
Current ices 

Input Capacitance C;n 

Output Capacitance Cout 

1/0 Capacitance C1/0 

TYP MAX Unit Conditions 

4.5 v IOL;2.5mA 

v 
IOH; -2.5mA 

IOH ;-100µA 

+1.0 µA o <V1 <Vee 

+10 µA O< vo <Vee 

400 µA 
VIN; 0.8V 

··3 

-400 µA 
V1N; 3.0V 

*4 

600 µA *5 

-600 µA *6 

10 mA/MHz 
Ta; 25°C 

Vee; 5.5V, Typical 

Vee; 5.5V 
V1N (max); 

500 µA Vee or GND 
Outputs Unloaded 

ICLK; GND or Vee 

5 pF *7 

15 pF· *7 

20 pF *7 

*3. Test conditions is to lower V1N to GND and then raise V1N to 0.8V on pins 2-16 and 35-39. 
*4. Test condition is to raise V1N to Vee and then lower V1N to 3.0V on pins 2-16, 26-32, and 34-39. 
*5. An external driver must source at least IBHLO to switch this node from LOW to HIGH. 
*6. An external driver must sink at. least IBHHO to switch this node from HIGH to LOW. 
*7. Test Conditions: a) Freq; 1 MHz. 

b) Ummeasured Pins at GN D. 
c) V1N at 5.0V or GND. 
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A.C. CHARACTERISTICS 
(MSMBOCBBA: Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 
(MSMBOCBBA-2: Vee= 4.75V to 5.25V, Ta= 0°C to 70°C) 

Minimum Mode System 
Timing Requirements 

MSMBOCBBA 
Parameter Symbol 

Min. Max. 

C LK Cycle Period TCLCL 200 DC 

CLK Low Time TCLCH 118 

CLK High Time TCHCL 69 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 

Data in Setup Time TDVCL 30 

Data in Hold Time TCLDX 10 

RDY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 

RDY Hold Time into MSM 82C84A 
TCLR1X 0 

(See Notes 1, 2) 

READY Setup Time into MSM 80C88A TRYHCH 118 

READY Hold Time into MSM 80C88A TCHRYX 30 

READY inactive to CLK (See Note 3) TRYLCL -8 

HOLD Setup Time THVCH 35 

INTR, NMI, TEST Setup Time 
TINVCH 30 

(See Note 2) 

Input Rise Time (Except CLK) 
TILIH 15 

(From 0.8V to 2.0V) 

Input Fall Time (Except CLK) 
TIHIL 15 

(From 2.0V to 0.8V) 

Timing Responses 

MSM80C88A 
Parameter Symbol 

Min. Max. 

Address Valid Delay TCLAV 10 110 

Address Hold Time TC LAX 10 

Address Float Delay TCLAZ TC LAX 80 

ALE Width TLHLL TCLCH-20 

ALE Active Delay TCLLH 80 

ALE Inactive Delay TCHLL 85 

Address Hold Time to ALE lnac,tive TL LAX TCHCL-10 

Data Valid Delay TCLDV 10 110 

Data Hold Time TCHDX 10 

Data Hold Time after WR TWHDX TCLCH-30 

Control Active Delay 1 TCVCTV 10 110 

Control Active Delay 2 TCHCTV 10 110 

Control Inactive Delay TCVCTX 10 110 

Address Float to RD Active TAZRL 0 

RD Ac rive Delay TCLRL 10 165 

MSMBOCBBA-2 
Unit 

Min. Max. 

125 DC ns 

68 ns 

44 ns 

10 ns 

10 ns 

20 ns 

10 ns 

35 ns 

0 ns 

68 ns 

20 ns 

-8 ns 

20 ns 

15 ns 

15 ns 

15 ns 

MSM80C88A-2 
Unit 

Min. Max. 

10 60 ns 

10 ns 

TC LAX 50 ns 

TCLCH-10 ns 

50 ns 

55 ns 

TCHCL-10 ns 

10 60 ns 

10 ns 

TCLCH-30 ns 

10 70 ns 

10 60 ns 

10 70 ns 

0 ns 

10 100 ns 
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MSM80C88A MSMBOCBBA-2 
Parameter Symbol 

Min. Max. Min. Max. 

RD Inactive Delay TCLRH 10 150 10 80 

RD lnai:tive to Next Address Active TRHAV TCLCL-45 TCLCL-40 

HLDA Valid Delay TCLHAV 10 160 10 110 

RD Width TRLRH 2TCLCL-75 2TCLCL-50 

WR Width TWLWH 2TCLCL-60 2TCLCL-40 

Address Valid to ALE Low TA VAL TCLCH-60 TCLCH-40 

Output Rise Time (From O.BV to 2.0) TO LOH 15 15 

Output Fall Time (From 2.0V to O.BV) TOHOL 15 15 

Notes: 1. Signals at MSM82C84A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3) 

Maximum Mode System (Using MSM 82C88 Sus Controller) 
Timing Requirements 

Parameter· Symbol 

CLK Cycle Period TCLCL 

CLK Low Time TCLCH 

CLK High Time TCHCL 

CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 

CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 

Data in Setup Time TDVCL 

Data in Hold Time TCLDX 

ROY Setup Time into MSM 82C84A 
TR1VCL 

(See Notes 1, 2) 

ROY Hold Time into MSM 82C84A 
TCLR1X 

(See Notes 1, 2) 

READY Setup Time into MSM BOCBSA TRYHCH 

READY Hold Time into MSM 80C88A TCHRYX 

READY inactive to CLK (See Note 3) TRYLCL 

Set up Time for Recognition (NMI, 
TINVCH 

INTR, TEST) (See Note 2) 

RO/GT Setup Time TGVCH 

RQ Hold Time into MSM 80C88A TCHGX 

Input Rise Time (Except CLK) 
TILIH 

(From O.BV to 2.0V) 

Input Fall Time (Except CLK) 
TIHIL 

(From 2.0V to O.SV) 
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MSM80C88A MSMSOCBBA-2 

Min. Max. Min. Max. 

200 DC 125 DC 

118 68 . 
69 44 

10 10 

10 10 

30 20 

10 10 

35 35 

0 0 

118 68 

30 20 

-8 -8 

30 15 

30 15 

40 30 

15 15 

15 15 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Timing Responses 

MSM80C88A MSM80C88A·2 
Parameter Symbol Unit 

Min. Max. Min. Max. 

Command Active Delay (See Note 1) TCLML 5 45 5 35 ns 

Command Inactive Delay (See Note 1) TCLMH 5 35 5 35 ns 

READY Active to Status Passive 
TRYHSH 

(See Note 4) 
110 65 ns 

Status Active Delay TCHSV 10 110 10 60 ns 

Status Inactive Delay TCLSH 10 130 10 70 ns 

Address Valid Delay TC LAV 10 110 10 60 ns 

Address Hold Time TC LAX 10 10 ns 

Address Float Delay TCLAZ TC LAX 80 TC LAX 50 ns 

Status Valid to ALE High (See Note 1) TSVLH 35 20 ns 

Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns 

CLK low to A LE Valid (See Note 1) TCLLH 35 20 ns 

CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns 

ALE Inactive Delay (See Note 1) TCHLL 4 35 4 18 ns 

MCE Inactive Delay (See Note 1) TCHMCL 35 45 ns 

Data Valid Delay. TCLDV 10 110 10 60 ns 

Data Hold Time TCHDX 10 10 ns 

Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns 

Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns 

Address Float to RD Active TAZRL 0 0 ns 

RD Active Delay TCLRL 10 165 10 100 ns 

RD Inactive Delay TCLRH 10 150 10 80 ns 

RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns 

Direction Control Active Delay 
TCHDTL 50 50 ns 

(See Note 1) 

Direction Control Inactive Delay 
TCHDTH 35 30 ns 

(See Note 1) 

GT Active Delay TCLGL 0 85 0 50 ns 

GT Inactive Delay TCLGH 0 85 0 50 ns 

RD Width TRLRH 2TCLCL·75 2TCLCL-50 ns 

Output Rise Time (From 0.8V to 2.0V) TO LOH 15 15 ns 

Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns 

Notes: 1. Signals at MSM 82C84A or MSM 82C88 are shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 st.ate (8 ns into T3) 
4. Applies only to T3 and wait states. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

2.4 

TEST POINTS 
1.5 --------•1.5 

0.45 

A.C. TESTl~G: INPUTS ARE DRIVEN AT 2.4V 
FOR A LOGIC "1" AND 0.45V FOR A LOGIC 
"Q'· TIMING MEASUREMENTS ARE 1.SV F·OR 
BOTH A LOGIC 'T' AND "O" 

TIMING CHART 
Minimum Mode 

V1H 

CLK (MSM 82C84A Output) 

V1L 

1orM. sso 

A15-AB 

A19/S6-A16/S3 

ALE 

ROY (MSM82C84A Input) 
SEE NOTE 4 

A07-AOO 

T1 

TC LAV 

AD7-ADO 

r CL= 100pF 

Cl INCLUDES JIG CAPACITANCE 

T2 T3 T4 

A15-A8 (Float during INTAI 

TCHDX 

S6-S3 

TAZRL 
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READ CYCLE 
!NOTE 1) 
!WA, fNTA ~ VoHI 

OT/A 

TCHCTV TCLAL ...... -+-----+---TRLRH---t----.. 

TCVCTV TCVCTX 

r---
' I 
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Minimum Mode (Continued) 

V1H 

C LK !MSM B2C84A Output) 

V1L 

IOJM, SS0 

,A19/S6-A16/S3 

ALE 

A07-ADO 

WAITE CYCLE 
(NOTE 11 DEN 
!AO, INT~. 
orrR"' VoHl 

INTA CYCLE 
!NOTES 1 & 3) 
!Alf. WA= VoH 
BHE =Vol) 

AD7-AOO 

OT/A 

W!!!Afil.J:iALT-
AD, WR, INTA = VoH 
OT/A= INDETERMINATE 

NOTES: 

-TCLAZ _.._ _ __._ 

TCHCTV 

TCVCTV 

TCVCTV 

INVALID ADDRESS' 

TC LAV 

1. All signals switch between VoH and Vol unless otherwise specified. 

SOFTWARE HALT TC LAV 

2. ROY is sampled near the end of T2, T3, TW to determine if TW machines states are.to be inserted. 
3 Two INTA cycles run back-to-back. The MSM80C88A LOCAL ADDA/DATA BUS is floating during both INTA 

cycles. Control signals shown fo~ second INTA cycle. 

4. Signals at MSM 82C84A shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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Maximum Mode 

V1H 
CLK fMSMB2C84A OUTPUT) 

V1L 

aso. as1 

52, ST, SO (EXCEPT HALT) 

SEE NOTE 5 

A15-A8 

A19/S6-A16/S3 

ALE (MSM82C88 
OUTPUT) 

ROY (MSM B2C84A INPUT) 

READY (MSM BOC88A INPUT) 
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READ CYCLE 

MSM 82C88 
OUTPUTS 
SEE NOTE 5, 6 

A07-ADO 

DT!Fi 

MADC OR fORC 

DEN 

TSVLH 

TCLLH 

TC LAV 

T1 T2 
TCH1CH2 

A15-A8 

T3 
TCL2Cl1 

T4 

' ' \..------
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Maximum Mode (Continuedl 

V1H 
CLK ~MSM82C84A OUTPUTS) 

V1L 

52, Sf. SQ IEXCEPT HAL Tl 

WRITE CYCLE 

MSM 82C88 OUTPUTS 
SEE NOTES 5, 6 

INTA CYCLE 

A15-A8 

A07-AOO 

DEN 

AN MC OR 
Afowc 

!SEE NOTES 3 & 4) 

AD7-AOO 

M~El__ 
PDEN 

Tl T2 T3 

TW 

DATA 

TGLMH 

TCLML 

T4 

TCHDX 

TCVNX 

TCLMH 

FLOAT 

TC LOX 

FLOAT 

1 
I 

r----
TC HOTH 

DT/R 

MSM 82C88 OUTPUTS 
SEE NOTES 5, 6 INTA 

DEN 

SOFTWARE HALT 
!OEN VOL· AO. MRDC. IOR-C. MWTC. AMWC, 

10Wc, AlOWc,TNTA. VoHl 

AD7-AD0. A15-A8 

TC LAV 

s2. sf, so 

NOTES: 

INVALID ADDRESS 

All signals switch between VoH and Vol unless otherwise spec1f1ed 

TCVNX 

ROY 1s sampled near the end of T2, T3, TW to determine if TW machines ~tates are to be inserted 

Cascade address is valid between first and second INTA cycle 

\ 
\ 

'--------

4 Two INTA cycles run back-to-back. The MSM 80C88A LOCALADDR/DATABUSisfloatingduringboth INTAcycles 

Control for po1hter address 1s shown for second INTA cycle 

Signal at MSM 82C84A and MSM82C88 shown for reference only. 

? The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA 

and DEN) lags the active high MSM 82C88 CEN 

7 All timing measurements are made at 1 5V unless otherwise noted 

8 Status inactive 1n state 1ust prior to T4 
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Asynchronous Signal Recognition 

eLK \ ¥\ 

NMI } ~\..-::::{L_. .--TTllNNVVeC~H ISEE NOTE 1) 

INTA SIGNAL 
TEST 

NOTE: 1 SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK. 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

Vee 

eLK 

RESET 

/--- :;; 50 JtSec 

~ 4 CLK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

eLK 

.. 
p_"_'i-ou_'_''_'_"' _________ _, =I· TCLAZ•---------' 

A07-AOO, A15-A8 
A19/S6-A16/S3 
52. 81, 00. MSM SOCBBA COPROCESSOR 
AO, COCK 

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BLISSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

eLK 

HLOA 

MSM BOC88A 

(SEE NOTE 1) 

A07-ADO. A15-AB 
A19/S6-A16/S3, 
AB._ 

6°~~. WR, DEN 

1
---==\lr'--Te_L_A_Z ___ ...; 

" COPROCESSOR '--------- ~-------' 
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PIN DESCRIPTION 

ADO-AD7. 
ADDRESS DATA BUS: Input/Output 

These lines are ·the multiplexed address and data 

bus. 
These are the address bus at T 1 cycle and the data 
bus at T2, T3, TW and T4 cycle. 
T2, T3, TW and T4 cycle. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 

A8-A15 
ADDRESS BUS: Output 

These lines are the address bus bits 8 thru 15 at all 

cycles. 
These lines do not have to be latched by an ALE 

signal. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 

A16/S3, A17/S4, A18/S5, A19/S6 
ADDRESS/STATUS: Output 

S3 

0 

1 

0 

1 

These are the four most significant address as at 
the T1, cycle. 
Accessing 1/0 port address, these are low at T1 

Cycles. 
These lines are Status lines at the T2, T3, TW 
and T4 Cycle. 

S5 indicate interrupt enable Flag. 
S3 and S4 are encoded as shown. 

S4 Characteristics 

0 Alternate Data 

0 Stack 

1 Code or None 

1 Data 

These lines are high impedance during hold acknowl· 
edge. 

RD 
READ: Output 

This lines indicates that the CPU is in a memory 
or 1/0 read cycle. 
This line is the read strobe signal when the CPU 
reads data from a memory or 1/0 device. 
This line is active low. 
This line is high impedance during hold acknowl· 
edge. 

READY 
READY: Input 

This line indicates to the CPU that an addressed 
memory or 1/0 device is ready to read or write. 
This line is active high. 
IF the setup and hold time are outof specification, 
an illegal operation will occur. 

INTR 
INTERRUPT REQUEST: Input 

This line is a level triggered interrupt request signal 
which is sampled during the last clock cycle of 
instruction and string manipulations. 
It can be internally masked by software. 
This signal is active high and internally synchro­
nized. 

TEST 
TEST: Input 

NMI 

This line is examined by a "WAIT" instruction. 
When TEST is high, the CPU enters an idle cycle. 
When TEST is low, the CPU exits an idle cycle. 

NON MASKABLE INTERRUPT: Input 
This line causes a type 2 interrupt. 
NM I is not maskable. 
This signal is internally synchronized and needs a 2 
clock cycle pulse width. 

RESET 
RESET: Input 

CLK 

This signal causes the CPU to initialize immediately. 
This signal is active high and must be at least four 
clock cycles. 

CLOCK: Input 
This signal provide the basic timing for an internal 
circuit. 

MN/MX 
MINIMUM/MAXIMUM: Input 

Vee 

This signal selects the CPU's operate mode. 
When Vee is connected, the CPU operates in 
minimum mode. 
When GND is connected, the CPU operates in 
maximum mode. 

Vee +3 - +6 v supplied. 

GND 
GROUND 

The following pin function descriptions are for 
maximum mode only. 
Other pin functions are already described. 
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STATUS: Output 
These lines indicate bus status and they are used by 
the MSM82C88 Bus Controller to generate all 
memory and 1/0 access control signals. 
These I in es are high impedanae: during hold 
acknowledge. 
These status lines ard encoded as shown. 

S2 ST so Characteristics 

O(LOW) 0 0 Interrupt acknowledge 

0 0 1 Read 1/0 Port 

0 1 0 Write 1/0 Port 

0 1 1 Halt 

1 (HIGH) 0 0 Code Access 

1 0 t Read Memory 

1 1 0 Write Memory 

1 1 1 Passive 

RQ/GTO 
RQ/GT1 
REQUEST/GRANT: Input/Output 

These lines are used for Bus F.lequest from other 
devices and Bus GRANT to other devices. 
These lines are bidirectional and active low. 

LOCK 
LOCK: Output 

This line is active low. 
When this line is low, other devices can not gain 
control of the bus. 
This line is high impedance during hold acknowl· 
edge. 

OSO/OS1 
QUEUE STATUS: Output 

These are Queue Status Lines that indicate internal 
instruction queue status. 

QS1 QSO Characteristics 

O(LOW) 0 No Operation 

0 1 
First Byte of Op Code from 
Queue 

1 (HIGH) 0 Empty the Queue 

1 1 Subsequent Byte from Queue 

The following pin functi{)n descriptions are mini· 
mum mode only. Other pin functions are already 
described. 

10/M 
ST A TUS: Output 
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This line selects memory address space or 1/0 
address space. 

WR 

When this line is low, the CPU selects memory 
address space and when it is high, the CPU selects 
1/0 address space. · 
This line is high impedance during hold acknowl· 
edge. 

WRITE: Output 
This line indicates that the CPU is in a memory or 
1/0 write cycle. 
This line is a write strobe signal when the CPU 
writes data to memory or an 1/0 device. 
This line is active low. 
This line is high impedance during hold acknowl­
edge. 

INTA 
INTERRUPT ACKNOWLEDGE: Output 

ALE 

This line is a read strobe signal for the interrupt 
accknow.ledge cycle. 

This line is active low. 

ADDRESS LATCH ENABLE: Output 
This line is used for latching an address into the 
MSM82C12 address latch it is a positive pulse and 
the trailing edge is used to strobe the address. This 
line in never floated. 

DTiR 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus 
transceiver. 
When this line is high, the CPU transmits data, 
and when it is low, the CPU receive data. 
This line is high impedance during hold acknowl­
edge: 

DEN 
DATA ENABLE: Output 

This line is used to control the output enable of 
the. bus transceiver. 
This line is active low. This line is high impedance 
during hold acknowledge. 

HOLD 
HOLD REQUEST: Input 

This line is used for a Bus Request from an other 
device. 
This line is active high. 

HLDA 
HOLD ACKNOWLEDGE: Output 

sso 

This line is used for a Bus Grant to an other 
device. 
This line is active high, 

STATUS: Output 
This line is logic~lly equivalent to SO in the maxi­
mum mode. 
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STATIC OPERATION 
All MSM80C88A circuitry is of static design. Inter­

nal registers, counters and latches are static and require 
no refresh as with dynamic circuit design. This elimi­
nates the minimum operating frequency restriction 
placed on other microprocessors. The MSM80C88A can 
operate from DC to the appropriate upper frequency 
limit. The processor clock may be stopped in either 
state (high/low) and held there indefinitely. This type of 
operation is especially useful for system debug or power 
critical applications. 

The MSM80C88A can be signal stepped using only 
the CPU clock. This state can be maintained as long as is 

necessary. Single step clock operation allows simple 
interface circuitry to provide critical information for 
bringing up your system. 

Static design also allows very low frequency opera­
tion (down to DC). In a power critical situation, this 
can provide extremely low power operation since 
80C88A power dissipation is directly related to operating 
frequency. As the system frequency is reduced, so is the 
operating power until, ultimately, at a DC input fre­
quency, the MSM80C88A power requirement is the 
standby current (500 µA maximum). 

FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 
The internal function of the MSM80C88A consist 

of a Bus Interface Unit (BIU) and an Execution Unit 
(EU). These units operate mutually but perform as 
separate processors. 

Memory Organization 

.r---1 FFFFFH 

}CODE SEGMENT 

XXXXOH 

SEGMENT 
REGISTER FI LE 

} DATA SEGMENT 
cs 
SS 

DS 

ES 

}mRADAT> 
SEGMENT 

i:.._____:r OOOOOH 

The BIU performs instruction fetch and queueing, 
operand fetch, DA TA read and write address relocation 
and basic bus control. By performing instruction pre­
fetch while waiting for decoding and execution of 
instruction, the CPU's performance is increased. Up to 
4-bytes to instruction stream can be queued. 

EU receives pre-fetched instructions from the BIU 
queue, decodes and executes instructions and provides 
an un-relocated operand address to the BIU. 

MEMG>RY ORGANIZATION 
The MSM80C88A has a 20-bit address to memory. 

Each address has 8-bit data width. Memory is organized 
OOOOOH to FFFFFH and is logically divided into four 
segments: code, data, extra data and stack segment. 
Each segment contains up to 64 Kbytes and locates on 
a 16-byte boundary. (Fig. 3a) 

All memory references are made relative to a seg­
ment register according to .a select rule. Memory loca­
tion FFF FOH is the start address after reset, and OOOOOH 
through 003FFH are reserved as an interrupt pointer. 
There are 256 types of interrupt pointer; 

Each interrupt type has a 4-byte pointer element 
consisting of a 16-bit segment address and a 16-bit 
offset address. 

Reserved Memory Locations 

FFFFFH 
RESET BOOTSTRAP 

PROGRAM JUMP 
FFFFOH 

3FFH 
INTERRUPT POINTER 

FOR TYPE 255 
3FCH 

7H 
INTERRUPT POINTER 

FOR TYPE 1 
4H 

INTERRUPT POINTER 3H 
FOR TYPE 0 

OH 
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Memory Reference Need Segment Register Used 

Instructions CODE (CS) 

Stack STACK (SS) 

Local Data DATA (OSI 

External (Global) Data EXTRA (ES) 

MINIMUM AND MAXIMUM MODES 
The MSM80C88A has two system modes: mini­

mum and maximum. When using the maximum mode, it 
is easy to organize a multiple-CPU system with the MSM 
82C88 Bus Controller which generates the bus control 
signal. 

When using the minimum mode, it is easy to orga­
nize a simple system by generating the bus control 
signal itself. MN/MX is the mode select pin. Definition 
of 24-31, 34 pin changes depends on the MN/MX pin. 

BUS OPERATION 
The MSM80C88A has a time multiplexed address 

and data bus. If a non-multiplexed bus is desired for the 
system, it is only needed to add the address latch. 

A CPU bus cycle consists of at least four clock 
cycles: T1, T2, T3 and T4. (Fig. 4) 

The address output occurs during T1, and data 
transfer occurs during T3 and T4. T2 is used for chang­
ing the direction of the bus during read operation. When 
the device which is ~ccessed by the CPU is not ready 
to data transfer and send to the CPU "NOT READY" is 
indicated TW cycles are inserted between T3 and T4. 

When a bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution. 
At the T1 cycle an ALE signal is output from the CPU 
or the MSM82C88 depending in MN/MX. at the trail­
ing edge of an ALE, a valid address may be latched. 
Status bits SO, S1 and S2 are uased, in maximum mode, 
by the bus controller to recognize the type of bus 
operation according to the following table. 

S2 Si So Characteristics 

0 (LOW) 0 0 Interrupt acknowledge 

0 0 1 Read 1/0 

0 1 0 Write 1/0 

0 1 1 Halt 

1 (HIGH) 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 

1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 
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Segment Selection Rule 

Automatic with all instruction prefetch. 

All stack pushes and pops. Memory references 
relative to BP base register except data references. 

Data references when relative to stack, destination 
of string operation, or explicitly overridden. 

Destination of string operations: E_xplicitly selected 
using a segment override. 

Status bit S3 through S6 are multiplexed with 
A16-A19, and therefore they are valid during T2 
through T4. S3 and S4 indicate which segment register 
was selected on the bus cycle, according to the follow­
ing table. 

S4 S3 Characteristics 

0 (LOW) 0 Alternate Data (Extra Segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 

1 1 Data 

S5 indicates interrupt enable Flag. 

1/0 ADDRESSING 

The MSM80C88A has a 64 Kbyte 1/0. When the 
CPU accesses an 1/0 device, address AO-A15 are in 
same format as a memory access, and A 16-·A 19 are low. 

1/0 ports address are same as four memory. 
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Basic System Timing 

CLK 

ALE 

ADDR/ 
STATUS 

ADDR 

ADDR/ 
DATA 

READY 

DT/R 

READY 

WAIT 

MEMORY ACCESS 
TIME 

READY 

WAIT 
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EXTERNAL INTERFACE 

RESET 
CPU initialization is executed by the RESET pin. 

The MSM80C88A's RESET High signal is required for 
greater than 4 clock cycles. 

. The rising edge of R !:SET terminates the present 
operation immediately. The falling edge of RESET 
triggers an internal reset requence for approximately 10 
clock cycles. After internal reset sequence is finished, 
normal operation begins from absolute location FFFFOH. 

INTERRUPT OPERATIONS 
The interrupt operation is classified as software or 

hardware, and hardware interrupt is classified as non­
markable or maskable. 

An interrupt causes a new program location which 
is defined by the interrupt pointer table, according to 
the interrupt type. Absolute location OOOOOH through 
003F FH is reserved for the interrupt pointer table. The 
interrupt pointer table consists of 256-elements. Each 
element is 4 bytes in size and corresponds to an 8-bit 
type number which is sent from an interrupt request 
device during the interrupt acknowledge cycle. 

NON-MASKABLE INTERRUPT (NMI) 
The MSM80C88A has a non-maskable Interrupt 

(NM1) which is of higher priority than a maskable 
interrupt request (INTR). 

An NM1 request pulse width needs minimum of 2 
clock cycles. The NM1 will be serviced at the end of the 
current instruction or between string manipulations. 

MASKABLE INTERRUPT (INTR) 
The MSM80C88A provides another interrupt 

request (INTR) which can be masked by software. 
INTR is level triggered, so it must be held until interrupt 
request is acknowledged. 

The INTR will be serviced at the end of the current 
instruction or between string manipulations. 

Interrupt Acknowledge Sequence 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, 

further interrupts are disablea. The interrupt enable bit 
is reset by any interrupt, after which the Flag register is 
automatically pushed onto the stack. During an acknow­
ledge sequence, the CPU emits the lock signal from T2 
of first bus cycle to T2 of second bus cycle. At the se­
cond bus cycle, a byte is fetched from the external 
device as a vector which identifies the type of inter­
rupt. This vector is multiplied by four and used as an 
interrupt pointer address (INTR only). 

The Interrupt Return (IRET) instruction includes 
a Flag pop operation which returns the original inter­
rupt enable bit when it restores the Flag. 

HALT 
When a Halt instruction is executed, the CPU enter 

Halt state. An interrupt request or RESET will force the 
MSM80C88A out of the Halt state. 

SYSTEM TIMING-MINIMUM MODE 
A bus cycle begins at T1 with an ALE signal. The 

trailing edge of ALE is used to latch the address. From 
T1 to T4 the 10/M signal indicates a memory or 1/0 
operation. From T2 to T4, the address data bus changes 
the address bus to the data bus. 

The read (RO), write (WR), and interrupt acknowl­
edge (I NTA) signals caused the addressed device to 
~nable the data bus. These signals become active at the 
beginning of T2 and inactive at the beginning of T4. 

SYSTEM TIMING-MAXIMUM MODE 
In maximum mode, the MSM82C88 Bus Controller 

is added to system. The CPU sends status information to 
the Bus Controller. Bus timing signals are generated by 
the Bus Controller. Bus timing is almost the same as in 
minimum mode. 

I T1 I T2 I T3 I T4 JT1I T1 I T2 I T3 I T4 I 
ALE _j\ ____ HFL_ 

' r~ f\ 
ADO-AD7 ~\,..F_L_O_A_T------11 f~YPE VECT+-
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by float­
ing inputs to CMOS devices, and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on 80C86 pins 2-16, 26-32, and 34-39 
(Figures 6a, 6b). These circuits will maintain the last 
valid logic state if no driving source is present (i.e. an 
unconnected pin or a driving source which goes to a 
high impedance state). To overdrive the "bus 

hold" circuits, an external driver must be capable of 
supplying approximately 400 µA minimum sink or 
source current at valid input voltage levels. Since this 
"bus hold" circuitry is active and not a "resistive" type 
element, the associated power supply current is negli­
gible and power dissipation is significantly reduced 
when compared to the use of passive pull-up resistors. 

"PULL-UP/PULL-DOWN" 

INPUT to---•---1 PROTECTION 
CIRCUITRY 

Input Buffer exists only on 1/0 pins 

BOND 
PAD 

Figure 6a. Bus hold circuitry pin 2-16, 35-39. 

"PULL-UP" 

INPUT 
------... PROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

Figure 6b. Bus hold circuitry pin 26-32, 34 

BOND 
PAD 

EXTERNAL 
PIN 

EXTERNAL 
PIN 

165 



.... 
<» 
<» DATA TRANSFER 

MOV =Move: 

Register/memory to/from register 
Immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 

PUSH= Push: 

Registerimemory 
Register 
Segment register 

POP= Pop: 

Register/memory 
Register 
Segment register 

XCHG = Exchange: 

Register /memory with register 
Register with accumulator 

IN= Input from: 

Fixed port 
Variable port 

OUT= Output to: 

Fixed port 
Variable port 
XLAT =Translate byte to AL 
LEA = Load EA to register 
LOS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF =Store AH into flags 
PUSHF =Push flags 
POPF = Pop flags 

7 6 
1 0 
1 1 
1 0 
1 0 
1 0 
1 0 
1 0 

1 1 
a 1 
0 0 

1 0 
0 1 
0 0 

1 0 
1 0 

1 1 
1 1 

1 1 
1 1 
1 1 
1 0 
1 1 
1 1 
1 0 
1 0 
1 0 
1 0 

~ 
5 4 3 2 1 
O· 0 1 0 d 
0 0 0 1 1 
1 1 w reg 
1 0 0 0 0 
1 0 0 0 1 
o ·o 1 1 1 
0 0 1 1 0 

1 1 1 1 1 
0 1 0 reg 
0 reg 1 1 

0 0 1 1 1 
0 1 1 reg 

0 reg 1 1 

0 0 0 1 1 

0 1 0 reg 

1 0 0 1 0 
1 0 1 1 0 

1 0 0 1 1 
1 0 1 1 1 
0 1 0 1 1 
0 0 1 1 0 
0 0 0 1 0 
0 0 0 1 0 
0 1 1 1 1 
0 1 1 1 1 
0 1 1 1 0 
0 1 1 1 0 

0 7 6 5 4 3 2 1 0 7 
w mod reg r/m 
w mod 0 0 0 r/m 

data 
w addr-low 
w addr-low 
0 mod 0 reg r/m 
0 mod 0 reg r/m 

1 mod 1 1 0 r/m 

0 

1 mod 0 0 0 r/m 

1 

w mod reg r/m 

w port 
w 

w port 
w 
1 
1 mod reg r/m 
1 mod reg r/m 

0 mod reg r/m 
1 
0 
0 
1 

6 5 4 3 2 1 0 7 6 5 

data 
data if w = 1 

addr-high 
addr-high 

4 3 2 1 0 

data if w = 1 

• 
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c: 
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co 
0 
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"' ........ 
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co 
0 
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J> 
I 
I\) 

::u 
"' ........ 
Ci) 

"' ........ 
c.. 
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ARITHMETIC 

ADD= Add: 

Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

ADC= Add with carry: 

Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

INC= Increment: 

Register/memory 
Register 

AAA = ASCII adjust for add 
D AA = Decimal adjust for add 

SUB = subtract: 

Reg./memory and register to either 
Immediate from register /memory 
Immediate from accumulator 

SBB =Subtract with borrow: 

Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

DEC= Decrement: 

Register /memory 
Register 
NEG =Change sign 

CMP =Compare: 

Register /memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS= ASCII adjust for subtract 

0 
1 
0 

0 
1 
0 

1 
0 
0 
0 

0 
1 
0 

0 
1 
0 

1 
0 
1 

0 
1 
0 
0 

0 0 0 0 0 d 
0 0 0 0 0 s 
0 0 0 0 1 0 

0 0 1 0 0 d 
0 0 0 0 0 s 
0 0 1 0 1 0 

1 1 1 1 1 1 
1 0 0 0 reg 
0 1 1 0 1 1 

0 1 0 0 1 1 

0 1 0 1 0 d 
0 0 0 0 0 s 
0 1 0 1 1 0 

0 0 1 1 0 d 
0 0 0 0 0 s 
0 0 1 1 1 0 

1 1 1 1 1 1 
1 0 0 1 reg 
1 1 1 0 1 1 

0 1 1 1 0 d 

0 0 0 0 0 s 
0 1 1 1 1 0 
0 1 1 1 1 1 

= 

w mod reg 
w mod 0 0 0 
w data 

VII mod reg 
w mod 0 1 0 
w data 

w mod 0 0 0 

1 
1 

w mod reg 
w mod 1 0 1 
w data 

w mod reg 
w mod 0 1 1 
w data 

w mod 0 0 1 

w mod 0 1 1 

w mod reg 
w mod 1 1 1 

w data 
1 

r/m 
r/m data 

data if w = 1 

rim 
rim data 

data if w = 1 

r/m 

rim 
r/m data 

data if w = 1 

r/m 
r/m data 

data if w = 1 

r/m 

r/m 

rim 
r/m data 

data if w = 1 

data if s:w = 01 

data if s:w = 01 

data if s:w = 01 

· data if s:w = 01 

data if s:w = 01 

0 .,, 
c: 
3:: en 
3:: 
co 
0 
0 co co 
> 
::z:J en 
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en ....... 
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co 
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DAS= Decimal adjust for subtract 
MUL =Multiply (unsigned) 
JMUL = Integer multiply (signed) 
AAM = ASCII adjust for multiply 
DIV= Divide (unsigned) 
ll)IV = Integer divide (signed) 

AAD = ASCII adjust for divide 
CBW = Convert byte to word 
CWD =Convert word to double word 

0 
1 
1 
1 
1 
1 
1 
l 
1 

~ 
0 1 0 1 1 
1 1 1 0 1 
1 1 1 0 1 
1 0 1 0 1 
1 1 1 0 1 
1 1 1 0 1 
1 0 1 0 1 
0 0 1 1 0 
0 0 1 1 0 

1 1 
1 w mod 1 0 
1 w mod 1 0 
0 0 0 0 0 0 
1 w mod 1 1 
1 ·w mod 1 1 
0 1 0 0 0 0 
0 0 
0 1 

0 rim 
1 rim 
1 0 1 
0 rim 
1 rim 
1 0 1 

0 

0 
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0 
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0 
0 
CX> 
CX> 
J> 
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(/) 

s:: 
(/) 

s:: 
CX> 
0 
0 
CX> 
CX> 
J> 
I 
I\) 

::D 
(/) 

' G> 
(/) 

' c.. 
(/) 



LOGIC 

NOT= Invert 1 1 1 1 0 
SHL/SAL =Shift logical/arithmetic left 1 1 0 1 0 
SHR =Shift logical right 1 1 0 1 0 
SAR = Shift arithmetic right 1 1 0 1 0 
ROL = Rotate left 1 1 0 1 0 
ROR = Rotate right 1 1 0 1 0 
RCL = Rotate left through carry 1 ,. 0 1 0 
RCR = Rotate right through carry 1 1 0 1 0 

AND= And: 

Reg./memory and register to either 0 0 1 0 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 T 0 0 

TEST= And function to flags, no result: 

Register /memory and register 1 0 0 0 0 
Immediate data and register/memory 1 1 1 1 0 
Immediate data·and accumulator 1 0 1 0 1 

OR =Or: 

Reg./memory and register to either 0 0 0 0 1 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 0 0 1 

XOR = Exclusive or: 

Reg./memory and register to either 0 0 1 1 0 
Immediate to register/memory 1 0 0 0 0 
Immediate to accumulator 0 0 1 1 0 

STRING MANIPULATION 

REP= Repeat 1 1 1 1 0 
MOVS = Move byte/word 1 0 1 0 0 

CMPS = Compare byte/word 1 0 1 0 0 
SCAS = Scan byte/word 1 0 1 0 1 

LODS = Load byte/word to AL/AX 1 0 1 0 1 

STOS =Store byte/word from AL/AX 1 0 1 0 1 

...... 
$ 

I 

1 1 w mod 0 
0 v w mod 1 
0 v w mod 1 
0 v w mod 1 
0 v w mod 0 
0 v w mod 0 
0 v w mod 0 
0 v w mod 0 

0 d w mod 
0 0 w mod 1 
1 0 w 

1 0 w mod 
1 1 w mod 0 
0 0 w 

0 d w mod 

0 0 w mod 0 
1 0 w 

0 d w mod 
0 0 w mod 1 
1 0 w 

0 1 z 
1 0 w 
1 1 w 
1 1 w 
1 0 w 
0 1 w 

1 0 r/m 
0 0 rim 
0 1 rim 
1 1 rim 
0 0 rim 
0 1 rim 
1 0 rim 
1 1 rim 

reg rim 
0 0 rim 
data 

reg rim 
0 0 rim 
data 

reg rim 
0 1 rim 
data 

reg rim 
1 0 rim 
data 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 
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!I 
..... 
Cl CJMP = Conditional JMP 

JE/JZ =Jump on eq~al/zero 0 1 1 1 
JZ/JNGE =Jump on less/not greater or equal 0 1 1 1 
JLE/JNG =Jump on less or equal/not greater 0 1 1 1 
JB/JNAE =Jump on below/not above or equal 0 1 1 1 
JBE/JNA =Jump on below or equal/not above 0 1 1 1 
JP/JPE =Jump on parity/parity even 0 1 1 1 
JO = Jump on over flow 0 1 1 1 
JS= Jump on sign 0 1 1 1 
JNE/JNZ =Jump on not equal/not zero 0 1 1 1 
JNL/JGE =Jump on not less/greater 6r equal 0 1 1 1 
JN LE/JG= Jump on not less or equal/greater 0 1 1 1 
JNB/JAE =Jump on not below/above or equal 0 1 1 1 
JNBE/JA =Jump on not below or equal/above 0 1 1 1 
JNP/JPO =Jump on not parity/parity odd 0 1 1 1 
JNO =Jump on not overflow 0 1 1 1 
JNS =Jump on not sign 0 1 1 1 
LOOP = Loop CX times 1 1 1 0 
LOOPZ/LOOPE = Loop while zero/equal 1 1 1 0 
LOOPNZ/LOOPNE = Loop while not zero/equal 1 1 1 0 
JCXZ = Jump on CX zero 1 1 1 0 

INT= Interrupt: 

Type specified 1 1 0 0 
Type :i 1 1 0 0 
INTO = Interrupt on overflow 1 i 0 0 
IRET =Interrupt return 1 1 0 0 

PROCESSOR CONTROL 
C LC = Clear carry 1 1 1 1 
CMC = Complement carry 1 1 1 1 
STC = Set carry 1 1 1 1 
CLD =Clear direction 1 1 1 1 
STD = Set direction 1 1 1 1 
CL! =Clear interrupt 1 1 1 1 
STI =Set interrupt 1 1 1 1 
HLT=Halt 1 1 1 1 
WAIT=Wait 1 0 0 1 
ESC =Escape (to external device) 1 1 0 1 
LOCK = Bus lock prefix 1 1 1 1 

0 1 0 
1 1 0 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
0 0 0 
1 0 0 
0 1 0 
1 1 0 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
0 0 0 
1 0 0 
0 0 1 
0 0 0 
0 0 0 
0 0 1 

1 1 0 
1 1 0 
1 1 1 
1 1 1 

1 0 0 
0 1 0 
1 0 0 
1 1 0 
1 1 0 
1 0 1 
1 0 1 
0 1 0 
1 0 1 
1 x x 
0 0 0 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
1 

1 
0 
0 
1 

0 
1 
1 
0 
1 
0 
1 
0 
1 
x mod x 
0 

disp 
disp 

disp 
disp 

disp 

disp 
disp 

disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
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disp 
disp 
disp 
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CONTROL TRANSFER 

CALL= Call: 7 6 5 4 3 2 1 0 
Direct within segment 1 1 1 0 1 0 0 0 
Indirect within segment 1 1 1 1 1 1 1 1 
Direct intersegtnent 1 0 0 1 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 

JMP = Unconditional Jump: 

Direct within segment 1 1 1 0 1 0 0 1 
Direct within segment-short 1 1 1 0 1 0 1 1 
Indirect within segment 1 1 1 1 1 1 1 1 
Direct intersegment 1 1 1 0 1 0 1 0 

Indirect intersegment 1 1 1 1 1 1 1 1 

RET = Return from CALL: 

Within segment 1 1 0 0 0 0 1 1 
Within seg. adding immediate to SP 1 1 0 0 0 0 1 0 
I ntersegment 1 1 0 0 1 0 1 1 
lntersegment adding immediate to SP 1 1 0 0 1 0 1 0 

_. 
:::t. 

i 

7 6 5 4 3 2 1 0 
disp-low 

mod 0 1 0 rim 
offset-low 

seg-low 
mod o· 1 1 rim 

disp-low 

disp 

mod 1 0 0 rim 
offset-low 

seg-low 
mod 1 0 1 rim 

data-low 

data-low 

7 6 5 4 3 2 1 0 7 
disp-high 

offset-high 
seg-high 

disp-high 

offset-high 
seg-high 

!lata-high 

data-high 

6 5 4 3 2 1 0 

0 
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0 co co ,. 
:lei en 
....... 
Q 
en 
....... c.. en 
s::: en 
s::: 
co 
0 
0 co 
co ,. 
I 
I\) 

:lei en ....... 
Q 
en 
....... 
c.. en 
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Footnotes: 

AL= 8-bit accumulator 
AX = 18-bit accumulator 
ex = co'unt register 
OS = Data segment 
ES = Extra segment 
Above/below refers t<;> unsigne? value 
Greater= more positive 
Less= less positive (more negative) signed value 
If d = 1 then "to" reg: If d = 0 then "from" reg. 
If w = 1 then word instruction: If w = 0 then byte instruction 

If mod= 11 then r/m is treated as a REG field 
If mod= 00 then DISP = O*, disp-low and disp-high are absent 
If mod= 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
If mod= 10 then DISP = disp-high: disp-low 

-If r/m = 000 then EA= (BX) +(SI) + DISP 
If r/m = 001 then EA= (BX)+ (01) + DISP 
If r/m = 010 then EA= (BP)+ (SI)+ DISP 
If r/m = 011 then EA= (BP)+ (DI)+ DISP 
If r/m = 100 then EA= (SI)+ DISP 
If r/m = 101 then EA= (DI)+ DISP 
If r/m = 110 then EA= (BP)+ DISP* 
If r/m = 111 then EA= (BX)+ DISP 
DISP follows 2nd byte of instruction (before data if required) 

' except if mod= 00 and r/m = 110 then EA-disp-high: disp-low 

If s:w = 01 then 16 bits of immediate data form the operand 
If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand 
If v = 0 then "count"= 1: If v = 1 then "count" in (CL) 
x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE' PREFIX 

001 reg 11 0 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w= 0) Segment 
000 AX 000 AL 00 ES 
001 ex 001 CL 01 cs 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to represent the file: 

FLAGS= x:·x:x :x: (OF): (OF): (IF): (TF ): (SF): (ZF ):X: (AF ):X: (PF ):X :(CF) 
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OKI semiconductor 

MSM81C55RS/GS/JS 
MSM81C551-SRS/GS/JS 
2048 BIT CMOS STATIC RAM WITH 1/0 PORTS AND TIMER 

GENERAL DESCRIPTION 

"J:he MSM81C55/81C55-5 have 2k bits of static RAM 1256 byte) with parallel 1/0 ports and a timer. It uses 
silicon gate CMOS technology and consumes a standby current.of 100 micro ampere, maximum, while the chip is not 
selected. Featuring a maximum access time of 400 ns, the MSM81 C55/81 C55-5 can be used in an 80C85A/80C85A-2 
system without using wait states. The parallel 1/0 consists of two 8-bit ports and one 6-bit port !both general pur­
pose). The MSM81 C55/81 C55-5 also contains a 14-bit programmable counter/timer which may be used for sequence­
wave generation or terminal count-pulsing. 

FEATURES 

•High speed and low power achieved with silicon gate 
CMOS technology. 

• 256 words x 8 bits RAM 
• Single power supply, 3 to 6V 
• Completely static operation 
• On-chip address latch 
• 8-bit programmable 1/0 ports (port A and B) 
•TTL Compatible 

FUNCTIONAL BLOCK DIAGRAM 

101M" 

CE 

ALE 

RD 

WR 

RESET 

TIMER IN 
TIMER OUT 

256 x 8 
STATIC 

RAM 

•RAM data hold characteristic at 2V 

• 6-bit programmable 1/0 port (port C) 
• 14-bit programmable binary counter/timer 
• Multiplexed address/data bus 
• 40 pin DIP package (MSMB1C55RS/MSM81C55-5RS) 
• 44 pin flat package IMSM81C55GS)/MSM81 C55-5GS) 
• 44 pin PLCC (MSM81C55JS/MSM81C55-5JS) 
• Direct interface with MSM80C85A 
• Direct interface with MSM80C85A-2 (MSM81 C55-5) 
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PIN CONFIGURATION 
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101iA 
CE 
Ro 

WR 
ALE 

A Do 

AD1 

AD2 

AO, 

N.C 

~ 
I- a: 

MSM81C55RS (Top View) 
MSM81C55-5RS 
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PB1 

PBo 

PA7 

PA6 

PAs 

PA4 

PA3 

AD6 PA1 

AD7 PA1 
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MSM81C55GS (Top View) 
MSM81C55-5GS 
44 Lead Plastic Flat Package 
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TIMER·OUT 

101iiii 

MSM81C55JS (Top View) 
MSM81 C55-5JS 
44 Pin Plastic Leaded Chip Carrier 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions MSM81C55RS I MSM81C55GS I MSM81C55JS Unit 

MSM81 C55-5RS MSMB1 C55-5GS MSM81 C55-5JS 

Supply Voltage Vee -0.5 to +7 v 
Input Voltage V1N -0_5 to Vee+ 0.5 v 
Output Voltage VouT 

Referenced 
-0.5 to Vee+ o.5 v 

toGND 
Storage Temperature Tstg -55 to+ 150 oc 

Power Dissipation Po Ta= 25°C 1.0 l 0.7 l 1.0 w 

OPERATING CONDITION 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3 to 6 v 
Operating Temperature Top -40 to +85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage (81,C55) Vee 4.5 5 5.5 v 
Operating Temperature 

Top -40 +25 +85 oc 
(81C55) 

.. L .. Level Input V1L -0.3 +0.8 v 
"H" Level Input V1H 2.2 Vee+ o.3 v 
Supply Voltage (81C55-5) Vee 4.75 5 5.25 v 
Operating Temperature 

Top -40 +25 +70 "c (81C55-5) · 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" Level Output Voltage VOL loL = 2mA 0.45 v 
IOH = -400µA 2.4 v 

"H" Level Output Voltage VoH 
IOH = -40µA 4.2 v 

Input Leak Current iu o~ V1N:::; Vee 
Vee= 4.5V to 

-10 10 µA 
5.5V 

Output Leak Current ILO o:::; VouT::;, Vee Ta= -:-40°C to -10 10 µA 

CE~ Vcc-0.2V 85°C 

Standby Current 'ccs V1H ~ Vcc-0.2V 0.1 100 µA 

V1L ~ Vcc-0.2V 

Mean Operating Current ice 
Memorv. cycle time: 

5 mA 
1µs 
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AC CHARACTERISTICS 
(Vee= 4.5 to 5.5V, Ta= -40 to +80°C) MSM81C55 
!Vee= 4.75 to 5.25V, Ta= -40 to +70°C) MSM81C55-5 

MSM81C55 
Parameter Symbol ' Min. Max. 

Address/latch Set-up Time tAL 50 

Latch/address Holt Time tLA 30 

Latch/read (write) Delay Time tLC 100 

Read/output Delay Time tRD 170 

Address/output Delay Time tAO 400 

Latch Width tLL 100 

Read/data Bus Floating Time tROF 0 100 

Read (write)/latch Delay Time tcL 20 

Read (write) Width tee 250 

Data In/write Set-up Time tow 150 

Write/data-in Holt Time two 0 

Recovery Time tRV 300 

Write/port Output Delay Time twP 400 

Port Input/read Set-up Time tpR 70 

Read/port Input Hold Time tRP 50 

Strobe/buffer Full Delay Time tsBF 400 

Strobe Width tss 200 

Strobe/buffer Empty Delay Time tRBE 400 

Strobe/interrupt-on Delay Time ts1 400 

Read/interrupt-off Delay Time tRDI 400 

Port Input/strobe Set-up Time tpss 50 

Strobe/port-input Hold Time tPHS 120 

Strobe/buffer-empty Deity Time tsBE 400 

Write/buffer-full Delay Time tWBF 400 

Write/interrupt-off Delay Time tw1 400 

Time Output Delay Time Low tTL 4QO 

Time Output Delay Time High tTH 400 

Read/data Buse Enable Delay Time tROE 10 

Timer Cycle Time tcvc 320 

Timer Input Rise and F al I Times tr, tf 80 

Timer Input Low Level Time t1 80 

Timer Input High Level Time t2 120 

MSM81C55-5 

Min. Max. 

37 

30 

40 

140 

330 

70 

0 80 

20 

200 

100 

25 

200 

300 

50 

10 

300 

150 

300 

300 

300 

20 

100 

300 

300 

300 

300 

300 

10 

320 

80 

40 

70 

Note: Timing are measured with V L = 0.8V and VH = 2.2V for both input and output. 

178 

Unit Remarks 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Load capaci-

ns tance: 150p F 

ns 

ns 

ns 

,ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TIMING 
Read Cycle 

Write Cycle 

101"M 

ALE 
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Strobe Input Mode 

BF 

INTR 

INPUT DATA ~~~~~~'l""t~~-t-~11-r~~~~~~~~~~~~~~~ 
FROM PORT 

Strobe Output Mode 

BF 

INTR 

OUTPUT DATA 
TO PORT~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Basic Input Mode 

PORT INPUT 

DATA BUS 
-------_==x 
- - - - - - - ------------

Basic Output Mode 

DATA BUS 

PORT OUTPUT 

Note: The DATA BUS timing is the same as the read and write cvc.les. 

Timer Waveforms 

TIMER IN 

Load Counter from 
Count length register-1 

I 2 I 1 I 

TIMER OUT \ (note) / 
(pulse) '- -.J 

TIMER OUT \ (note) / 
(square wave) '-----__ .J 

3 

Load Counter from 
Count length register --j 
I 2 I 1 I 5 4 

(T.C.) 

5 

Note: Periodically output according to the output mode (m1=1) programming contents. 
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• 1/0· MSM81 C55RS/GS/JS MSM81 C55-5RS/GS/JS • ---------

RAM DATA HOLD CHARACTERISTICS AT LOW SUPPLY VOLTAGE 

I 

Item Symbol 

Data Holding Supply Vol~age vccH 

Data Holding Supply Current iccH 

Set-up Time tsu 

Hold Time tR 

Two ways to place device in standby mode: 
(1) Method using CE 

5V 
Vee 

4.SV -------

VccH -------

ALE 

o.av 
ov 

2.2v 

CE 

VccH 

(2) Method using RESET 

tsu 

Condition 

V1N = OVor Vee. ALE= ov 

Vee= VccH. ALE= 0 
V1N = OV or Vee 

Standby mode ---+o•tR 

tsu----Standby mode----+-tR 

sv Vee 

4.sv-------

2.2v------

VccH------

RESET 
GND----_.... 

Specification 

Min. Typ. Max. 

2.0 - -

- 0.05 20 

30 - -
20 - -

TAL 

Note: In this case, the C/S register is reset, the port is set into the input mode, and the timer stops. 
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PIN FUNCTIONS 

Symbol Function 

RESET A high level input to this pin resets the chip, places all three 1/0 ports in the input mode, 
resets all output latches and stops timer. 

ALE Negative going edge of the ALE (Address Latch Enable) input latches ADo-7, 10/M, and 
CE signals into the respective latches. 

ADo-7 Three-state, bi-directional address/data bus. Eight-bit address information on this bus is read 
into the internal address latch at the negatiw going edge of the ALE. Eight bits of data can 
be read from or written to the chip using this bus depending on the state of the WRITE or 
READ input. 

-
CE When the CE input is high, both .read and write operations to the chip are disabled. 

101iiii A high level input to this pin selects the internal 1/0 functions, and a low level selects the 
memory. 

-
RD If this pin is low, data from either the memory or ports is read onto the AD0- 7 lines de· 

pending on the state of the 10/M line. 

WR If this pin is low, data on lines ADo-7 is written into either the memory or into the selii"t:ted 
port depending on the state of the 10/M line. 

PAo-1 General-purpose 1/0 pins. Input/output directions can be determined by programming the 
(PBo-11 command/status (C/S) register. 

PCo-s Three pins are usable either as general-purpose 1/0 pins or control pins for the PA and PB 
ports. When used as control pins, they are assigned to the following functions: 
PCO: A INTR (port A interrupt) 
PC1: A BF (port A full) 
PC2: A STB (port A strobe) 
PC3: B I NTR (port B interrupt) 
PC4: B BF (port B buffer full) 
PC5: B STB (port B strobe) 

TIMER IN Input to the counter/timer 

TIMER OUT Timer output. When the present count is reached during timer operation, this pin provides 
a square-wave or pulse output depending on the programmed control status. 

Vee 3-6V power supply 

GND GND 
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OPERATION 

Description 
The MSM81 C55 has three functions as described 

below. 

• 2K bit static RAM (256 words x 8 bits) 

•Two 8-bit 1/0 ports (PA and PB) and a 6-bit 1/0 port 
(PC) 

• 14-bit timer counter 
The internal register is shown in the figure below, 

d the 1/0 addresses are described in the table below. 

8-bit INTERNAL DATA BUS 

STATUS 

___________ _J 

1/0 Address 

A7 A6 A5 A4 A3 A2 A1 AO 
Selecting Register 

x x x x x 0 0 0 Internal command/status register 

x x x x x 0 0 1 Universal 1/0 port A (PAI 

x x x x x 0 1 0 Universal 1/0 port B (PB) 

x x x x x 0 1 1 1/0 port C (PC) 

it )( x x x 1 0 0 Timer count lower position 8 bits (LSBI 

x x x x x 1 0 1 Timer count upper position 6 bits and timer mode 2 bits 
IMSB) 

x: Don"t care. 
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(1) Prog1'amming the Command/Status IC/SI Register 
The contents of the command register can be 
written during an 1/0 cycle by addressing it with 

an 1/0 address of xxxxxOOO. Bit assignments for 
the register are shown below: 

7 6 

Pin 

PCo 

PC1 

PC2 

PC3 

PC4 

PCs 

5 4 3 2 

IEB IEA 

0 

PB PA 

Definition of PAo-7 

'--------<~ Definition of PBo-7 
}

O= input 

1 =output 

~------- Definition of PCo-s {
OO=ALT1 
11 = ALT2 
01 = ALT3 
10= ALT4 

~See the port] control 
assignment 
table. 

Port A interrupt enable } 1 = enabled 

~------------- Port B interrupt enable 0 = disabled 

ALT1. 

Input port 

Input port 

Input port 

Input port 

Input port 

Input port 

00 = NOP: Does not affect counter operations. 

01 =STOP: Stops the timer if it is running. 
NOP if the timer is not running. 

10 =STOP AFTER TC: Stops the timer when it 
reaches TC. 
NOP if the timer is not 
running. 

11 =START: If the timer is not running. loads the 
mode and the count length. and 
·immediately starts timer operation. 
If the timer is running. loads a new 
mode and the count length. and starts • 
timer operation immediately after TC 
is reached. 

Port Control Assignment Table 

ALT2 ALT3 ALT4 

Output port AINTR AINTR 

Output port A BF A BF 

Output port ASTB ASTB 

Output port Output port BINTR 

Output port Output port B BF 

Output port Output port BSTB 
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(21 Rnding the C/S Register 
The 1/0 and timer ·status can be accessed by 
reading the contents of the Status register located 

TIMER INTE 
B 

B 
·BF 

INTR INTE 
B A 

ADi ADo 
A INTR 
BF A 

(3) PA and PB Registen 
These registers mav be used as either input or out· 
put ports depending on the programmed contents 
of the C/S register. They mav also be used either 
in the basic mode or in the strobe mode. 
1/0 address of the PA register: xxxxx001 
1/0 address of the PB register: xxxxx010 

(4) PC Register 
The PC register m·ay be used as an input port, out· 
put port or control register depending on the 
programmed contenu of the C/S register. The 1/0 
address of the PC register is xxxxx011. 

(5) Timer 
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The timer is a 14·bit down counter which counts 
TIMER IN pulses. 
The low order byte of the timer register has an 1/0 
address of xxxxx100, and the high order byte of 
the register has an 1/0 address of xxxxx101. 
The count length register (CLRI may be preset 
with two bytes of data. Bits 0 through 13 are 
assigned to the count length and bits 14 and 
15 specify the timer output mode. A read opera· 
tion of the CLR reads the contents of the counter 
and the pertinent output mode. The initial value 

•range which can initially be loaded into the coun-
ter is 2 through 3F FF hex. Bit assignments to the 
timer counter and possible ·Output modes are 
shown in·the following. 

Milli Ti3 I Ti2 I Tu j Tio I T9 T8 

Output mode High order 6 biu of count length 

To 

Low order byte of count length 

at 1/0 address xxxxxOOO. The status word format 
is shown below: 

Port A interrupt request 

Port A buffer full 

Port A interrupt enable 

Port B ·interrupt request 

Port B buf~r full 

Port B interrupt enable 

Timer interrupt. This bit is set high when the timer 
reaches TC, and is reset when the C/S register is read 
or a hardware reset occurs. 

0 

Outputs a low-lewl signal in the latter 
half (Note 11 of a count period. 
Outputs· a low-level signal in the latter 
half of a count period, automatically 
loads the programmed count length, 
and restarts counting when the TC value 
is reached. 

0 Outputs a pulse when the TC value is 
reached. 
Outpuu a pulse ilach time the preset TC 
value is reached, automatically loads the 
programmed coOnt length, and restarts 
from the beginning. 

Note 1: When counting an asymmetrical value 
such as (9), a high level is output during 
the first period of five, and a low level is 
output during the second period of four. 

Note 2: If an internal counter of the MSM81 C· 
55RS/GS receives a reset signal, count 
operation stops but the counter is not 
set to a specific initial value or output 
mode. When restarting count operation 
after reset, the START command must 
be executed again throu11h the C/S 
register. 

Note that while the counter is counting, you may 
load a new count and· mode into the CLR. Before 
the new count and mode will be used by the 
counter, you must issue a ST ART command to the 
counter. 
Plea~ note the timer circuit on the 81C55 is 
designed to be a square-wave timer, not a event 
counter. To achieve this, it counu down by twos 
twice in completing one cycle. Thus, iU registers do 
not contain values directly representing the num· 
ber of TIMER IN pulse received. After the timer 
has started counting down, the values residing in 
the count registers can be used to calculate the 
actual number of TIMER IN pulse required to 
complete the timer cycle if desired. To obtain the 
remaining count, perform the following operations 
in order: 
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1. sTOP the counter 
2. Read in the 16bit value from the 

count registers. 
3. Reset the upper two mode bits 
4. Reset the carry and rotate right one 

position all 16 bits through carry 
5. If carry is set, add Y, of the full origi· 

nal count (Y, full count-1 if full count 
is odd). 

TIMER IN 

Note: If you started with an odd count and 
you read the count registers before the 
third count pulse occurs.,you will not be 
able to recognize whether one or two 
counts have occurred. Regardless of this, 
the 81 C55 always counts out the right 
number of pulses in generating the 
TIMER OUT waveforms. 

I I 
I I 

5 .1 5 3 4 2 I 5 5 
I (TC) ... 1 ____ ..._ 

n=5 I START 

TIMER OUT (SQUARE WAVE) I I 
I I I ---------;1-----;j1----.r----.---LJ--------

T IM ER OUT (PULSE) I 
I I I 
I : I 

START 

4 5 I 3 4 2 I 5 3 

I (TC) ... '--+----. 
I 

n=4 

TIMER OUT (SQUARE WAVE) 

TIMER OUT (PULSE) L 
Note: n is the value set in the CLR. 

Figures in the diagram refer to counter value. 

161 Standby Mode (see page 7) should be set low. Otherwise, a buffer should be 

The MSM81C55 is placed in standby mode when 
the high level at the CE input is latched during the 
negative going edge of ALE. All input ports and 
the timer input should be pulled up or down to 

either V CC or GND potential. 
When using battery back-up, all ports should be 
set low or in input port mode. The timer output 

added to the timer output and the battery should 
be connected to the power supply pins of the 
buffer. 
By setting the reset input to a high level, the stand· 
by mode can be selected. In this case, the com­
mand register is reset, so the ports automatically 
set to the input mode and the timer stops. 
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OKI semiconductor 

MSM82C12RS/GS 
8-BIT INPUT/OUTPUT PORT 

GENERAL DESCRIPTION 

The MSM82C12 is an 8 bit input output port employing 3 µ,silicon gate CMOS technology. It insures low opera­
ting power. This device incorporates a se..Vice request flip-flop for generation and control of interrupts for a CPU, in 
addition to an 8-bit latch circuit having a three-state output buffer. 

It is effective when used as an address latch device to separate the time division bus line outputs in systems 
employing the MSM80C85A CPU or similar processors using multiplexed address/data bus line. 

FEATURES 

•Operated on low power consumption due to silicon 
gate CMOS. 

• 3 V - 6 V single power supply 
• Full static operation 
• Parallel 8-bit data register and buffer 
• Provided with an interrupt generating function 

through the adoption of a service request flip-flop 

CIRCUIT CONFIGURATION 

DS1 

DS2 

MD 

ST.B 

Dl1 

Dl2 

Dl3 

Dl4 

Dis 

Dl6 

Dl7 

Dig 

CLR 
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• Equipped with a clear terminal which operates asyn-
chronously 

•TTL compatible 
• 24-pin DIP (MSM82C12RS) 
• 24-pin flat package (MSM82C12GS) 
•Functionally compatible with the 8212 

Service Request Flip-flop 

Data Latch 

Output Buffer 



PIN CONFIGURATION 

MSM82C12RS ITop View) 24 Lead Plastic DIP MSM82C12GS ITop Vi-I 24 Lead Plastic Flat Package 

DS1 
10 DS1 Vee 

MD MD 2 INT 

Dl1 Dis Dl1 3 Dis 

D01 4 DOs 
D01 DOs Dl2 5 ;;:: Dl7 en 
Dl2 Dl7 D02 6 ;;:: D07 

ClO 

Dl3 7 
.., 

Dl6 
D02 £? 

D03 8 .., D06 
G'> 

Dl3 Dl6 Dl4 9 en Dis 

D03 D06 D04 10 DOs 

STB 11 CLR 
Dl4 Dis GND 12 DS2 

D04 DOs 

STB 

PIN DESCRIPTION 

Pin Name Item Input/Output Function 

Dl1-Dls Data input Input These pins are 8-bit data inputs. The data input is connected 
to the input D pins of the 8-bit data latch circuit built inot 
the device. 

D01-DOs Data output Output These pins are 8-bit data outpuu. Each bit is composed of 3-
state output buffers. 
These buffers can be made into enable or disable lhigh imped-
ance status). 

MD Mode input Input This pin is a clock input for the data latch. It is also used to 
reset the internal service request flip-flop at the same time. 

STB Strobe input Input This pin is a clock input for the data latch. It is also used to 
reset the internal service request flip-flop at the same time. 

DS1, DS2 Device select Input The AND of these two input functions make the status 
input control of output buffers or becomes a clock input to the 

data latch. It also functions to perform set/reset of the 
internal service request flip-flop. 

CLR Clear input Input This pin clears the internal data latch in low level. It also sets 
the internal service request flip-flop at this time. The clear is 
operated asynchronously to the clock. 

INT Interrupt Output This pin is the ouput of the internal service request flip-flop, 
output but is inverted to ouptut it in low level operation. 

Vee +SV power supply 

GND GND 
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FUNCTIONAL DESCRIPTION 

Output Buffer Status Control and Data Latch Clock 
Input 

When the input MD is at high level, the ouptut 
buff~r is enabled and the device select input (DS1.DS2) 
becomes the clock input to the data latch. When the 
input MD is in low level, the status of the output buffer 
is determined by the device select input (DS1 .DS2) (the 
output buffer is enabled when (DS1 .DS2) is in high 
level). At this time, the input STB becomes the clock 
input to the data latch. 

MD (DS1. DS2) STB 001 -DOs 

0 0 0 High impedance status 

0 0 1 High impedance status 

1 0 0 Data latch 

1 0 1 Data latch 

0 1 0 Data latch 

0 1 1 Data in 

1 1 0 Data in 

1 1 1 Data in 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 

Supply Voltage Vee With 
Input Voltage V1N respect 

Output Voltage VouT 
toGND 

Storage Temperature Tstg 

Power Dissipation Po Ta= 25°C 

OPERATING RANGE 

Parameter Symbol 

Supply Voltage Vee 

Operating Temperature Top 

Service Request Flip-flop 
The service request flip-flop is used to generate and 

control the interrupt for the CPU when the MSM82C12 
is used as an input/output port in a microcomputer 
system. The flip-flop is set asynchronously by input 
CLR. When the flip-flop is set, the system is in non­
interrupt status 

eLR (DS1 • DS2~ STB a INT 

0 0 0 1 1 

0 1 0 1 0 

1 1 ~ 1 0 

1 1 0 1 0 

1 0 0 1 1 

1 0 ~ 0 0 

Claar 
When the clear input becomes low lewl, the inter­

nal data latch is cleared irrespective of the clock and 
becomes low level. 

Limits 

I 
Unit 

MSM82C12RS MSM82Ct2GS 

--0.5 to +7 v 
-o.5 to v cc+0.5 v 
-0.5 to Vcc+0.5 v 
..,.55 to +150 •e 

0.9 I 0.7 w 

Limits Unit 

3to6 v 
-40to +85 •c 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5 5.5 v 
Operating Temperature Top -40 +25 +85 •c 
"L" Input Voltage V1L --0.3 +0.8 v 
"H" Input Voltage V1H 2.2 Vec+0.3 v 
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DC CHARACTERISTICS 

Parameter Symbol 

"L" Output Voltage VOL 

00H" Output Voltage VoH 

Input Leak Current tu 

Output Leak Current ILO 

Supply Current (Standby) ~ccs 

Average Supply Current 
tee (active) 

AC CHARACTERISTICS 
(Vee= 4.5 - 5.5V. Ta= -40°C +85°C) 

Conditions 

toL = 4mA 

loH = -4mA 

O~VtN~Vcc Vee= -4.5V 
to 5.5V 

o~vouT~Vcc Ta= -40°C 
V1H ~Vee -0.2V to +85°C 
VtL ~0.2V 

f = 1 MHz 

Parameter Symbol Min. Typ. Max. 

Pulse Width tpw 30 

Data to Output Delay tpo 20 45 

Write Enable to Output Delay twE 31 60 

Data Set Up Time tsET 15 

Data Hold Time tH 30 

Clear to Output Delay tc 19 40 

Reset to Output Delay tR 21 45 

Set to Output Delay ts 25 45 

Output Enable Time tE 52 90 

Output Disable Time to 30 55 

Note: TYP is measured where Vee= 5 V and Ta= 25°C. 
Timing is measured where VL = VH = 1.5V in both input and output. 

Min. Typ. Max. Unit 

0.4 v 

3.7 v 

-10 10 µA 

-10 10 µA 

0.1 100 µA 

1 mA 

Unit Remarks 

ns 

ns 

ns 

ns 
Load 30pF 

ns 

ns 

ns 

ns 

ns Load 20pF + 

ns 1 kn 

tE and to are measured at Vol+ 0.5V or VoH -0.5V when the two are made into high impedance status. 

OUTPUT CHARACTERISTICS !DC Characteristics Reference vatuel 

(1) Output "H" voltage IVoHl vs. 
output current lloHl 

~ 
:I: 
0 
> 

t 
0 
> 

5 

4 

3 

2 

0 

0 

;r 10 
Ta = -40-+85 C 

Vee= 5.ov 

-1 -2 -3 -4 
Output current loH (mA) 

~ 

-5 

(2) Output "L" voltage (VoLI vs. 
output current lloLI 

~ 
...J 
0 
> .. 
~ 
g 
;.i 

5 

4 

3 

2 

0 

Vee= 5.ov 

Ta= -40-+85°C 

~ l 

0 1 2 3 4 
Output current loL (mA) 

Note: The direction of flow in is taken as positive for output current. 

5 

191 



OUTPUT CHARACTERISTICS IAC Characteristics Reference vaiuel 

(1 l tpo vs. load capacitance 

! 40,__ _ _,___..._ _ _,__....__,,,..-;-..-'"Vcc = 4.5v 

:C .,..~...... Vee= 5.ov 
...1 ' ,,,... ~ - Vee= 5.5.-' P: 301----+---+--=--'°+~::,,..~;....---~~~.....::.:~>~Vj 

_-r~;-...-

.,..;..~ 
20~ (Ta= 25°C) 

101---1-~+-~·il---l-~-+---l~-I 

0 200 400 600 
Load capacitance CL (pF) 

(2) tpo and tvvE vs. supply voltage 

192 

" 

E 30 I -·~ 
twE :c 

..J 

P: 
1---ISTBl_'_·.,~~-1---1----1--~ I . ...,., ... _...__ 

tpo-.._ r-

~ 20+-----t-21'--F;;:;::±_=-+----l 

Ta= 25°C 
CL= 30pF 

101-----+---+---=--+----1----1----1 

4 5 6 

Supply voltage Vee (V) 

.. Vee =4.5V 
E 401--+--+--+---o.~ ... ,,.·"".!!llvcc = 5.ov 
-::i ~~Vee= 5.5V ::c _ .... j 
P: 30f---+---J..l~~'"""lll"'l''----1---l----11-----l 

~ ~-~~~::...+----+---1---1---1----11----1 20• 
(Ta= 25°C) 

101---+--+----1----1---1---+--~ 

0 200 400 600 
Load capacitance CL (pF) 

401-----+--+--+---+---+--~ 

] 30,1-----+--+---+---+---+--~ 

-::i 
::c 

P: "'--LO 
~ 20 

~ ... "'!!S:::: _ _,;:,,=--""'+.;;-~- ttpo 
7 -WE-

6 
~ 

tWE (OS1 · OS2) 
+-----+---1--.... (STB)'+---+----1 

lOl-----+--+---+-T-a-=--+-25~0-C-+--~ 

CL =30pF 

4 5 6 

Supply voltage Vee (V) 



TIMING CHART 

Data Latch Operation 

DI 

STB 
(DS1 ·DS2) 

DO 

tpw tpw 

Gate Buffer Operation 

DI 

DO 

Interrupt Operation 

(DS1 • DS2) 

ts 

tpw 

STB 

ts 
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Clear Operation 

tpw 

DO 

Output Buffer Enable/Disable (High lmpadence Status) Operation 

IDS1 • DS2) 

DO 
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EXAMPLE OF APPLICATION OF MSM82C12 

Addrea Latch of MSM80C85A 
Used to separate the time division data bus (8 low 

order bits of the address bus and 8-bit data bus) into 

the address bus and data bus by means of the ALE 
(Address Latch Enable) signal. 

~ 
A Do 

12 

13 
AD1 

14 
AD2 

15 
MSM 

AD3 
16 

80C85A 
AD4 

17 
ADs 

18 
AD6 

19 AD7 

ALE 
30 

'$ 

t:l14 

CLR 
L2 D01 Dl1 
~ D02 Dl2 

7 
Dl3 D03 

9 Dl4 MSM D04 
16 Dls82C12Dos 
18 Dl6 D06 
20 DI D07 
22 7 

Dis DOs 
STB MD DS1 

]11 [T 
m 

4 

6 

8 

10 
15 

17 
19 

21 

Data 
Bus 

Address Bus 
(8 low order 
bits) 
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OK.I semiconductor 

MSM82C37 ARS/GS/JS 
PROGRAMMABLE OMA CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C37ARS/GS/JS DMA {Direct Memory Access) controller is capable of high.-speed data transfer 
without CPU intervention, and is used as a peripheral device in microcomputer systems. The device features four 
independent programmable DMA channels. 

Due to the use of silicon gate CMOS technology, standby current is 10 µA (max.), and power consumption is 
as low as 10 MA (max.) when a 5 MHz clock is generated. 

FEATURES 

•Maximum operating frequency of 5 MHz(Vcc= 5 V±_.!O"A,) 
• High-speed operation at very low power consumption 

due to silicon gate CMOS technology 
• Wide power supply voltage range of 3 to 6 V 
• Wide operating temperature range from -40° to 

+85°C 
• 4-channels of independent.OMA control 
• DMA request masking and programming 
• DMA request priority function 

PIN CONNECTIONS 

40-pin plastic DIP (top vi-) 

• DREO and DACK input/output logic inversion 
• DMA address increment/decrement selection 
• Memory-to-Memory Transfers 
• Channel extension by cascade connection 
• DMA transfer termination by EOP input 
• 40-pin DIP (MSM82C37ARS) 
• 44-pin PLCC package (MSM82C37AJS) 
• Intel 8237A-5 compatibility 
•TTL Compatible 

44-pin plastic flat-package (top view) 

u I~ I~ I~ I~ ' ' ••• 1~ Z:2:2--><l<l<l<lw 

Note: N.c, (No Connection) 
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cs 
CLK 

RESET 

DACK2 

AD10 

AD9 

AP8 9 

A07 10 

A06 11 

ADS 12 

AO·I 13 

ADJ 14 

A02 15 

ADI 16 

ADO 17 

44-PIN PLCC PACKAGE 

6 b ·I 3 2 I 44 43 ·12 41 .rn 

0 

18 w 20 21 22 23 24 2!> 26 27 28 

A19/S6 

37 8-HE1S7 

36 MN/Mx 

(top view) 

34 R0.1GTO OiOl.OJ 

R0/GT1 HiLDAl 

32 CoCi< 1WA"1 

31 $2 lMrlOI 

Si- mT.RJ 

29 So !DENJ 
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MEMR 

MENW 
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Priority 

4 I judgement 

circuit 

4 
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TC (Terminal C:ount} Temporary word 
!--------------!count register (16) 

Mode 
register 
4 

Command 

register (8) 

Mask 
register (4) 

ReqiJest 
register (4) 

Base word 
count 

Current 
word 
count 
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16-bit 

bus 

Base 
address 

Temporary address 
register (161 

Current 
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output buffer 

Input/Output 
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Command 

control 

circuit 
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• 1/0·MSM82C37ARS/GS/JS •~~~~~~~~~~~~~~~~~ 

ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions I MSM82C37 AGS I MSM82C37 AJS 

Unit 
MSM82C37ARS 

Supply Voltage Vee -0.5 to +7 v 

Input Voltage V1N 
with respect, 

-0.5 to Vee+ o.5 v 

Output Voltage VouT to GND -0.5 to Vee+ o.5 v 

Storage Temperature Tstg -55 to+ 150 •c 

Power Dissipation Po Ta= 25°C 1.0 l 0.7 l 1.0 w 

OPERATING RANGES 

Parameter Symbol Range Unit 

Power supply voltage Vee 3- 6 v 

Operating temperature Top -40- 85 •c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Maximum Typical Minimum Unit 

Power supply voltage Vee 4.5 5.0 5.5 v 

Operating temperature Top -40 +25 +85 •c 

"L" input voltage VIL -0.5 - +0.8 v 

"H" input voltage V1H 2.2 - Vee+ o.s v 

DC CHARACTERISTICS 

Parameter Symbol Conditions Maximum Typical Minimum Unit 

"L" output voltage VOL IOL = 3.2 mA - - 0.4 v 

"H" output voltage VoH IOH=-1.0mA Vcc=4.5V 3.7 - - v 
-5.5V 

Input leak current ILi ov ~ V1N ~Vee 
Ta= -40°C 

-10 - 10 µA 

Output leak current ILO OV~VouT~Vcc - +85°C -10 - 10 µA 

Input frequency 
Average power supply 5 MHz, whenRESET 
current during ICC - - 10 mA 
operations V1N = 0 VIV cc. 

CL= 0 pf 

Power supply current 
HLDA = 0 V, 

in standby mode ICCS VIL = 0 v. - - 10 µA 
VIH = VCC 
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AC CHARACTERISTICS 

OMA (MASTER) MODE 
(Ta= -40 - +85°e, Vee= 4.5 - 5.5V) 

Symbol Item MIN MAX Unit Comments 

TAEL 
Delay time from C LK falling edge 

200 ns -
up to AEN leading edge -

TAET 
Delay time from CLK rising edge 

- 130 ns -
up to AEN trailing edge 

TAFAB 
Delay time from CLK rising edge 

- 90 ns --
up to address flo.ating status 

TAFC 
Delay time from CLK rising edge 

120 ns -
up to read/write signal floating status -

TAFDB 
Delay time from CLK rising edge - 170 ns -
up to data bus floating status 

TAHR 
Address valid hold time to 

TCY·100 -
read signal trailing edge 

- ns 

TAHS 
Data valid hold time to ADSTB 

30 - -
trailing edge 

ns 

TAHW 
Address valid hold time to 

TCY-50 
write signal trailing edge - ns --

Delay time from C LK falling edge 
170 ns (Note 3) 

up to active DACK -

TAK 
Delay time from CLK rising edge 

- 170 ns (Note 5) 
up to EOP leading edge 

Delay time from CLK rising edge 
170 ns 

up to EOP trailing edge - -

TASM 
Time from CLK rising edge up to - 170 ns -
address val id 

TASS 
Data set-up time to ADSTB 

100 -
trailing edge - ns 

TCH Clock high-level time 68 - ns (Note 6) 
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Symbol Item MIN MAX Unit Comments 

TCL Clock low-level time 68 - ns (Note 6) 

TCY CLK cycle time 200 - ns 

TDCL 
Delay time from CLK rising edge 

190 ns loJ<:>te 2) 
to read/write signal leading edge 

-

TDCTR 
Delay time from CLK rising edge - 190 ns (Note 2) 
to read signal trailing edge 

TDCTW 
Delay time from CLK rising edge - 130 · ns (Note 2) 
to write signal trailing edge 

TDQ 
Delay time from CLK rising edge - 120 ns -
to HRQ valid 

TEPS 
EOP leading edge set-up time to 

40 - ns -
· CLK falling edge 

TEPW EOP pulse width 220 - ns -

TFAAB 
Delay time from CLK rising edge - 170 ns -
to address valid 

TFAC 
Time from CLK rising edge up to - 150 ns -
active read/write signal 

TFADB 
Delay time from CLK rising edge 

- 200 ns -
to data valid 

ID 
THS 

HLDA valid set-up time to 
75 -

CL:K rising edge 
- ns 

TIDH 
Input data hold time to MEMR 

0 -
trailing edge 

- ns 

TIDS 
Input data set-up time to MEMR 

170 - ns 
trailing edge 

-

TODH 
Output data hold time to MENW 

10 ns -
trailing edge 

-

TODV 
Time from output data valid to 

125 - ns 
MEMW trailing edge -

TQS 
DREQ set-up time to CLK falling 

0 - ns (Note 3) 
edge 

TRH 
READY hold time to CLK falling 

20 - ns -
edge 

TRS 
READY set-up time to CLK falling 

60 - -
edge rs 

TSTL 
Delay time from CLK rising edge - 130 ns -
to ADSTB leading edge 

TSTT 
Delay time from CLK rising edge - 90 ns -
to ADSTB trailing edge 
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SLAVE MODE 
(Ta= -40 ~ +85°e. Vee= 4.5 ~ 5.5V) 

Symbol Item MIN MAX Unit Comments 

TAR 
Time from address valid or CS 

50 
leading edge to IOR leadi_ng edge 

- ns -

TAW 
Address valid set-up time to IOW 

130 
trailing edge 

- ns --

TCW 
CS leading edge set-up time to 

130 - ns -

IOW trailing edge 

TDW 
Data valid set-up time to IOW 
trailing edge 

130 - ns -

TRA 
Address or CS hold time to IOR 

0 -

trailing edge 
ns -

TADE 
Data access time to IOR leading 

- 140 ns 
edge 

-

TRDF 
Delay time to data floating status 
from IOR trailing edge 

0 70 ns -

TR STD 
Supply power leading edge set-up 
time to RESET trailing edge 

500 - ns --

TRSTS 
Time to first active IOR or IOW 

2TCY - -
from RESET trailing edge 

ns 

TRSTW RESET pulse width 300 - ns -

--
TRW IOR pulse width 200 - ns -

TWA 
Address hold time to IOW trailing 

20 
edge 

- ns -· 

TWC 
CS trailing edge hold time to IOW 

20 - -
trailing edge 

ns 

TWD Data hold time'to IOW trailing edge 55 - ns -

TWWS IOW pulse width 160 - ns -

Note: 
1. Output load capacitance of 150 pF. 
2. IOW and MEMW pulse widths of TCY-100 (ns) for normal writing, and 2TCY-100 (ns) for extended writing. 

And.IOR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing. 
3. DREO and DACK signal active level can be set to either low or high level. In the timing chart, the OREO signal 

has been set to active-high, and the DACK signal to active-low. 
4. When the CPU executes continuous read or white in the programming mode, the interval during which the read 

or write pulse becomes active must be set to at least 400 ns. 
5. EOP is an open drain output. The value given is obtained when a 2.2 kohm pull-up resistance is connected to 

VCC. 
6. Rise time and fall time is less than 10 ns. 
7. Waveform measurement points for both input and output signals are 2.2V for HIGH and 0.8V for LOW, unless 

otherwise noted. 
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TIME CHART 
RESET TIMING 

Vee -----'1i--- TRSTD -----~ 

- _____,)== TRS . 

RESET . 

-------
IOR, IOW 

SLAVE MODE WRITE TIMING 
TCW v r 

-I 1-- TWC 

TWWS J 
\ I 

TAW - t--TWA 

AO-A3 ) Input valid address K 
TOW - 1--TWD 

DBO-DB7 ) Input val id data K 

SLAVE MODE READ TIMING 

AO-AJ Input valid address 
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OMA TRANSFER TIMING 

OREO 

HAO ____ _J 

AEN 
-----~11------'---'r 

TSTL 

TEAOB 

DB0 "'087 

TFAAB 

AO-A7 

DACK 

Internal EOP (output) 

External EOP {input f 

TAFC 
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MEMORY TO MEMORY TRANSFER TIMING 

CLK 

Internal EOP ------+-------------+------~! 
(output) TEPS~ TEPS~ TEPW TEPW 

~'~~·;,~·' EOP --\-S-~'!."ZT7V...,------,\""\""T""\/,'"T2....,//~7~-----

ID 
READY TIMING 

CLK 
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COMPRESSED TRANSFER TIMING 

CLK 

AO-A7 

IOR, MEMR 

IOW, MEMW 

READY 

Internal EOP 

(output I 

External EOP 
(input) 

TEPW lo 
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PIN FUNCTIONS 

Symbol Pin name 
Input/ 
output 

Function 

Vee Power +5 V power supply. 

GND Ground Ground (0 V) connection. 

CLK Clock Input Control of MSM82C37A internal operations 
and data transfer speed. 

cs Chip select Input CS is active-low input signal used for the CPU 
to select the MSM82C37A as an 110 device 
in an idle cycle. 

RESET Reset Input RESET is an active-high asynchronous input 
signal used to clear command, status, request, 
temporary registers, and first/last F/F, and to 
set mask register. The MSM82C37A enters 
an idle cycle following a RESET. 

READY Ready Input The read or write pulse width can be extended 
to accomodate slow access memories and 1/0 
devices when this input is switched to low 
level. Note this input must not change within the 
prescribed set-up/hold time. 

HLDA Hold lnpuj HLDA is an active-high input signal used to indi-
acknowledge cate that system bus control has been released 

when a hold request is received by the CPU. 

DREOO - DRE03 DMA request Input OREO is an asychronous OMA transfer request 
O - 3 channels input signals. Although these pins are switched 

to active-high by reset, they can be programmed 
to become active-low. OMA requests.are received 
in accordance with a prescribed order of priority. 
OREO must be held until DACK becomes active. 

DBO - 087 Data bus 0 - 7 Input/ DB is a bidirectional three-state signal connected 
output to the system data bus, and which is used as 

an input/output of the MSM82C37A internal 
registers during id le eye les, and as an output 
of the eight higher order bits of transfer addresses 
during active cycles. Also used as input and 
output of transfer data during memory-memory 
transfers. 

--IOR 1/0 read Input/ IOR is an active-low bidirectional three-state 
output signal used as an input col)trol signal for CPU 

reading of the MSM82C37 A-5 internal registers 
during idle cycles, and as an output control signal 
for reading 1/0 device transfer data in writing 
transfers during active cycles. 

IOW 1/0 write Input/ lbW is an active-low bidirectional three-state 
output signal used as an input control signal for CPU 

writing of MSM82C37A internal registers during 
idle cycles, and as an output control signal 
for writing 1/0 device transfer data in writing 
transfers during active cycles. 
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Symbol 

AO-A3 

A4-A7 

HAQ 

DACKO - DACK3 

AEN 

Pin name 

End of process 

Address 0 - 3 

Address 4 - 7 

Hold request 

OMA 
acknowledge 
0 - 3 channels 

Address enable 

Input/ 
output 

Input/ 
output 

Input/ 
output 

Output 

Output 

Output 

Output 

Function 

EOP is an active-low bidirectional three-state 
signal. Unlike other pins, this pin is an N-channel 
open drain. During OMA operations, a low-level 
output p,ulse is obtained from this pin if the 
channel word count changes from OOOOH to 

FFFFH. 

OMA transfers can be terminated by pulling 

the EOP input to low level. Both of· these 
actions are called terminal count (TC). 

When an internal or external EOP is generated, 
the MSM82C37A terminates the transfer 
and resets the OMA request. 

When the EOP pin is not used, it is necessary 
to hold tile pin at high level by pull-up resistance 
to prevent the input of an EOP by error. Also 
note that the EOP function cannot be satisfied 
in cascade mode. 

AO-A3 is a bidirectional three-state signal 
used as an input signal for specifying the 
MSM82C37 A's internal register to be accessed by 
the CPU during idle cycles, and as an output for 
the four lower order bits of the transfer address 
during active cycles. 

A4-A 7 is a three-state signal used as an output 
for the four higher order bits of address transfer 

during active cycles. 

HAO is an active-high signal used as an output 
for hold re!Juest to the CPU for system data 

bus control purposes. After HAQ has become 
active, at least one clock cycle is required 
before H LOA becomes active. 

DACK is an output signal used to indicat_e that 

OMA transfer '° peripheral devices has been 
permitted. (Available in each channel.) 

Although these pins are switched to active-low 
when reset, they can be programmed to become 
active-high. 

Note that there is no DACK output signal during 
memory-memory transfers. 

AEN is an active-high output signal used to 
indicate that output signals sent from the 
MSM82C37A to the system are valid. In addition 
to enabling an external latch to hold the eight 

higher order bits of the transfer address, this 
signal is also used to disable other system bus 
buffers. 
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Symbol Pin name 
Input/ 
output 

Function 

ADSTB Address strobe Output ADSTB is an active-high signal used to strobe 
the eight higher order bits of the transfer address 
by external latch. 

MEMR Memory read Output MEMR is an active-low three-state output signal 
used as a control signal in reading data from 

c 
memory during read transfers and memory-
memory transfers. 

MEMW Memory write Output MEMW is an active-low three-state output signal 
used as a control signal in writing data into 
memory during write transfers and memory-
memory transfers. 
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y 

EOP. F/F setting 

y 

y 

RESET 

Note: Y. 

N 

Fig, 1 OMA operation state transition diagram 

Yes (Active) 

No (Inactive) 
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OUTLINE OF FUNCTIONS 

The MSM82C37A consists of five blocks - three logic sections, an internal register section, and a counter 
section. 

The logic sections include a timing control block where the internal timing and external control signals are 
generated, a command control block where each instruction from the CPU is decoded, and priority decision block 
where the order of OMA channel priority is determined. The purpose of the internal register section is to hold internal 
states and instructions from the CPU, while the counter section comp_utes addresses and word counts. 

DESCRIPTION OF OPERATIONS 

The MSM82C37A operates in two cycles foalled the idle and active cycles) which are divided into independent 
states. Each state is commenced by a clock falling edge and continues for a single clock cycle. The transition from 
one state to the next in OMA operations is outlined in Figure 1. 

IDLE CYCLE 

The idle cycle is entered from the SI state when there is no valid OMA request in any MSM82C37 A channel. 
During this cycle, OREO and CS inputs are monitored during each cycle. When a valid OMA request is then received, 
an active cycle is commenced. And if the HLDA and CS inputs are at low level, a programming state is started with 
MSM82C37A-5 reading or writing executed by IOR or IOW. Programming details are described later. 

ACTIVE CYCLE 

If a OMA request is received in an unmasked channel while the MSM82C37 A is in an idle cycle, or if a Software 
OREO is generated, the HRO ·is changed to high level to commence an active cycle. The initial state of an active 
cycle is the SO state which is repeated until the HLDA input from the CPU is changed to high level. (But because 
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high level 
by the CPU after the HRQ has become high level. That is, the SO state must be repeated at least twice.) 

After the HLDA has been changed to high level, the SO state proceeds to operational states S1 thru S4 during 
1/0-memory transfers, or to operational states S11 thru S14 and S21 thru S24 during memory-memory transfers. 

If the memory or 1/0 device cannot be accessed within the normel timing, an SW state (wait state) can be 
inserted by a READY input to extend the timing. 

DESCRIPTION OF .TRANSFER TYPES 

MSM82C37 A transfers between an 1/0 and memory devices, or transfers between memory devices. The three 
types of transfers between 1/0 and memory devices are read, write, and verify. 

1/0-MEMORY TRANSFERS 

The operational states during an 1/0-memory transfer are S1, S2, ~3, and S4. 
In the S1 state, an AEN output is changed to high level to indicate that the control signal from the 

MSM82C37A is valid. The eight lower order bits of the transfer address are obtained from AO thru A7, and the 
eight higher order .bits are obtained from DBO thru 087. The ADSTB output is changed to high level at this time 
to set the eight higher order bits in an external. address latch, and the DACK output is made active for the channel 
where the OMA request is acknowledged. Where there is no change in the eight higher bit transfer address during 
demand and block mode transfers, however, the S1 state is omitted. 

In the S2 state, the IOR or MEMR output is changed to low level. 
In the S3 state, IOW or MEMW is changed to low level. Where compressed timing is used, however, the S3 

state is omitted. ' 
The S2 and S3 states are 1/0 or memory input/output timing control states. 
In the S4 state, IOR, IOW, MEMR. and MEMW are changed to high level, and the word count register is 

decremented by 1 while the address register is incremented (or decremented) by 1. This completes the OMA transfer 
of one word. 

Note that in 1/0-memory transfers, data is transferred directly without being taken in by the MSM82C37A-5. 
The differences in the three types of 1/0-memory transfers are indicated below. · 
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READ TRANSFER 

Data is transferred from memory to the 1/0 device by changing MEMR and IOW to low level. MEMW and IOR 
are kept at high level during this time. 

WRITE TRANSFER 

Data is transferred from the 1/0 device to memory by changing MEMW and IOR to low level. MEMR and IOW 
are kept at high level during this time. 

Note that writing and reading in these write and read transfers are with respect to the memory. 

VERIFY TRANSFER 

Although verify transfers invol.ve the same operations as write and read transfers (such as transfer address 
generation and EOP input responses). they are in fact pseudo transfers where all 1/0 and memory reading/writing 
control signals are kept inactive. READY inputs are disregarded in verify transfers. 

MEMORY-MEMORY TRANSFERS 

Memory-memory transfers are used to transfer data blocks from one memory area to another. 
Memory-memory transfers require a total of eight states to complete a single transfer - four states (S11 thru 

S14) for reading from memory, and four states (S21 thru 524) for wYiting into memory. These states are similar 
to 1/0-memory transfer states, and are distinguished by using two-digit numbers. 

In memory-memory transfers, channel 0 is used for reading data from the source area •. and channel 1 is used 
for writing data into the destination area. During the initial four states, data specified by the channel 0 address is 
read from the memory when MEMR is made active, and is taken in the MSM82C37 A temporary register. Then 
during the latter four states, the data in the temporary register is written in the address specified by channel 1. 
This completes the transfer of one byte of data. With the channel 0 and channel 1 addresses subsequently 
incremented (or decremented) by 1, and the channel 0, 1 word count decremented by 1, this operation is repeated. 

The transfer is terminated when the word count reaches FFFF(H) from OOOO(H), or when an EOP input is applied 
from an external source. Note that there is no DACK output signal during this transfer. 

The following preparations in programming are requiring to enable memory-memory transfers to be started. 

COMMAND REGISTER SETTING 

Memory-memory transfers are enabled by setting bit 0. And the channel 0 address can be held for all transfers 
by setting bit 1. This setting can be used to enable 1-word contents of the' source area to. be written into the entire 
destination area. 

MODE REGISTER SETTING 

The transfer type destination is disregarded in channels 0 and 1. Memory-memory transfers are always executed 
in block transfer mode. 

REQUEST REGISTER SETTING 

Memory-memory transfers are started by setting the channel 0 request bit. 

MASK REGISTER SETTING 

Mask bits for all channels are set to prevent selection of any other channel apart from channel 0. 

WORD COUNT REGISTER SETTING 

The channel 1 word count is validated, while the channel 0 word count is disregarded. 
In order to autoinitialize both channels, it is necessary to write the same values into both word count registers. 
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DESCRIPTION OF OPERATION MODES 

SINGLE TRANSFER MODE 

In single transfer mode, only one wor.d is transferred, and the addresses are incremented (or decremented) by 
1 while the word count is decremented by 1. The HRO is then changed to low level to return the bus control to the 
CPU. If OREO remains active after completion of a transfer, the HRO is changed to low level. After that HLDA 
is· changed to low level by the CPU, and then changes the HRO back to high level to commence a fresh DMA cycle. 
For this reason, a machine cycle can be inserted between DMA cycles by the CPU. 

BLOCK TRANSFER MOOE 

Once a DMA transfer is started in block mode, the transfer is continued until terminal count (TC) status is 
reached. 

If DREO remains active until DACK becomes active, the DMA transfer is continued even if DREO becomes 
inactive. 

DEMAND TRANSFER MODE 

The DMA transfer is continued in demand transfer mode until DREO is no longer active, or until TC status is 
reached. 

During a DMA transfer, intermediate address and word count values are held in the current address and current 

word count registers. Consequently, if the DMA transfer is suspended as a result of DREQ becoming inactive before 
TC status is reached, and the DREO for that channel is then made active again, the suspended DMA transfer is 
resumed. 

CASCADE TRANSFER MODE 
Wtren OMA transfers involving more than four channels are required, connecting a multiple number of 

MSM82C37 A· devices in a cascade connection (see Figure 2) enables a simple system extension. This ·mode is set 
by setting the first stage 1111SM82C37A channel to cascade mode. 'The DREO and DACK lines for the first stage 
MSM82C37 A channel set to ~ascade mode are connected to the HRO and H LDA lines of the respective 
MSM82C37 A devices in the second stage. The first stage MSM82C37 A DACK signal must be set to active-high, 

and the DREO signal to active-low. 
Since the first stage MSM82C37A is only used functionally in determining the order of priority of each 

channel when cascade mode is set, only DREO and DACK are used - all other inputs are disregarded. And since the 
system may be hung up if the DMA transfer is activated by software DREO, do not set a software DREO for channels 

where cascade mode has been set. 
In addition to the dual stage cascade connection shown in Figure 2, triple stage cascade connections are possible 

with the second stage also set to cascade mode. 

CPU HRO 
DREO 

DACK 

HLDA 

DREO 

DACK 

Stage 1 
MSM82C37A 

Fig. 2 MSM82C37A-5 cascade connection system 

212 

4 
DREO 
o-3 1-f-
DACK 
0-3 

HRO 

HLDA 

HRO 

HLDA 

DREO 
0-3 

DACK 
0-3 

Stage 2 
MSM82C37A 

~ 
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AUTOINITIALIZE MOOE 

Setting bit 4 of the mode register enables autoinitialization of that channel. Following TC generation, auto­

initialize involves writing of base address and base word count register values in the respective current address and 

current word count registers. The same values as in the current registers are written in the base registers by the CPU, 
and are not changed during DMA transfers. 

When a channel has been set to autoinitialize, that channel may be used in a second transfer without involving 
the CPU and without the mask bit being reset after the TC generation. 

PRIORITY MODES 

The MSM82CJ7A makes use of two priority decision modes, and acknowledges the DMA channel of highest 

priority among the DMA requesting channels. 

FIXED PRIORITY MODE 

In fixed priority mode, channel 0 has the highest priority, followed by channel 1, 2, and J in that order. 

ROTATING PRIORITY MODE 

In rotating priority mode, the order of priority is changed so that the channel where the current DMA transfer 
has been completed is given lowest priority. This is to prevent any one channel from monopolizing the system. 
The fixed prioritY is regained immediately after resetting. 

Table 1 MSM82CJ7A priority decision modes 

Priority mode Fixed Rotating 

Service terminated channel - CHO CH1 CH2 CHJ 

Highest CHO CH1 CH2 CHJ CHO 

Order of priority 

t 
CH1 CH2 CHJ CHO CH1 

for next DMA CH2 CHJ CHO CH1 CH2 

Lowest CHJ CHO CH1 CH2 CHJ 

COMPRESSED TIMING 

Setting the MSM82CJ7A to compressed timing mode enables the SJ state used in extension of the read pulse 
access time to be omitted (if permitted by system structure) for two or three clock cycle DMA transfers. If the SJ 

state is omitted, the read pulse width becomes the same as the write pulse width with the address updated in S2 
and the read or write operation executed in S4. This mode is disregarded if the transfer is memory-memory transfer. 

transfer. 

EXTENDED WRITING 

When this mode is set, the IOW or MEMW signal which normally appears during the SJ state is obtained during 
the S2 state, thereby extending the write pulse width. The purpose of this extended write pulse is to enable the 
system to accomodate memories and 1/0 devices where the access time is slower. Although the pulse width can 
also be extended by using READY, that involves the insertion of a SW state to increase the number of states. 
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DESCRIPTION OF INTERNAL REGISTERS 

CURRENT ADD.RESS REGISTER 

Each channel is equipped with a 16-bit long current address register where the transfer address is held during 
OMA transfers. The register value is incremented (or decremented) in each OMA cycle. Although this register is 
16 bits lol"lg, the CPU is accessed by the MSM82C37A eight bits at a time, therefore necessitating two successive 
8-bit (lower and higher order bits) reading or writing operations using interl)al first/last flip-flops. 

When autoinitialize has been set, the register is automatically initialized to the original value after TC. 

CURRENT WORD COUNT REGISTER 

Each channel is also equipped with a 16-bit long current word count register where the transfer count is held 
during OMA transfers. The register value is decremented in each OMA cycle. When the word count value reaches 
FFFF(H) from OOOO(H). a TC is generated. Therefore, a word count value which is one less than the actual number 
of transfers must be set. 

Since this register is also 16 bits long, it is accessed by first/last flip-flops control in the same way as the address 
register. A.nd if autoinitialize has been set, the register is automatically initialized to the original value after TC. 

BASE ADDRESS REGISTER AND BASE WORD COUNT REGISTER 

value of each current register is held. The same values are written in each base register and the current register by the 
CPU. The content of the current register can be made ready by the CPU, but the contents of the base register cannot 
be read. 

COMMAND REGISTER 

This 8-bit write-only register prescribes OMA operations for all MSM82C37A channels. An outline of all bits 
is given in Figure 3. When the controller is disabled by setting 082, there is no HAQ output even if the OMA request 
is active. 
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OREO and DACK signals may be active high or active low by setting 086and 087. 

l 087 1 0861 085 I 084 I OBJ I 082 I 081 1 080 J 
L 

Fig. 3 Command register 

{ 
0: Memory-memory.transfer disabled 

1 : Memory-memory transfer enabled 

{
O: Channel 0 address hold disabled 

1 : Channel 0 address hold enabled 
!Invalid when 080 = "0") 

{ 
0 : Controller enabled 

1 : Controller disabled 

{
O: Normal timing 

1 : Compressed timing 
(Invalid when 080 = "1 ") 

{
O: Fixed priority 

1 : Rotating priority 

{
O: Normal write pulse width 

1 : Extended write pulse width 

{
O: OREO sense active "H" 

1 : OREO sense active "L" 

{
O : DACK sense active "L" 

1 : DACK sense active "H" 
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MODE REGISTER 

Each channel is equipped with a 6-bit write-only mode register, which decides by setting DBO, DB1 which 
channel is to be written when writing from the CPU in programming status. The bit description is outlined in 
figure 4. 

This register is not cleared by Reset or Master Clear instruction. 

I l DB7 DB61 oBs J 1oB41 DB3· DB2 l DB1 l DBO J 

L ["°, c'"""'' ... ~.., 
01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected r 'v,,;fy -··· 01 : Write transfer 
~ 0 : Read transfer 
11 : Disabled 

{Invalid when DB6·DB7 = "11 ") 

{ 0 : Auto initialize disabled 
1 : Auto initialize enabled 

{O: Address increment (+1 t selected 
1 : Address decrement (-1 t selected r ' D~od ttooo"" modo ~'~MO 
01 : Single transfer mode selected 
10 : Block transfer mode selected 
11 : Cascade mode selected 

' 
Fig. 4 Mode register 

REQUEST REGISTER 

In addition to using the OREO signai, the MSM82C37A can request OMA transfers by software means. This 
involves setting the request bit of the ·request register. Each channel has a corresponding request bit in the request 
register, and the order of priority of these bits is determined by the priority decision circuit irrespective of the mask 
register. OMA transfers are acknowledged in accordance with the decided order of priority. 

All request bits are reset when the TC is reached, and when the request bit of a certain channel has been 
received, all other request bits are cleared. When a memory-memory transfer is commenced, the channel 0 request 
bit is set. The bit description is outlined in Figure 5. 

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 

Fig_ 5 Request register 

l 00 : Channel 0 selected 
01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

{ 0 : Request bit cleared 
1 : Request bit sat 

Not used 
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MASK REGISTER 

This register is used in disabling and enabling of OMA transfers in each channel. Each channel includes a 
. corresponding mask bit in the mask· register, and each bit is set when the TC is reached if not in autoinitialize mode. 
This mask register can be set in two different ways. 

The method for setting/resetting the register for eaeh channel is outlined in figure S(a), while the method for 
setting/resetting the register for all channels at once is outlined in Figure S(b). · 

DB7 DBS DB5 DB4 DB3 DB2 DB1 DBO 

L 

(a) Single mask register (setting/resetting for each channel) 

DB7 DBS DB5 DB4 DB3 DB2 DB1 . DBO 

(b) All mask register (setting/resetting of all channels at oncel 

Fig. 6 Mask register 
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l 00 : Channel 0 selected 
01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

{ 0 : Mask bit cleared 
1 : Mask bit set 

Not used 

{~ : Channel 0 mask bit cleared 
.: Channel 0 mask bit set 

{~ : Channel 1 mask bit cleared, 
: Channel 1 mask bit set 

{~ : Channel 2 mask bit cleared 
: Channel 2 mask bit set 

{~ : Channel 3 mask bit.cleared 
: Channel 3 mask bit set 

Not used 
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STATUS REGISTER 

This register is a read-only register used in CPU reading of MSMS2C37A status. The four higher order bits 
indicate the OMA transfer request status for each channel.'1' being set when the DREQ input signal is active. 

The four lower order bits indicate whether the corresponding channel has reached the TC or not,' 1' being 
set when the TC status is reached. These four lower order bits are reset by status register reading, or RESET input 
and master clearing. A description of each bit is outlined in Figure 7. 

087 086 DBS 084 083 

TEMPORARY REGISTER 

082 081 DBO 

Fig. 7 Status register 

{ O : Channel 0 has not reached TC 
1 : Channel 0 has reached TC 

{ O: Channel 1 has not reached TC 
1 : Channel 1 has reached TC 

{ O: Channel 2 has not reached TC 
,1 : Channel 2 has reached TC. 

{ 0: Channel 3 has not reached TC 
1 : Channel 3 has reached TC 

{ 0: Channel 0 is not requesting 
1 : Channel 0 is requesting 

{ O: Channel 1 is not requesting 
1 : Channel 1 is requesting 

{ 0 : Channel 2 is not requesting 
1 : Channel 2 is requesting 

{ O :. Channel 3 is not requesting 
1 : Channel 3 is requesting 

The temporary register is a register where transfer data is held temporarily during memory-memory transfers. 
Since the last item of data to be transferred is held after completion of the transfer, this item can be read by the 
CPU. 

SOFTWARE COMMAND 

The MSM82C37A is equipped with software commands for executing special operations to ensure proper 
programming. Software command is irrespective of data bus contents. 

CLEAR FIRST/LAST FLIP-FLOP 

16-bit address and word count registers are read or written in two consecutive operations involving eight bits 
.each (higher and lower order bits) under data bus port control. The fact that the lower order bits are accessed first 
by the MSM82C37A,· followed by accessing of the higher order bits, is discerned by the internal first/last flip-flop. 
This command resets the first/last flip-flop with the eight lower order bits being accessed immediately after execution. 

MASTER CLEAR 

The same operation as when the hardware RESET input is applied. This command clears the contents of the 
command, status (for lower order bits), request, and temporary registers. also clears the first/last flip-flop, and sets 
the mask register. This command is followed by an idle cycle. 

CLEAR MASK REGISTER 

When this command is executed, the mask bits for all channels are cleared to enable reception of OMA transfers. 
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PROGRAMMING 

The MSM82C37A is switched to programming status when the HLOA input and CS are both at low level. In 
this state, IOR is changed to low leval with IOW held at high level to enable reading by the CPU. or elsa IOW is 
changed to low lewl while IOR is held at high lewl to enable writing by the CPU. 

A list of command codes for reeding from the MSM82C37A·5 is given in Table 2. and a list of command codes 
for writing in the MSM82C37A is given Table 3. 

Note: If a OMA transfer request is received from an 1/0 device during MSM82C37A programming, that OMA 
transfer may be commenced to prevent proper programming. 

cs 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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To prevent this interference, the OMA channel must be masked, or the controller disabled by the command 
register, or the system set so as to prevent OREO becoming active during the. programming. 

Table 2 List of MSM82C37A-5 read commands 

Internal 
IOR A3 A2 A1 AO first/last Read out .data 

flip/flop 

0 0 0 0 0 0 
Current address 

8 lower order bits 

0 0 0 0 0 1 
register 

8 higher order bits 
ChannelO 

0 0 0 0 1 0 
Current word count 

8 lower order bits 

0 0 0 0 1 1 
register· 

8 hi9her order bits 

0 0 0 1 0 0 
Current address 8 lower order bits 

0 0 0 1 0 1 
register 

8 higher order bits 
Channel 1 

0 0 0 1 1 0 
Current word count 

8 lower order bits 

0 0 0 1 1 1 
register 

8 higher order bits 

0 0 1 0 0 0 
_Current address 

8 lower order bits 

0 0 1 0 0 1 
register 

8 higher order bits 
Channel2 

0 0 1 0 1 0 
Current word count 

8 lower order bits 

0 0 1 0 1 1 
register 

8 higher order bits 

0 0 1 1 0 0 
Current address 

8 lower order bits 

0 0 1 1 0 1 
register 

8 higher order bits 
Channel3 

0 0 1 1 1 0 
Current word count 

8 lower order bits 

0 0 1 1 1 1 
register 

8 higher order bits 

0 1 0 0 0 x Status register 

0 1 1 0 1 x Temporary register 

0 Other combinations x Output data invalid 
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Table 3 List of MSM82C37A write commends 

Internal 
cs IOW A3 A2 A1 AO first/last Written data 

flip-flop 

0 0 0 0 0 0 0 
Current and base 

8 lower order bits 

0 0 0 0 0 0 1 
address registers 

8 higher order bits 
Channel 0 

0 0 0 0 0 1 0 
Current and base 

8 lower or:ler bits 

0 0 0 0 0 1 1 
word count registers 

8 higher order bits 

0 0 0 0 1 0 0 
Current and base 

8 lower order bits 

0 0 0 0 1 0 1 
address registers 

8 higher order bits 
Channel 1 

' 0 0 0 0 1 1 0 
Current and base 

8 lower order bits 

0 0 0 0 1 1 1 
word count registers 

8 higher order bits 

0 0 0 1 0 0 0 
Current and base 

8 lower order bits 

0 0 0 1 0 0 1 
address registers 

8 higher order bits 
Channel 2 

0 0 0 1 0 1 0 
Current and base 

8 lower order bits 

0 0 0 1 0 1 1 
word count registers 

8 higher order bits 

0 0 0 1 1 0 0 
Current and base 

8 lower order bits 

0 0 0 1 1 0 1 
address registers 

8 higher order bits 
Channel 3 

0 0 0 1 1 1 0 
Current and base 

8 lower order bits 

0 0 0 1 1 1 1 
word count registers 

8 higher order bits 

0 0 1 0 0 0 x Command register 

0 0 1 0 0 1 x Request register 

0 0 1 0 1 0 x Single mask register 

0 0 1 0 1 1 x Mode register 

0 0 1 1 0 0 x Clear first/last flip-flop (software command) 

0 0 1 1 0 1 x Master clear (software command) 

0 0 1 1 1 0 x Clear mask register (software command) 

0 0 1 1 1 1 x All mask register 
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MSM82C37A-5 RS/GS/ JS 
PROGRAMMABLE OMA CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C37A-5RS/GS/JS, DMA (Direct Memory Access) controller is capable of high-speed data transfer 
without CPU intervention and is used as a peripheral. device in microcomputer systems. The device features four 
independent programmable DMA channels. · 

Due to the use of silicon gate CMOS technology, standby current is 10 µA (max.), and power consumption 
is as low as 10 rriA (max.) when a 5 MHz clock is generated. 

FEATURES 

•Maximum operating frequency of 5 MHz(Vcc= 5 V±10%) 
• High-speed operation ,at very low power consumption 

due to silicon gate CMOS technology 
• Wide power supply voltage range of 3 to 6 V 
• Wide operating temperature range from -40° to 
+ss•c 

• 4-channels independent DMA control 
• DMA request masking and programming 
• DMA request priority function· 

PIN CONNECTIONS 

40-pin plastic DIP (top view) 

• OREO and DACK input/output logic inversion 
• DMA address increment/decrement selection 
• Memory-to-Memory Transfers 
• Channel extension by cascade connection 
• DMA transfer termination by EOP input 
• 40-pin DIP (MSM82C37A-5RS) 
• 44-pin PLCC package (MSM82C37A-5JS) 
• lntei'8237A-5 compatibility 
•TTL Compatible 

44-pin plastic flat-package (top view) 

u I~ I~ 1· I" 8 ~ •••• 1~ Z:::i;::e;QQ><f<:C<t<Cw 

HLDA 

ADS TB 

HRO Vee f•5Vl , 

C! DBD 

RESET 082 
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Note: N.C. (No Connection) 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 
Rating 

Unit 
MSMB2C37A-5RS I MSM82C37A5GS I MSMB2C37A-5JS 

Pqwer supply voltage Vee -0.5 - +7 v 
Input voltage VIN with respect to -0.5 - V...cc_ + 0.5 v 

GND 
Output voltage VouT -0.5 - V...cc_ + 0.5 v 
Storage temperature Tstg -55 - +150 

oc 

Power dissipation Po Ta = 25°C 1.0 l 0.7 J 1.0 w 

OPERATING RANGES 

Parameter Symbol Range Unit 

Power supply voltage Vee 3- 6 v 

Operating temperature Top -40 - 85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Maximum Typical Minimum Unit 

Power supply voltage Vee 4.5 5.0 5.5 v 

Operating temperature Top -40 +25 +85 oc 
, "L" input voltage V1L -0.5 - +0.8 v 

"H" input voltage V1H 2.2 - Vee+ o.5 v 

DC CHARACTERISTICS 

Parameter Symbol Conditions Maximum Typical Minimum Unit 

"L" output voltage VOL IOL =3.2 mA - - 0.4 v 

"H" output voltage VoH IOH = -1.0 mA vcc=4.5V 3.7 - - v 
-5.SV 

Input leak current ILi ov;;;: V1N;;;: Vee 
Ta= -40°C 

-10 - 10 µA 

Output leak current ILO ov:>:vouT~Vcc - +85°C -10 - 10 µA 

I np4t freq~ency 
Average power supply 5 MHz, whenRESET 
current during ICC - - 10 mA 
operations V1N = 0 VIV cc. 

CL= 0 pF 

Power supply current 
HLDA = OV, 

ICCS VIL = 0 V, - - 10 µA 
in standby mode 

VIH = vcc 
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AC CHARACTERISTICS 

OMA (MASTER) MODE 
(Ta= -40 ~ +85°e. Vee= 4.5 ~ 5.5V) 

Symbol Item MIN MAX Unit Comments 

TAEL 
Delay time from CLK falling edge 

200 ns -
up to AEN leading edge 

-

TAET 
Delay time from CLK rising edge 

- 130 ns -
up to AEN trailing edge 

TAFAB 
Delay time from C LK rising edge 

- 90 ns --
up to address floating status 

TAFC 
Delay time from CLK rising edge 

120 ns -

up to read/write signal floating status -

TAFDB 
Delay time from CLK rising edge - 170 ns -
up to data bus floating status 

TAHR 
Address valid hold time to 

TCY·100 -
read signal trailing edge - ns 

TAHS 
Data valid hold time to ADSTB 

30 - ns -
trailing edge 

TAHW 
Address valid hold time to 

TCY-50 
write signal trailing edge 

- ns --

Delay time from CLK falling edge 
170 ns (Note 3) 

up to active DACK 
-

TAK 
Delay time from CLK rising edge 

- 170 ns (Note 5) 
up to E OP leading edge 

Delay time from CLK rising edge 
170 ns 

up to EOP trailing edge 
- -

TASM 
Time from CLK rising edge up to 

170 -
address valid 

- ns 

TASS 
Data set-up time to ADSTB 

100 -
trailing edge - ns 

TCH Clock high-level time 68 - ns (Note 6) 
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Symbol Item MIN MAX Unit Comments 

TCL Clock low-level time 68 - ns (Note 6) 

TCY CLK cycle time 200 - ns 

TDCL 
Delay time from CLK rising edge 

190 ns (Note 2) 
to read/write signal leading edge -

TDCTR 
Delay time from CLK rising edge 

- 190 ns (Note 2) 
to read signal trailing edge 

TDCTW 
Delay time from CLK rising edge - 130 ns (Note 2) 
to write signal trailing edge 

TDQ 
Delay time from CLK rising edge - 120 ns -
to HRQ valid 

TEPS 
EOP leading edge set-up time to 

40 - ns -
· CLK falling edge 

TEPW EOP pulse width 220 - ns -

TFAAB 
Delay time from CLK rising edge 

170 ns -
to address valid 

-

TFAC 
Time from CLK rising edge up to - 150 ns -
active read/write signal 

TFADB 
Delay time from CLK rising edge 

- 200 ns -
to data valid 

THS 
HLDA valid set-up time to 

75 -
'.CLK rising edge - ns 

TIDH 
Input data hold time to MEMR 

0 ns -
trailing edge 

-

TIDS 
Input data set-up time to MEMR 

170 - ns 
trailin.g edge 

-

TODH 
Output data hold time to MENW 

10 ns -
trailing edge -

TODV 
Ti me from output data val id to 

125 - ns 
MEMW trailing edge -

TQS 
DREQ set-up time to CLK falling 

0 - ns (Note 3) 
edge 

TRH 
READY hold time to CLK falling 

20 - ns -
edge 

TRS 
READY set-up time to CLK falling 

60 - ns -
edge 

TSTL 
Delay time from CLK rising edge 

- 130 ns -
to ADSTB leading edge 

TSTT 
Delay time from CLK rising edge - 90 ns -to ADSTB trailing edge 
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SLAVE MODE 
(Ta= -40 - +85°e, Vee= 4.5 - 5.5V) 

Symbol Item MIN MAX Unit Comments 

TAR 
Time from address valid or CS 

50 
leading edge to IOR leading edge 

- ns -

TAW Address vaiid set-up time to IOW 
130 ns 

trailing edge 
- -

TCW 
CS leading edge set-up time to 

130 - ns 
IOW trailing edge 

-

TDW Data valid set-up time to IOW 
trailing edge 

130 - ns -

TRA Address or CS hold time to iOR 
0 -

trailing edge 
ns -

TRDE Data access time to IOR leading 
- 140 ns 

edge 
-

TRDF Delay time to data floating status 
0 70 ns 

from IOR trailing edge 
-

TR STD 
Supply power leading edge set-up 

500 - --
time to RESET trailing edge 

ns 

TRSTS 
Time to first active IOR or IOW 

2TCY -
from RESET trailing edge ns -

TRSTW RESET pulse width 300 - ns -

--
TRW IOR pulse width 200 - ns -

TWA 
Address hold time to IOW trailing 

20 edge 
- ns -· 

TWC CS trailing edge hold time to IOW 
trailing edge 

20 - ns -

TWD Data hold time to IOW trailing edge 30 - ns -

TWWS IOW pulse width 160 - ns -

Note: 
1 . Output load capacitance of 1 50 (pF). 
2. IOW and MEMW pulse widths of TCY-100 (ns) for normal writing, and 2TCY-100 (ns) for extended writing. 

IOR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing. 
3. DREQ and DACK signal active level can be set to either low or high. In the timing chart, the DREQ signal 

has been set to active-high, and the DACK signal to active-low. 
4. When the CPU executes continuous read or write in programming mode, the interval during which the read 

or write pulse becomes active must be set to at least 400 ns. 
5. EOP is an open drain output. The value given is obtained when a 2.2 kohm pull-up resistance is connected 

to VCC. 
6. Rise time and fall time is less than 10 ns. 
7. Waveform measurement points for both input and output signals are 2.2 V for HIGH and 0.8 V for LOW, 

unless otherwise noted. 
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TIME CHART 
RESET TIMING 

Vcc--1-'--

IOR, IOW 

SLAVE MODE WRITE TIMING 

TCW 

cs 

I 

\ 
TWWS 

TAW 

AO-A3 Y- Input val id address 

TOW 

DBO-DB7 ) Input val id data 

SLAVE MODE READ TIMING 

Input val id address 
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OMA TRANSFER TIMING 

CLK 

DREG 

HRO 
----~ 

TAEL 

AEN 
------1\-----'---'1 

TSTL 

TEADB 

DBO ,..,_, 087 

TFAAB 

AO,..,,,A7 

DACK 

Internal EOP (output) 

External EOP linput) 

TAFC 
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MEMORY TO MEMORY TRANSFER TIMING 

CLK 

Internal EOP ------1-------------1-------•J 
(output) 

TEPSft TEPSCk TEPW TEPW 

~~;~~·' EOP -~\~S~'\~,_,.Z.,...,'// ..... ----.-, ..... ,~~Z,..../"T'"Zr-77 _____ _ 

ID 
READY TIMING 

CLK 
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COMPRESSED TRANSFER TIMING 

CLK 

AO-A7 

IOR, MEMR 

IOW, MEMW 

READY 

Internal EOP 
(output I 

External EOP 
(input) 

TEPW 
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PIN FUNCTIONS 

Symbol Pin name 
Input/ 
output 

Function 

Vee Power +5 V power supply. 

GND Ground Ground (0 V) connection. 

CLK Clock Input Control of MSM82C37A-5 internal operations 
and data transfer speed. 

cs Chip select Input CS is active-low input signal used for the CPU 
to select the MSM82C37 A-5 as an 1/0 device 
in an idle cycle. 

RESET Reset Input RESET is active-high asynchronous input signal 
used ,to clear command, status, request, 
temporary registers, and first/last F/F, and to 
set mask register. The MSM82C37A-5 enters 
an idle cycle following a RESET. 

READY Ready Input The read or write pulse width can be extended 
to accomodate slow access memories and 1/0 
devices when this input is switched to low 
level. Note this input must not change within the 
prescribed set-up/hold time. 

HLDA Hold Input HLDA is active-high input signal used to indicate 
acknowledge that system bus control has been released when 

a hold request is received by the CPU. 

DREQO - DREQ3 DMA request Input DREQ is asych ronous DMA transfer request 
O - 3 channels input signals. Although these pins are switched 

to active-high by reset, they can be programmed 
to become active-low. DMA requests are received 
in accordance with a prescribed order of priority. 
DREQ must be held until DACK becomes active. 

DBO - DB7 Data bus 0 - 7 Input/ DB is bidirectional three-state signals connected 
output to the system data bus, and which is used as 

an input/output of MSM82C37A-5 internal 
registers during idle cycles, and as an output 
of the eight higher order bits of transfer addresses 
during active cycles. Also used as input and 
output of transfer data during memory-memory 
transfers. 

IOR 1/0 read Input/ IOR is active-low bidirectional three-state signal 
output used as an input control signal for CPU reading 

of MSM82C37A-5 internal registers during idle 
cycles, and as an output control signal for reading 
1/0 device transfer data in writing transfers 
during active cycles. 

IOW 1/0 write Input/ IOW is active-low bidirectional three-state signal 
output used as an input control signal for CPU writing 

of MSM82C37A-5 internal registers during 
idle cycles, and as an output control signal 
for writing 1/0 device transfer data in writing 
transfers during active cycles. 
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Symbol 

AO-A3 

A4-A7 

HRQ 

DACKO - DACK3 

AEN 

Pin.name 

End of process 

Address 0 - 3 

Address 4 - 7 

Hold request 

DMA 
acknowledge 
O - 3 channels 

Address enable 

Input/ 
output 

Input/ 
output 

Input/ 
output 

Output 

Output 

Output 

Output 

Function 

EOP is active-low bidirectional three-state signal. 
Unlike other pins, this pin is an N-channel 
open drain. During DMA operations, a low-level 
output pulse is obtained from this pin if the 
channel word count changes from OOOOH to 

FFFFH. 

And DMA transfers can be terminated by pulling 
the EOP input to low level. Both of· these 
actions are called terminal count (TC). 

When an internal or external .EOP is generated, 
the MSMB2C37A·5 terminates the transfer 
and resets the DMA request. 

When the EOP pin is not used, 1t 1s necessary 
to hold the pin at high level by pull-up resistance 
to prevent the input of an EOP by error. Also 
note that the EOP function cannot be satisfied 
in cascade mode. 

AO-A3 is bidirectional three-state signals used 
as input signals for specifying the MSM82C37A·5 
internal register to be accessed by the CPU during 
idle cycles, and as an output the four lower 
order bits of the transfer address during active 
cycles. 

A4-A7 is three-state signals used as an output 
the four higher order bits of the transfer address 
during active cycles. 

HRQ is active-high signal used as an output 
of hold request to the CPU for system data 
bus control purposes. After HRQ has become 
active, at least one clock cycle is required 
before H LDA becomes active. 

DACK is output signals used to indicate that 
DMA transfer '° peripheral devices has been 
permitted. (Available in each channel.) 

Although these pins are switched to active-low 
when reset, they can be programmed to become 
active-high. 

Note that there is no.DACK output signal during 
memory-memory transfers. 

AEN is active-high output signal used to indicate 
that output signals sent from the MSM82C37A-5 
to the system are valid. And in addition to 
enabling external latch to hold the eight higher 
order bits of the transfer address, this signal 
is also used to disable other system bus buffers. 
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Symbol Pin name 
Input/ 

Function 
output 

ADSTB Address strobe Output ADSTB is active-high signal used to strobe 
the eight higher order bits of the transfer address 
by external latch. 

MEMR Memory read Output MEMR is active-low three-state output signal 
used as a control signal in reading data from 
memory during read transfers and memory-
memory transfers. 

ME"MW Memory write Output MEMW is active-low three-state output signal 
used as a control signal in writing data into 
memory during write transfers and memory-
memory transfers. 
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RESET 

EDP. F/F setting 

y 

Note: Y .... Yes (Active) 

N .... No !Inactive) 

Fig. 1 OMA operation state transition diagram 
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OUTLINE OF FUNCTIONS 

The MSM82C37A-5 consists of five blocks =three logic sections, an internal register section, and a coun­
ter section. 

The logic sections include a timing control block where the internal timing· and external control signals are 
generated, a command control block where each instruction from the CPU is decoded, and a priority decision 
block where the order of OMA channel priority is determined. The purpose of the internal register section is to 
hold internal states and instructions from the CPU, while the counter section computes addresses and word counts. 

DESCRIPTION OF OPERATIONS 

The MSM82C37 A-5 operates in two cycles (called the idle and active cycles) which are divided into indepen­
- dent states. Each state is commenced by a clock falling edge and continues for a single clock cycle. The transition 

from one state to the next in OMA operations is outlined in Figure 1 . 

IDLE CYCLE 

The idle cycle is entered from the SI state when there is no valid OMA request on any MSM82C37 A-5 chan­
nel. During this cycle, OREO and CS inputs are monitored durin~ach cycle. When a valid OMA request is then 
received, an active cycle is commenced. And if the HLDA and CS inputs are at low level, a programming state 
is started with MSM82C37A-5 reading or writing executed by IOR or IOW. Programming details are described later. 

ACTIVE CYCLE 

If a OMA request is receive.d in an unmasked channel while the MSM82C37 A-5 is in an idle cycle, or if a software 
OREO is generated, the HRO is changed to high level to commence an active cycle. The initial state of an active 
cycle is the SO state which is repeated until the HLDA input from the CPU is changed to high level. (But because 
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high level 
by the CPU after the.HAO has become high level. That is, the SO state must be repeated at least twice.) 

After the H LOA has been changed to high level, the SO state proceeds to operational states S1 thru S4 during 
1/0-memory transfers, or to operational states S11 thru S14 and S21 thru S24 during memory-memory transfers. 

If the memory or 1/0 device cannot be accessed within the normal timing, an SW state (wait state) can be 
inserted by a READY input to extend the timing. 

DESCRIPTION OF TRANSFER TYPES 

MSM82C37A-5 transfers between an 1/0 and memory devices, or transfers between memory devices. The three 
types of transfers between 1/0 and memory devices are read, write, and verify. 

1/0-MEMORY TRANSFERS 

The operational states during an 1/0-memory transfer are S1, S2, ~3, and S4. 
In the S1 state, an AEN output is changed to high level to indicate that the control signal from the 

MSM82C37A-5 is valid. The eight lower order bits of the transfer address are obtained from AO thru A7, and the 
eight higher order bits are obtained from DBO thru 087. The ADSTB output is changed to high level at this .time 
to set the eight higher order bits in an external address latch, and the DACK output is made active for the channel 
where the OMA request is acknowledged. Where there is no change in the eight higher bit transfer address during 
demand and block mode transfers, however, the S1 state is omitted. 

In the S2 state, the IOR or MEMR output is changed to low level. 
In the S3 state, IOW or MEMW is changed to low level. Where compressed timing is used, however, the S3 

state is omitted. 
The S2 and S3 states are 1/0 or memory input/output timing control states. 
In the S4 state, IOR, IOW, MEMR, and MEMW are changed to high level, and the word count register is 

decremented by 1 while the address register is incremented (or decremented) by 1. This completes the OMA transfer 
of one word. 

Note that in 1/0-memory transfers, data is transferred directly without being taken in by the MSM82C37A-5. 
The differences in the three types of 1/0-memory transfers are indicated below. 
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READ TRANSFER 

Data is transferred from memory to the 1/0 device by changing MEMR and IOW to low level. MEMW and IOR 
are kept at high level during this time. 

WRITE TRANSFER 

Data is transferred from the 1/0 device to memory by changing MEMW and IOR to low level. MEMR and IOW 
are kept at high level during this time. 

Note that writing and reading in these write and read transfers are with respect to the memory. 

VERIFY TRANSFER 

Although verify transfers involve the same operations as write and read transfers (such as transfer address 
generation and EOP input responses), they are in fact pseudo transfers where all 1/0 and memory reading/writing 
control signals are kept inactive. READY inputs are disregarded in verify transfers. 

MEMORY-MEMORY TRANSFERS 

Memory-memory transfers are used to transfer data blocks from one memory area to another. 
Memory-memory transfers require a total of eight states to complete a single transfer four states (S 11 

thru S 14) for reading from memory, and four states ($21 thru 524) for writing into memory. These states are 
similar to 1/0-memory transfer states, and are distinguished by using two-digit numbers. 

In memory-memory transfers, channel 0 is used for reading data from the source area, and channel 1 is 
used for writing data into the destination area. During the initial four states, data specified by the channel 0 ad­
dress is read from the memory when MEMR is made active, and is taken in the MSM82C37 A-5 temporary register. 
Then during the latter four states, the data in the temporary register is written in the address specified by channel 
1. This completes the transfer of one byte of data. With channel 0 and channel 1 addresses subsequently in­
cremented (or decremented) by 1, and channel 0, 1 word count decremented by 1, this operation is repeated. 
The transfer is terminated when the word count reaches FFFF(H) from OOOO(H). or when an EOP input is applied 
from an external source. Note that there is no DACK output signal during this transfer. 

The following preparations in programming are requiring to enable memory-memory transfers to be started. 

COMMAND REGISTER SETTING 

Memory-memory transfers are enabled by setting bit 0. Channel 0 address can be held for all transfers by 
setting bit 1. This setting can be used to enable 1-word contents of the source area to be written into the entire 
destination area. 

MODE REGISTER SETTING 

The transfer type destination is disregarded in channels 0 and 1. Memory-memory transfers are always executed 
in block transfer mode. 

REQUEST REGISTER SETTING 

Memory-memory transfers are started by setting the channel 0 request bit. 

MASK REGISTER SETTING 

Mask bits for all channels are set to prevent selection of any other channel apart from channel 0. 

WORD COUNT REGISTER SETTING 

The channel 1 word count is validated, while the channel 0 word count is disregarded. 
In order to autoinitialize both channels, it is necessary to write the same values into both word count registers. 
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DESCRIPTION OF OPERATION MODES 

SINGLE TRANSFER MODE 

In single transfer mode, only one word is transferred, and the addresses are incremented (or decremented) 
by 1 while the word count is decremented by 1. The HRQ is then changed to low level to return the bus control 
to the CPU. If DREQ remains active after completion of a transfer, the HRQ is changed to low level. After the 
HLDA is changed to low level by the CPU, and then changes the HRQ back to high level to commence a fresh 
DMA cycle. For this reason, a machine cycle can be inserted between DMA cycles by the CPU. 

BLOCK TRANSFER MODE 

Once a DMA transfer is started in block mode, the transfer is continued until terminal count (TC) status is 
reached. 

If DREQ remains active until DACK becomes active, the OMA transfer is continued even if DREO becomes 
inactive. 

DEMAND TRANSFER MODE 

The OMA transfer is continued in demand transfer mode unti L OREO is no longer active, or until TC status is 
reached. 

During a OMA transfer, intermediate address and word count values are held in the current address and current 

word count registers. Consequently, if the OMA transfer is suspended as a result of OREO becoming inactive before 
TC status is reached, and the OREO for that channel is then made active again, the suspended OMA transfer is 
resumed. 

CASCADE TRANSFER MODE 
Wtmn OMA transfers involving more than four channels are required, connecting a multiple number of 

MSM82C37 A-5 devices in a cascade connection (see Figure 2) enables a simple system extension. This mode is set 
by setting the first stage MSM82C37 A-5 channel to cascade mode. The OREO and DACK lines for the first stage 
MSM82C37 A-5 channel set to cascade mode are connected to the HRO and HLDA lines of the respective 
MSM82C37 A-5 devices in the second stage. The first stage MSM82C37 A-5 DACK signal must be set to active-high, 
and'the OREO signal to active-low. 

Since the first stage MSM82C37A·5 is only used functionally in ·determining the order of priority of each 
channel when cascade mode is set, only OREO and DACK are used - all other inputs are disregarded. And since the 
system may be hung.up 'if the OMA transfer is activated by software DR EO, do not set a software OREO for channels 
where cascade mode has been set. 

In add'ltion to the dual stage cascade connection shown in Figure 2, triple stage cascade connections are possible 
with the second stage also set to cascade mode. 

CPU HRO 
OREO 

DACK 

HLDA 

OREO 

DACK 

Stage 1 
MSM82C37A-5 

Fig. 2 MSM82C37A-5 cascade connection system 
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AUTOINITIALIZE MODE 

Setting bit 4 of the mode register enables autoinitialization of that channel. Following TC generation, au­
toinitialize involves writing of the base address and the base word count register values in the respective current 
address and current word count registers. The same values as in the current registers are written in the base 
registers bl( the CPU, and are not changed during OMA transfers. 

When a· channel has been set to autoinitialize, that channel may be used in a second transfer without involving 
the CPU and without the mask bit being reset after the TC generation. 

PRIORITY MODES 

The MSM82C37A-5 makes use of two priority decision modes, and acknowledges the OMA channel of highest 
priority among the OMA requesting channels. 

FIXED PRIORITY MODE 

In fixed priority mode, channel 0 has the highest pri9rity, followed by channel 1, 2, and 3 in that order. 

ROTATING PRIORITY MODE 

In rotating priority mode, the order of priority is changed so that the channel where the current OMA transfer 
has been completed is given lowest priority. This is to prevent any one channel from monopolizing the system. 
The fixed priority is regained immediately after resetting. 

Table 1 MSM82C37A-5 priority decision modes 

Priority mode Fixed Rotating 

Service terminated channel - CHO CH1 CH2 CH3 

Highest CHO CH1 CH2 CH3 CHO 

Order of priority 

t 
CH1 CH2 CH3 CHO CH1 

for next OMA CH2 CH3 CHO CH1 CH2 

Lowest CH3 CHO CH1 CH2 CH3 

COMPRESSED TIMING 

Setting the MSM82C37A-5 to compressed timing mode enables the SJ state used in extension of the read pulse 
access time to be omitted (if permitted by system structure) for two or three clock cycle OMA transfers. If the S3 
state is omitted, the read pulse width becomes the same as the write pulse width with the address update<;! in S2 

and the read or write operation executed in $4. This mode is disregarded if the transfer is a memory-memory transfer. 
transfer. ' 

EXTENDED WRITING 

When this mode is set, the IOW or MEMW signal which normally appears during the S3 state is obtained during 
the S2 state, thereby extending the '!"rite pulse width. The purpose of this extended write pulse is to enable the 
system to accomodate memories and 1/0 devices where the access time is slower. Although the pulse width can 
also be extended by using READY, that involves the insertion of a SW state to increase the number of states. 
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DESCRIPTION OF INTERNAL REGISTERS 

CURRENT ADD~ESS REGISTER 

Each channel is equipped with a 16-bit long current address register where the transfer address is held during 
OMA transfers. The register value is incremented (or decremented) in each OMA cycle. Although this register is 
16 bits long, the CPU is accessed by the MSM82C37A-5 eight bits at a time, therefore necessitating two successive 
8-bit (lower and higher order bits) reading or writing operations using internal first/last flip-flops. 

When autoinitialize has been set, the register is automatically initialized to the original value after TC. 

CURRENT WORD COUNT REGISTER 

Each channel is also equipped with a 16 bit-long current word count register where the transfer count is 
held during OMA transfers. The register value is decremented in each OMA cycle. When the word count value 
reaches FFFF(H) from OOOO(H), a TC is generated. Therefore, a word count vaue which is one less than the 
actual number of transfers must be set. 

Since this register is also 16 bits long, it is accessed by first/last flip-flops control in the same way as the address 
register. And if auto initialize has been set, the register is automatically initialized to the original value after TC. 

BASE ADDRESS REGISTER AND BASE WORD COUNT REGISTER 

Each channel is equipped with a 16-bit long base address register and base word count register where the 
initial value of each current register is held. The same values are written in each base register and the current 
register by the CPU. The contents of the current register can be made ready by the CPU, but the content of the 
base register cannot be read. 

COMMAND REGISTER 

This 8-bit write-only register prescribes OMA operations for all MSM82C37A-5 channels. An outline of all bits 
is given in Figure 3. When the controller is disabled by setting 082, there is no HRQ output even if OMA request is 
active. 
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OREO and DACK signals may be active high or active low by setting DB6 and DB7. 

l DB71 DB6 l DBS I DB4 I DB3 I DB2 I 081 I DBO J 
L 

Fig. 3 Command register 

{ 
0 : Memory-memory transfer disabled 

1 : Memory-memory transfer enabled 

{
O: Channel 0 address hold disabled 

1 : Channel 0 address hold enabled 
(Invalid when DBO = "0") 

{ 
0 : Controller enabled 

1 : Controller disabled 

{
O: Normal timing 

1 : Compressed timing 
(Invalid when DBO = "1 ") 

{
O: Fixed priority 

1 : Rotating priority 

{
O: Normal write pulse width 

1 : Extended write pulse width 

{
O : DR EO sense active "H" 

1 : OREO sense active "L" 

{
O : DACK sense active "L" 

1 : DACK sense active "H" 
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MODE REGISTER 

Each channel is equipped with a 6-bit write-only mode register, which is decided by setting DBO, DB 1 which 
channel is to be written when writing from the CPU is programming status. The bit description is outlined in Figure 4. 

This register is not cleared by Reset or Master Clear instruction. 

·l 087 086 l 085110841 083 082 l 081 l 080] 

L [" , c""""''° ··~ .. , 01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

loo : Verify transfer 
01 : Write transfer 
10 : Read transfer 
11 : Disabled 

(Invalid when 086·087 = "11") 

{ 0 : Auto initialize disabled 
1 : Auto initialize enabled 

{O : Address increment (+1) selected 
1 : Address decrement (-1) selected r ' D~'"' "~"' moOO ""'-' 
01 : Single transfer mode selected 
10 : Block transfer mode selected 
11 : Cascade mode selected 

Fig. 4 Mode register 

REQUEST REGISTER 

In addition to using the DREQ signal, the MSM82C37A-5 can request DMA transfers by software means. 
This involves setting the request bit of request register. Each channel has a corresponding request bit in the re­
quest register, and the order of priority of these bits is determined by the priority decision circuit irrespective of 
the mask register. DMA transfers are acknowledged in accordance with the decided order of priority. 

All request bits are reset when the TC is reached, and when the request bit of a certain channel has been 
received, all other request bits are cleared. When a memory-memory transfer is commenced, the channel 0 re­
quest bit is set. The bit description is outl.ined in Figure 5. 

087 086 D85 084 083 DB2 081 080 

Fig. 5 Request register 

j 00 : Channel 0 selected 
01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

{ O : Request bit cleared 
1 : Request bit set 

Not used 
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MASK REGISTER 

This register is used in disabling and enabling of OMA transfers in each channel. Each channel includes a 
corresponding mask bit in the mask· register, and each bit is set when the TC is reached if not in autoinitialize mode. 
This mask register can be set in two different ways. 

The method for setting/resetting the register for each channel is outlined in Figure 6(a), while the method for 
settir19/resetting the register for all channels at once is outlined in Figure 6(b). 

087 086 085 084 083 082 081 080 

L 

(a) Single mask register (setting/resetting for each channel) 

087 086 085 084 083 082 081 DBO 

(b) All mask register (setting/resetting of all channels at once) 

Fig. 6 Mask register 
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l 00 : Channel 0 selected 
01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

{ 0 : Mask bit cleared 
1 : Mask bit set 

Not used 

{~ : Channel 0 mask bit cleared 
: Channel 0 mask bit set 

{~ 
: Channel 1 mask bit cleared 
: Channel 1, mask bit set 

{~ : Channel 2 mask bit cleared 
: Channel 2 mask bit set 

{~ : Channel 3 mask bit cleared 
: Channel 3 mask bit set 

Not used 
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STATUS REGISTER 

This register is a read-only register used in CPU reading of the MSM82C37A-5 status. The four higher order 
bits indicate the DMA transfer request status for each channel, '1' being set when the OREO input signal is active. 

The four lower order bits indicate whether the corresponding channel has reached the TC or not,' 1' being 
set when the TC status is reached. These four lower order bits are reset by status register reading, or RESET input 
and master clearing. A description of each bit is outlined in Figure 7. 

'f 087 J 086 I 085 l 084 J 083 l 082 l 081 l 080 l · 
-C { 0 : Channel 0 has not reached TC 

1 : Channel 0 has reached TC 

{ 0 : Channel 1 has not reached TC 
1 : Channel 1 has reached TC 

{ 0 : Channel 2 has not reached TC 
1 : Channel 2 has reached TC. 

{ 0 : Channel 3 has oot reached TC 
1 : Channel 3 has reached TC 

{ 0: Channel 0 is not requesting 
1 : Channel 0 is requesting 

{ 0: Channel 1 is not requesting 
1 : Channel 1 is requesting 

{ 0 : Channel 2 is not requesting 
1 : Channel 2 is requesting 

{'O : Channel 3 is not requesting 
1 : Channel 3 is requesting 

Fig. 7 Status register 

TEMPORARY REGISTER 

The temporary register is a register where transfer data is held temporarily during memory-memory transfers. 
Since the last item of data to be transferred is held after completion of the transfer, this item can be read by the 
CPU. 

SOFTWARE COMMAND 

The MSM82C37 A-5 is equipped with software commands for executing special operations to ensure proper 
programming. Software command is irrespective of data bus contents. 

CLEAR FIRST/LAST FLIP-FLOP 

16-bit address and word count registers are read or written in two consecutive operations involving eight 
bits each (higher and lower order bits) under data bus port control. The fact that the lower order bits are accessed 
first by the MSM82C37 A-5, followed by accessing of the higher order bits, is discerned by the internal first/last 
flip-flop. This command resets the first/last flip-flop with the eight lower order bits being accessed immediately 
after execution. 

MASTER CLEAR 

The same operation as when the hardware RESET input is applied. This command clears the contents of 
the command, status (for lower order bits), request, and temporary registers, also clears the first/last flip-flop, 
and sets the mask register. This command is followed by an idle cycle. 

CLEAR MASK REGISTER 

When this command is executed, the mask bits for all channels are cleared to enable reception of OMA transfers. 
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PROGRAMMING 

The MSM82C37A-5 is switched to programming status when the HLOA input and CS are both at low level. In 
this state, IOR is changed to low level with IOW held at high level to enable ·reading by the CPU, or else IOW is 
changed to low level while IOR is held at high level to enable writing by.the CPU. . 

A list· of command codes for reading from the MSM82C37A-5 is given in Table 2, and a list of command codes 
for writing in the MSM82C37A-5 is given Table 3. · 

Note: If a OMA transfer request is received from an 1/0 device during MSM82C37A-5 programming, that OMA 
transfer may be commenced to prevent proper programming. 

cs 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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To prevent this interference, the OMA channel must be masked, or the controller disabled by the command 
register, or the system set so as to prevent OREO becoming active during the programming. 

Table 2 List of MSM82C37A-5 read commands 

Internal 
IOR A3 A2 A1 AO first/last Read out data 

flip/flop 

0 0 0 0 0 0 
Current address 

8 I ower order bits 

0 0 0 0 0 1 
register 

8 higher order bits 
ChannelO 

0 0 0 0 1 0 
Current word count 

8 lower order bits 

0 0 0 0 1 1 
register 

8 hipher order bits 

0 0 0 1 0 0 
Current address 

8 lower order bits 

0 0 0 1 0 r register 
8 higher order bits 

Channel 1 
0 0 0 1 1 0 

Current word count 
8 lo'lller order bits 

0 0 0 1 1 1 
register 

8 higher order bits 

0 0 1 0 0 0 
Current address 

8 lower order bits 

0 0 1 0 0 1 
register 

8 higher order bits 
Channel2 

0 0 1 0 1 0 
Current word count 

8 lower order bits 

0 0 1 0 1 1 
register 

8 higher order bits 

0 0 1 1 0 0 
Current address 

8 lower order bits 

0 0 1 1 0 1 
register 

8 higher order bits 
Channel3 

0 0 1 1 1 0 
Current word count 

8 lower order bits 

0 0 1 1 1 1 
register 

8 higher order bits 

0 1 0 0 0 x Status register 

0 1 1 0 1 x Temporary register 

0 Other combinations x Output data invalid 
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Table 3 List of MSM82C37 A-5 write commands 

Internal -cs IOW A3 A2 A1 AO first/last Written data 
flip·flop 

0 0 0 0 0 0 0 
Current and base 

8 lower order bits 

0 0 0 0 0 0 1 
address registers 

8 higher order bits 
Channel 0 

0 0 0 0 0 1 0 
Current and baoo 

8 lower order bits 

0 0 0 0 0 1 1 
word count registers 

8 higher order bits 

0 0 0 0 1 0 0 
Current and base 

8 lower order bits 

0 0 0 0 1 0 1 
address registers 

8 higher order bits 
Channel 1 

0 0 0 0 1 1 0 
Current and base 

8 lower order bits 

0 0 0 0 1 1 1 
word count registers 

8 higher order bits 

0 0 0 1 0 0 0 
Current and base 

8 lower order bits 

0 0 0 1 0 0 1 
address registers 

8 higher order bits 
Channel 2 

0 0 0 1 0 1 0 
Current and base 

8 lower order bits 

0 0 0 1 0 1 1 
word count registers 

8 higher order bits 

0 0 0 1 1 0 0 
Current and base 

8 lower order bits 

0 0 0 1 1 0 1 
address registers 

8 higher order bits 
Channel 3 

0 0 0 1 1 1 0 
Current and base 

8 lower order bits 

0 0 0 1 1 1 1 
word count registers 

8 higher order bits 

0 0 1 0 0 0 x Command register 

0 0 1 0 0 1 x Request register 

0 0 1 0 1 0 x Single mask register 

0 0 1 0 1 1 x Mode register 

0 0 1 1 0 0 x Clear first/last flip-flop (software command) 

0 0 1 1 0 1 x Master clear (software command) 

0 0 1 1 1 0 x Clear mask register (software command) 

0 0 1 1 1 1 x All mask register 
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OK.I semiconductor 

MSM82C43RS/GS 
INPUT/OUTPUT PORT EXPANDER 

GENERAL DESCRIPTION 

The MSM82C43 is an input/output port expander device based on 3µ silicon gate CMOS technology and design· 
ed to operate at low power consumption levels. 

In systems employing the MSM80C48/49 8·bit 1 ·chip microcomputers, 4-bit data can be expanded by dividing 
between four 1/0 lines by executing the MOVDPp. A, MOVDA, Pp, AN LDPp, A and OR LDPp, A instrul:tions .. 

FEATURES 

• 3µ silicon gate CMOS technology for low po.vver 
consumption 

• 2.5 to 6 V single power supply (dependent on 
MSM80C 48/49 operating frequency.) 

• Fully static operation 

• Bidirectional 1/0 ports 
• TTL compatible (ports 4 thru 7) 
• 24-pin DIP (MSM82C43RS) 
• 24-pin flat package (MSM82C43GS) 
• Functional compatibility with Intel i8243 

FUNCTIONAL BLOCK DIAGRAM PIN CONFIGURATION 

MSM82C43RS (Top View) 24 lead Plastic DIP 

POAT4 

PORT 5 

POAT 6 MSM82C43GS (Top VHtwl 24 Lead Plastic Flat P11ekage 

P50 vcc 
P40 P51 

P41 P52 

P42 P53 

P43 P60 
POAT 7 

P61 

PROG P62 

P23 P63 

P73 

P21 P72 

P71 

P70 

244 



ELECTRIC CHARACTERISTICS 

• Absolute Maximum Ratings 

Parameter Symbol Conditions Rating Unit 

Supply Voltage Vee Ta= 25°C -0.5 - 7 v 

Input Voltage Vi Ta= 25°C -0.3 - Vee v 

Storage Temperature Tstg - -65- +150 oc 

• Operating Conditions 

Parameter Symbol Conditions Rating Unit 

Supply Voltage Vee - 2.5-5•1 v 

Ambient Temperature TA - -40- +85 oc 

MOS load 10 -
Fan-out N 

3•2 TTL load -

• DC Characteristics (Vee= 4.0V - 6.0V, Ta= -40°C - +85°CI 

.Parameter Symbol Conditions MIN TYP MAX 

"L" Input Voltage V1L -0.5 - p.13Vctj 

"H" Input Voltage V1H 0.4Vcc -

"L" Output Voltage Ports 4-7 vou loL =5mA - -
"L" Output Voltage Port 7 VOL2 10 L = 20mA - -
"L" Output Voltage Port 2 VOL3 IOL =0.9.,:,A - -
"L" Total Output Current from Ports 4.7*3 IOL 5mA/1PIN - -
"H" Output Voltage Ports 4· 7 VOH1 IOH = -240µA o.75Vcc -
"H" Output Voltage Port 2 VoH2 IOH = -100µA o.75Vcc -
"H" Output Voltage Ports 4·7 VoH1 IOH =.-40µA o.s3Vcc -
"H" Output Voltage Port 2 VoH2 loH = -20µA o.93Vcc -
Input Leak Current"3 11u o~ v1N ~Vee -10 -
Input Leak Current"6 l1L2 o~ V1N ~Vee -10 -

Standby stop - 5 No accessing 

Power Supply Current ice For continuous 
MSM80C49 access- - 1 

ing at 11 MHz 

NOTE: • 1 The supply voltage during operation is dependent on MSM80C49 operating frequency. 
*2 Except P20 thru P23. 
•3 P40 thru P43, P50 thru P53, P60 thru P63, P70 thru P73. 
•4 P70 thru P73. 
•5 P20 thru P23. 
0 6 P20 thru P23, CS, PROG. 

Vee 

0.45 

1 

0.45 

80 

-
-
-
-
20 

10 

100 

2 

Unit 

v 

v 

v 

v 

v 

v 

v 

mA 

v 

v 

v 

v 

µA 

µA 

µA 

mA 
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• AC Characteristics !Vee= 4.0V-6.0V, Ta= -40°C - +85°C) 

Parameter Symbol Conditions 

Port Control Setting Time (up to PROG Falling Edge) tA 80pF LOAD 

Port Control Holding Time (From PROG Falling Edge) ta 20pF LOAD 

Output Data Setting Time tc. 80pF LOAD 

Output Data Holding Time to 20pF LOAD 

Input Data Holding Time tH 20pF LOAD 

PROG Pulse Width tK -
CS Valid Time (before and after PROG) tel:! -
Output Data Valid Time (at Ports 4-7) tpo 100pF LOAD 

Input Data Holding Time (at Ports 4-7) tLP1 -
Input Data Valid Time (from PROG Falling Edge) tACC 80pF LOAD 

TIMING CHART 

PROG 

ta tc 

OUTPUT DATA 

tpo 

P40 thru P43 
I 

P70 thru P73 
PREVIOUS OUTPUT DATA 

(when writin_,g,_l ____________________ _, 

INPUT VALID 

MIN MAX 

50 -
60 -

200 -
20 -
0 150 

700 -
50 -
- 700 

100 -
- 650 

FLOAT 

OUTPUT DATA 

D 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



PIN FUNCTIONS 

Pin Function 

PROG· 
Clock input from MSM80C49. When PROG is changed from "H" to "L", MSM82C43 STARTS 
operating in accordance with an order from MSM80C49. 

cs Input for chip select. Outputs and internal status cannot be changed when CS is "H". 

P20 - P2J 
4-bit bidirectional 1/0 ports. When connected to P20 thru P23 of MSM80C49, direct d~ta 
transfer from port to accumulator and from accumulator to port is possible. 

P40 - P43 
4-blt bidirectional 1/0 ports. 

PSO - P53 
P60 - P63 

Data is latched statistically when output to ports, but is only valid while PROG is at "L" level 

P70 - P73 
when input. 

Vee +SV power supply 

GND GROUND 

FUNCTIONS 

•Write mode 
Execution of MOVDPp, A, OR LDPp, A, AN LDPp, 
and A by MSM80C49 enables direct output of accu­
mu later contents to ports 4 thru 7, and output to the 
ports after ORing or ANDing with port data. The 
port data is latched statistically at this time and 
remains unchanged until execution of the next instruc­
tion. 

level. When at "H" level, ports 4 thru 7 are switched 
to tristate and port 2 is switched to input mode. 

•Read mode 
Execution of MOVDA and Pp results in data of ports 
4 thru 7 being accepted by the accumulator. Note 
that port data is valid only while PROG is at "L" 

• MSM82C43 Multiple connection example 

.---
er: tJ 0 
f-
u 
w _, 
w 

PORT 1--- "'1--- cs 
L--

r-- PROG 

"' ,....... P20 
<t 

-P23 u 
0 
00 
~ PROG 
"' ~ 

P20 
-P23 

• Address and instruction code 

Instruction P23 P22 Port P21 P20 

Read 0 0 Port 4 0 0 

Write 0 1 Port 5 0 1 

OR 1 0 Port 6 1 0 

AND 1 1 Port 7 1 1 

'---- cs L...._ cs 

r-- PROG r-- PROG 

,....... P20 ,....... P20 
-P23 -P23 
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OUTPUT CHARACTERISTICS 

• Standard DC characteristics 

·Output "H" voltage (VoHl vs. output current OoHI 

~ 

:J 
c. 
:; 
0 

Ta= -40 - +85°C 

0 -1 -2 -3 -4 -5 
Output current IOH (mA) 

Output "L" voltage (Vol) vs. output current OoL) 

~ 5 
...J 
0 4 
> 
& 3 
!! 
~ 
:., 
~ 

:J s-

2 

:J 
0 0 

Ta= -40 - +85°e 

~ I---J..--

0 -1 -2 -3 -4 -5 

Output current loL (mA) 

Operating frequency vs. power supply voltage Oce) 
Ta= 25°C 

~ .s 2'-.1.-~~.L-~~L-~~~-JL--J 
(.) 

!:? 

• Standard AC ch11racteristics 

tpo. tH. and 'tAce vs. power supply voltage (V eel 

Ta= 25°e 

700 

600 

~ 

.E 500 

u 400 
(.) 

:J. 300 
d 
e- 200 

100 

0 

~ 

'~ 
~ 
~ 
~ tAee 

tpo 

-t-tH 

3 5 6 
Power supply voltage (Vee) 

3 6 11 
Note: The direction which the output current flows 

through the device is taken as the positive direc· 
MSMBOC49 operating frequency (MHz) tion. 
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GUARANTEED MSM82C43 OPERATING RANGE 

., 
C> 
c: 
~ 
C> 
c: 
·;; 
~· ., 
Q. 
0 

en .. 
u 
0 

Ta= -40 - +85°C 

-Guaranteed operating range 

~ 3 --------
(/) 

:2i: 

6 ----------

11 

2 3 4 

Power supply voltage (V cc) 

5 6 
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OK.I semiconductor 

MSM82C51 ARS/GS 
UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 

GENERAL DESCRIPTION 

The MSM82C51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data 
communication. 

As a peripheral device of a microcomputer system the MSM82C51A receives parallel data from the CPU 
and transmits serial data after conversion. This device also receives serial data from the outside and transmits 
parallel data to the CPU after conversion. 

The MSM82C51A configures a fully static circuit using silicon gate CMOS technology. Therefore, it oper­
ates on extremely low power at 100 µA (max) of standby current by suspending all operations. 

FEATURES 

• Wide power supply voltage range from 3 V to 6 V. 
•Wide temperature range from -40°C to 85°C. 

•Synchronous commuoication upto 64K baud. 
•Asynchronous commun\cation upto 38.4K baud. 

•Transmitting/receiving operations under double buf-
fered configuration. 

FUNCTIONAL ~LOCK DIAGRAM 

D1-Do 
DATA 
BUS 

BUFFER 

w 
z 

• Error detection (parity, overrun and framing) 

• 28-pin DIP (MSM82C51ARS) 
• 32-pin flat package (MSM82C51 AGS) 

TRANSMIT 
BUFFER 

·(P-S) 

TRANSMIT 
CONTROL 

TxD 

TxRDY 
RESET 

CLK 

C/0 
RD 

WR 

cs 

EAD/WRIT 
CONTROL 

LOGIC 
l---tt---1 :J 1---41,_.~I 

TxE 

TxC 
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MODEM 
CONTROL 

en 
:::> 
IXl 
..J 
~ 
z 
a: 
w 
1-
z 

RECEIVE 
BUFFER 

(S-P) 
RxD 

RxRDY 

~~~i~'6"L ~ 
- SYNDET/BD 



PIN CONFIGURATION 

MSM82C51 ARS (Top View) 
28 Lead Plastic DIP 

FUNCTION 

Outline 

The MSM82C51A's functional configuration is 
programed by software. 

Operation between the MSM82C51 A and a CPU 
is executed by program control. Table 1 shows the oper­
ation between a CPU and the device. 

Tllble 1 Operation b-n MSM82C51A end CPU 

cs CID RD WR 

1 x x x Data bus 3-state 

0 x 1 1 Data bus 3-state 

0 1 0 1 Status -+ CPU 

0 1 1 0 Control word .-cpu 
0 0 0 1 Data-+CPU 

0 0 1 0 Data.-CPU 

It is necessary to execute a function-setting se­
quence after resetting the MSM82C51A. Fig. 1 shows 
the function-setting sequence. 

If the function was set, the device is ready to 
receive a command, thus enabling the transfer of data. 

0 

MSM82C51 AGS (Top View) 
32 Lead Plastic Flat Package 

by setting a necessary command, reading a status and 
readingfwriting data. 

Internal reset 

External reset 

end of mode 
setting 

yes 

yes 

Fig, 1 Function-Settl11t1 Sequence 
(Mode Instruction Sequence) 
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Control Words 
There are two types of control word. 

1. Mode instruction (setting of function) 
2. Command (setting of operation) 

1) Mode Instruction 

Mode instruction is used for setting the func­
tion of the MSM82C51 A. Mode instruction will be 
in "wait for write" at either inter.nal reset or ex­
ternal reset. That is, the writing of a control word 
after resetting will be recognized as a "mode in­
struction." 

Items set by mode instruction are as follows: 

•Synchronous/asynchronous mode 

Ds 

l S2 l S1 I EP 1 PEN 1 L2 1 L1 1 B2 1 

•Stop bit length (asynchronous mode) 
• Character length 
•Parity bit 
•Baud rate factor (asynchronous mode) 
• lnternal/ex,ternal synchronization (synchronous 

mode) 
• No. of synchronous characters (synchronous 

mode) 
The bit configuration of mode instruction 

is shown in Fig.'s 2 and 3. In the case of synchro­
nous mode, it is necessary to write one- or two­
byte sync charac.ters. 

If sync characters were written, a function 
will be set because the writing of sync characters 
constitutes part of mode instruction. 

Do 

B1 

Baud rate factor 

'--I 0 1 0 1 

0 0 1 1 

Refer to 
Fig. 3 1x 16x 64x 
SYNC 

Character length 

0 1 0 1 

0 0 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity check 

0 1 0 1 

0 0 1 1 

Disable Odd Disable Even 
parity parity 

Stop bit length 

0 1 0 1 

0 0 1 1 

Inhibit 1 bit 1.5 bits 2 bits 

Fig. 2 Bit Configuration of Mode Instruction (Asynchrnous) 
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D 7 Ds Do 

r SGS] ESD l EP 1 PEN 1 L2 l L1 l 0 l 0 J 
Character length 

0 1 0 1 

0 0 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity 

0 1 0 1 

0 0 1 1 

Disable Odd 
Disable Even 

parity parity 

Synchronous Mode 

0 1 

Internal External 
synchro- synchro-
nization nization 

No. of synchronous sharacters 

0 1 

2 char· 1 char· 
acters act er 

Fig. 3 Bit Configuration of Mode Instruction (Synchronous) 

2) Command 

Command is used for setting the operation 
of the MSM82C51A. 

It is possible to write a command whenever 
necessary after writing a mode instruction and 
sync characters. 

Items to be set by command are as follows: 
• Transmit Enable/Disable 

• Receive 

• DTR, ATS 

Enable/Disable 

Output of data. 
• Resetting of error flag. 
• Sending of break characters 
• Internal resetting 
• Hunt mode (synchronous mode) 

The bit configuration of a command is shown 
in Fig. 4. 
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07 Ds 

r EH I IR I ATS J 
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Do 

ER J SBRK J RxE J DTR I TxEN 

L-. 
1 .... Transmit Enable 
O .... Disable 

OTA 
.... 1-+OTA=0 

Q-+OTR = 1 

1 •... Receive Enable 
O .••. Disable 

1 .... Send break 
character. 

O .... Normal operation 

1 .... Reset error 
flag. 

O .... Normal operation 

ATS 
1 -+ATS =O 
Q-+RTS = 1 

1 .... lnternal reset 
O .... Normal operation 

1 .... Hunt mode 
(Note) 

O .... Nomal operation 

INote) Search mode for synchronous 
characters in synchronous mode. 

Fig. 4 Bit Configuration of Command 



Status Word 
It is possible to see the internal status of MSM-

82C51 A by reading a status word. 

The bit configuration of status word is shown in 
Fig. 5. 

07 05 Dz Do 

r DSR 1sv,~gei FE 1 OE I 1 l~ Rx 1 Tx PE EMP ROY ROY 

Partly different from 
TXRDY terminal. 

'--- Refer to "Explana-
tion of TXRDY 
Terminal. 

Same as terminal. 
Refer to "Explana-
tion of Terminals. 

1 .•.. Paritv error 

1 ••.• 0verrun error 

1 •••• Framing error 

Shows terminal DSR. 
1 .•.• DSR =O 
O .... DSR = 1 

Fig. 5 Bit Configuration of StaWs Word 

(N0181 only asyn­
chrnous mode. 
Stop bit cannot 
be detected. 
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Standby Status 
It is possible to put theMSM82C51A in "stand­

by status". 
When the following conditions have been satis­

fied the MSM82C51A is in "standby status." 
(1) CS terminal is fixed at Vee level. 
(2) Input pins other than CS, Do to D1. RD, 

WR and C/D are fixed at Vee or GND level 
(including SYNDET in external syn­
chronous mode). 

Note When all output currents are 0, ICCS 
specification is applied. 

Pin Descriptions 

Do to D1 (1/0 terminal) 
This is bidirectional data bus which receive con­

trol words and transmits data from the CPU and sends 
status words and received data to CPU. 

RESET (Input terminal) 
A "High" on this input forces the MSM82C51A 

into "reset status." 
The device waits for the writing of "mode in­

struction." 
The min, reset width is six clock inputs during 

the operating status of CLK. 

CLK (Input terminal) 
CLK signal is used to generate internal device 

timing. 
CLK signal is independent of RXC or TXC. 
However, the frequency of CLK must be great­

er than 30 times the RXC and TXC at Synchronous 
mode and Asynchronous "x1" mode, and must be 
greater than 5 times at Asynchronous· "x16" and 
"x64" mode. 

WR (Input terminal) 
This is the "active low" input terminal which 

receives a signal for writing transmit data and con­
trol words from the CPU into the MSM82C51A. 

RD (Input terminal) 
This is the "active low" input terminal which 

receives a signal for reading receive data and status 
words from the MSM82C51A. 

C/D (Input terminal) 
This is an input terminal which receives a signal 

for selecting data or command words and status 
words when the MSM82C51A is accessed by the 
CPU. 

If C/D = low, data will be accessed. 
If C/D = high, command word or status word 

will be accessed. 

CS (Input terminal) 
This is the "active low" input terminal which 

selects the MSM82C51 A at low level when the CPU 
accesses. 

Note The device won't be in "standby status"; 
only setting CS = High. · 
Refer. to "Explanation of Standby Status." 
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TXD (Output terminal) 
This is· an output terminal for transmitting data 

from which serial-converted data is sent out. 
The device is in "mark status" (high level) after 

resetting or during a status when transmit is disabled. 
It is also possible to set the device in "break sta­

tus" (low level) by a command. 

TXRDY (Output terminal) 
This is an output terminal which indicates that the 

MSM82C51A is ready to accept a transmitted data 
character. But the terminal is always at low level if CTS 

high or the device was set in "TX disable status" 
by a command. 

Note TXRDY status word indicates that trans­
mit data character is receivable, regardless 
of CTS or command. 

If the CPU writes a data character, TXRDY will be 
reset by the leading edge or WR signal. 

TXEMPTY (Output terminal) 
This is an output terminal which indicates that the 

MSM82C51A has transmitted all the characters and 
had no data character. 

In "synchronous mode," the terminal is at high 
level, if transmit data characters are no longer remain­
ing and sync characters are automatically transmitted. 

If the CPU writes a data character. TXEMPTY will 
be reset by· the leading edge of WR signal. 

Note As the transmitter is disabled by setting 
CTS "High" or command, data written be­
fore disable will be sent out. Then TXD and 
TXEMPTY will be "High". 
Even if a data is written after disable, that 
data is not sent out and TXE will be 
"High". After the transmitter is enabled, 
it sent out. 
(Refer to Timing Chart of Transmitter Con­
trol and Flag Timing) 

TXC (Input terminal) 
This is a clock input signal which determines the 

transfer speed Of transmitted data. 
In "synchronous mode," the baud rate will be the 

same as the frequency of TXC. 
· In "asynchronous mode", it is possible to select 

the baud rate factor by mode instruction. 
It can be 1, 1/16 or 1/64 the TXC~ 
The falling edge of TXC sifts the serial data out 

of the MSMB2C51A. 

RXD (Input terminal) 
This is a terminal which receives serial data. 

RXRDY (Output terminal) 
This is a terminal which indicates that the 

MSM82C51A contains a character that is ready to 
READ. 

If the CPU reads a data character. RXRDY will be 
reset by the leading edge of RD signal. 

Unless the CPU reads a data character before the 
next one is received completely, the preceding data will 
be lost. In such a case, an overrun error flag status word 
will be set. 



RXC (Input terminal) 
This is a clock input signal which determines the 

transfer speed of received data. 
In "synchronous mode," the baud rate is the same 

as the frequency of RXC. 
In "asynchronous mode," it is possible to select 

the baud rate factor by mode instruction. 
It can be 1, 1/16, 1/64 the RXC. 

SYNDET /BO (Input or output terminal) 
This is a terminal whose function changes accord­

ing to mode. 
In "internal synchronous mode," this terminal is 

at high level, if sync characters are received and syn­
chronized. If a status word is read, the terminal will b~ 
reset. 

In "external synchronous mode," this is an input 
terminal. 

A "High" on this input forces the MSM82C51A 
to start receiving data characters. 

In "asynchronous mode," this is an output termi­
nal which generates "high level" output upon the de­
tection of a "break" character if receiver data contains 
a "low-level" space between the stop bits of two con­
tinuous characters. The terminal will be reset, if RXD 
is at high level. 

DSR (Input terminal) 
This is an input port for MODEM interface. The in­

put status of the terminal can be recognized by the CPU 
reading status words. 

DTR (Output terminal) 

This is an output port for MODEM interface. It is 
possible to set the status of DTR by a command. 

CTS (Input terminal) 
This is an input terminal for MODEM interface 

which is used for controlling a transmit circuit. The ter­
minal controls data transmission if the device is set in 
"TX Enable" status by a command. Data is transmita­
ble if the terminal is at low level. 

RTS (Output terminal) 
This is an output port for MODEM interface. It is 

possible to set the status of RTS by a command. 

257 



ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol 

MSM82e51 ARS I MSM82e51 AGS 
Unit Conditions 

Power supply voltage Vee -0.5 -+7 

Input voltage V1N -o.5 - Vee+ o.5 

Output voltage VouT -o.5 - Vee+ o.5 

Storage temperature Tstg -55-150 

Power dissipation Po 0.9 l 0.7 

OPERATING RANGE 

Parameter Symbol 

Power supply voltage Vee 

Operating temperature Top 

RECOMMENDED OPERATING CONDITIONS 

Parameter 

Power supply voltage 

Operating temperature 

"L" input voltage 

"H" input voltage 

DC CHARACTERISTICS 
(Vee= 4.5 - 5.5V Ta= -40°e - +85°C) 

Parameter Symbol 

"L" output voltage VoL 

"H" output voltage VoH 

Input leak current iu 
Output leak current ILO 

Operating supply current lcco 

Standby supply current ices 

258 

Symbol Min. 

Vee 4.5 

Top -40 

V1L -0.3 

V1H 2.2 

Min. Typ. Max. 

0.45 

3.7 

-10 10 

-10 10 

5 

100 

v 

v With respect to G ND 

v 

•e -
w Ta= 25°e 

Limits Unit 

3-6 v 

-40-85 •c 

Typ. Max. Unit 

5 5.5 v 

+25 +85 •c 

+0.8 v 

Vee+ o.3 v 

Unit Measurement Conditions 

v loL = 2 mA 

v loH = -400µA 

µA 0:5:V1N:5:Vec 

µA o:5:vouT:5:Vcc 

mA 
Asynchronous X64 d~ring 
transmitting/receiving 

µA 
All input voltage shall be 
fixed at Vee or GND level. 
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AC CHARACTERISTICS 
(Vee= 4.5 - 5.5V, Ta= -40 - 85°C) 

CPU Bus l11terface Pan 

Parameter 

Address stable before RD 

Address hold time for RD 

RD pulse width 

Data delay from RD 

RD to data float 

Recovery time between RD 

Address stab I e before WR 

Address hold time for WR 

WR pulse width 

Data set-up time for WR 

Data hold time for WR 

Recovery ti me between WR 

RESET pulse width 

Serial Interface Pan 

Parameter 

Main clock period 

Clock low time 

Clock high time 

Clock rise/fall time 

TXD delay from falling edge of TXC 

Transmitter clock frequency 1X Baud 

16X, Baud 

64X, Baud 

Transmitter clock low time 1 X Baud 

16X, 64X Baud 

Transmitter clock high time 1 X Baud 

16X, 64X Baud 

Receiver clock frequency 1 x·Baud 

16X Baud 

64X Baud 

Receiver clock low time 1 X Baud 

16X, 64X Baud 

Receiver clock high time 1 X Baud 

16X, 64X Baud 

Time from the center of last bit to the rise 
of TXRDY 

Time from the leading edge of WR to the fall 
of TXRDY 

Time from the center of last bit to the rise 
of RXRDY 

Symbol Min. 

IAR 20 

IRA 20 

IRR 250 

IRD 

IDF 10 

IRVR 6 

'AW 20 

IWA 20 

tww 250 

tow 150 

two 20 

IRVW 6 

'RESW 6 

Symbol 

Icy 

'if 
tq, 

IR, tF 

toTx 

fTx 

fTX 

fTX 

'TPW 

tTPW 

'TPD 

tTPD 

fRX 

fRX 

fRx 

tRPW 

IRPW 

IRPD 

tRPD 

tTXRDY 

tTXRDY CLEAR 

IRXRDY 

Max. Unit Remarks 

NS Note 2 

NS Note 2 

NS 

200 NS 

100 NS 

Tcy Note 5 

NS Note 2 

NS Note 2 

NS 

NS 

NS 

Tcy Note 4 

Tcy 

Min. Max. Unit Remarks 

250 NS Note 3 

. 90 NS 

120 tcy_-90 NS 

20 NS 

1 µS 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 Tcy 

2 T~y_ 

15 Tcy 

3 Tcy 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 T~ 

2 Tcy 

15 T~ 

3 Tcy 

8 Tcy 

400 NS 

26 Tcy 
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Parameter Symbol Min. Max. Unit Remarks 

Time from the leading edge of RD to the fall 
tRXRDY CLEAR 400 NS 

of RXRDY 

Internal SYNDET delay time from rising edge 
tis 26 Tcy of RXC 

SYNDET setup time for RXC tES 18 Tcy 

TXE delay time from the center of last bit tTXEMPTY 20 Tcy 

MODEM control signal delay time from rising 
twc 8 Tcy edge of WR 

MODEM control signal setup time for falling 
tcR 20 Tcy edge of RD 

RXD setup time for rising edge of RXC 
tRXDS 11 Tcy (1 X Baud) I 

RXD hold time for falling edge of RXC 
tRXDH 17 Tcy (1 X Baud) 

Caution 1) AC characteristics are measured at 150 pF capacity load as an output load based orf 0.8 V at low 
level and 2.2 Vat high level for output and 1.5 V for input. 

2) Addresses are CS and C/D. 
3) fTX or fRX $; 1 /(30 Tcy) 1 x baud 

fTX or fRX ~ 1/(5 Tcy) 16 x, 64 x Baud 

4) This recovery time is mode initialization only. Recovery time between command writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 18 tcy. 
Write Data is allowed only when TXRDY = 1. 

5) This recovery time is Status read only. 
Read Data is allowed only when RXRDY = 1. 

6) Status update can have a maximum delay of 28 clock periods from event affecting the status. 

TIMING CHART 
System Clock Input 

t¢j 

CLK 

Transmitter Clock and Data 
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Receiver Clock and Data 

!RJCBAUD COUNTER STARTS HEflEI 

Write Data Cycle (CPU -->USART) 

TxRDY 

tTxRDY CLEAR 

two 

DON'T CARE DATA IN _____ o_o_N_'_T_C_A_R_E ___ --C:I 
(D. B.) DATA STABLE 

CID 

Read Data Cycle (CPU-<- USART) 

RxRDY 

tRxRDY CLEAR 

..-tDF 

DATA FLOAT DATA OUT _______ D_A_T_A_F_L_O_A_T ______ I 

(D. B.) DATA OUT ACTIVE 

CID 
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Write Control or OUtput Port Cycle (CPU -+USART) 

DON'T CARE DATA IN _____ D_o_N_',.T_c_A_R_E ____ o(J 

(DB) 

CID 

Reed Control or Input Port (CPU+- USART) 

tDF 

DATA OUT ACTIVE 
DATA FLOAT 

cs----------~==-\l__t_A_R ___________ tR_A_.~-----

Trensmitter Control and Flag Timing (ASVNC Model 

1Tx.EMPTY 

TxRDV 
IST ATUS BIT) 

TxAOY 
IPINI---~ 

CID 

TxD 

TxEMPTY 

(Notal The wave·form chart is based on the case of. 7 bit data length +parity bit+ 2 stop bit. 
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Receiver Control and Flag Timing (ASYNC Mode) 

BREAK DETECT 

FRAMING ERROR 
!STATUS BITI 

OVERRUN ERROR 
!STATUS BIT) 

RxRDV 

CID 

WR 

Ro 

RxDATA 

_J \ 
Wr RxEn 

~I Rx ROY 

I 

v 
\.t:r'L 

CHAR 1 CHAR 2 CHAR 3 

~ 
CHAR 2 
A LOST 

Rd DATA 
I -X 

WrERROR 

\.J 

iv 

Jr--t 

v 

-o BREAK 
"' )> O ~en ::c 

)> l>-<­
-<:110-< 
)> -i "Cl< 
mm mm 
:::j::j::j~ 

r--1 

(NoteJ The wave-form. chart is based on the case of 7 data bit length +parity bit + 2 stop bit. 

I 

J p -c:::=:: 
~RxEn 

1 
I 

R)(En Err Res 

::::: 
0 
iii: en 
iii: 
a> 
~ 
(') 
(II .. 
> ::a en ...... 
Q 
en 

• 
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.j>. 

I 
Transmitter Control and Flag Timing (SYNC Mode) 

CTS 

TxEMPTY 

TxRDY 
(STATUS BIT) 

TxRDY 
(PINI ____ _,. 

~5 
~~~~~ ............... ~ ....... -+--''--+-~~~to>-+-....... ~~~~-+-..._+-..._+-~-+~+-~ 

WR 

MARKING STATE 

TxD 

(Note) The wa..-e-form chart is based on the case of 5 data bit length+ parity bit and 2 synchronous characters. 

• 
:::::: 
0 
3: en 
3: 
0) 
I\) 

0 
(JI .... ,.. 
%1 en ...... 
C) 
en 
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Receiver Control and Flag Timing (SYNC Mode) 

SYNDET 
!PINI !Note t I 

SYNDET ISBI 

OVERRUN 
ERROR ISBI 

RxRDY (PINI 

CID 

WR 

RD 

'
15JL-----11 

~~:: "-~~~~~~~~~-+-~~~~+"'-+--' 
Rd DATA 
CHAR 1 

RxD ::~~~~~!)@K!)~~~~~~~0!1~!X3~~~~€)~~~(!X~~K)®(~~~CX:~X§l~~~~~~~~t'.Xi~~€)~XCJ~~~~~Cl:X::X::~ 
PAR PAR PAR PAR PAR 

RxC 

r-CHAR ASSY BEGINS .CHAR ASSY 
y BEGINS 

JUlflll.f 
L EXIT HUNT MODE I t SET SYNCDET EXIT HUNT MODE 

SET SYNDET (STATUS BITI 
SET SYNDET (STATUS BITJ 

(Note I) lnte~nal synchronization is based on the case of 5 data bit length+ parity bit and 2 synchronous characters. 

(Note 2) External synchrontzation is based on the caJe of 5 data bit length +parity bit. 

i 

• 
:::::: 
0 
:s::: rn 
!!:: 
QI 
I\) 

0 
01 .... 
> 
::D rn ....... 
C> rn 
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OK.I semiconductor 

MSM82C51 A-2RS/GS/JS 
UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 

GENERAL DESCRIPTION 

The MSM82C51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data 
communication. 

As a peripheral device of a microcomputer system, the MSM82C51A receives parallel data from the CPU 
and transmits serial data after conversion. This device also receives serial data from the outside and transmits 
parallel data to the CPU after conversion. 

The MSM82C51A configures a fully static circuit using silicon gate CMOS technology. Therefore, it oper­
ates on extremely low power at 100 p,A (max) of standby current by suspending all operations. 

FEATURES 

•Wide power supply voltage range from 3 V to 6 V. 
•Wide temperature range from -40° C to 85° C. 

• Synchronous communication upto 64K baud. 
• Asynchronous commun\cation upto 38.4K baud. 
•Transmitting/receiving operations under double buf-

fered configuration. 

FUNCTIONAL BLOCK DIAGRAM 

DATA 
BUS 

BUFFER 

w 
z 

• Error detection (parity. overrun and framing) 
• 28-pin DIP (MSM82C51 A-2RS) 
•32-pin flat package (MSM82C51A-2GS) 
• 28-pin PLCC (MSM82C51 A-2JS) 

TRANSMIT 
BUFFER 

(P-S) 

TRANSMIT 
CONTROL 

TxD 

TxRDY 
RESET 

CLK 

CID 
RD 

WR 

cs 

EAD/WRIT 
CONTROL 

LOGIC 
t--<11---i :i t---t ......... I 

TxE 

TxC 
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MODEM 
CONTROL 

Cl) 

::> m 
...J 
<( 
z 
a: 
w 
I­
~ 

RECEIVE 
BUFFER 

(S-P) 
RxD 

RxRDY 

~g~i~~EL Axe 

- SYNDET/BD 
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PIN CONFIGURATION 

0 

0 

~ 8 z 8 0 0 10 <.? > 

0 RXC 

24 DTR 

ATS 

DSR 

21 RESET 

WR CLK 

TXD 

10 I~ >- ~~~I~ >-u ~ t 
i;S x 

~ >--

MSM82C51A-2RS (Top View) 
28 Lead Plastic DIP 

MSM82C51 A-2GS (Top View) MSM82C51A-2JS (Top View) 
32 Lead Plastic Flat Package 28 Plastic Leaded 

FUNCTION 

Outline 

The MSM82C51A's functional configuration is 
programed by software. 

Operation between the MSM82C51A and a CPU 
is executed by program control. Table 1 shows the oper­
ation between a CPU and the device. 

Table 1 Operation between MSM82C51 A and CPU 

cs CID RD WR 

1 x x x Data bus 3-state 

0 x 1 1 Data bus 3-state 

0 1 0 1 Status -+CPU 

0 1 1 0 Control word -<-CPU 

0 0 0 1 Data -*CPU 

0 0 1 0 Data -<-CPU 

It is necessary to execute a function-setting se­
quence after resetting the MSM82C51 A. Fig. 1 shows 
the function-setting sequence. 

If the function was set, the device is ready to 
receive a command, thus enabling the transfer of data. 

Chip Carrier 

by setting a necessary command, reading a status and 
reading/writing data. 

Internal reset 

External reset 

end of mode 
setting 

yes 

yes 

Fig. 1 Function-S.tting Sequence 
(Mode Instruction Sequence) 
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Control Words 
There ara two types of control word. 

1. Mode instruction (setting of function) 
2. Command (setting of operation) 

11 Mode Instruction 

Mode instruction is used for setting the func­
tion of the MSM82C51A. Mode instruction will be 
in "wait for write" at either internal reset or ex­
ternal reset. That is, the writing of a control word 
after resetting will be recognized as a "mode in­
struction." 

Items set by mode instruction are as follows: 

• Synchronous/asynchronous mode 

Os 

[ S2 I s, 
1 

EP 1PEN1 L2 
1 

L1 
1 

·, 

82 I 

•Stop bit length (asynchronous model 
• Character length 
•Parity bit 
•Baud rate factor (asynchronous, model 
• Internal/external synchronization (synchronous 

model 
, • No. of synchronous characters (synchronous 

model 
The bit configuration of mode instruction 

is shown in Fig.'s 2 and 3. In, the case of synchro­
nous mode, it is necessary to write one- or two­
byte sync characters. 

If. sync characters were written, a function 
will be set because the writing of sync characters 
constitutes part of mode instruction. 

Do 

81 

, 

Baud rate factor 
.__ 0 1 0 1 

0 0 1 1 

Refer to 
Fig. 3 1x 16x 64x 
SYNC 

Character length 

0 1 0 1 

0 0 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity check 

0 1 0 1 

0 0 1 1 

Disable Odd Disable Even 
parity parity 

Stop bit length 

0 1 0 1 

0 0 1 1 

Inhibit 1 bit 1.5 bits 2 bits 

Fig. 2 Bit Configuration of Mode Instruction IAsynchrnoml 
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D 7 D 6 Ds Do 

r SCS J ESD l EP 1 PEN 1 L2 J L1 l 0 l 0 

Character length 

0 1 0 1 

0 0 1 1 

5 bits 6 bits 7 bits 8 bits 

Parity 

0 1 0 1 

0 0 1 1 

Disable Odd 
Disable Even 

parity parity 

Synchronous Mode 

0 1 

Internal External 
syf\chro- synchro-
nization nization 

No. of synchronous sharacters 

0 1 

2 char· 1 char· 
acters act er 

Fig. 3 Bit Configuration of Mode Instruction (Synchronous) 

2) Command 

Command is used for setting the operation 
of the MSM82C51A. 

It is possible to write a command whenever 
necessary after writing a mode instruction and 
sync characters. 

Items to be set by command are as follows: 
• Transmit Enable/Disable 

• Receive 

• DTR, RTS 

Enable/Disable 

Output of data. 
• Resetting of error flag. 
•Sending of break characters 
• Internal resetting 
• Hunt mode (synchronous mode) 

The bit configuration of a command is shown 
in Fig. 4. 
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o, 

[EH I IR 

270 

Os Do 

I RTS I ER I SBRK I RxE I DTR I TxEN 

-

i-i 
1 .... Transmit Enable 
O •••. Oisable 

OTR 
1-+0TR =O 
O-+OTR = 1 

1 •••• Receive Enable 
O •••• Disable 

1 .... Send break 
character. 

O •••• Normal operation 

1 •••• Reset error 
flag. 

O •••• Normal operation 

RTS 
1 -+RTS =O 
O-+RTS • 1 

1 •••• lnternal reset 
O •••• Normal operation 

1 •••• Hunt mode 
(Note) 

O •••• Nomal oper11tion 

(Note) Sea.rch mode. for synchronous 
characters in synchronous mode. 

Fig. 4 Bit Configuration of Command 
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Stlltu1 Word 
It is possible to see the internal status of MSM-

82C51 A by reading a status word. 

The bit configuration of status word is shown in 
Fig. 5. 

05 Do 

f DSR Jsv/~~E1 FE I OE 1 J T~ Rx] Tx PE EMP ROY ROY 

Partly different from 
TXRDY terminal. 

L._ Refer to "Explana-
tion of TXRDY 
Terminal. 

Same as terminal. 
Refer to "Explana-
tion of Terminals. 

1 .•.• Paritv error 

1 •••• Overrun error 

1 •••• Framing error -

Shows terminal DSR. - 1 •••• DSR=O 
O ••.• DSR = 1 

Fig. 5 Bit Configuration of Status Word 

(N011t) only asyn­
chrnous mode. 
Stop bit cannot 
be deteeted. 
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Standby Status 
It is possible to put the MSM82C51A in "stand­

by status". 
When the following conditions have been satis­

fied the MSM82C51A is in "standby status." 
( 1 l CS terminal is fixed at Vee level. 
(2) Input pins other than CS, Do to D1. RD, 

WR and C/D are fixed at Vee or GND level 
(including SYNDET in external syn­
chronous mode). 

Note When all output currents are 0, ICCS 
specification is applied. 

Pin Description 

Do to D1 (1/0 terminal) 
This is bidirectional data bus which receive con­

trol words and transmits data from the CPU and sends 
status words and received data to CPU. 

RESET (Input terminal) 
A "High" on this input forces the MSM82C51A 

into "reset status." 
The device waits for the writing of "mode in­

struction.'' 
The min. reset width is six clock inputs during 

the operating status of CLK. 

CLK (Input terminal) 
CLK signal is used to generate internal device 

timing. __ __ 
CLK signal is independent of RXC or TXC. 
However, the frequency of CLK must be great­

er than 30 times the RXC and TXC at Synchronous 
mode and Asynchronous "x1" mode, and must be 
greater than 5 times at Asynchronous "x 16" and 
"x64" mode. 

WR (Input terminal) 
This is the "active low" input terminal which 

receives a signal for writing transmit data and con­
tra! words from the CPU into the MSM82C51A. 

RD (Input terminal) 
This is the "active low" input terminal which 

receives a signal for reading receive data and status 
words from the MSM82C51A. 

CJD (Input terminal) 
This is an input terminal which receives a signal 

for selecting data or command words and status 
words when the MSM82C51A is accessed by the 
CPU. 

If C/D = low, data will be accessed. 
If C/D = high, command word or status word will 

be accessed. 

CS (Input terminal) 
This is the "active low" input terminal which 

selects the MSM82C51A at low level when the CPU 
accesses. 
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Note The device won't be in "standby status"; 
only setting CS = High. 
Refer to "Explanation of Standby Status." 

TXD (Output terminal) 
This is an output terminal for transmitting data 

from which serial-converted data is sent out. 
The device is in "mark status" (high level) after 

resetting or during a status when transmit is disabled. 
It is also possible to set the device in "break sta­

tus" (low level) by a command. 

TXRDY (Output terminal) 
This is an output terminal which indicates that the 

MSM82C51 A is ready to accept· a transmitted data 
character. But the terminal is always at low level if CTS 
= high or the device was set in "TX disable status" 
by a command. 

Note TXRDY status word indicates that transmit 
data character is receivable, regardless of 
CTS or command. 

IF the CPU writes a data character, TXRDY will 
be reset by the leading edge or WR signal. 

TXEMPTY (Output terminal) 
This is an output terminal which indicates that the 

MSM82C51A has transmitted all the characters and 
had no data character. 

In "synchr~nous mode," the terminal is at high 
level, if transmit data characters are no longer remain­
ing and sync characters are automatically transmitted. 

If the CPU writes a data character, TXEMPTY will 
be reset by the leading edge of WR signal. 

Note As the transmitter is disabled by setting CTS 
"High" or command, data written before 
disable will be sent out. Then TXD and 
TXEMPTY will be "High". 
Even if a data is written after disable, that 
data is not sent out and TXE will be "High". 
After the transmitter is enabled, it sent out. 
(Refer to Timing Chart of Transmitter Con­
trol and Flag Timing) 

TXC (Input terminal) 
This is a clock input signal which determines the 

transfer speed of .transmitted data. 
In "synchronous mode," the baud rate will be the 

same as the frequency of TXC. 
In "asynchronous mode", it is possible to select 

the baud rate factor by mode instruction. 
It can be 1, 1/16 or 1/64 the TXC. 
The falling edge of TXC sifts the serial data out 

of the MSM82C51A. 

RXD (Input terminal) 
This is a terminal which receives serial data. 

RXRDY (Output terminal) 
This is a terminal which indicates that the 

MSM82C51A contains a character that is ready to 
READ. 

If the CPU reads a data character, RXRDY will be 
reset by the leading edge of RD signal. 

Unless the CPU reads a data character before the 
next one is received completely, the preceding data will 
be lost. In such a case, an overrun error flag status word 
will be set. 



RXC (Input terminal) 
This is a clock input signal which determines the 

transfer speed of received data. 
In "synchronous mode," the baud rate is the same 

as the frequency of RXC. 
In "asynchronous mode," it is possible to select 

the baud rate factor by mode instruction. 
It can be 1, 1 /16, 1 /64 the RXC. 

SYNDET/BD (Input or output terminal) 
This is a terminal whose function changes accord­

ing to mode. 
In "internal synchronous mode," this terminal is 

at high level, if sync characters are received and syn­
chronized. If a status word is read, the terminal will be 
reset. 

In "external synchronous mode," this is an input 
terminal. 

A "High" on this input forces the MSM82C51A 
to start receiving data characters. 

In "asynchronous mode," this is an output termi­
nal which generates "high level" output upon the de­
tection of a "break" character if receiver data contains 
a "low-level" space between the stop bits of two con­
tinuous characters. The terminal will be reset, if RXD 
is at high level. 

1/0· MSM82C51 A-2RS/GS/ JS • 

DSR (Input terminal) 
T)lis is an input port for MODEM interface. The in­

put status of the terminal can be recognized by the CPU 
reading status words. 

DTR (Output terminal) 
· This is an output port for MODEM interface. It is 

possible to set the status of DTR by a command. 

CTS (Input terminal) 
This is an input terminal for MODEM interface 

which is used for controlling a transmit circuit. The ter­
minal controls data transmission if the device is set in 
"TX Enable" status by a command. Data is transmita­
ble if the terminal is at low level. 

RTS (Output terminal) 
This is an output port for MODEM interface. It is 

possible to set the status of RTS by a command. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Limits 

Unit Conditions 
MSM82C51A-2RSl MSM82C51A-2GS1 MSM82C51A-2JS 

Power supply voltage Vee -0.5 - +7 v 

Input voltage V1N -0.5 - Vee + 0.5 v With respect 
to GND 

Output voltage VouT -0.5 - Vee + 0.5 v 

Storage temperature Tstg -55 - + 150 oc -

Power dissipation Po 0.9 1 0.7 l 0.9 w Ta = 25°C 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Power supply voltage Vee 3-6 v 

Operating temperature Top -40-85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power supply voltage Vee 4.5 5 5.5 v 

Operating temperature Top -40 +25 +85 oc 

"L" input voltage VIL -0.3 +0.8 v 

"H" input voltage V1H 2.2 Vee+ o.3 v 

DC CHARACTERISTICS 
(Vee= 4.5 - 5.5V Ta= -40°C - +85°C) 

Parameter Symbol Min. Typ. Ma>s. Unit Measurement Conditions 

"L" output voltage Vol 0.45 v loL = 2.5 mA 

"H" output voltage VoH 3.7 v loH = -2.5 mA 

Input leak current iu -10 10 µ.A o::;;v1N =::;vcc 

Output leak current ILO -10 10 µ.A o::;;vouT::;;vcc 

Operating supply current icco 5 mA 
Asynchronous X64 during 
transmitting/receiving 

Standby supply current Ices 100 µ.A 
All input voltage shall be 
fixed at Vee or GND level. 
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AC CHARACTERISTICS 
(Vee= 4.5 - 5.5V, Ta= -40 '."' 85°CI 

CPU B• Interface Part 

Parameter 

Address stab I e before RD 

Address hold time for RD 

RD pulse width 

Data delay from RD 

RD to data float 

Recovery time between RD 

Address stable before WR 

Address hold time for WR 

WR pulse width 

Data set-up time for WR 

Data hold time for WR 

Recovery time between WR 

RESET pulse width 

Serial Interface Part 

Parameter 

Main clock period 

Clock low time 

Clock high time 

Clock rise/fall time 

TXD delay from falling edge of TXC 

Transmitter clock frequency 1X Baud 

16X, Baud 

64X, Baud 

Transmitter clock low time 1X Beud 

16X, 64X Beud 

Transmitter clock high time 1X Baud 

16X, 64X Baud 

Receiver clock frequency 1X Baud 

1&X Baud 

64X Baud 

Receiver clock low time 1X Baud 

16X, 64X Baud 

Receiver clock high time 1X Baud 

16X, 64X Baud 

Time from the center of last bit to the rise 
of TXRDY 

Time from the leading edge of WR to the fall 
of TXRDY 

Time from the center of last bit to the rise 
of RXRDY 

1/0· MSM82C51 A·2RS/GS/ JS • 

Symbol Min. Max. Unit Remarks 

tAR 20 NS Note 2 

tRA 20 NS Note 2 

tRR 130 NS 

tRD 100 NS 

toF 10 75 NS 

tRVR 6 Tcy Note 5 

tAW 20 NS Note 2 

tWA 20 NS Note 2 

tww 100 NS 

tow 100 NS 

two 0 NS 

tRvw 6 Tcy Note4 

tRESW 6 Tcy 

Symbol Min. Max. Unit Remarks 

tcy 160 NS Note3 

ti 50 NS 

tel> 70 tcy-50 NS 

tR, tF 20 NS 

toTx 1 µS 

fTx DC 64 kHz 

fTX DC 615 k.Hz Note3 

fTX DC 615 kHz 

tTPW 13 Tcy 

tTPW 2 Tcy 

tTPD 15 Tcy 

tTPD 3 Tcy 

fRX DC 64 kHz 

fRx DC 615 kHz Note3 

fRX DC 615 kHz 

tRPW 13 Tq 

tRPW 2 Tcy 

tRPD 15 Tcy 

tRPD 3 Tcy 

tTXRDY 8 Tcy 

tTXRDY CLEAR 400 NS 

tRXRDY 26 Tcy 
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Parameter Symbol Min. Max. Unit Remarks 

Time from the leading edge of RD to the fall 
tRXRDY CLEAR 400 NS 

of RXRDY 

Internal SYN DET delay time from rising edge 
tis 26 Tcy of RXC 

SYNDET setup time for RXC tEs 18 Tcy 

TXE delay time from the center of last bit tTXEMPTY 20 Tcy 

MODEM control signal delay time from rising 
twc 8 Tcy edge of WR 

MODEM control signal setup time for falling 
tcR 20 Tcy edge of RD 

RXD setup time for rising edge of RXC 
tRXDS 11 Tcy (1 X Baud) 

RXD hold time for falling edge of RXC 
tRXDH 17 Tcy (1 X Baud) 

Caution 1) AC characteristics are measured at 150 pF capacity load as an output load based on 0.8 V at low 
level and 2.2 V at high level for output and 1.5 V for input. 

2) 

3) 

4) 

5) 

6) 

Addresses are CS and CID. 
fTx or fRX :s; 11(30 Tcy) 1 x baud 
fTX or fRX :s; 11(5 Tcy) 16 x. 64 x Baud 

This recovery time is mode Initialization only. Recovery time between command writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 18 tcy. 
Write Data is allowed only when TXRDY = 1. 
This recovery time is Status read only. 
Read Data is allowed only when RXRDY = 1. 
Status update can have a maximum delay of 28 clock periods from event affecting the status. 

TIMING CHART 

System Clock Input 

CLK 

Transmitter Clock and Data 
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Receiver Clock and Data 

(RxBAUD COUNTER STARTS HERE) 

Write Data Cycle (CPU-->- USART) 

TxRDY 

tTxRDY CLEAR 

two 

DON'T CARE DATA IN _____ o_o_N_T_c_A_R_E ____ Cl DATA STABLE 
(D. B.) l'--.-------.-..;i 

CID 

Read Data Cycle (CPU +-USART) 

RxRDY 

...--toF 

DATA FLOAT DATA OUT ______ ;;.D..;.A..;.T..;.A..;.F_..LO""-A..;.T ____ -+--<I 
(D. B.) DATA OUT ACTIVE 
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Write Control or Output Port Cycle (CPU -+USART) 

DTR.RTS =x: 
WR-----,r-tww-j=--tw_c~~==== 

}- two 
tOW'----+t 

DON'T CARE DATA IN _____ o_.o_N_'T_c_A .. R .. E;,.._ ___ "" 
(DB) 

CID 

Reed Control or Input Port (CPU+- USART) 

DSR.CTS x== 
~------.J ~i:=:==----tC-R------------------~--~ 

CID 

Transmitter Control and Flag Timing (ASVNC Model 

lTxEMPTY 

TxROY 
!STATUS BIT) 

TxRDY 
(PINl----~ 

CID 

TxD 

DATA CHAR 1 

TxEMPTY 

DATA CHAR 3 

(Note} The wave-form chart is based on the case of. 7 bit data length +parity bit + 2 stop bit. 
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DATA FLOAT 
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DATA CHAR 4 



~ 

Receiver Control and Flag Timing (ASYNC Mode) 

BREAK DETECT 

FRAMING ERROR 
(STATUS BIT/ 

OVERRUN ERROR 
(STATUS BIT/ 

RxRDY 

C/D 

WR 

Ri5 

RxOATA 

"J 
Wr RxEn 

~ 
-l~'RxROY CHAR 2 

A LOST 

Rd DATA 

I I -X 
WrERROR 

\J 

v v 
\_ II 

CHAR 1 CHAR 2 CHAR 3 

],---' 

TY 

,, 
C/l )> 

0 -4 (/) JJ 
)> )> .... -
-4 ::0 0 -4 
)> -I "ti -< 
tDtDCDCl 
::::j::::j::::j::::j 

~ 

µ'" 

BREAK 

(Note) The wave-form, chart is based on the case of 7 data bit length+ parity bit+ 2 stop bit. 
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Transmitter Control and Flag Timing (SYNC Mode) 

CTS 

TxEMPTV 

TxRDY 
!STATUS BIT) 

TxRDV 
!PINI 

CID ' I I ' I I I I '. - I I I ! I I I I I _! 

WR 

MARKING STATE 

TxD 

(Note} The wave-form chart is based on the case of 5 .data bit length + parity bit and 2 synchronous characters. 
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Receiver Control and Flag Timing (SYNC Mode) 

SYNDET 
(PIN) (Note 1) 

SYNDET ISBI 

OVERRUN 
ERROR ISBI 

RxRDY (PINI 

CID 

WR 

RB 

RxD 

Axe 

trsl 

Wr EH Ad DATA 
RxEn CHAR 1 

DATA 
CHAR 2 

LOST 

~-"'""'"""""""""""""J~~~'""IV.'-!'PA~RJ\..rtJU'•~P~A~R~J\;;l'IJ"{'PA~AJ\.,'\Jl:f\J\.,~'V'Ol.J\CJU'\:/1U\Jl:l\J\..J'l:!A::ll::.rl:!l!Cll::lll::~P~A~R:l\,;.~O\~P~A~A;:/\.~l\J\:11U\./l...rLJl...JIJt,... 

+CHAR ASSY BEGINS Jll~~ CHAR ASSY 

JUUlf1f 1uuw1?GINS 

L EXIT HUNT MODE I t 
SET SYNCDET 

EXIT HUNT MODE SET SYNDET (STATUS BIT) 
SET SYNDET (STATUS BITI 

(Note l) Internal synchronization is based on the case of 5 data bit length+ parity bit and 2 synchronous characters. 

(Note 2) External synchronization is based on the ca.se of 5 data bit length +parity bit. 
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MSM82C53-5RS/GS/JS 
MSM82C53-2RS/GS/JS 
CMOS PROGRAMMABLE INTERVAL TIMER 

GENERAL DESCRIPTION 

The MSM82C53-5RS/GS/JS and MSM82C53-2RS/GS/JS are programmable universal timers designed for 
use in microcomputer systems. Based on silicon gate CMOS technology, it requires a standby current of only 
100 µA (max.) when the chip is in the nonselected state. During timer operation, power consumption is still very 
low with only 5 mA (max.) at 5 MHz of current required. 

The devices consist of three independent counters, and can count up to a maximum of 5 MHz (MSM82C53-5) 
and 8 MHz (MSM82C53-2). The timer features six different counter modes, and binary count/BCD count func­
tions. Count values can be set in byte or word units, and all functions are freely programmable. 

FEATURES 

•Maximum operating frequency of .5 MHz 
(MSM82C53-5) 

•Maximum operating frequency of 8 MHz (MSM82C53-2) 
• High speed and low power consumption achieved 

through silicon gate CMOS technology. 
• Completely static operation 
• Three independent 16-bit down-counters 
• 3V to 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 
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PIN CONFIGURATION 

MSM82C53-5RS (Top View) 
MSM82C53-2RS 
24 LEAD PLASTIC DIP 

MSM82C53-5GS (Top View) 

MSM82C53-2GS 
32 LEAD PLASTIC FLAT PACKAGE 

MSM82C53-5JS (Top View) 
MSM82C53-2JS 
28 Plastic Leaded Chip Carrier 

N.C 

07 

o, 

Ds 

N.C 

04 

o, 

o, 

o, 

Do 

CLKO 

N.C 

OUTO 

GA TEO 

GND 

N.C 

10 

NC 11 

N.C 

vcc 

WR 

R5 
N.C 

cs 
A1 

Ao 

CLK2 

0UT2 

GATE2 

N.C 

CLK1 

GATE1 

0UT1 

(NC denotes "not connected"} N.C 

u 
u u 
z > 

0 NC 

cs 
A1 

AO 

CLK2 

OUT2 

GATE2 

~ 
0 Cl u ;:: w g w z z 

::J >- " 
::J >-

Cl " 0 " u 

" " 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions Unit 

MSM82C53-5RS 1 MSM82C53-5GS l MSM82C53-5J5 
MSM82C53-2RS MSM82C53-2GS MSM82C53-2JS 

Ssupply Voltage Vee -0.5 to +7 v 

Input Voltage V1N Respect to GND -0.5toVcc + 0.5 v 

Output Voltage VouT -0.5 to Vee + 0.5 v 

Storage Temperature Tstg -55 to + 150 oc 
Power Dissipation Po Ta = 25°C 0.9 I 0.7 I 0.9 w 

OPERATING RANGES 

Parameter Symbol Limits Conditions Unit 

Supply Voltage Vee 3 to 6 V1L = 0.2V, V1H =Vee - 0.2V, 
v 

operating frequency 2.6 MHz 

Operating Temperature Top -40 to +85 oc 

RECOMMENDED OPERATING CONDITIONS 

ID Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage V1L -0.3 +0.8 v 
"H" Input Voltage V1H 2.2 Vee +0.3 v 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" Output Voltage VoL loL=4mA 0.45 v 
loH=-1mA 3.7 v 

"H" Output Voltage VoH 

Input Leak Current lu 0::; V1N s Vee Vcc=4.5V to 5.5V -10 10 µA 

Output Leak Current ILO OS VouT s Vee Ta=-40°C to +85°C -10 10 µA 

cs<;; Vee -0.2v 
Standby Supply Current Ices V1H.GVcc-0.2V 100 µA 

V1L~o.2v 

tCLK = 200 ns CL= opF 5 mA 
Operating Supply Current Ice 

tcLK = 125 ns CL= opF MSM82C53-2 8 mA 
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AC CHARACTERISTICS 
(Vee= 4.5V - 5.5V, Ta= -40 - +85°C) 

Parameter 

Address Set-up Time before reading 

Address Hold Time after reading 

Read Pulse Width 

Read Recovery Time 

Address Set-up Time before writing 

Address Hold Time after writing 

Write Pulse Width 

Data Input Set-up Time before writing 

Data Input Hold Time after writing 

Write Recovery time 

Clock Cycle Time 

Clock "H" Pulse Width 

Clock "L" Pulse Width 

"H" Gate Pulse Width 

"L" Gate Pulse Width 

Gate Input Set-up Time before clock 

Gate Input Hold Time after clock 

Output Delay Time after reading 

Output Floating Delay Time after 
reading 

Output Delay Time after gate 

Output Delay Time after clock 

Output Delay Time after address 

Symbol 

TAR 

TRA 

TRR 

TRVR 

TAW 

TWA 

TWW 

TDW 

TWD 

TRVW 

TCLK 

TPWH 

TPWL 

TGW 

TGL 

TGS 

TGH 

TRD 

TDF 

TODG 

TOD 

TAD 

MSM82C53-5 MSM82C53-2 

Min. Max. Min. Max. Unit 

30 30 ns 

0 0 ns 

150 150 ns 

200 200 ns 

0 0 ns 

30 20 ns 

150 150 ns 

100 100 ns 

30 20 ns 

200 200 ns 

200 D.C. 125 D.C. ns 

60 60 ns 

60 60 ns 

50 50 ns 

50 50 ns 

50 50 ns 

50 50 ns 

120 120 ns 

5 90 5 90 ns 

120 120 ns 

150 150 ns 

180 180 ns 

Note: Timing measured at VL = 0.8V and VH = 2.2V for both inputs and outputs. 

TIME CHART 
Write Timing 

Ao-1.CS 

TAW -----TWA 

-----TWD 

TWW 

Conditions 

CL= 150pF 

Read 
cycle 

Write 
cycle 

Clock 
and 
gate 
timing 

Delay 
time 
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.Read Timing 

TAR --f---loot-T RA 

TDF 

HIGH IMPEDANCE HIGH IMPEDANCE 

Clock & Gate Timing 

----TCLK 

CLK TPWL 

TGS-+---+-• 

GATE 

OUT 
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DESCRIPTION OF PIN FUNCTIONS 

Pin Symbol Name Input/output .Function 

D7 - DO Bidirectional Input/output Three-state 8-bit bidirectional data bus used when writing 
data bus control words and count values, and reading count values 

upon reception of WR and RD signals from CPU. 

cs Chip select Input Data transfer with the CPU is enabled when this pin is at low 
input level. When at high level, the data bus (D0 thru D7 ) is 

switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 
unchanged. 

RD Read input Input Data can be transferred from MSM82C53 to CPU when 
this pin is at low level. 

WR Write input Input Data can be transferred from CPU to MSM82C53 when 
tpis pin is at low level. 

AO,A1 Address input Input One of the three internal counters or the control word regis-
ter is selected by AO/A 1 combination. These two pins are 
normally connected to the two lower order bits of the 
address bus. 

CLK0-2 Clock input Input Supply of three clock signals to the three counters incorpo-
rated in MSM82C53. 

GATE0-2 Gate input Input Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con-
trol word contents. 

OUT0-2 Counter output Output Output of counter output wewform in accordance with the 
set mode and count value. 

SYSTEM INTERFACING 

ADDRESS BUS 

A1 AO 16 bits 

CONTROL BUS 

DATA BUS 

8 bits 

A1 AO 

82C53-5!82C53-2 

COUNTER #0 COUNTER #1 COUNTER #2 

OUT GATE CLK OUT GATE CLK OUT GATE CLK 
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DESCRIPTION OF BASIC OPERATIONS 

Data' transfers between the internal registers and the external data bus is outlined in the following table. 

cs RD WR A1 AO Function 

0 1 0 0 0 Data bus to counter # 0 Writing 

0 1 0 0 1 Data bus to counter # 1 Writing 

0 1 0 1 0 Data bus to counter # 2 Writing 

0 1 0 1 1 Data bus to control word register Writing 

0 0 1 0 0 Data l;>us from counter # 0 Reading 

0 0 1 0 1 Data bus from counter # 1 Reading 

0 0 1 1 Q, Data bus from counter # 2 Reading 

0 0 1 1 1 

1 x x x x } Data bus in high impedance status 

0 1 1 x x 

x denotes "not specified'.'. 

DESCRIPTION OF OPERATION 

82C53 functions are selected by a control word 
from the CPU. In the required program sequence, the 
control word setting is followed by the count value 
setting and execution of the desired timer operation. 

Control Word and Count Value Program 
Each counter operation mode is set by control 

word programming. The control word format is out­
lined below. 

07 Of;! 05 04 03 02 01 DO I SC1 I sco l RL1 I RLO J, M2 M1 MO frili 
Select Read/Load Mode BCD 

Counter 
(CS=O,AO,A1=1,1, RD=1,WR=O) 

• Select Counter (SCO, SC1): Selection of set counter 

SC1 sco Set Contents 

0 0 Counter # O selection 

0 1 Counter # 1 selection 

1 0 Counter # 2 selection 

1 1 Illegal combination 

• Read/Load (RL 1, RLO): Count value Reading/ 
Loading format setting 

RL1 RLO Set Contents 

0 0 Counter Latch operation 

0 1 
Reading/Loading of Least Significant 
byte (LSB) 

1 0 
Reading/Loading of Most Significant 
byte (MSB) 

1 1 
Reading/Loading of LSB followed by 
MSB 
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• Mode (M2, M1, MO): Operation waveform mode 
setting 

M2 M1 MO Set Contents 

0 0 0 ModeO (Interrupt on Terminal Count) 

0 0 1 Mode 1 (Programmable One-Shot) 

x 1 0 Mode2 (Rate Generator) 

x 1 1 Mode3 (Square Wave Generator) 

1 0 0 Mode4 (Software Triggered Strobe) 

1 0 1 Mode5 (Hardware Triggered Strobe) 

x denotes "not specified". 

• BCD: Operation count mode setting 

BCD Set Contents 

0 Binary Count (16-bits Binary) 

1 BCD Count (4-decades Binary Coded 
Decimal) 

After setting Read/Load, Mode, and BCD in each 
counter as outlined above, next set the desired count 
value. (In some Modes, counting is started immediately 
after the count value has been written). This count 
value setting must conform with the Read/Load format 
set in advance. Note that the internal counters are 
reset to OOOOH during control word setting. The 
counter value (0000H) can.t be read. 

If the two bytes (LSB and MSB) are written at this 
stage ( R LO and R L1 = 1 , 1), take note of the following 
precaution. 

Although the count values may be set in the three 
counters in any sequence after the control word has 
been set in each counter, count values must be set 
consecutively in the LSB - MSB order in any one 
counter. 
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• Example of control word and count value setting 

[

Counter #0: Read/Load LSB only, Mode 3, 
Binary count, count value 3H 

Counter# 1: Read/Load MSB only, Mode 5, 
Binary count, count value AAOOH 

Counter # 2: Read/Load LSB and MSB, Mode 0, 
BCD count, count value 1234 

MVI A, 1EHJ 
OUTn3 
MVI A,6AHJ 
OUTn3 
MVIA,B1HJ 
OUTn3 
MVI A,03H] 
OUTnO 
MVI A,AAH] 
OUTn1 

MVI A,34Hl 
OUTn2 
MVI A, 12H 
OUTn2 

Counter #0 control word setting 

Counter #1 control word setting 

Counter #2 control word setting 

Counter #0 count value setting 

Counter #1 count value setting 

Counter #2 count value setting 
{ LSB then MSB) 

Note: nO: Counter #0 address 
n 1: Counter #1 address 
n2: Counter #2 address 
n3: Control word register address 

• The minimum and maximum count values which can 
be counted in each mode are listed below. 

Mode Min. Max. Remarks 

0 1 0 
O executes 1 OOOOH count 
{ditto in other modes) 

1 1 0 

2 2 0 1 cannot be counted 

3 2 1 1 executes 10001 H count 

4 1 0 

5 1 0 

Mode Definition 
• Mode 0 {terminal count) 

The counter out.put is set to "L" level by the mode 
setting. If the count value is then written in the 
counter with the gate input at "H" level {that is. 
upon completion of writing the MSB when there are 
two bytes), the clock input counting is started. 
When the terminal count is reached, the output is 
switched to "H" level and is maintained in this 
status until the control word and count value are set 
again. 
Counting is interrupted if the gate input is switched 
to "L" level, and restarted when switched back to 
"H" level. 
When Count Values are written during counting, 
the operation is as follows: 

1 byte Read/Load .... When the new count 
value is written, counting is stopped 
immediately, and then restarted at 
the new count value by the next 
clock. 

2-byte Read/Load •..• When byte 1 { LSB) of 
the new count value is written, 
counting is stopped immediately. 
Counting is restarted at the new 
count value when byte 2 {MSB) is 
written. 

• Mode 1 {programmable one-shot) 
The counter output is switched to "H" level by the 
mode setting. Note that in this mode, counting is 
not started if only the count value is written. Since 
counting has to be started in th is mode by using 
the leading edge of the gate input as a trigger, the 
counter output is switched to "L" level by the next 
clock after the gate input trigger. This "L" level 
status is maintained during the set count value, and 
is switched back to "H" level when the terminal 
count is reached. 
Once counting has been started, there is no inter­
ruption until the terminal count is reached. even if 
the gate input is switched to "L" level in the mean­
time. And although counting continues even if a 
new count value is written during the counting, 
counting is started at the new count value if another 
trigger is applied by the gate input. 

• Mode 2 {rate generator) 
The counter output is switched to "H" level by the 
mode setting. When the gate input is at "H" level, 
counting is started by the next clock after the count 
value has been written. And if the gate input is at 
"L" level, counting is started by using the rising 
edge of the gate input as a trigger after the count 
value has been set. 
An "L" level output pulse appears at the counter 
output during a single clock duration once every 
n clock inputs where n is the set count value. If a 
new count value is written during while counting 
is in progress, counting is started at the new count 
value following output of the pulse currently being 
counted. And if the gate input is switched to "L" 
level during counting, the counter output is forced 
to switch to "H" level, the counting being restarted 
by the rising edge of the gate input. 

• Mode 3 {square waveform rate generator) 
The counter output is switched to "H" level by the 
mode setting. Counting is started in the same way as 
described for mode 2 above. 
The repeated square wave output appearing at the 
counter output contains half the number of counts 
as the set count value. If the set count value {n) is 
an odd number, the repeated square wave output 
consists of only {n + 1)/2 clock inputs at "H" level 
and {n - 1 )/2 clock inputs at "L" level. 
If a new count value is written during counting, the 
new count value is reflected immediately after the 
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change ( "H" to "L" or "L" to "H ") in the next 
counter output to be executed. The counting opera­
tion at the gate input is done the same as in mode 2. 

• Mode 4 (software trigger strobe) 
The counter output is switched to "H" level by the 
'mode setting. Counting is started in the same way 
as described for mode 0. A single "L'" pulse equiva­
lent to one clock width is generated at the counter 
output when the terminal count is reached. 
This mode differs from 2 in that the "L" level out­
put appears one clock earlier in mode 2, and that 
pulses are not repeated in mode 4. Counting is 

~ M 
"L" Level Falling Edge 

0 Counting not possible 

1 

2 
(1) Counting not possible 
(2) Counter output forced to "H" level 

3 
(1) Counting not possible 
(2) Counter output forced to "H" level 

4 Counting not possible 

5 

ModeO 

CLK 

[ WR 
3 2 

OUT (GATE= 'H') 
I 
I 

I WR(n~ I 
I 
I 

GATE I 
I 

stopped when the gate input is switched to "L" 
level, and restarted from the set count value when 
switched back to "H" level. 

• Mode 5 (hardware trigger strobe) 
The counter o'-'tput is switched to "H'" level by the 
mode setting. Counting is started, and the gate input 
used, in the same way as in mode 1. 
The counter output is identical to the mode 4 out­
put. 
The various roles of the gate input signals in the 
above modes are summarized in the following table. 

Rising Edge "H" Level 

Counting possible 

(1) Start of counting 
(2) Retriggering 

Start of counting Counting possible 

Start of counting Counting possible 

Counting possible 

(1) Start of counting 
(2) Retriggering 

0 2 0 

r-

l 4 4, 4 4, 3 2 0 
OUT I 

Mode 1 

CLK 

[ 
WR (n=4) 

GATE 

4 3 2 0 

OUT 

[ GATE • LJI 
4 3 2 4 3 2 0 

OUT (n= 4) 
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Mode2 

CLK 

[ WR 1 (n=4) • (n= 21 I 
4 3 2 3 2 2 

OUT {GATE = 'H') 

[ GATE 

4 3 2 1 4 4 3 2 1 

OUT (n= 4) LJ L 

Mode3 

CLK 

[ WR 1 (n=4) J I (n= 3) f 
4 2 4 2 4 2 4 2 3 2 3 3 

OUT (GATE= 'H') I I I L...r 

[ GATE 
5 4 2 5 2 5 4 2 5 2 5 4 

OUT (n:.:Ll L_J I I 

Mode4 

CLK 

[ WR 

4 3 2 0 

OUT (GATE= 'H') LJ 

[ GATE 

4 4 3 2 0 

OUT Lr-

Mode5 

CLK 

GATE 

4 3 2 0 

OUT (n,;.4) LJ 
GATE _J f 

4 3 2 1 4 3 2 0 
OUT (n= 4) LJ 
Note: "n" is the value set in the counter. 

Figures in these diagrams refer to counter values. 
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Reading of Counter Values 
All 82C53 counting is down-<:ounting, the 

counting being in steps of 2 in mode 3. Counter values 
can be read during counting by ( 1) direct reading, and 
(2) counter latching ("read on the fly"). 

• 'Direct reading 
Counter values can be read by direct reading opera­
tions. 
Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 
or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 
correctly read. 

• Counter latching 

292 

In this method, the counter value is latched by 
writing a counter latch command, thereby enabling 
a stable value to be read without effecting the 
counting in any way at all. An example of a counter 
latching program is given below. 
Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 

MVI A 0 1 0 0 xx xx 
L_Denotes counter latching 

OUT n3 LWrite in control word address 
(n3) 
The counter value at this point 
is latched 

IN n1LReading of the LSB of the 
counter value latched from 
counter #1. 
n1: Counter #1 address 

MOV B,A 
IN n1 
MOVC,A 

Reading of MSB from counter 
#1. 

Example of Practical Application 
• 82C53 used as a 32-bit counter. 

82C53-5/82C53-2 

o----tCLKO OUTOt----o 

CLK1 

J'lil_ n---+--1 C LK2 

Use counter #1 ahd counter #2 
Counter #1: mode o .. upper order 16-bit counter 

value 
Counter #2: mode 2, lower order 16-bit counter 

value 
This setting enables counting up to a maximum of 2 32 • 



OKI semiconductor 

MSM82C54RS/GS/JS 
CMOS PROGRAMMABLE INTERVAL TIMER 

GENERAL DESCRIPTION 

The MSM82C54RS/GS/JS is a programmable universal timer designed for use in microcomputer systems. Based 
on silicon gate CMOS technology, it requires a standby current of only 10 µA (max.) when the chip is in the non­
selected state. During timer operation, power consumption is still very low with only 10 mA (max.) of current 
required. 

It consists of three independent counters, and can count up to a maximum of 8 MHz. The timer features six 
different counter modes, and binary count/BCD count functions. Count values can be set in byte or word units, and 
all functions are freely programmable. 

FEATURES 

•Maximum operating frequency of 8 MHz (V cc=5V) 
•High speed and low power consumption achieved by 

silicon gate CMOS technology. 
•Completely static operation 
•Three independent 16-bit down-counters 
• 3V to 6V single power supply 
•Status Read Back Commound 

FUNCTIONAL BLOCK DIAGRAM 

uo 
uz 
> Cl 

COUNTER 
#0 

DATA 
BUS 

BUFFER 

0 
0 
I .... 

0 

8 

8 

COUNTER 
#1 

READ/ 
WRITE 
LOGIC 

l~I~ 

•Six counter modes available for each counter 
•Binary and decimal counting possible 
•24-pin DIP (MSM82C54RS) 
•32-pin flat package (MSM82C54GS) 
• 28-pin PLCC package (MSM82C54JS) 

"' "'w"' :.! I- I-
-' <( ::l 
u Cl 0 

COUNTER 
#2 

CONTROL 
WORD 

REGISTER 

(/) 

::l 
ID 
..... 
<( 
z 
a: 
w 
1-
z 

293 



ID 

• l/O·MSM82C54RS/GS/JS • 1
-----------------

PIN CONFIGURATION 

MSM82C54-RS (TOP VIEW I 
24 LEAD PLASTIC DIP 

MSM82C54-GS (TOP VIEW) 

32 LEAD PLASTIC FLAT PACKAGE 

MSM82C54-JS (TOP VIEW) 
28 Plastic Leaded Chip Carrier PACKAGE 

294 

N.C 

D7 

D, 

Ds 

N.C 

04 

D3 

o, 

D1 

Do 

CLKO 

N.C 

OUTO 

GATED 

GND 

N.C 

NC 

N.C 

Vee 

WR 

Ro 

N.C 

cs 
A1 

Ao 

CLK2 

OUT2 

GATE2 

N.C 

CLK1 

GATE1 

0UT1 

(NC denotes "not connected") N.C 

u 
u 

I~ ~ l'l ~ u 
CJ CJ z > 

NC 

cs 
Al 

AO 

CLK2 

OUT2 

GATE2 

0 0 CJ u i= w § ,__ w z z 
:::l 

,__ :::l 
,__ 

0 " 
('.) 0 " u 

('.) ('.) 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 
Limits 

Unit 
MSM82C54RS I MSM82C54GS I MSM82C54JS 

Supply voltage Vee -0.5 to +7 v 

Input Voltage V1N Respect to GND -0.5toVcc + 0.5 v 

Output Voltage VouT -0.5 to Vee + 0.5 v 

Storage Temperature Tstg -55 to + 150 oc 
Power Dissipation Po Ta = 25°C 0.9 l 0.7 l 0.9 w 

OPERATING RANGES 

Parameter Symbol Limits Conditions Unit 

Supply Voltage Vee 3to6 V1L = 0.2V, V1H =Vee -0.2V, 
v 

operating frequency 2.6 MHz 

Operating Temperature Top -40to +85 •c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 •c 

"L" Input Voltage VIL -0.3 +0.8 v 

"H" Input Voltage V1H 2.2 Vee+ o.3 v 

DC CHARACTERISTICS 

Parameter Symb0I Conditions Min Typ Max Unit 

"L" Output Voltage VOL IOL = 2.5mA 0.40 v 

IOH = -2.5mA 3.0 v 
"H" Output Voltage VoH 

loH= -100µA Vcc-0.4 

Input Leak Current lu o~ V1N ~Vee Vcc=4.5V to 5.5v -10 10 µA 

Output Leak Current ILO o~ VouT ~Vee Ta=-40°c to +85°c -10 10 µA 

cs~ Vee --0.2v 
Standby Supply Current Ices V1H ~Vee - 0.2V 10 µA 

v1L~o.2v 

Operating Supply Current Ice tcLK=125ns CL=OpF 10 mA 
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AC CHARACTERISTICS 
(Vee= 4.5V - 5.5V, Ta= -40 - +85°e) 

Parameter 

Address set-up time to falling edge of RD 

Chip select input set-up time to falling edge of RD 

Address hold time from rising edge of RD 

1'fD pulse width 

Data access time from falling edge of RD 

Data access time after address determination 

Delay time from rising edge of RD to data floating state 

R'IT recovery time 

Address set-up time to falling edge of WR 

Chip select input set-up time to falling edge of WR 

Address hold time from rising edge of WR 

WR pulse width 

Data determination set-up time to rising edge of WR 

Data hold time after rising edge of WR 

W'R' recovery time 

CLK cycle time 

CLK "H" level width 

CLK "L" level width 

CLK rise time 

CLK fall time 

GATE "H" level width 

GATE "L" level width 

GATE input set-up ti'1')e before rising edge of CLK 

GATE input hold time before rising edge of CLK 

Output delay time after falling edge of CLK 

Output delay time after falling edge of GATE 

CLK rise delay time after rising edge of WR for count value loading 

GA TE samplingdelaytimeaft~r rising edge of WR forcountvalue loading 

Output delay time after falling edge of WR for mode set ., 

eLK fall set-up time to falling edge of for counter latch command 

82C54 
Symbol 

Min Max 

tAR 45, 

tSR 0 

tRA 0 

tRR 150 

tRD 120 

tAD 220 

tDF 5 90 

tRV 200 

tAW 0 

tSW 0 

tWA 0 

tWW 150 

tDW 12Q 

tWD 0 

tRV 200 

tCLK 125 D.C. 

tPWH 60 

tPWL 60 

tR 25 

tF 25 

tGW 50 

tGL 50 

tGS 50 

tGH 50 

tOD 150 

tODG 120 

tWC 0 55 

tWG -5 50 

tWO 260 

tCL -40 40 

Note: Timing measured at VL = O.BV and VH = 2.2V for both inputs and outputs. 

TIME CHART 
Write Timing 
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Unit Conditions 
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Read Timing 

tRA 

tRR 

tRD tDF 

VALID 

-tAD-

Recovery Timing 

)
+-tRV---1 

\~____,. \~_____,/ 

Clock & Gate Timing 
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DESCRIPTION OF PIN FUNCTIONS 

Pin Symbol Name Input/output 

D7 -DO Bidirectional Input/output 
data bus 

cs Chip select Input 
input 

RD Read input Input 

WR Write input Input 

AO, Al Address input Input 

CLK0-2 Clock input Input 

GATE0-2 Gate input Input 

OUT0-2 Counter output Output 

SYSTEM INTERFACING 

Al AO 

Al AO cs 
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Function 

Three-state 8-bit bidirectional data bus used when writing 
control words and count values. and reading count values 
upon reception of WR and RD signals from CPU. 

Data transfer with the CPU is enabled when this pin is at low 
level. When at high level, the data bus (D 0 thru D1l is 
switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 
unchanged. 

Data can be transferred from MSM82C54 to CPU when 
this pin is at low level. 

Data can be transferred from CPU to MSM82C54 when 
tpis pin is at low level. 

One of the three internal counters or the control word regis-
ter is selected by AO/A 1 combination. These two pins are 
normally connected to the two lower order bits of the 
address bus. 

Supply of three clock signals to the three counters incorpo-
rated in MSM82C54 

Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con-
trol word contents. 

Output of counter output waveform in accordance with the 
set mode and count value. 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

82C54 

COUNTER #1 

OUT GATE CLK 

16 bits 

8 bits 
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DESCRIPTION OF BASIC OPERATIONS 

Data transfers between .the internal registers and the external data bus is outlined in the following table. 

cs RD WR Al AO Function 

0 1 0 0 0 Data bus to counter # 0 Writing 

0 1 0 0 1 Data bus to counter # 1 Writing 

0 1 0 1 · 0 Data bus to counter # 2 Writing 

0 1 0 1 1 Data bus to control word register Writing 

0 0 1 0 0 Data bus from counter # 0 Reading 

0 0 1 0 1 Data bus from counter # 1 Reading 

0 0 1 1 0 Data bus from counter # 2 Reading 

0 0 1 1 1 

1 x x x x } Data bus in high impedance status 

0 1 1 x x 

x denotes "not specified~'. 

DESCRIPTION OF OPERATION 

82C54 functions are selected by control words 
from the CPU. In the required program sequence, the 
control word setting is followed by the count value 
setting and execution of the desired timer operation. 

Control Word and Count Value Program 
Each counter operating mode is set by control 

word programming. The control word format is outlin­
ed below. 

D7 Dq D5 D4 DJ D2 D1 DO 

I SC1 I sco l RL1 I RLO !, M2 M1 I MO 1Uifil 
Select Read/Load Mode BCD 

Counter 
(CS=O, AO,A1=1,1, RD=1. WR=OI 

• Salect Counter (SCO, SC11: Selection of set counter 

SC1 sco Set Contents 

0 0 Counter # O selection 

0 1 Counter # 1 selection 

1 0 Counter # 2 selection 

1 1 READ BACK COMMAND 

• Read/Load (RL1, RLOI: Count value Reading/ 
Loading format setting 

RL1 RLO Set Contents 

0 1 0 Counter Latch operation 

0 1 
Reading/Loading of Least Significant 

byte ILSBI 

1 0 
Reading/Loading of Most Significant 
byte (MSBI 

1 1 
Reading/Loading of LSB followed by 
MSB 

• Mode (M2, M1, MO): Operation waveform mode 
setting 

M2 M1 MO Set Contents 

0 0 0 ModeO (Interrupt on Terminal Countl 

0 0 1 Mode 1 (Programmable One-Shotl 

x 1 0 Mode 2 (Rate Generator) 

x 1 1 Mode 3 (Square Waw Generator) 

1 0 o. Mode4 (Software Triggered Strobe) 

1 0 1 Mode5 (Hardware Triggered Strobel 

x denotes "not specified". 

• BCD: Operation count mode setting 

BCD Set Contents 

0 Binary Count (16-bits B inaryl 

1 BCD Count (4-decades Binary Coded 
Decimal) 

After stting Read/Load, Mode, and BCD in each 
counter as outlined above, next set the desired count 
value. Un some Modes, counting is started immedi­
ately after the count value has been written). This 
count value setting must conform with the Read/Load 
format set in advance. Note that the internal coun­
ters are reset to OOOOH during control word setting. 
The counter value (OOOOHI can't be read. 

The program sequence of the 82C54 is flexible. 
Free sequence programming is possible as long as the 
two followinQ rules are observed: 
(ii Write the control word before writing the initial 

count value in each counter. 

(iii Write the initial count value according to the count 
value read/write format specified by ·the control 
word. 

(Note I Unlike the 82C53-5, the 82C54 allows count 
value setting for another counter between LSB 
and MSB settings. 
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• Example of control word and count value setting 

[

Counter # 0: Read/Load LSB only, Mode 3, 
Binary count, count value 3H 

Counter# 1: Read/Load MSB only, Mode 5, 
Binary count, count value AAOOH 

Counter # 2: Read/Load LSB and MSB, Mode 0, 
BCD count, count value 1234 

MVI A, 1EHJ 
OUTn3 

MVI A,6AHJ 
OUTn3 

MVIA,B1HJ 
OUTn3 

MVI A, 03H J 
OUTnO 

MVI A,AAH] 
OUTn1 

MVI A,34Hl 
OUTn2 
MVI A, 12H 
OUTn2-

Counter #0 control word setting 

Counter #1 control word setting 

Counter #2 control word setting 

Counter #0 count value setting 

Counter #1 count value setting 

Counter #2 count value setting 
(LSB then MSB) 

INTERNAL BLOCK DIAGRAM OF A COUNTER 
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CONTROL ~---1--1------l 
LOGIC 

CLKn OUTn 
GATEn 

Note: nO: Counter #0 address 
n 1: Counter #1 address 
n2: Counter #2 address 
n3: Control word register address 

• The minimum and maximum count values which can 
be counted in each mode are listed below. 

Mode Min Max 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

5 1 0 

NOTE CAM Count Register MSB 
CAL Count Register LSB 
CE Counter Element 
OLM Output Latch LSB 
0 LL Output Latch LS B 

Remarks 

0 executes 1 OOOOH count 
(ditto in other modes) 

1 cannot be counted 

1 cannot be counted 



Mode definition 

ModeO 

•Use: Event counter 
•Output operation: The output is set to "L" level by 

the control word setting, and kept at "L" level until 
the cou'nter value becomes 0. 

•Gate function: "H" level validates the count opera­
tion, and "L" level invalidates it. The gate does not 
affect the output. 

•Count value load timing: after the control word 
and initial count values are written, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse. The first clock pulse does not 
cause the count value to be decremented. In other 
words, if the initial count value is N, the output 
is not set to "H" level until the input of (N + 1) the 
clock pulse after the initial count value writing. 

•Count value writing during counting: 
The count value is loaded in the CE at the falling 
edge of the next clock, and counting with the new 
count value continues. The operation for 2-byte 
count is as follows: 
1) The counting operation is suspended when the 

first byte is written. The output is immediately 
set to "L" level. (no clock pulse is required.) 

2) After the scond byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock. 
For the output to go to "H" level again, N+1 
clock pulses are necessary after new count 
value N is written. 

•Count value writing when the gate signal is "L" 
level: 

The count value is also loaded to the CE at the 
falling edge of the next clock pulse in this case. 
When the gate signal is set to "H" level, the output 
is set to "H" level after the lapse of N clock pulses. 
Since· the count value is already loaded in the CE, 
no clock pulse for loading in the CE is necessary. 

Mode 1 

• Use: Digital one-shot 
•Output operation: The output is set to "H" level 

by the control word setting. It is set to "L" level 
at the falling edge of the clock succeeding the gate 
trigger, and kept at "L" level until the counter 
value becomes 0. Once the output is set to "H" level, 
it is kept at "H" level until tlJe clock pulse suc­
ceeding the next trigger pulse. 

•Count value load timing: 
After the control word and initial count value 
are written, the count value is loaded to the CE 
at the falling edge of the clock pulse succeeding the 
gate trigger and set the output to "L" level. The 
one-shot pulse starts in this way. If the initial count 
value is N, the one-shot pulse interval equals N clock 
pulses. The one-shot pulse is not repetitive. 

•Gate function: The gate signal setting to "L" level 
after the gate trigger does not affect the output. 
When it is set to "H" level again from "L" level, gate 
retriggering occurs, the CR count value is loaded 
again, and counting continues. 
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•Count value writing during counting 
It does not affect the one-shot pulse being counted 
until retriggeririg occurs. 

Mode 2 

•Use: Rate generator, real-time interrupt clock. 
•Output operation: The output is set to "H" level 

by control word setting. When the initial 'count 
value is decremented to 1, the output is set to "L" 
level during one clock pulse, and is then set to "H" 
level again. The initial count value is reloaded, and 
the above sequence repeats. In mode 2, the same, 
sequence is repeated at intervals of N clock pulses 
if the initial count value is N for example. 

•Gate function: "H" level validates counting, and 
"L" level invalidates it. If the gate signal is set to 
"L" level when the output pulse is "L" level, the 
output is immediately set to "H" level. At the 
falling edge of the clock pulse succeeding the trigger, 
the count value is reloaded and counting starts. The 
gate input can be used for counter synchronization 
in this way. 

•Count value load timing: 
After the control word and initial count value is 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The output is 
set to "L" level upon lapse of N clock pulses after 
writing the initial count value N. Counter synchro­
nization by software is possible in this way. 

•Count value writing during counting: 
Count value writing does not affect the current 
counting qperation sequence. If new count value 
writing completes and the gate trigger arrives before 
the end of current counting operation, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse and counting continues from the 
new count value. If no gate trigger arrives, the new 
count value is loaded to the CE at the end of the 
current counting operation cycle. In mode 2, count 
value of 1 is prohibited. 

Mode 3 

• Use: Baud rate generator, square wave generator 
• Output operation: Same as mode 2 except that the 

output duty is different. 
The output is set to "H" level by control word 
setting. When the count becomes half the initial 
count value, the output is set to "L" level and kept 
at "L" level during the remainder of the count. 
Mode 3 repeats the above sequence periodically. 
If the initial count value is N, the output becomes a 
square wave with a period of N. 

•Gate operation: "H" level validates counting, and 
"L" level invalidates it. If the gate signal is set to 
"L" level when the output is "L" level, the output 
is immediately set to "H" level. 
The initial count value is reloaded at the falling 
edge of the clock pulse succeeding the next gate 
trigger. The gate can be used for counter synchroni­
zation in this way. 
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•Count value load timing: 
After the control word and initial count value .are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. Counter syn­
chronization by software is possible in this Way. 

•Count value writing during counting: 
The count value writing does not affect the cur.rent 
counting operation. When the gate trigger input 
arrives before the end of a half cyde of the square 
wave after writing the new count value, the new 
count value is loaded in the .CE at the falling edge 
of the next clock pulse, and counting continues 
using the new count value. If there is no gate trigger, 
the new count value is loaded at the end of the 
half cycle and counting continues. 

•Even number counting operation: 
The output is initially set to "H" level. The initial 
count value is loaded to the CE at the falling edge 
of the next clock pulse, and is decremented by 2 
by consecutive clock pulses. ·Whe'n the counter 
value becomes 2, the output is set to "L" level, the 
initial value is reloaded and then the above opera­
tion is repeated. 

•Odd number counting operation: 
The output is initially set to "H" level. At the 
falling edge of the next clock pulse, the initial 
count value minus one is loaded in the CE, and then 
the va.lue is decremented by 2 by ,cons~cutive clock 

pulses. When the counter value becomes 0, the out­
put is set to "L" level, and then the initial count 
value minus 1 is reloaded to the CE. The value is 

. then decremented by 2 by consecutive clock pulses. 
When the counter value becomes 2, the output is 
again set to "H" level and the initial count value 
minus 1 is again reloaded. The above operations 
are repeated. In other words, the. output is set 
to "H" level during (N+1 )/2 counting and to "L" 
level during (N-1 )/2 counting in the case of odd 
number counting. 

Mode 4 

• Use: Software trigger strobe 
•Output operation: The output is initially set to 

"H" level. When the counter value becomes 0, the 
output goes to "L" level during one clock pulse, 
and then restores "H" level again. 
The count sequence starts when the initial count 
value is written. 

•Gate function: "H" level validates counting, and 
"L" level invalidates counting. The gate signal does 
not affect the output. 

•.Count value load timing: 
After the control word ~nd initial count value are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The clock pulse 
does not decrement the initial count value. If the 
initial count value is N, the strobe i·s not output 
unless N+1 clock pulses are input after the initial 
count value is written. 

•Count value writing during counting: 
The new count value is written to the CE at the 
falling edge of the next clock pulse, and counting 
continues using the new count value. The., operation 
for 2-byte ,count is as follows: 
1) First byte writing does not affect the counting 

operation., 
2) After the second byte is written, the new count 

value is loaded to the CE at the falling edge of 
the next clock pulse. 

This means that the counting op'eration is retriggered 
by software. The output strobe is set to "L" level 
upon input of N+1 clock pulses after the new count 
value N is written. 

Mode 5 

• Use: Hardware trigger strobe 
•Output operation: The output is initially set to "H" 

level. When the counter value becomes 0 after trig­
gering by the rising edge of the gate pulse, the out­
put goes to "L" level during one clock pulse, and 
then restores "H" level. 

•Count value load timing: 
Even after the control word and initial count value 
are written, loading to the CE does not occur until 
the input of the clock pulse succeeding the trigger. 
For the .clock pulse for CE loading, the count value 
is not decremented. If the initial count v.alue is N, 
therefore, the output is not set to "L" level until 
N+1 clock pulses are input after triggering. 

•Gate function: 
The initial count value is loaded to the CE at the 
falling edge of the clock pulse succeeding gate 
triggering. The count sequence can be retriggered. 
The gate pulse does not affect the output. 

•Count value writing during counting: 
The count value writing does not affect the current 
counting "equence. If the gate trigger is generated 
after the new count value is written and before the 
current. counting ends, the new count value is loaded 
to the CE at the falling edge of the next clock pulse, 
and counting continues using the new count value. 

The various roles of the gate input signals in the 
above modes are summarized in the following table. 



------------------• l/O·MSM82C54RS/GS/JS • 

~ M 
"L" Level Falling Edge Rising Edge "H" Level 

0 Counting not possible Counting possible 

1 
(1) Start of counting 
(2) Retriggering 

2 
(1) Counting not possible 

Start of counting Counting possible 
(2) Counter output forced to "H" level 

3 
( 1) Counting not possible 

Start of counting Counting possible 
(2) Counter output forced to "H" level 

4 Counting not possible Counting possible 

5 
(1) Start of counting 
(2) Retriggering 

ModeO 

CLK 

[ WR (n = 4) 

4 3 2 2 0 
OUT (GATE= 'H') r-

r 

WR (n =4il___j 

GATE 

4 3 2 0 
OUT 

Mode 1 

CLK 

r 

WR (n = 4) 

GATE 

4 3 2 0 

OUT 

[ GATE J L..JI 
4 3 2 4 3 2 0 

OUT (n = 4) 
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Mode2 

CLK 

[ WR l (n= 4) J (n = 2) 

4 3 2 4 3 2 2 2 

OUT (GATE= 'H') 

[ GATE 

4 3 2 4 4 3 2 

OUT (n = 4) LJ L 

Mode3 

CLK 

[ WR 1 (n = 4) J I (n = 3) f 
4 2 4 2 4 2 4 2 3 2 3 3 

OUT (GATE= 'H') LJ 

[ GATE 
4 2 0 4 2 4 2 0 4 2 4 2 

OUT (n~ L_J 

Mode 4 

CLK 

[ WR 

4 3 2 0 

OUT (GATE= 'H') LJ 

[ GATE 

4 3 2 0 

OUT ~ 

Mode5 

CLK 

GATE 

4 3 2 0 

OUT (n = 4) 

GATE _j f 
4 3 2 4 3 2 0 

OUT (n = 4) 

Note: "n" is the value set in the counter. 
Figures in these diagrams refer to counter values. 
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Reading Counter Values 

All 82C54 counting is down-counting, the 
counting being in steps of 2 in mode 3. Counter values 

can be read during counting by, (1) direct reading, (2) 
counter latching ("read on the fly"), and (3) read 
back comrhand. 

( 1 ) Direct reading 
Counter values can be read by direct reading opera­

tions. 
Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 

or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 
correctly read. 

( 2) Counter latching 
In this method, the counter value is latched by 
writing a counter latch command, thereby enabling 

a stable value to be read without effecting the 

counting in any way at all. The output 1.atch (OL) 

of the selected counter latches the count value 
when a cOunter latch command is written. The count 
value is held until it is read by the CPU or the con­

trol word is set again. 

If a counter latch command is written again before 

reading while a certain counter is latched, the second 
counter latch command is ignored and the value 
latched by the first counter latch command is 

maintained. 
The 82C54 features independent reading and writ­
ing from and to the same counter. 
When a counter is programmed for the 2-byte 
counter value, the following sequence is possible: 
1. Count value (LSB) reading 
2. New count value ( LSB) writing 
3. Count value (MSB) reading 
4. New count value (MSB) writing 

An example of a counter latching program is given 
below. 

Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 

MVI A 0 1 0 0 xx xx 

L_ Denotes counter latching 

OUT n3 L Write in control word address 
(n3) 

The counter value at this point 
is latched 

INn1LReading of the LSB of the 
counter value latched from 
counter #1. 
n1: Counter #1 address 

MOV B,A 
IN n1 

MOV C,A 

Reading of MSB from counter 
#1. 
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(3) Read Back Command Operation 
Use of the read back command enables the user to 
check the count value, program mode, output pin 
state and null count flag of the selected counter. 
The command is written in the control word register, 
and the format is as shown below. For this com­

mand, the counter selection occurs according to bits 
03, D2 and 01. 

07 06 05 04 D3 02 01 DO 

I 1 lcoUNTlsTATusl cNn I cNT1 I CNTO I 
(CS= 0, AO, A1=1, RD= 1, WR= 0) 

D5: 0 =Selected counter latch operation 
D4: 0 =Selected counter status latch operation 

D3: 1 = Counter #2 selection 
02: 1 = Counter #1 selection 

D1: 1 =Counter #0 selection 
DO: 0 Fixed 

It is possible to latch multiple counters by using the 
read back command. Latching of a read counter is 
automatically cancelled but other counters are kept 
latched. If multiple read back commands are written 
for the same counter, commands other than the 
first one are ignored. 
It is also possible to latch the status information 
of each counter by using the read back command. 
T~e status of a certain counter is read when the 
counter is read. 
The counter status format is as follows: 
Bits 05 to DO indicates the mode programmed by 

the most recently written control word. 
Bit D7 indicates the status of the output pin. 

Use of this bit makes it possible to monitor the 
counter output, so the corresponding hardware may 
be omitted. 

D7 D6 D5 D4 D3 

D7: 1 = Output pin status is 1. 

0 = Output pin status is 0. 
D6: 1 =Null count 

D2 D1 DO 

Ml MD BCD 

0 = Count value reading is effective 
D5 - DO: Programmed mode of counter (See the 

control word format.) 

Null count indicates the count value finally written 
in the counter register (CR) has been loaded in the 
counter element (CE). The time when the count 

value was loaded in the- CE depends on the mode of 

each counter, and it cannot be known by reading 
the counter value because the count value does not 
tell the new count value if the counter is latched. 
The null count operation is shown below. 
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Operation Result 
A. Control word register writing Null count = 1 
B. Count register (CR) writing Null count= 1 
C. New count loading to Null count= o 

CE (CR-+CE) 

(Note) The null count operation for each 
counter is independent. When the 2-
byte count is programmed, the null 
count is set to 1 when the count value 
of the second byte is written. 

Command 
Contents 

0706 0504 03 0201 DO 

If status latching is carried out multiple times before 
status reading,· other than the first status latch is 
ignored: 
Simultaneous latching of the count. and status of 
the selected counter js also possible. For this pur­
pose, set bits 04 and 03, COUNT and "STATCJS bits, 
to 00. This is functionally the same as writing two 
separate read back commands at the, same time. If 
counter/status latching is carried out multiple 
times before each reading, other than the first one 
is ignored here again. The exam~le is shown below. 

Counter 0 Counter 1 Counter 2 

Count ~tat us Cooot Status Count Status 

1 1 0 0 0 0 1 0 Read back status and count (counter 0) L L - - ·- -

1 1 1 0 0 1 0 0 Read back status (counter 1) L L - L - -

1 1 1 0 1 1 0 0 Read back status (counters 1 and 2) l L - L - L 
tNOTE) 

1 1 0 1 1 0 0 0 Read back co\lnt (counter 2) L L - L L L 

1 1 0 0 0 1 0 0 Read back status and count· (counter 1) L L L 
(N!;.EI 

L L 

1 1 1 0 0 0 1 0 Read back status (counter 0) L 
tN!TEf 

L L L .L 

L: Latched, 

(Note) The latch command at this time point is ignored, and the first latch command is valid. 

Not latched 

If both the count and status are latched, the status 
latched in the first counter read operation is read. 
The order of count latching and status latching is 

irrelevant. 
The count(s) of the next one or two reading opera­
tions is or are read. 

Example of Practical Application 

• 82C54 used as a 32-bit counter. 

82C54-2 

"'----< CLKO OUTO•'---" 

CLK1 

Use counter #1 and counter #2 

Counter #1: mode o .. upper order 16-bit counter 
value 

Counter #2: mode 2, lower order 16-bit counter 
value 

This setting enables counting up to a maximum of 2", 



OK.I semiconductor 

MSM82C54-2RS/GS/JS 
CMOS PROGRAMMABLE INTERVAL TIMER 

i GENERAL DESCRIPTION 

The MSM82C54-2RS/GS/JS is a programmable universal timer designed for use in microcomputer systems. Based 
on silicon gate CMOS technology, it requires a standby current of only 10 µA (max.) when the chip is in the non­
selected state. And during timer operation, the power consumption is still very low with only 10mA (max.) of current 
required. 
It consists of three independent counters, and can count up to a maximum of 10 MHz. The timer features six 

different counter modes, and binary count/BCD count functions. Count values can be set in byte or word units, and 
all functions are freely programmable. 

FEATURES 

•Maximum operating frequency of 10 MHz (V cc=5V) 
•High speed and low power consumption achieved by 

silicon gate CMOS technology. 
•Completely static operation 

•Three independent 16-bit down-counters 
• 3V to 6V single power supply 
•Status Read Back Commound 

FUNCTIONAL BLOCK DIAGRAM 
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READ/ 
WRITE 
LOGIC 

•Six counter modes available for each counter 
•Binary and decimal counting possible 
• 24-pin DIP (MSM82C54-2RS) 
• 32-pin flat package (MSM82C54-2GS) 
• 28-pin PLCC package (MSM82C54-2JS) 
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PIN CONFIGURATION 

MSM82C54-2RS (TOP VIEW) 

24 LEAD PLASTIC DIP 

MSM82C54-2GS (TOP VIEW) 

32 LEAD PLASTIC FLAT PACKAGE 

MSM82C54-2JS (TOP VIEW) 
28 Plastic Leaded Chip Carrier PACKAGE 

308 

N.e 
o, 

N.C 

o, 

CLKO 

N.C 

OUTO 

GATED 

GNt;> 

N.C 

CLKO 

NC 

10 

11 

(NC denotes "not connected") 

u 
~ "' ~ u u 
0 0 0 z > 

3 2 1 28 27 26 

0 

0 ~ 0 u i= w § t- z z 
" t- " t-
0 " "' 0 " u 

"' "' 

N.e 

Vee 

WR 

Ro 

N.C 

cs 

Ao 

CLK2 

OUT2 

GATE2 

N.C 

CLK1 

GATE1 

OUT1 

N.C 

NC 

cs 
Al 

AO 

CLK2 

OUT2 

GATE2 



~~~~~~~~~~~~~~~~-• 1/0·MSM82C54-2RS/GS/JS • 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 
Limits 

Unit 

MSM82C54-2RS I MSM82C54-2GS I MSM82C54-2JS 

Supply Voltage Vee -0.5 to +7 v 
Input Voltage VIN Respect to GN D -0.5toVcc + 0.5 v 
Output Voltage VouT -0.5 to Vee + 0.5 v 
Storage Temperature Tstg -55to+150 oc 
Power Dissipation Po Ta = 25°C 0.9 l 0.7 I 0.9 w 

OPERATING RANGES 

Parameter Symbol Limits Conditions Unit 

Supply Voltage Vee 3 to 6 V1L = 0.2V, V1H =Vee - 0.2V, 
v 

operating frequency 2.6 MHz 

Operating Temperature Top -40 to +85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage V1L -0.3 +0.8 v 
"H" Input Voltage V1H 2.2 Vee+ o.3 v 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min Typ Max Unit 

"L" Output Voltage Vol loL = 2.5mA 0.40 v 

loH = -2.5mA 3.0 v 
"H" Output Voltage VoH 

loH= -100µA Vcc-0.4 

Input Leak Current iu 0::; V1N <;_Vee Vcc=4.5V to 5.5V -10 10 µA 

Output Leak Current ILO OS VouT <;_Vee Ta=-40°C to +85°C -10 10 µA 

cs~ Vee -02v 
Standby Supply Current Ices V1H~ Vcc-0.2V 10 µA 

V1L ;;;,o.2v 

Operating Supply Current Ice tCLK=100ns CL=OpF 10 mA 
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AC CHARACTERISTICS 
(Vee= 4.5V - 5.5V, Ta= -40 - +85°e) 

Parameter 

Address set-up time to falling edge of RD 

Chip select input set-up time to falling edge of RD 

Address hold time from rising edge of RD 

RD pulse width 

Data access time from falling edge of RD 

Data access time after address determination 

Delay time from rising edge of RD to data floating state 

RlJ" recovery time 

Address set-up time to falling edge of WR 

Chip select input set-up time t.o falling edge of WR 

Address hold time from rising edge of WR 

WR pulse width 

Data determination set-up time to rising edge of WR 

Data hold time after rising edge of WR 

WR recovery time 

CLK cycle time 

CLK "H" level width 

CLK "L" level width 

CLK rise time 

CLK fall time 

GATE "H" level width 

GATE "L" level width 

GATE input set-up time before rising edge of CLK 

GATE input hold time before rising edge of CLK 

Output delay time after falling edge of CLK 

Output delay time after falling edge of GATE 

CLK rise delay time after rising edge of WR for count value loading 

GATEsamplingdelaytimeafter rising edge of WR forcountvalueloading 

Output delay time after fa!ling edge of WR for mode set 

CLK fall set-up time to falling edge of for counter latch command 

82C54-2 
Symbol 

Min Max 

tAR 30 

tSR 0 

tRA 0 

tRR 95 

tRD 85 

tAD 185 

tDF 5 65 

tRV 165 

tAW 0 

tSW 0 

tWA 0 

tWW 95 

tDW 85 

tWD 0 

tRV 165 

tCLK 100 D.C. 

tPWH 30 

tPWL 50 

tR 25 

tF 25 

tGW 50 

tGL 50 

tGS 40 

tGH 50 

tOD 100 

tODG 100 

tWC 0 55 

tWG -5 40 

tWO 240 

tCL -40 40 

Note: Timing measured at VL = ~.SV and VH = 2.2V for both inputs and outputs. 

TIME CHART 
Write Timing 
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Unit Conditions 
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Read Timing 

tRA 

-tAD-

Recovery Timing 

Clock & Gate Timing 
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DESCRIPTION OF PIN FUNCTIONS 

Pin Symbol Name Input/output Function 

D7 - DO Bidirectional lnput/ou~put Three-state 8-bit bidirectional data bus used when writing 
data bus control words and count values, and reading count values 

upon reception of WR and RD signals from CPU. 

cs Chip select Input Data transfer with the CPU is enabled when this pin is at low 
input level. When at high level, the data bus (Do thru D 71 is 

switched to high impedance state where neither writing nor 
reading can be executed. Internal registers, however, remain 
unchanged. 

RD Read input Input Data can be transferred from MSM82C54-2 to CPU when 
this pin is at low level. 

WR Write input Input Data can be transferred from CPU to MSM82C54-2 when 
tpis pin is at low level. 

AO, Al Address input Input One of the three internal counters or the control word regis-
ter is selected by AO/A 1 combination. These two pins are 
normally connected to the two lower order bits of the 
address bus. 

CLK0-2 Clock input Input 'supply of three clock signals to the three counters incorpo-
rated in MSM82C54-2. 

GATE0-2 G.ate input Input Control of starting, interruption, and restarting of counting 
in the three respective counters in accordance to the set con-
trol word contents. 

OUT0-2 Counter output Output Output of counter output waveform in accordance with the 
set mode and count value. 

SYSTEM INTERFACING 

ADDRESS BUS 

A1 AO 16 bits 

CONTROL BUS 

DATA BUS 

8 bits 

A1 AO 

82C54-2 

COUNTER #0 COUNTER #1 COUNTER #2 

OUT GATE CLK OUT GATE CLK OUT GATE CLK 
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DESCRIPTION OF BASIC OPERATIONS 

Data transfers between ·the internal registers and the external data bu~ is outlined in the following table. 

cs RD WR Al AO Function 

0 1 0 0 0 Data bus to counter # 0 Writing 

0 1 0 0 1 Data bus to counter # 1 Writing 

0 1 0 1 0 Data bus to counter # 2 Writing 

0 1 0 1 1 Data bus to control word register Writing 

0 0 1 0 0 Data pus from counter # 0 Reading 

0 0 1 0 1 Data bus from counter # 1 Reading 

0 0 1 1 0 Data bus from counter # 2 Reading 

0 0 1 1 1 

1 x x x x } Data bus in high impedance status 

0 1 1 x x 

x denotes "not specified~'. 

DESCRIPTION OF OPERATION 

82C54-2 functions are selected by control words 
from the CPU. In the required program sequence, the 
control word setting is followed by the count value 
setting and execution of the desired timer operation. 

Control Word and Count Value Program 
Each counter operating mode is set by control 

word programming. The control word format is outlin­
ed below. 

D7 DQ D5 D4 D3 D2 D1 DO I sc1 I sea j RL1 I RLO ,I, M2 M1 I Mo 1\EiJ 
Select Read/Load Mode BCD 

Counter 
(CS=O, AO,A1=1,1, RD=1, WR=O) 

• Select Counter (SCO, SC1): Selection of set counter 

SC1 sco Set Contents 

0 0 Counter # O selection 

0 1 Counter # 1 selection 

1 0 Counter # 2 selection 

1 1 READ BACK COMMAND 

• Read/Load (RL1, ALO): Count value Reading/ 
Loading format setting 

RL1 ALO Set Contents 

0 0 Counter Latch operation. 

0 1 
Reading/Loading of Least Significant 

byte (LSB) 

1 0 
Reading/Loading of Most Significant 
byte (MSB) 

1 1 
Reading/Loading of LSB followed by 
MSB 

• Mode (M2, M1, MO): Operation waveform mode 
setting 

M2 M1 MO Set Contents 

0 0 0 ModeO (Interrupt on Terminal Count) 

0 0 1 Mode 1 (Programmable One-Shot) 

x 1 0 Mode 2 (Rate Generator! 

x 1 1 Mode 3 (Square Wave Generator) 

1 0 0 Mode4 (Software Triggered Strobe) 

1 0 1 Mode 5 (Hardware Triggered Strobe) 

x denotes "not specified". 

• BCD: Operation count mode setting 

BCD Set Contents 

0 Binary Count (16-bits Binary) 

1 BCD Count (4-decades Binary Coded 
Decimal) 

After setting Read/Load, Mode, and BCD in each 
counter as outlined above, next set the desired count 
value. (In some Modes, counting is started immediately 
after the count value has been written). This count 
value setting must conform with the Read/Load format 

set in advance. Note that the internal counters are reset 
to OOOOH during control ·word setting. The counter 
value (OOOOH) can't be read. 

The program sequence of the 82C54-2 is flexible. 
Free sequence programming is possible as long as the 
two following rules are observed: 

(i) Write the control word before writing the initial 

count value in each counter. 
(ii) Write the initial count value according to the count 

value read/write format specified by ·the control 
word. 

(Note) Unlike the 82C53-5, the 82C54-2 allows count 
value setting for another counter between LSB 
and MSB settings. 
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• Example of control word and count value setting 

[

Counter #0: Read/Load LSB only, Mode 3, 
Binary count, count value 3H 

Counter it 1: Read/Load MSB only, Mode 5, 
Binary count, count value AAOOH 

Counter # 2: Read/Load 'LSB and MSB, Mode 0, 
BCD count, count value 1234 

MVI A, 1EHJ 
OUTn3 

MVI A.6AHJ 
OUTn3 

MVI A, B1HJ 
OUTn3 

MVI A,03H J 
.OUTnO 

MVI A,AAH] 
OUTn1 

MVI A,34Hl 
OUTn2 
MVI A, 12H 
OUTn2 

Counter #0 control word setting 

Counter #1 control word setting 

Counter #2 control word setting 

Counter #0 count value setting 

Counter #1 count value setting 

Counter #2 count value setting 
(LSB then MSB) 

INTERNAL BLOCK DIAGRAM OF A COUNTER 

Note: nO: Counter #0 address 
n1: Counter #1 address 
n2: Counter #2 address 
n3: Control word register address 

• The minimum and maximum count values which can 
be counted in each mode are I isted below. 

Mode Min Max Remarks 

0 1 0 
0 executes 1 OOOOH count 
(ditto in other modes) 

1 1 0 

2 2 0 1 cannot be counted 

3 2 0 1 cannot be counted 

4 1 0 

5 1 0 

INTERNAL DATA BUS 
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LOGIC 

CLKn OUTn 
GATEn 

NOTE CAM Count Register MSB 
CRL Count Register LSB 
CE Counter Element 
OLM Output Latch LSB 
OLL Output Latch LSB 
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Mode definition 

Mode 0 

•Use: Event counter 
•Output operation: The output is set to "L" level by 

the control word setting, and kept at "L" level until 

the counter value becomes 0. 
•Gate function: "H" level validates the count opera­

tion, and "L" level invalidates it. The gate does not 
affect the output. 

•Count value load timing: after the control word 
and initial count value are written, the count value 
is loaded to the CE at the falling edge of the next 
clock pulse. The first clock pulse does not cause the 
count value to be decremented. In other words, if 
the initial count value is N, the output is not set to 
"H" level until the input of (N+1) the clock pulse 
after the initial count value writing. 

•Count value writing during counting: 

The count value is loaded in the CE at the falling 
edge of the next clock, and counting with the new 
count value continues. The operation for 2-byte 
count is as follows: 
1) The counting operation is suspended when the 

first byte is written. The output is immediately 
set to "L" level. (no clock pulse is required.) 

2) After the scond byte is written, the new count 
value is loaded to the CE at the falling edge of 
the next clock. 
For the output to go to "H" level again, N+1 
clock pulses are necessary after new count 
value N is written. 

•Count value writing when the gate signal is "L" 
level: 

The count value is also loaded to the CE at the 
falling edge of the next clock pulse in this case. 
When the gate signal is set to "H" level, the output 
is set to "H" level after the lapse of N clock pulses. 
Since the count value is already loaded in the CE, 
no clock pulse for loading in the CE is necessary. 

Mode 1 

•Use: Digital one-shot 
•Output operation: The output is set to "H" level 

by the control word setting. It is set to "L" level 
at the falling edge of the clock succeeding the lgate 
trigger, and kept at "L" level until the counter 
value becomes 0. Once the output is set to "H" level, 
it is kept at "H" level until the clock pulse suc­
ceeding the next trigger pulse. 

•Count value load timing: 
After the control word and initial count value 
are written, the count value is loaded to the CE 
at the falling edge of the clock pulse succeeding the 
gate trigger and set the output to "L" level. The 
one-shot pulse starts in this way. If the initial count 
value is N, the one-shot pulse interval equals N clock 
pulses. The one-shot pulse is not repetitive. 

•Gate function: The gate signal setting to "L" level 
after the gate trigger does not affect the output. 
When it is set to "H" level again from "L" level, gate 
retriggering occurs, the CR count value is loaded 
again, and counting continues. 

•Count value writing during counting 
It does not affect the one-shot pulse being counted 
until retriggering occurs. 

Mode 2 

•Use: Rate generator, real-time interrupt clock. 

•Output operation: The output is set to "H" '1evel 
by control word setting. When the initial count 
value is decremented to 1, the output is set to "L" 
level during one clock pulse, and is then set to "H" 
level again. The initial count value is reloaded, and 
the above sequence repeats. In mode 2, the same 
sequence is repeated at intervals of N clock pulses 
if the initial count value is N for example. 

•Gate function: "H" level validates counting, and 
"L" level invalidates it. If the gate signal is set to 
"L" level when the output pulse is "L" level, the 
output is immediately set to "H" level. At the 
falling edge of the clock pulse succeeding the trigger, 
the count value is reloaded and counting starts. The 
gate input can be used for counter synchronization 
in this way. 

•Count value load timing: 
After the control word and initial count value is 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. The output is 
set to "L" level upon lapse of N clock pulses after 
writing the initial count value N. Counter synchro­
nization by software is possible in this way. 

•Count value writing during counting: 

Count value· writing does not affect the current 
counting operation sequence. If new count value 
writing completes and the gate trigger arrives before 
the end of current counting operation, the count 
value is loaded to the CE at the falling edge of the 
next clock pulse and counting continues from the 
new count value. If no gate trigger arrives, the new 
count value is loaded to the CE at the end of the 
current counting operation cycle. In mode 2, count 
value of 1 is prohibited. 

Mode 3 

•Use: Baud rate generator, square wave generator 
•Output operation: Same as mode 2 except that the 

output duty is different. 
The output is set to "H" level by control word 
setting. When the count becomes half the initial 
count value, the output is set to "L" level and kept 
at "L" level during the remainder of the count. 
Mode 3 repeats the above sequence periodically. 
If the initial count value is N, the output becomes a 
square wave with a period of N. 

•Gate operation: "H" level validates counting, and 
"L" level invalidates it. If the gate signal is set to 
"L" level when the output is "L" level, the output 
is immediately set to "H" level. 
The initial count value is reloaded at the falling 
edge of the clock pulse succeeding the next gate 
trigger. The gate can be used for counter synchroni­
zation in this way. 
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•Count value load timing: •Count value writing during counting: 
After the control word and initial count value are 
written, the count value is loaded to the CE at the 
falling edge of the next clock pulse. Counter syn­
chronization by software is possible in this way. 

~Count value vvriting during counting: 
The count value writing does not affect the current 
counting operation. When the gate trigger input 
arrives before the end of a half cycle of the square 
wave after writing the new count value,_ the new 
count value is loaded in the CE at the falling edge 
of the next clock pulse, and counting continues 
using the new count value. If there is no gate trigger, 
the new count value is loaded at the end of the 
half cycle and counting continues. 

•Even number counting operation: 
The output is initially set to "H" level. The initial 
count value is loaded to the CE at the falling edge 
of the next clock pulse,' and is decremented by 2 
by consecutive clock pulses. When the counter 
value becomes 2, the output is set to "L" level, the 
initial value is reloaded and then the above opera­
tion is repeated. 

•Odd number counting operation: 
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The output is initially set to "H" level. At the 
falling edge of the next clock pulse, the initial 
count value minus one is loaded in the CE, and then 
the value is decremented by 2 by consecutive clock 

pulses. When the counter value becomes 0, the out­
put is set to "L" level, and then the initial count 

. value minus 1 is reloaded to the CE. The value is 
then decremented by 2 by consecutive clock pulses. 
When the counter value becomes 2, the output is 
again set to "H," level and the initial count value 
minus 1 . is again reloaded. The above operations 
are repeated. In other words, the output is set 
to "H" level during (N+1 )/2 counting and to "L" 
level during (N-1 )/2 counting in the case of odd 
number counting. 

Mode 4 

• Use:. Software trigger strobe 
•Output operation: The output is initially set to 

"H" level. When the counter value becomes 0, the 
output goes to "L" level during one clock pulse, 
and then restores "H" level again. 
The count sequence starts when the initial count 
value is written. 

•Gate function: "H" level. validates counting, and 
"L" level invalidates counting. The gate signal does 
not affect the output. 

• Count value load timing': 
After the control word .and initial count value are 
written, the count value is loaded to the CE at the. 
falling edge of the next clock pulse. The clock pulse 
does not decrement the initial count value. If the 
initial count value is N, the strobe is not output 
unless N+1 clock pulses are input after the initial 
count value is written. 

The new count value is written to the CE at the 
falling edge of the next clock pulse, and counting 
continues using the new count value. The operation 
for 2-byte count is as follows: 
1) First byte writing does not affect the counting 

operation. 
2) After the second byte is written, the new count 

value is loaded to t.he CE at the falling edge of 
the next clock pulse. 

This means that the counting operation is retriggered 
by software. The output strobe is set to "L" level 
upon input of N+1 clock pulses after the new count 
value N is written. 

Mode 5 

•Use: Hardware trigger strobe 
•Output operation: The output is initially set to "H" 

level. When the counter value: becomes O·after trig­
gering by the rising edge of the gate pulse,, the out­
put goes to. "L" level during one clock pulse, and 
then restores "H" level. 

•Count value load timing: 
Even after the control word and initial count value 
are written, loading to the CE does not occur until 
the input of the clock pulse succeeding the trigger. 
For the clock pulse for CE loading, the count value 
is not decremented. If the initial count value is N, 
therefore, the output is not set to "L" level until 
N+1 clock pulses are input after triggering . 

•Gate function: 
The initial count value is loaded to the CE at the 
falling edge of the clock pulse succeeding gate 
triggering. The count sequence can be retriggered. 
The gate pulse does not affect the output. 

•Count value writing during counting: 
The count value writing does not affect the current 
counting sequence. If the gate trigger is generated 
after the new count value is written and before the 
current counting ends, the new count value is loaded 
to the CE at the falling edge of the next clock pu!se, 
and counting continues using the new count value. 

The various roles of the gate input signals in the 
above modes are summarized in the following table. 
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Gate "l" Level Falling Edge Rising Edge "H" level Mode 

0 Counting not possible Counting possible 

1 
( 1) Start of counting 
(2) Retriggeri ng 

2 
( 1) Counting not possible 

Start of counting Counting possiblQ 
(2) Counter output forced to "H" level 

3 
( 1) Counting not possible 

Start of counting Counting possible (2) Counter output forced to "H" level 
-- ----- -1 

4 Counting not possible Counting possible 

5 
( 1) Start of counting 
(2) Retriggering 

ModeO 

CLK 

[ WR 

2 0 
OUT (GATE= 'H') r-

r 

WR (n =4ll___j 

GATE 

4 3 2 0 
OUT 

Mode 1 

CLK 

r 
GATE 

4 3 2 0 

OUT 

[ GATE • L.JI 
4 3 2 4 3 2 0 

OUT (n = 4) 
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Mode 2 

CLK 

[ WR 1 (n = 4) J In= 21 

4 3 2 4 3 2 2 2 

OUT (GATE= 'H') 

[ GATE 

4 3 2 1 4 4 3 2 

OUT (n=41 LJ L 

Mode3 

CLK 

[ WR 1 (n= 4) J 1· (n = 3) f 
4 2 4 2 4 2 4 2 3 2 3 3 

OUT (GATE= 'H') L.J 

[ GATE 
4 2 0 4 2 4 2 0 4 2 4 2 

OUT (n~ L.J 

Mode 4 

CLK 

[ WR 

4 3 2 0 

OUT (GATE= 'H') LJ 

[ GATE 

4 3 2 0 

OUT Lr-

Mode5 

CLK 

GATE 

4 3 2 0 

OUT (n = 4) LJ 
GATE _J f 

4 3 2 4 3 2 0 
OUT (n=4) LJ 

Note: "n" is the value set in the counter. 
Figures in these diagrams refer to counter values. 
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Reading Counter Values 
All 82C54-2 counting is down-counting, the 

counting being in steps of 2 in mode 3. Counter values 
can be read during counting by, (1) direct reading, (2) 
counter latching ("read on the fly"), and (3) read 
back command. 

( 1 ) Direct reading 
Counter values can be read by direct reading opera­

tions. 
Since the counter value read according to the timing 
of the RD and CLK signals is not guaranteed, it is 
necessary to stop the counting by a gate input signal, 
or to interrupt the clock input temporarily by an 
external circuit to ensure that the counter value is 
correctly read. 

( 2) Counter latching 
In this method, the counter value is latched by 
writing a counter latch command, thereby enabling 
a stable value to be read without effecting the 

counting in any way at all. The output" latch (OL) 
of the selected counter latches the count value 
when a counter latch command is written. The count 
value is held until it is read by the CPU or the con­
trol word is set again. 
If a counter latch command is written again before 
reading while a certain counter is latched, the second 
counter latch command is ignored and the value 
latched by the first counter latch command is 
maintained. 
The 82C54-2 features independent reading and 
writing from and to the same counter. 
When a counter is programmed for the 2-byte 
counter value, the following sequence is possible: 
1. Count value (LSB) reading 
2. New count value (LSB) writing 
3. Count value (MSB) reading 
4. New count value (MSB) writing 

An example of a counter latching program, is given 
below. 

Counter latching executed for counter #1 (Read/ 
Load 2-byte setting) 

MVI A 0 1 0 0 xx xx 
-c_ Denotes counter latching 

OUT n3 LWrite in control word address 
(n3) 

The counter value at ttJis point 
is latched 

IN n1 LReading of the LSB of the 
counter value latched from 
counter #1. 
n1: Counter #1 address 

MOV B,A 
IN n1 

MOV C,A 

Reading of MSB from counter 
#1. 

(3) Read Back Command Operation 
Use of the read back command enables the user to 
check the count value, program mode, output pin 
state and null count flag of the selected counter. 
The command is written in the control word register. 
and the format is as shown below. For this com-

mand, the counter selection occurs according to bits 
D3, D2 and D1. 

D7 D6 D5 04 03 02 01 DO 

lcouNTlsTATusl cNT2 I cNT1 I cNTO j o 

(CS= 0, AO, A1=1, RD= 1, WR= 0) 

D5: 0 =Selected counter latch operation 
D4: 0 =Selected counter status latch operation 
D3: 1 =Counter #2 selection 
D2: 1 =Counter #1 selection 
D1: 1 =Counter #0 selection 
DO: 0 Fixed 

It is possible to latch multiple counters by using the 
read back command. Latching of a read counter is 
automatically cancelled but other counters are kept 
latched. If multiple read back commands are written 
for the same counter, commands other than the 
first one are ignored. 

It is also possible to latch the status information 
of each counter by using the read back command. 
The status of a certain counter is read when the 
counter is read. 
The counter status format is as follows: 
Bits D5 to DO indicates the mode programmed by 
the most recently written control won;:L 
Bit D7 indicates the status of the output pin. 
Use of th is bit makes it possible to monitor the 
counter output, so the corresponding hardware may 
be omitted. 

07 06 05 04 03 

ALO M2 

D7: 1 = Output pin status is 1. 
0 = Output pin status is 0. 

D6: 1 =Null count 

02 01 DO 

M1 MO BCD 

0 =Count value reading is effective 
D5 - DO: Programmed mode of counter (See the 

control word format.) 

Null count indicates the count value finally written 
in the counter register (CR) has been loaded in the 

counter element (CE). The time when the count 
value was loaded in the CE depends on the mode of 
each counter, and it cannot be known by reading 

the counter value because the count value does not 
tell the new count value if the counter is latched. 
The null count operation is shown below. 
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Operation Result 
A. Control word register writing Null count= 1 
B. Count register (CR) writing Null count= 1 
C. New count loading to Null count= o 

CE (CR~ CE) 

(Note) The null count operation for each 
counter is independent. When the 2-
byte count is programmed, the null 
count is set to 1 when the count value 
of the second byte is written. 

Command 
Contents 

0706 0504 03 0201 DO 

' 

If status latching is carried out multiple times before 
status reading, other than the first status latch is 
ignored. 
Simultaneous latching of the count and status of 
the selected counter is also possible. For this pur­
pose, set bits D4 and D3, COUNT and 'STATO'S bits, 
to 00. This is functionally the same as writing two 
separate read back commands at the same time. If 
counter/status latching is carried out multiple 
times before each reading, other than the first one 
is ignored here again. The example is shown below. 

Counter 0 Counter 1 Counter 2 

Count Status Count Status Count Status 

1 1 0 0 0 0 1 0 Read back status and count (counter 0) L L - - - -

1 1 1 0 0 1 0 0 Read back status (counter 1) L L - L - -

1 1 1 0 1 1 0 0 Read back status (counters 1 and 2) L L - L - L 
!NOTE) 

1 1 0 1 1 0 0 0 Read back count (counter 2) L L - L L L 

1 1 0 0 0 1 0 0 Read back status and count (counter 1) L L L 
!N!rei 

L L 

1 1 1 0 0 0 1 0 Read back status (counter 0) L 
INJ;.El 

L L L .L 

L: Latched, 

(Note) The latch command at this time point is ignored, and the first latch command is valid. 

Not latched 

If both the count and status are latched, the status 
latched in the fir~t counter read operation is read. 
The order of count latching and status latching is 

irrelevant. 
The count(s) of the next one or two reading opera­
tions is or are read. 

Example of Practical Application 
• 82C54-2 used as a 32-bit counter. 

82C54-2 

0 CLKO OUTO -<> 

.---- CLK1 OUT1 -0 

0 CLK2 OUT2 1---

Use counter #1 and counter #2 

Counter #1: mode o .. upper order 16-bit counter 
value 

Counter #2: mode 2, lower order 16-bit counter 
value 

This setting enables counting up to a maximum of 2 32 • 



OKI semiconductor 

MSM82C55A-5RS/GS 
MSM82C55A-;2RS/GS/JS 
CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

GENERAL DESCRIPTION 

The MSM82C55A is a programmable universal 1/0 interface device which operates as high speed and on 
low power consumption due to 3 I' silicon gate CMOS technology. It is the best fit as an 1/0 port in a system 
which employs the 8-bit parallel processing MSM80C85A CPU. This device has 24-bit 1/0 pins equivalent to three 
8-bit 1/0 ports and all inputs/outputs are TTL interface compatible. 

FEATURES 

•High speed and low power consumption. due to 3 µ. 
silicon gate CMOS technology 

• 3 V to 6 V single power supply 
• Full static operation 
•Programmable 24-bit 1/0 ports 
• Bidirectional bus operation (Port A) 

CIRCUIT CONFIGURATION 

Vee--+.-

GND---+--

DATA 
Do -D, BUS 

BUFFER 

RD 

WR 
READ/ 
WRIT.E 
CON-

RE.SET TROL 
LOGIC 

cs 

Ao 

A1 

• Bit set/reset function (Port Cl 
•TTL compatible 
• 40-pin DIP (MSM82C55A-5RS/MSM82C55A-2RS) 
• 44-pin flat package 

(MSM82C55A-5GS/MSM82C55A-2GS) 
• 44-pin PLCC (MSM82C55A-2JS) 
•Compatible with 8255A-5 

PAo -PA7 

Pe4 -PC7 

PCo -Pe3 

PB0-PB7 
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PIN CONFIGURATION 

MSM82C55A-5RS (Top Vi-I 
MSM82C55A-2RS 
40 Lead Plastic DIP 

PA3 
PA2 
PA1 
PAo 
RD 
cs 

GND 

cs 
GND 

A1 
Ao 

PC7 
PC6 
PCs 
PC4 
PCo 
PC1 
PC2 

0...,. <'t (fl 0 ... ¥)IO ""la: IC c( c( c( c(. >U c( c( c( c( ,.. a::a..a..a.a.. Q.Q.G..G..> 

44 43 42 41 40 39 38 37 36 35 34 

~ 0 ~~ 
31 
30 
29 
28 
27 

MSM82C55A-2JS (Top View) 
44-pin Plastic Leaded Chip Carrier 

RESET 
Do 
01 
D2 
D3 

GND 
NC 
A1 
AO 

PC7 
PCS 
PC5 
PC4 
PCO 
PC1 
PC2 

04 
Ds 
06 
07 
Vee 
P87 

A1 
Ao 

PC7 
PC6 
PCs 

PCo 
PC1 

PC3 
PBo 
PB1 1 
PB2 

MSM82C55A-2GS 
44 Lead Plastic Flat Package 

PA4 
. PAs 

PA6 
PA7 
Wfi 
RESET 
Do 
D1 
D2 
03 
04 
Ds 
06 
07 

Vee 
P87 
PB6 
PBs 
P84 
P83 

18 19 20 21 22 23 24 25 26 27 28 
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NC 
RESET 
DO 
01 

02 

03 

04 

05 
06 

07 
NC 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions Unit 

MSM82C55-5RS I MSM82C55-5GS l MSM82C53-5J5 
MSM82C55-2RS MSM82C55-2GS 

Ssupply Voltage Vee Ta = 25°C -0.5 to +7 v 
Input Voltage VJN 

with 
-0.5 to Vee + 0.5 respect ·v 

Output Voltage VouT to GND -0.!;i to Vee + 0.5 v 
Storage Temperature Ts!!!. -55 to + 150 oc 
Power Dissipation Po Ta = 25°C 1.0 l 0.7 l 1.0 w 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3 to 6 v 
Operating Temperature Top -40to 85 oc 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Min. TYP,· Max. Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage V1L -0.3 +0.8 v 
"H" Input Voltage V1H 2.2 vcc +o.3 v 

DC CHARACTERISTICS 

MSM82C55A-5 MSM82C55A-2 
Parameter Symbol Conditions Unit 

Min. Typ. Max. Min, Typ, Max. 

"L" Output Voltage Vol loL=2.5mA 0.45 0.4 v 

IOH = -400µA 2.4 v 
I---

"H" Output Voltage VoH IQH = -40µA 4.2 v 
IOH = -2.5mA 3.7 v 

Input Leak Current ill 0$ V1N $Vee 
Vee =4.5V to 

-10 10 -1 1 µA 5.5V 
Output Leak Current ILQ os VouT $Vee Ta= -40°C to -10 10 -10 10 µA 

cs~ Vee -o.2v 
+85°C 

Supply Current (CL= OpF) 
(standby) ices V1H;;: Vee -0.2V 0.1 100 0.1 10 µA 

V1L ~ 0.2V 

Average Supply l/Owirecycle 

Current (active) ice 82C55A·5 .... 3MHzCPU timing 5 8 mA 
82C55A-2 ... 8MHzCPU timing 
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AC CHARACTERISTICS 
(V CC = 4.5 to 5.5V, Ta= -40 to +80° C) 

Symbol 
MSM82C55A-5 MSM82C55A-2 

Parameter Unit Remarks 
Min. Max. Min. Max. 

S~tup Time of address to the falling edge of RD tAR 20 20 ns 

Hold Time of address to the rising edge of RD tRA 20 0 ns 

RD Pulse Width tRR 300 100 ns 

Delay Time from the falling edge of RD to the 
tRD 200 120 ns 

output of defined data 

Delay Time from the rising edge of RD to the 
tDF 10 100 10 75 ns 

floating of data bus 

Time from the rising edge of RD or WR to the next 
tRV 850 200 ns 

falling edge of RD or WR 

Setup Time of address before the falling edge of WR tAW 0 0 ns 

Hold Time of address after the rising edge or WR twA 30 20 ns 

WR Pulse Width tww 300 150 ns 

Setup Time of bus data before the rising edge of WR tow 100 50 ns 

Holt Time of bus data after the rising edge of WR two 40 30 ns 

Delay Time from the rising edge of WR to the 
twB 350 200 ns ·output of defined data 

Setup Time of port data before the falling edge of 
t1R RD 

20 20 ns 

Hold Time of port data after the rising edge of RD tHR 20 10 ns 

ACK Pulse Width tAK 300 100 ns 

STB Pulse Width tsT 300 100 ns Load 

Setup Time of port 'data before the rising edge of 20 
150pF 

STB tps 20 ns 

Hold Time of port data after the rising edge of STB tpH 180 50 ns 

Delay Time from the falling edge of ACK to the 
tAD 300 150 ns 

output of defined data 

Delay Time from the rising edge of ACK to the 
tKD 20 

floating of port (Port A in mode 2) 
250 20 250 ns 

Delay Time from the rising edge of WR to the falling 
twos edge of OBF 650 150 ns 

Delay Time from the falling edge of ACK to the 
tAOB 350 150 ns 

rising edge of OBF 

Delay Time from the falling edge of STB to the 
tslB rising edge of IBF 

300 150 ns 

Delay Time from the rising edge of RD to the falling 
tRl8 300 150 ns 

edge of IBF 

Delay Time from the falling edge of RD to the 
tRIT falling edge of INTR 

400 200 ns 

Delay Time from the rising edge of STB to the 
ts1T rising edge of I NTR 

300 150 ns 

Delay Time from the rising edge of ACK to the 
tAIT rising edge of INTR 

350 150 ns 

Delay Timefrom the falling edge of WR to the 
tw1T falling edge of INTR 

850 250 ns 

Note: Timing is measured at VL = 0.8 V and VH = 2.2 V for both input and outputs. 
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Basic Input Operation (Mode 01 

Port input 

'----toF'----" 

Basic Output Operation (Mode 01 

---------~1-----tww WR 

i------tAw---~ 

Strobe Input Operation (Mode 11 

STB 

IBF 

INTR 

ts1T 

------------4---' 

Port input ---

.__---tps----

two 

tRIB 

-L---------------
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Strobe Output Operation (Mode 1 I 

OBF 

INTR 

ACK 

Port output 

Bidirectional Bus Operation (Mode 21 
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WR 

OBF 

INTR 

ACK 

STB 

IBF 

Port A ---------

twe 
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OUTPUT CHARACTERISTICS (REFERENCE VALUE) 

Output "'H" Voltage (VoHI vs. Output Currant lloHI 

5 

? 4 
L Ta= -40-85 e 

J: 
0 Vee =·5.ov > 
"' 3 
"' ~ 
0 
> 

2 
'f 
5 e 
::> 
0 

0 

0 -1 -2 -3 -4 

Output current loH (mAI 

2 Output "L" Voltage (Voll vs. Output Currant OoLI 

5 

? 4 _, 
0 
> 
"' 3 "' ~ 
g 

~ 
2 

~ 

::> e 
::> 

0 

0 

0 2 

Vee= 5.ov 

Ta= -40-85°C 

I 
3 4 

Output current IOL (mA) 

-5 

5 

Note: The direction of flowing into the device is taken as positive for the output current. 
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FUNCTIONAL DESCRIPTION OF PIN 

Pin No. Item Input/Output Function 

D7- DO Bidirectional Input and These are three-state B-bit bidirectional buses used to write and 
data bus output read data upon receipt of the WR and RD signals from CPU and 

also used when control words and bit set/reset data are trans-
ferred from CPU to MSM82C55A. 

RESET Reset input Input This signal is used to reset the control register and all internal 
registers when it is in high level. At this time, ·ports are all made 
into the input mode (high impedance status). 

cs Chip select Input When the CS is in low level, data transmission is enabled with 
input CPU. When it is in high level, the data bus is made into the high 

impedance status where no write nor read operation is performed. 
Internal registers hold their previous status, however. 

RD Read input Input When RD is in low leveli data is transferred from MSM82C55A 
to CPU. 

WR Write input Input When WR is in low level, data or control words are transferred 
from CPU to MSM82C55A. 

AO, At Port select Input By combination of AO and A 1, either one is selected from among 
input port A, port B, port C, and control register. These pins are us4ally 
(address) connected to low order 2 bits of the address bus. 

PA7- PAO Port A Input and These are universal 8-bit 1/0 ports. The direction of inputs/out-
output puts can be determined by writing a control word. Especially, 

port A can be used as a bidirectional port when it is set to mode 2. 

PB7 - PBO Port B Input and These are universal 8-bit 1/0 ports. The direction of inputs/out· 
output puts can be determined by writing a control word. 

PC7 - PCO Port C Input and These are universal 8-bit 1/0 ports. The direction of inputs/out-
output puts can be determined by writing a control word as 2 ports 

with 4 bits each. When port A or port B is used in mode 1 or 
mode 2 (port A only), they become control pins. Especially 
when port C is used as an output port, each bit can be set/reset 
independently. 

Vee +5 V power supply. 

GND GND 

BASIC FUNCTIONAL DESCRIPTION When used in mode 1 or mode 2, however, port C 
has bits to be defined as ports for control signal for 
operation ports (port A for group A and port B for 
group Bl of their respective groups. 

Group A and Group B 
When setting a mode to a port having 24 bits, set 

it by dividing it into two groups of 12 bits each. 
Group A: Port A (8 bits) and high order 4 bits 

of port C (PC7 - PC4) 
Group B: Port B (8 bits) and low order 4 bits of 

port C (PC3 - PCO) 

Mode0, 1, 2 
There are 3 types of modes to be set by grouping 

as follows: 
ModeO: 

Mode 1: 

Mode 2: 
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Basic input operation/output operation 
(Available for both groups A and Bl 
Strobe input operation/output opera­
tion 
(Available for both groups A and Bl 
Bidirectional bus operation 
(Available for group A only) 

Port A, B, C 
The internal structure of 3 ports is as follows: 
Port A: One 8-bit data output latch/buffer and 

Port B: 

Port C: 

one 8-bit data input latch 
One 8-bit data input/output latch/buf­
fer and one 8-bit data input buffer 
One 8-bit data output latch/buffer and 
one 8-bit data input buffer (no latch 
for input) 

Single bit set/r-t function for port C 
When port C is defined as an output port, it is pos­

sible to set (to turn to high level) or reset (to turn to 
low level) any one of 8 bits individually without affect­
ing other bits. 
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OPERATIONAL DESCRIPTION 

Control Logic 
Operations by addresses and control signals, e.g., read and write, etc. are as shown in the table below: 

Operation A1 AO cs WR RD Operation 

0 0 0 1 0 Port A -+Data Bus 

Input 0 1 0 1 0 Port B--> Data Bus 

1 0 0 1 0 Port C -->Data Bus 

0 0 0 0 1 Data Bus -->Port A 

Output 0 1 0 0 1 Data Bus ->Port B 

1 0 0 0 1 Data Bus ->Port C 

Control 1 1 0 0 1 Data Bus -->Control Register 

1 1 0 1 0 Illegal Condition 

Others x x 1 x x Data bus is in the high impedance status. 

Setting of Control Word 
The control register is composed of 7-bit latch circuit and 1-bit flag as shown below. 

Group A Control Bits Group B Control Bits 

Ds Do 

Definition of input/ 
output of low order 
4 bits of port C . 

{ O =Output 
1 =Input 

.__ ___ ___.,_ Definition of input/ 
{ O =Output 

1 =Input output of 8 bits of 
port B 

.__ ______ ____,,_ Mode definition 
{ O= ModeO 

1=Mode1 

'--------- Control word identification flag 
Be sure to set 1 for the control 
word to define a mode and input/ 
output. 
(When set to 0, it becomes the 
control word for bit set/reset.) 

of group B 

Definition of input/ 
output of high order {O = Output 
4 bits of port C 1 = 1 nput 

Definition of input/ ,Jo= Output 
output of 8 bits of l l = 1 nput 
port A 

06 Ds Mode 

0 0 ModeO 

0 1 Mode 1 

1 x Mode2 

Precaution for mode selection Bit Set/R-t Function 
The output registers for ports A and C are cleared 

to </J each time data is written in the command register 
and the mode is changed, but the port B state is un­
defined. 

When port C is defined as output port, it is possible 
to set (set output to 1) or reset (set output to 0) any 
one of 8 bits without affecting other bits as shown 
next p~ge. 
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07 Ds Do 

Definition of set/reset 
for a desired bit { O =Reset 

1 =Set 

'---y------' 

Don't Care 

) 
Definition of 

'--------- bit wanted 
to be set or 

'------------- reset 

Port C D3 

PC0 0 

PC1 0 

D2 01 

·o 0 

0 1 

Control word identification flag 
Be sure to set to 0 for bit set/ 
reset. 
(When set to 1'. it becomes the 
control word to define a mode 
and input/output.) 

Interrupt Control Function 

When the MSM82C55A is used in mode 1 or 
mode 2, the interrupt signal for the CPU is provided. 
The interrupt request signal is output from port C. When 
the internal flip-flop INTE is set beforehand at this time, 
the desired interrupt request signal is output. When it 
is reset beforehand, however, the interrupt request sig­
nal is not output. The set/reset of the internal flip-flop 
is made by the bit set/reset operation for port C virtually. 

Bit set ->-INTE is set->- Interrupt allowed 
Bit reset->- I NTE' is reset->- Interrupt inhibited 

~ontrol Word 
Type 

D1 D6 Ds D4 D3 D2 Di Do Port A 

1 1 0 0 0 0 0 0 0 Output 

2 1 0 0 0 0 0 0 1 Output 

3 1 0 0 0 0 0 1 0 Output 

4 1 0 0 0 0 0 1 1 Output 

5 1 0 0 0 1 0 0 0 Output 

6 1 0 0 0 1 0 0 1 Output 

7 1 0 0 0 1 0 1 0 Output 

8 1 0 0 0 1 0 1 1 Output 

9 1 0 0 1 0 0 0 0 Input 

10 1 0 0 1 0 0 0 1 Input 

11 1 0 0 1 0 0 1 0 Input 

12 1 0 0 1 0 0 1 1 Input 

13 1 0 0 1 1 0 0 0 Input 

14 1 0 0 1 1 0 0 1 Input 

15 1 0 0 1 1 0 1 0 Input 

16 1 0 0 1 1 0 1 1 Input 

Nota: When used in mode 0 for both groups A and B 
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PC2 0 1 0 

PC3 0 1 1 

PC4 1 0 0 

PCs 1 0 1 

PC6 1 1 0 

PC7 1 1 1 

Operational Description by Mode 
1. Mode 0 (Basic input/output operation) 

Mode 0 makes the MSM82C55A operate as a bas­
ic input port or output port. No control signals such 
as interrupt request, etc. are required in this mode. 
All 24 bits can be used as two-8-bit ports and two 
4-bit ports. Sixteen combinations are then possible 
for inputs/outputs. The inputs are not latched, but 
the outputs are. 

Group A Group B 

High Order 4 Bits Low Order 4 Bits 
of Port C 

Port B of Port C 

Output Output Output 

Output Output Input 

Output Input Output 

Output Input Input 

Input Output Output 

Input Output Input 

Input ln,put Output 

Input Input Input 

Output Output Output 

Output Output Input 

Output Input Output 

Output Input Input 

Input Output Output 

Input Output Input 

Input Input Output 

Input Input Input 
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2. Mode 1 (Strobe input/output operation) 

In mode 1, the strobe, interrupt and other control 
signals are used when input/output operations are 
made from a specified port. This mode is available 
for both groups A and B. In group A at this time, 
port A is used as the data line and port C as the con­
trol signal. 
Following is a descrption of the input operation in 
mode 1. 
STB(Strobainput). 
• When this signal is low level, the data output 

from terminal to port is fetched into the internal 
latch of the port. This can be made independent 
from the CPU, and the data is not output to the 
data bus until the RD signal arrives from the 
CPU. 

IBF (Input buffer full flag output) 
• This is the response signal for the STB. This 

signal when turned to high level indicates that 
data is fetched into the input latch. This signal 
turns to high level at the falling edge of STB and 
to low level at the rising edge of RD. 

INTR (Interrupt request output) 

• This is the interrupt request signal for the CPU 
of the data fetched into the input latch. It is in­
dicated by high level only when the internal INTE 
flip-flop is set. This signal turns to high level at 
the rising edge of the STB (IBF = 1 at this time) 

Mode 1 Input 

(Group A) 

r--, 
l1NTEAI 
L -..J 

(Group Bl 

r--, 
I I 
1INTE9I 
L -..J 

Note: Although belonging to group B, PC, operates 
as the control signal of group A functionally. 

and low level at the falling edge of the RD when 
the INTE is set. 
INTEA of group A is. set when the bit for PC4 is 
set, while INTEe of group B is set when the bit 
for PC2 is set. 
Following is a description of the output opera­
tion of mode 1. 

OBF (Output buffer full flag output) 
• This signal when turned to low level indicates 

that data is written to the specified port upon 
receipt of the WR signal from the CPU. This sig­
nal turns to low level at the rising edge of the 
WR and high level at the falling edge of the ACK. 

ACK (Acknowledge input) 
• This signal when turned to low level indicates 

that the terminal has received data. 
INTR (Interrupt request output) 

• This is the signal used to interrupt the CPU when 
a terminal receives data from the CPU via the 
MSM82C55A-5. It indicates the occurrence of 
the interrupt in high level only when the inter­
nal INTE flip-flop is set. This signal turns to high 
level at the rising edge of the ACK (OBF = 1 at 
this time) and low level at the falling edge of WR 
when the INTEa is set. 
INTEA of group A is set when the bit for PC6 
is set, while INTEa of group B is set when the 
bit for PC2 is set. 

Mode 1 output 

(Group A) 

PA7 r--, I 

I INTEAI PAo 
L.. _.J 

(Group~) 

r--, 
I I 
1 INTEe1 
L _.J 

OBFA 

ACKA 

INTR9 
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Port C Function Allocation in Mode 1 

~Combination of 
Input/Output Group A: Input Group A: Input Group A: Output Group A: Output 

Port C ~ 
Group B: Input Group B: Output Group B: Input Group B: Output 

PCo INTR9 INTR9 INTR9 INTR9 

PC1 IBF9 OBF9 IBF9 OBF9 

PC2 STBs ACK9 STB9 ACK9 

PC3 INTRA INTRA INTRA INTRA 

PC4 STBA STBA 1/0 1/0 

PCs IBFA IBFA 1/0 1/0 

PC6 1/0 1/0 ACKA ACKA 

PC7 1/0 1/0 OBFA OBFA 

Note: 1/0 is a bit not used ~s the control signal, but it is available as a port of mode 0. 

Examples of the relation between the control words and pins when used in mode 1 is shown below: 
(a) When group A is mode 1 output and group B is mode 1 input. 

07 Ds 

Control word I 0 0 1 ~ XI 
.._~__,..._~_..~~ ....... ~~----.L~ ...... ~~~~~~~c::::~~ Asallof PC

0
-PC

3 

PA7-PA0 

WR PC7 

PC6 

PC3 

PC4,PCs 

P87-PB0 

PC2 

Ro PC1 

PCo 

332 

bits become a control 
Selection of 1/0 pin in this case, this 
of PC4 and PCs bit is "Don't Care". 
when not defined 
as a control pin. 

8 

2 

8 

{ 1=1nput 
0 =Output 

OBFA 

ACKA 

INTRA 

1/0 

STB9 

IBF9 

INTRs 

(Group A: Mode 1 output) 
Group B : Mode 1 input 
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(b) When group A is mode 1 input and group B is mode 1 output. 

Ds Dz Do 

0 1/0 0 x 

Selection of 1/0 of PC6 
and PC7 when not de­
fined as a control pin 

{ 1 =Input 
0 =Output 

8 
PA7-PA0 

RD PC4 STBA 

PCs IBFA 

PC3 INTRA 
2 

PC6,PC1 1/0 
8 

PB7-PB0 

PC1 OBFs 

WR PC2 AC Ks 

PCo INTR9 

3. Mode 2 (Strobe bidirectional bus 1/0 operation) 

In mode 2, it is possible to transfer data in 2 direc­
tions through a single 8-bit port. This operation is 
akin to a combination between input and output 
operations. Port C waits for the control signal in this 
case, too. Mode 2 is available only for group A, 
however. 

Next, a description is made on mode 2. 
OBF (Output buffer full flag output) 
• This signal when turned to low level indicates 

that data has been written to the internal out­
put latch upon receipt of the WR signal from the 
CPU. At this tirne, port A is still in the high im­
pedance status and the data is not yet output 
to the outside. This signal turns to low level at 
the rising edge of the WR and high level at the 
falling edge of the ACK. 

ACK (Acknowledge input) 
• When a low level signal is input to this pin, the 

high impedance status of port A is cleared, the 
buffer is enabled, and the data written to the in­
ternal output latch is output to port A. When the 
input returns to high level, port A is made into 
the high impedance status. 

(Group A: Mode 1 input ) 
Group B: Mode 1 output 

STB (Strobe input) 
• When this signal turns to low level, the data out­

put to the port from the pin is fetched into the 
internal input latch. The data is output to the 
data bus upon receipt of the RD signal from the 
CPU. but it remains in the high impedance sta­
tus until then. 

IBF (Input buffer full flag output) 

• This signal when turned to high level indicates 
that data from the pin has been fetched into the 
input latch. This si~ turns to high level at the 
falling edge of the STB and low level at the ris­
ing edge of the RD. 

INTR (Interrupt request,output) 
• This signal is used to interrupt the CPU and its 

operation in the same as in mode 1. There are 
two INTE flip-flops internally available for input 
and output to select either interrupt of input or 
output operation. The INTE1 is used to control 
the interrupt request for output operation and 
it can be reset by the bit set for PC6. INTE2 is 
used to control the interrupt request for the in­
put operation and it can be set by the bit set for 
PC4. 
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Mode 2 1/0 Operation 

WR 
RD 

RD 

WR 

334 

INTRA 

OBFA 

ACKA 

STBA 

IBFA 

When group A is set to 
mode 2, this bit is 
treated as "Don't Care". 

Ds 

x x 

PC3 

PA7-PA0 

PC7 

PC6 

PC4 

PCs 

PB7-PB0 

PC2 

PC1 

i>Co 

Port C Function Allocation in Mode 2 

Port C Function 

8 

8 

PCo 

PC1 
Confirmed to the 

PC2 
group B mode 

PC3 INTRA 

PC4 STBA 

PCs IBFA 

PC6 ACKA 

PC7 OBFA 

Following is an example of the relation between the 
control word and the pin when used in mode 2. 
When input in mode 2 for group A and in mode 1 
for group B. 

D2 

x 

Do 

x 

As all of 8 bits of port C be­
come control pins in this 
case, D3 and DO bits are 
treated as "Don't Care". 

No 1/0 specification is required 
for mode 2, since it is a bidirec­
tional operation. This bit is 
therefore treated as "Don't Care". 

OBFA 

ACKA 

STBA 

IBFA 

STBe 

IBFe 

INT~ 
\
Group A: mode 2 ) 
Group B: mode 1 input 
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4. When Group A is Different in Mode from Group B 
Group A and group B can be used by setting them 
in different modes each other at the same time. 
When either group is set to model or mode 2, it is 

(Mode combinations that define no control bit at port CJ 

Group A Group B 
PC7 PC6 PCs 

1 
Mode 1 

Mode 0 1/0 1/0 IBFA 
input 

2 
Mode 0 
output 

Mode 0 OBFA ACKA 1/0 

3 Mode 0 
Mode 1 

1/0 1/0 1/0 
input 

4 ModeO 
Mode 1 
output 

1/0 1/0 1/0 

5 
Mode 1 Mode 1 

1/0 1/0 IBFA 
input input 

6 
Mode 1 Mode 1 

1/0 1/0 IBFA 
input output 

7 
Mode 1 Mode 1 

OBFA ACKA 1/0 
output input 

8 
Mode 1 Mode 1 
output output 

OBFA ACKA 1/0 

9 Mode 2 Mode 0 OBFA ACKA IBFA 

possible to set the one not defined as a control pin 
in port C to both input and output as a port which 
operates in mode 0 at the 3rd and 0th bits of the 
control word. 

Port C 

PC4 PC3 PC2 PC1 PCo 

STBA INTRA 1/0 1/0 1/0 

1/0 INTRA 1/0 1/0 1/0 

1/0 1/0 STBs IBFs INTRs 

1/0 1/0 AC Ks OB Fe INT Rs 

STBA INTRA STBs IBFs INTRs 

STBA INTRA AC Ks OB Fe INTRs 

1/0 INTRA STBs IBFs INTRs 

1/0 INTRA AC Ks OBFB INTRs 

STBA INTRA 1/0 1/0 1/0 

Controlled at the 3rd bit (03) 
of the control word 

Controlled at the 0th bit (DO) 
of the control word 

When the 1/0 bit is set to input in this case, it is pos­
sible to access data by the normal port C read 
operation. 
When set to output, PC7 - PC4 bits can be ac­
cessed by the bit set/reset function only. 
Meanwhile, 3 bits from PC2 to PCO can be accessed 
by normal write operation. 

The bit set/reset function can be used for all of 
PC3 - PCO bits. Note that the status of port C 
varies according to the combination of modes like 
this. 
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5. Port C Status Read 
When port C is used for the control signal. that is. 
in either mode 1 or mode 2. each control signal and 

Group A Group B 
07 06 

1 
Mode 1 

ModeO 1/0 1/0 
input 

2 
Mode 1 
output-

Mode 0 OBFA INTEA 

3 ModeO 
Mode 1 

1/0 1/0 
input 

4 ModeO 
Mode 1 
output 

1/0 1/0 

5 
Mode 1 Mode 1 

1/0 1/0 
input inpvt 

6 
Mode 1 Mode 1 

1/0 1/0 
input output 

7 
Mode 1 Mode 1 

OBFA INTEA 
output input 

8 
Mode 1 Mode 1 

OBFA INTEA 
output output 

9 Mode 2 ModeO OBFA INTE1 

10 Mode 2 
Mode 1 

OBFA INTE1 
input 

11 Mode 2 
Mode 1 
output OBFA INTE1 

6. Reset of MSM82C55A 
Be sure to keep the RESET signal at power ON in 
the high le~el at least for 50 µs. Subsequently, it 

Note: 

bus status signal can be read out by reading the 
content of port C. 
The status read out is as follows: 

Status read on the data bus 

Os 

IBFA 

1/0 

1/0 

1/0 

IBFA 

IBFA 

1/0 

1/0 

IBFA 

IBFA 

IBFA 

04 03 02 o, Do 

INTEA INTRA 1/0 1/0 1/0 

1/0 INTRA 1/0 1/0 1/0 

1/0 1/0 INTE5 IBF5 INTR5 

1/0 1/0 INTE5 OBF5 INTR5 

INTEA INTRA INTE5 IBFs INTR5 

INTEA INTRA INTEs OBFs INTRs 

1/0 INTRA INTEs IBFs INTRs 

1/0 INTRA INTEs OBFs INTRs 

INTE2 INTRA 1/0 1/0 1/0 

INTE2 INTRA INTEs IBFs INTRs 

INTE2 INTRA INTEs OBFs INTRs 

becomes the input mode at a high level pulse above 
500 ns, 

After a write command is executed to the command register, the internal latch is cleared in PORTA PORTC. For 
instance, OOH is output at the beginning of a write command when the output port is assigned. However, if PORTS 
is not cleared at this time, PORTS is unstable. In other words, PORTS only outputs ineffective data (unstable value 
according to the device) during the period from after a write command is executed till the first data is written to 
PORTS. 
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MSM82C59A-2RS/GS/JS 
PROGRAMMABLE INTERRUPT CONTROLER 

GENERAL DESCRIPTION 

The MSM82C59A-2 is a programmable interrupt controller for use in MSM80C85A/ A-2 and MSM80C86/88 
microcomputer systems. 

Based on CMOS silicon gate technology, this device features an extremely low standby current of 100 µA 
(max.) in chip non-selective status. During interrupt control status, the power consumption is very low with only 
5 mA (max.) being required. 

Internally, the MSM82C59A-2 can control priority interrupts up to 8 levels, and can be expanded up to 64 
levels by cascade connection of a number of devices. 

FEATURES 

•Silicon gate CMOS technology for high speed and low • Programmable interrupt mode 
power consumption. 

• 3 V to 6 V single power supply 
• 80C85A system compatibility 
• 80C86/88 system compatibility (MAX5MHz) 
• 8-level priority interrupt control (MAXBMHz) 
• Interrupt levels expandable up to 64 levels 

CIRCUIT CONFIGURATION 

D, -D,, 

CAS,, 

CAS, 

CAS, 

DATA BUS 
BUFFER 

IN·SERVICE 

REGISTER 
(ISR) 

• Maskable interrupt 
•Automatically generated CALL code (85 mode) 
•'TTL compatible 
• 28-pin plastic DIP (MSM82C59A-2RS) 
• 32-pin plastic flat package (MSM82C5gA-2GS) 
• 28-pin PLCC Package (MSM82C59A-2JS) 

CONTROL LOGIC 

PRIORITY 

RESOLVER 

INT 

INTERRUPT 

REQUEST 
REGISTER 

(IRA) 

'"· IR, 

IR, 

IR, 

IR, 

IR, 

IR, 

IR, 

INTERRUPT MASK REGISTER UMAl 

INTERNAL BUS (8 bit) 

MSM82C59A·2 ln1ernal block. diagram 
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PIN CONNECTIONS 

MSM82C59A·2RS (top view) 
28-pin lead plastic DIP 

MSM82C59A-2 GS (top view) 
32-pin lead plastic flat package 

MSM82C59A-2JS (top view) 
28-pln plastic leaded chip carrier 

cs Vee cs 10 32 Vee " 1¥! 0 I~ Cl <t 
Wl'i AO WR 2 31 AO 

ms = RD 3 30 INTA 

D, IA, N.C. 29 N.C. 
o, IA, o, 28 IA, 

D, IA, D, 27 IA, 

D, IA, D, IA, 

o, IA, D, IA, 03 
IA, D, 24 IA, 

D, IA, D, 10 IA, 

D, IA, D, 11 IA, D1 

CAS0 INT D, 12 IR 0 DO 
SP/EN N.C. 13 N.C. 

CAS, CAS,,. 14 INT 

CASI 15 Si'"/Ei\i 0 u; Cl 1/ll~>- 0 
"' z GND 16 CAS 2 <t <t <C a.:w z £f u u "' u"' -

NC: Not Connected 

ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Conditions 

Power supply voltage Vee 

Input voltage V1N Respect to GND 

Output voltage VouT 

Storage temperature Tstg -

Power dissipation Po Ta = 25°C 

Operating Ranges 

Parameter Symbol 

Power supply voltage Vee 

Operating temperature ·Top 

Recommended Operating Conditions 

Parameter Symbol Max. 

Power supply voltage Vee 4.5 

Operating temperature Top -40 

"L" level input voltage VIL -0.5 

"H" level input voltage V1H 2.2 
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Limits 

MSM82C59A-2RsJ MSM82C59A-2GsJ MSM82C59A-2JS 

-0.5 - +7 

--,0.5 - Vee + 0.5 

-0.5 - Vee + 0.5 

-55 - + 150 

0.9 1 0.7 1 0.9 

Range 

3-6 

-40- +85 

Typ. Min. 

5 5.5 

+25 +85 

+0.8 

Vee +o.5 

IR7 

24 IR6 

23 IR5 

22 IR4 

21 IR3 

20 IR2 

19 IR1 

Unit 

v 
v 
v 
oc 

w 

Unit 

v 
oe 

Unit 

v 
oe 

v 
v 
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DC Characteristics 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" level output voltage Vol IOL = 2.5 mA 0.4 v 
loH = -2.5 mA 3.0 

''H" level output voltage VoH v 
loH = -100µA Vee - o.4 

Input leak current lu Vcc=4.5V-5.5V -1 1 µA 

IR Input leak current ILIR 
ov-;; V1N<;;Vcc 

T a=-4cf c- +85°C -300 10 µA 

Output leak current ILO OV<;;VouT<;;Vcc -10 10 µA 

Standby power supply 
Ices 

CS=Vcc. IR= Vee 
0.1 100 µA 

current Vi L =OV, V1H=Vcc 

Average operation power 
Ice 

V1N=OV/Vcc 
5 mA 

supply current CL= 0 pf 

AC Characteristics 
Ta= -40°C - +85°C Vee =5V ±10% 

Parameter Symbol Min. Max. Unit TEST Conditions 

Address setup time !to RD) TAHRL 10 nS 

Address hold time (after RD) TRHAX 5 nS Read INTA timing 

RD/fi\JiA pulse width TRLRH 160 nS 

Address setup time (to WR) TAHWL 0 nS 

.Address hold time (after WR) TWHAX 0 nS 

WR pulse width TWLWH 190 nS Write timing 

Data setup time (to WR) TDVWH 160 nS 

Data hold time (after WR) TWHDX 0 nS 

IR input width (Low) 

CAS input setup time (to INTA) (slave) 

TJLJH 100 nS 

TCVIAL 40 nS 
INTA sequence 

End of RD to Next RD 
End of INTA to Next INTA 

TRHRL 160 nS 

End of WR to Next WR TWHWL 190 nS 
Other timing 

End of Command to Next command TCHCL 400 nS 

Data valid following RD/INT A TRLDV 120 nS 

Data floating following RD/I NTA TRHDZ 10 85 nS 2 

INT output delay time TJHIH 300 nS 
Delay times 

CAS valid following 1st. INTA (master) TIALCV 360 nS 

EN active (allowing RD/INT A TRLEL 100 nS 

EN inactive following RD/INT A TRHEH 150 nS 

Data valid after address TAHDV 200 nS 

Data valid after CAS TCVDV 200 nS 

Note: Timing measured at VL = 0.8 V and VH = 2.2 V for both inputs and outputs. 

AC TEST CIRCUITS 

VI 

OUTPUT -fil FROM TEST POINT 
DEVICE UNDER TEST 

"INCLUDES STRAY AND R2T c1• 
JIG CAPACITANCE -= -;;:-

TEST CONDITION VI RI R2 Cl 

I 1.7V 5230 OPEN 100pf 
2 4.SV l.8KSl 1.8KSl 30 Pt 

TEST CONDITION DEFINITION TABLE 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT OUTPUT 
VIH+0.4V ~ VOH 
VIL-0.4V~VOL 

A.C. Testing: All input signals must switch between VIL-0.4V and 
VIH+o.4V. TR and Tf must be less than or equal to 
15 ns. 
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TIME CHART 

Write Timing 

"----TWLWH ----

TAHWL TWHAX 

cs-----
Address Bus 

AO ---.J 

Read/INTA Timing 

RD/INTA ------"""" 

TRLEL TR HEH 

Ei\i ---------.+--.... 

TAHRL TRHAX 

Address Bus 

AO----..J 

TRLDV TRHDZ 

TAHDv~~-Jlr---------\J 

D-~---------------

Other Timing 

RD/INTA ------

\ {="""=t 
WR-------. 

\ t~,.H~ 

\ {"""~ 
RD/INTA/WR ------,. 

RD/INTA/WR -----------------
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INTA Sequence (85 mode) 

IR 

INT-----"' 

INTA -------~ 

Data Bus--..;..---- - -

CAS Address Bus 

INTA Sequence (86 mode) 

IR\_/ 

INT-----­

INTA-------, 

----0---

TIALCV 

c __ _ 

·Data Bus - -- - ----- - ----- - --0-----------
CAS Address Bus I \ 
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PIN FUNCTION DESCRIPTION 

Pin Symbol Name Input/output Function 

D7 - DO Bidirectional Input/output This 3-state B-bit bidirectional data bus is used in read~ sta-
data bus tus registers and writing command words through the RD/WR 

signal from the CPU, and also in reading the CALL instruc-
tion code by the INT A signal from the CPU. 

cs Chip select Input Data transfer with the CPU is enabled by RDtWR when this pin is 
input at low level. The data bus (DO thru D7) is switched to high impe-

dance when the pin is at high level. Note that CS does not effect 
INTA. 

RD Read input Input Data is transferred from the B2C59A to the CPU when this pin is 
at low level. IRR (Interrupt Request Register), ISR (In-Service 
Register), IMR (Interrupt Mask Register!, or a Poll word is 
selected by 00/l/3 and AO. 

WR Write input Input Commands are transferred from the CPU to the B2C59A when 
this pin is at low level. 

AO Address input Input This pin is used together with the CS, WR, and RD signals to 
write commands in the command registers, and to select and read 
status registers. This is normally connected to the least significant 
bit of the address bus. (AO for 80C85A, and A 1 for 80C86/88). 

CASO- 2 Cascade address Input/output These pins are outputs when the 82C59A is used as the 
master, and inputs when used as a slave (in cascade mode). 
These pins are inputs when in single mode. 

SP/EN Slave program Input/output This dual function pin is used as an output to enable the data bus 
input/enable buffer in Buffered mode, and as an input for deciding whether 
buffer output the 82C59A is to be master (SP/EN= 1) or a slave (SP/EN= 0) 

during Non-buffered mode. 

INT Interrupt Output When an interrupt request is made to the 82C59A, the INT 
output is switched to high level, and INT interrupt is sent to output 
the CPU. 

INTA Interrupt Input When this pin is at low level, the CALL instruction code or 
acknowledge the interrupt vector data is enabled onto the data bus. When 
input the CPU acknowledges the INT Interrupt, INTA is sent to the 

82C59A. (Interrupt acknowledge sequence). 

IRO- 7 Interrupt Input These interrupt request input pins for the 82C 59A can be set 

request input to edge trigger mode or level trigger mode (by ICW1 ). In edge 
trigger mode, interrupt request is executed by the rising edge 
of the IR input and holds it until that input is acknowledged 
by the CPU. In level trigger mode, interrupt requests are ex-
ecuted by high level IR inputs and holds them until that input 
is acknowledged by the CPU. These pins have a pull up 
resistor. 
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SYSTEM INTERFACE 

"-" { Address bus 

cs AO 

CASO 

CAS1 

CAS2 

SP/EN 

Slave 
Program/ 
Enable Buffer 

IR 
0 

Address bus 

Control bus 

Data bus 

D7-DO RD WR INT 

MSM82C59A-2 

IR IR IR IR IR IR 
1 2 3 4 5 6 

Interrupt Requests 

BASIC OPERATION DESCRIPTION 

Data transfers between the 82C59A internal registers and the data bus are listed below. 

AO D4 DJ RD WR cs Function 

0 x x 0 1 0 IRR, ISR, or Poll word--> Data bus 

1 x x 0 1 0 IMR--> Data bus 

0 0 0 1 0 0 Data bus--> OCW2 

0 0 1 1 0 0 Data bus--> OCWJ 

0 1 x 1 0 0 Data bus~ ICWI 

., x x 1 0 0 Data bus--> OCW1, ICW2, ICWJ, ICW4 

x x x 1 1 0 
Data bus set to high impedance (when INTA = 1) 

x x x x x 1 

x x x 0 0 x Combinations prohibited 

INTA 

IR 
7 

Operation 

Read 

Read 

Write 

Write 

Write 

Write 

-

-
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OPERATION DESCRIPTION devices. Selection of priority mode involves program 
execution, and enables the method of requesting inter­
rupts to be processed by the 82C59A to be suitably 
configured for system requirements. That is, the priority 

. mode can be dynamically updated or reconfigured 
during the main program at any time. A complete inter­
rupt structure can be defined as required, based on the 
entire system environment. 

The 82C59A has been designed for real time in­
terrupt driven microcomputer systems. The 82C59A is 
capable of handling up to 8 levels of interrupt requests, 
and can be expanded to cover a maximum of 64 levels 
when connected to other 82C59A devices. 

Programming involves the use of system software 
in the same way as other microcomputer peripheral 1/0 

! 1) Functional Description of Each Block 

Block name Description of function 

IRR, ISR IR input line interrupts are processed by a cascaded interrupt request register 
(IRR) and the in-service register (ISR). The IRR stores all request levels where 
interrupt service is requested, and the ISR stores all interrupt levels being 
serviced. 

Priority resolver This logic block determines the priority level of the bits set in the IRR. The 
highest priority level is selected, and the corresponding JSR bit is set during 
INTA pulses. 

Read/write logic This block is capable of receiving commands from the CPU. These command 
words (ICW) and the operation command words (OCW) store the various 
control formats for 82C59A operations. This block is also used to transfer 
the status of the 82C59A to the Data Bus. 

Cascade buffer comparator This functional block is involved in the output and comparison of all 82C59A 
IDs used in the system. These three 1/0 pins (CASO thru CAS2) are outputs 
when the 82C59A operates as a master, and inputs when it operates as a slave. 
When operating as a master, the 82C59A sends a slave ID output to the slave 
where an interrupt has been applied. 
Furthermore, the selected slave sends the preprogrammed subroutine address 
onto the data bus during next one or two I NT A pulses from the CPU. 

(2) Interrupt Sequence (vi) These two INTA pulses result in a prepro­
grammed subroutine address being sent from 
the 82C59A to the data bus. The lower 8-
bit address is released by the first INTA pulse, 
and the higher 8-bit address is released by the 

second pulse. 
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The major features of the 82C59A used in 
microcomputer systems are the programmability 
and the addressing capability of interrupt routines. 

This latter feature enables direct or indirect jump­
ing to specific interrupt routines without polling 
the interrupt devices. The operational sequence 
during an interrupt varies for different CPUs. 
The procedure for the 85 system (8085A/80C85A) 
is outlined below. 

(i) One or more interrupt requests (IRO thru 
IR7) becomes high, and the corresponding 
IRR bit is set. 

(ii) The 82C59A evaluates these requests, and 
sends an INT signal to the CPU if the request 
is judged to be suitable. 

(iii) The CPU issues an INTA output pulse upon 
reception of the I NT signal. 

(iv) Upon reception of the INTA signal from the 
CPU, the 82C59A releases the CALL instruc­
tion code 111001101) to the 8-bit data bus. 

(v) A further two INTA pulses are then sent to 
the 82C59A from the CPU by this CALL 
instruction. 

The Falling Edge of the second INTA signal 
sets the ISR bit with the highest priority, and 
the Rising Edge of it resets the IRR bit. 

(vii) 3-byte CALL instructions are thus released 
by the 82C59A. In Automatic End Of Inter­
rupt (AEOI) mode, the ISR bit is reset at the 
end of the third iNTA pulse. In other cases, 
the ISR bit remains set until reception of a 
suitable EOI command at the end of the inter­
rupt routine. 

The procedure for the 86 system (80C86/88) is 
identical to the first three steps of the 85 system. 
The subsequent steps are described below. 

(iv) Upon reception of the INTA signal from the 
CPU, the JSR bit with the highest priority is 
set, and the corresponding IRR bit is reset. 
In this cycle, the 82C59A sets the data bus to 
high impedance without driving the Data Bus. 
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(v) The CPU generates a second INTA output 
pulse, resulting in an B-bit pointer to the 
data bus by the B2C59A. 

The Falling Edge of the INTA signal sets the 
JSR bit with the highest priority. and the 
Rising Edge of it resets the IRR bit. 

(vi) This completes the interrupt cycle. In AEOI 
mode, the ISR bit is reset at the end of the 
second INTA pulse. In other cases, the ISR 

bit remains set until reception of a suitable 
EOI command at the end of the interrupt 
routine. 

If the interrupt request is cancelled prior to step 
(iv). that is, before the first INTA pulse has been 
received, the B2C59A operates as if a level 7 inter­
rupt has been received, and the vector byte and 
CAS line operate as if a level 7 interrupt ha~ been 
requested. 

(3) Interrupt Sequence Output 

B5 Mode (80C85A) 
The sequence in this case consists of three INTA 
pulses. A CA LL operation code is released to the 
data bus by the first INTA pulse. 

D7 

CALL code 1 

Contents of the first interrupt 
vector byte 

D6 D5 D4 D3 D2 D1 

1 0 0 1 1 0 

DO 

1 

The lower address of the interrupt service routine 
is released to the data bus by the second I NT A 
pulse. If A5 - A7 is programmed with an address 
interval of 4, AO - A4, is automatically inserted. 
And if A6 and A 7 are programmed at an address 
interval of B, AO - A5 is automatically inserted. 

Contents of the second interrupt vector byte 

IR Interval = 4 

D7 D6 D5 D4 D3 D2 D1 DO 

7 A7 A6 A5 1 1 1 0 0 

6 A7 A6 A5 1 1 0 0 0 

5 A7 A6 A5 1 0 1 0 0 

4 A7 A6 A5 1 0 0 0 0 

3 A7 A6 A5 0 1 1 0 0 

2 A7 A6 A5 0 1 0 0 0 

1 A7 A6 A5 0 0 1 0 0 

0 A7 A6 A5 ·o 0 0 0 0 

IR Interval= B 

D7 D6 D5 D4 D3 D2 D1 DO 

7 A7 A6 1 1 1 0 0 0 

6 A7 A6 1 1 0 0 0 0 

5 A7 A6 1 0 1 0 0 0 

4 A7 A6 1 0 0 0 0 0 

3 A7 A6 0 1 1 0 0 0 

2 A7 A6 0 1 0 0 0 0 

1 A7 A6 0 0 1 0 0 0 

0 A7 A6 0 0 0 0 0 0 

The higher address of the interrupt service routine 
programmed by the second byte (AB - A 15) of 
the initialization sequence is released to the data 

bus. 

D7 

A15 

Contents of the third interrupt 
vector byte 

D6 D5 D4 D3 D2 D1 DO 

A14 A13 A12 A11 A10 .A9 AB 

86 Mode,(80C86/88) 
Apart from the two interrupt acknowledge cycles 
and the absence of a CALL operation code, the B6 
mode is the same as the B5 mode. The first INTA 
cycle freezes interrupt status to resolve the 
priority internally in the same way as in 85 mode. 
When the device is used as a master. an interrupt 
code is issued to the cascade line at the end of the 
INTA pulse. During this first cycle, the data bus 
buffer is kept at high impedance without any data 
to the CPU. During the second TNTA cycle, the 
82C59A sends a byte of interrupt code to the CPU. 
Note that in B6 mode, the Address Interval (ADI) 
control status is ignored and A5 - A 10 is not used. 
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IR7 

IR6 

IR5 

IR4 

IR3 

IR2 

IR1 

IRO 

Contents of interrupt vector byte in 
86 system mode 

D7 D6 D5 D4 D3 D2 D1 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 1 

T7 T6 T5 T4 T3 1 0 

T7 T6 T5 T4 T3 1 0 

T7 T6 T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 1 

T7 T6 T5 T4 T3 0 0 

T7 T6 T5 ,T4 T3 0 0 

DO 

1 

0 

1 

0 

1 

0 

1 

0 

(41 Programming the 82C59A 
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The 82C59A receives two types of command 
words generaed by the CPU. 

(ii Initialization Command Words (ICW1 thru 
ICW4) 
Before commencing normal operations, each 
82C59A in the system must be initialized by 
two to four WR pulse sequence. 

NO (SINGL=1)) 

NO (IC4=0) 

ICW1 

ICW2 

ICW3 

ICW4 

Interrupt request re­
ception preparations 
completed 

Initialization sequence 

(ii) Operation Command Words (OCW1 thru 
OCW3) 
These commands are used in operating the 
82C59A in the following modes. 
a. Fully Nested Mode 
b. Rotating Priority Mode 
c. Special Mask Mode 
d. Polled Mode 
The OCW can be written into the 82C59A 
any time after initialization has been com­
pleted. 

(5) Initialization Command Words UCW1 thru ICW4) 
When a command is issued with D4 = 1 and AO 
= 0, it is always regarded as an Initialization Com­
mand Word 1 (ICW1 ). Starting of the initialization 
sequence by ICW 1 results in automatic execution 
of the following steps. 

a. The edge sense circuit is reset, and a low to 
high transition is necessary to generate an 
interrupt. 

b. The interrupt mask register is cleared. 
c. The IR 7 input is assigned priority 7 (lowest 

priority) 
d. Slave mode address is set to 7. 
e. The Special Mask Mode. is cleared, and the 

Status Read is set to IRA. 
f. All ICW4 functions are cleared if IC4 = 0, re­

sulting in a change to Non-Buffered mode, 
no-Auto EOI, and 85 mode. 

Note: Master/slave in ICW4 can only be used in 
buffered mode. 

(ii Initialization Command Words 1 and 2 
(ICW1 and ICW21 
A4 thru (Starting address of interrupt 
A 15: service routines) 

In 85 mode, 8 request levels CALL 
8 locations at equivalent intervals in 
the memory. The memory location 
interval can be set at this stage to 4 
or 8 by program. (->ADI) Hence, 
either 32 or 64 bytes/page re­
spectively are used in the 8 
routines. 
The address format is 2 bytes long 
(AO thru A15). When the routine 
interval is 4, AO thru A4 is inserted 
automatically by the 82C59A, and 
A5 thru A 15 is programmed extern­
ally. When the interval is 8, on the 
other hand, AO thru A5 are inserted 
automatically by the 82C59A, and 
A6 thru A 15 ·are programmed ex­
ternally. In 86 mode, T3 thru T7 
are inserted in the 5 most signifi­
cant bits of the vector type, and the 
82C59A sets the 3 least signifi­
cant bits according to the interrupt 
level. AO thru A 10 are ignored, and 
the ADI (address interval) has no 
effect. 
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L TIM: The 82C59A is operated in level 
triggered mode when L TIM = 1, 
and the interrupt input edge cir­
cuit becomes disabled. 

ADI: Designation of the CALL address 
interval. Interval = 4 when AD I = 1, 
and interval= 8 when ADI = 0. 

SNG L: SNG L = 1 indicates the existence of 
only one 82C59A in the system. 
ICW3. is not required when SNGL 
= 1. 

IC4: ICW4 is required when this bit is 
set, but not required when IC4 = 0. 

(ii) Initialization Command Word 3 (ICW31 
This command word is written when there is 
more than one 82C59A used in cascade con­
nections in the system, and is loaded into an 
8-bit slave register. The functions of this slave 
register are listed below. 
a. In a master mode system (BUF = 1 and M/ 

S = 1 in ICW4 or SP/EN= 11. "1" is set in 
each bit where a slave has been con­
nected. 
In 85 mode, the master 82C59A releases 
byte 1 of the CALL sequence to enable the 
corresponding slave to release byte 2 or 
3 (only byte 2 in 86 model through the 
cascade line. 

b. In slave mode (BUF = 1 and M/S = 0 in 
ICW4 or SP/EN = 0). Bits 0 thru 2 identi­
fy the slave. The slave compares these 

bits witti the cascade input, and releases 
bytes 2 and 3 of the CALL sequence (only 
byte 2 in 86 mode) if a matching result is 
obtained. 

(iii) Initialization Command Word 4 (ICW4) 
SFNM: Special Fully Nested Mode is pro­

grammed when SFNM = 1. 
BUF: Buffered mode is programmed 

when BUF = 1. In Buffered mode, 
SP/EN is an output, and Master/ 
slave is selected by the M/S bit. 

M/S: If buffered mode is selected, the 
82C59A is programmed as the 
master when M/S = 1, and as a slave 
when M/S = 0. M/S is ignored, how­
ever, when BUF = 0. 

AEOI: Automatic End Of Interrupt mode 
is programmed by AEOI = 1. 

µPM: (Microprocessor mode) 
The 82C59A is set to 85 system 
operation when µPM = 0, and to 86 
system operation when 11 PM = 1 . 

347 



• 1/0· MSM82C59A-2RS/GS/ JS 

AO 
ICW1 

0 

AO 
ICW2 

AO 

D7 D6 D5 D4 

A7 AS A5 

D7 D6 D5 D4 

D3 D2 D1 

LTIM ADI SNGL 

D3 

1: ICW4 required 
0: ICW4 not required 

1: Sitigle 
0: Cascade 

CALL address interval 
'--------; 1: Interval= 4 

D2 D1 DO 

0: Interval= 8 

1 : Level triggered mode 
0: Edge triggered mode 

Interrupt vector address A5 thru A7 
(Valid only in 85 model . 

A15/T7 A14/T6 A13/T5 A12/T4 A11/T3 A10 A9 AS 

D7 D6 D5 D4 D3 D2 D1 DO 

Interrupt vector address AB thru A 15 
(85 mode) 
Interrupt vector address T3 thru T7 
(86 mode) 

ICW3 
(master) ._ _ _._s~1 _ _.__ss~_.__s~5-,__S4~--''--S~3-_.__s~2_....__s~1_,__s_o _ _, 

ICW3 
(slave) 

ICW4 
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AO 

AO 

D7· D6 D5 

0 0 0 

D7 D6 D5 

0 0 0 

D4 D3 

0 0 

D4 03 

SFNM BUF 

0 

1: IR input holds slave 
0: IR input does not hold slave 

D2 D1 

ID2 ID1 

Slave ID 

0 2 3 4 5 6 

010 010 
._ ___ ___, 0 0 1 1 0 0 

'-----------< 0 0 0 0 
'--'---'--'-'-.L--'---L---1 

02 

M/S 

Note: Slave ID indicates the IR input of the correspond­
ing master. 

D1 

AEOI 

Non-buffered mode 

1: 86 mode 
0: 85 mode 

1: Automatic EOI mode 
0: Normal EOI mode 

Note: X denotes not specified 

0 Buffered mode (slave) 

Buffered mode (master) 

1: Special Fully Nested mode 
'----------------iO: Not Special Fully Nested mode 

Initialization Command Words (ICW1 thru ICW4} 
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(6) Operation Command Words (OCW1 thru OCW3) 
When Initialization Command Words (ICW) are 
programmed in the 82C59A, the interrupt input 

combinations are listed in the 
operation command word format 
table. 

~ line is ready to receive interrupt requests. The 
Operation Command Words (OCWs) enable the 
82C59A to be operated in various modes while the 
device is in operation. 

(iii) 

L2, L 1, These bits indicate the specified 
LO: interrupt level when SL= 1. 
Operation Command Word 3 (OCW3) 

(i) Operation Command Word 1 (OCW1) 
OCW1 sets and resets the mask bits of the 
Interrupt Mask Register (IMR). MO thru M7 
represent 8 mask bits. The channel is 
masked when M = 1, but is enabled when 
M = 0. 

ESMM: This· enables the Special Mask 
Mode. The special mask mQde can 
be set and reset by the SMM bit 
when ESMM = 1. The SMM bit is 

Iii) Operation Command Word 2 (OCW2) 
R, SL, The Priority Rotation and the Enc;I 
EOI: of Interrupt mode plus combina­

tions of the two are controlled by 
combinations of these 3 bits.'These 

AO 07 05 04 03 02 

OCW1 M7 M5 M4 M3 M2 

SMM: 

01 

M1 

ignored when ESMM = 0. 
(Special Mask Mode) 
The 82C59A is set to Special Mask 
Mode when ESMM = 1 and SMM = 
1, and is returned to normal mask 
mode when ESMM = 1 and SMM = 
0. SMM is ignored when ESMM = 0. , 

Interrupt Mask 
'-~J..~....l.~~'-~J..~....l.~~'-~~~~ 1: Mnt•t 

0: Maskreset 

r AO 07 06 05 04 I 03 ] 02 1 01 1 DO 1 
r o R SL EOI o1 o1L2l u]Lo] 

1 [__ Active IR level 

0 1 2 3 4 5 6 ., 

0 1 0 1 0 1 0 1 

0 0 1 1 0 0 1 1 

OCW2 

0 0 0 0 1 1 1 1 

0 0 1 Non.Specific EOI command 

0 1 1 Specific EOI comman.d (Notel 
End of Interrupt 

1 0 1 Rotate on Non-Specific EOI command 

1 0 0 Rotate in Automatic EOI mode (set) Automatic Rotation 

0 0 1 Rotate in Automatic EOI mode (clear) 

1 1 1 Rotate on Specific EOI command ~Notel 
Specific Rotation 

1 1 0 Set Priority comniand I Note I 
0 1 0 No operation 

Note: LO thru L2 used. 

r AO l 07 1 06 l 05 l 041 03 1 02 ] 01 ] 00 J 
r 0 ] 0 ]ESMM] SMM 1 0 1 1 1 P 1 RR 1 RIS l 1 L_ R••: j''";com~; 

1 

. o I o 1 1 

OCW3 

Read Rood 
No operation 

IRA by ISRby 
next next 
All I'm 

Polling 
1: Poll comrhand 
0: No-poll command 

Special Mask mode 

0 T 1 0 1 

0 I o 1 1 

Reset ... 
No operation 

special special 
mask mmk 
mode mode 

Operation Command Words IOCVV1 thru OCW3) 
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171 Fully Nested Mode 
As long as the 82C59A has not been programmed 
to another mode, this Fully Nested mode is set 
automatically after initialization. The interrupt 
requests are ordered in priority sequentially from 
<;> to 7 (where 0 represents highest priority). If an 
interrupt is then requested and is acknowledged 
highest priority, a corresponding vector address is 
released, and the corresponding bit in the in-service 
register (ISR) is set. The IS bit remains set until an 
End of Interrupt (EOI) command is issued from 
the microprocessor before returning from the inter­
rupt service routine, or until the ri~ing edge of the 
last INTA pulse arrives when the AEOI bit has 
been set. 
When the IS bit is set, interrupts of the same or 
lower priority are inhibited - only interrupts of 
higher priority can be generated. In this case, inter­
rupts can be ackowledged 'only when the internal 
interrupt enable F /F in the microprocessor has 
been enabled again through software. Following 
the initialization sequence, IRO has the highest 
priority, and IR7 has the lowest. This priority can 
be changed by rotating priority mode in OCW2. 

181 End of Interrupt (EOI) 
When the AEOI bit in ICW4 is set, the in-service 
(IS) bit is automatically reset by the rising edge of 
the last INTA pulse, or else is reset only when an 
EOI command is issued to the 82C59A prior to 
returning from the interrupt service routine. 
And in cascade mode, the EOI command must be 
issued twice· once for the master, and once for the 
corresponding slave. 
EOI commands are classified into specific EOI 
commands and Non-Specific EOI commands. 
When the 82C59A is operated in Fully Nested 
mode, the IS bit to be reset can be determined on 
EOI. If the Non-Specific EOI command is issued, 
the highest IS bit of those that are set is reset au­
tomatically, because the highest IS level is always 
the last servicing level in the Fully Nested mode. 
If, however, it is not in the fully Nested mode, the 
82C59A will no longer be able to determine the 
last acknowledged level. In this case, it will be 
necessary to issue a Specific EOI which includes 
the IS level to be reset as part of the command. 
When the 82C59A is in Special Mask mode, care 
must be taken to ensure that IS bits masked by 
the IMR bit can not reset by the Non-Specific EOI. 

191 Automatic End of Interrupt (AEOI) Mode 

350 

When AEOI = 1 in ICW4, the 82C59A continues to 
operate in AEOI mode until programmed again by 
ICW4. In this mode, the 82C59A automatically 
performs Non-Specific EO I operation at the rising 
edge of the last iNTA pulse (the third pulse in 85 
systems, and the second pulse in 86 systems). In 
terms of systems, this mode is best used in nested 
multiple level interrupt configurations. It is not 
necessary when there is only one 82C59A. AEOI 
mode is only used in a master 82C59A device, not 
in a slave. 

(10) Automatic Rotation (Devices with Equal Priority) 
In some applications, there is often a number of 
devices with equal priority. In this mode, the 
device where an interrupt service has just been 
completed 'is set to the lowest priority. At worst, 
therefore, a particular interrupt request device may 
have to wait for seven other devices to be serviced 
at least once each. There are two methods for 
Automatic Rotation using OCW2 - Rotation on 
Non-Specific EOI command, ·and Rotation in 
Automatic EOI mode. 

Before Rotation (I R4 the highest priority request­
ing service) 

IS7 IS6 IS5 154 IS3 IS2 IS1 ISO 

IS status 0 0 0 0 0 0 

Priority status 7 6 5 4 3 2 0 

f. t 
Lowest Highest 

After Rotation (IR4 was serviced, all other priori­
ties rotated correspondingly) 

IS3 IS2 IS1 ISO 

IS status 0 0 0 0 

Priority status 2 6 5 4 3 

Lowest 

111) Specific Rotation (Specific Priority) 
All priority levels can be changed by programming 
the lowest priority level (Set Priority Command in 
OCW21. For example, if IRS is programmed as the 
device of lowest priority, IR6 will have the highest 
priority. In this mode, the internal status can be 
updated during OCW2 by software control. This is 
unrelated, however, to the EOI command in the 
same OCW2. 
Priority level can also be changed by using the 
OCW2 Rotate On Specific EOI command. 

(12) Interrupt Mask 
Interrupt inputs can be masked individually by 
Interrupt Mask Registers (IM R) programmed 
through the OCW1. Each interrupt channel is 
masked (disabled) when the respective IMR bit is 
set to "1 ". IRO is masked by bit 0, and IR 1 is 
masked by bit 1. Masking of any particular channel 
has no effect on other channels. 



(13) Special Mask Mode 
In some applications, there is a need for dynamic 
updating of the system's priority level structure by 
software control during execution of an interrupt 
service routine. For example, it may be necessary 
to inhibit the lower priority requests for part of 
the execution of a certain routine while enabling 

for another part. In this case, it is difficult to ena­
ble all lower priority requests if the IS bit has not 
yet been reset by the EOI command after an in­
terrupt request has been acknowledged (during 
execution of a service routine). All of these re­
quests would normally be disabled. 

Hence the use of the Special Mask mode. When a 
mask bit is set by OCW1 in this mode, the 
corresponding interrupt level requests are disabled. 
And all other unmasked level requests (at both 

higher and lower priority levels) are enabled. In­
terrupts can thus be enabled selectively by load­
ing the mask register. 
In this mode, the specific EOI Command should 
be used. 
This Special Mask mode is set by OCW3 ESMM = 1 
and SMM = 1, and reset by ESMM = 1 and SMM = 
0. 

(14) POLL Command 
In this mode, the INT output in not used, the in­
ternal interrupt enable F/F of the microprocessor 
is reset, and interrupt inputs are disabled. Servic­
ing the 1/0 device is executed by software using 
the Poll command. 

The Poll command is issued by setting P in OCW3 
to "1 ". The 82C59A regards the next RD pulse as 
reception of an interrupt, and if there is a request, 
the corresponding IS bit is set and the priority level 
is read out. Interrupts are frozen between WR and 
RD. 

D7 D6 D5 04 D3 D2 D1 DO 

Poll word 0 O O O W2 W1 WO 

WO tl\ru W2: Binary coded highest priority level of 
service being requested. 

1: Set to "1" when there is an interrupt. 

This mode is useful when' there is a common 
routine for a number of levels, and the INTA 
sequence is not required. ROM space can thus be 
saved. 

(15) Reading 82C59A Status 
The status of a number of internal registers can be 
read out for updating user information on the 
system. The following registers can be read by 
means of OCW3 (IRR and ISR) and OCW1 llMR). 
a. IRR: (Interrupt Request Register) 8-bit 

register for storing interrupt requesting 
levels. 

b. ISR: (In-Service Register) 8-bit register for 
storing priority levels being serviced. 

1/0· MSM82C59A-2RS/GS/JS • 

c. IMR: (Interrupt Mask Register! 8-bit register 
for storing interrupt request lines to be 
masked. · 

The IRR can be read when a Read Register Com­
mand is issued with OCW3 (RR = 1 and RIS = 0) 

prior to the RD pulse, and the ISR can be read 
when a Read Register Command is issued with 
OCW3 (RR= 1 and RIS = 1) prior to the RD pulse. 
And as long as the read status does not -change, 
OCW3 is not required each time before the status is 
read. This is because the 82C59A remembers 
whether I RR or ISR was selected by the previous 
OCW3. But this is not true when poll is used. 
The 82C59A is set to IRR after initialization. 
OCW3 is not required to read IMR. IMR is issued 
to the data bus if RD= 0 and AO= 1 (0CW1 ). 
Reading status is disabled by polling when P = 1 
and RR= 1 in OCW3. 

(16) Edge and Level Trigger Mode 
This mode is programmed by using bit 3 IL TIM) 
in ICW1. When L TIM = 0, the interrupt request is 
recognized by the IR input transition from Low to 

High. As long as the IR input is kept at High, no 
other interrupt is generated. Since interrupt re­
quests are recognized by the IR input "H" level 
when L TIM = 1, edge detection is not required. 

The interrupt request must be cancelled before 
output of the EOI command, and before the inter­
rupt is enabled in order to prevent the generation 
of a second interrupt by the CPU. ' 
The IR input must be held at High level until the 
falling e~ge of the first INTA pulse, irrespective of 
whether edge sense or level sense is employed. If 
the IR input is switched to Low level before the 
first INTA pulse, the default IR7 is generated when 
the interrupt is acknowledged by the CPU. This 
can be an effective safeguard to be adopted to 
detect interrupts generated by the noise glitches on 
the IR inputs. To take advantage of this feature, 
the IR7 routine is used as a "clean up" routine 
where the routine is simply executing a return in­
struction and the interrupt is subsequently ig­
nored. When the IR7 is required for other 
purposes, the default IR7 can be detected by read­
ing the ISR. Although correct IR7 interrupts in­
volve setting of the corresponding JSR bit, the 
default IR7 is not set. 

NO 
(IA noise 
detection) 
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(17) Special Fully Nested Mode 
This mode is used in larae systems where the c:as:. 
cade mode is used and the respective Interrupt 
Requests within each slave have to be given priori· 
ty levels. In this case, the Special Fully Nested 
mode is programmed to th.e master by using 
ICW4. This mode is practically identical to the 
normal Fully Nested mode, but differs in the 
following two respects. 
a. When an interrupt request is received from a 

particular slave during servicing, a new interrupt 
request from an IR with a higher priority level 
than the interrupt level of the slave being servic­
ed is recognized by the master and the interrupt 
is applied to the processor without the master 
priority logic being inhibited by the slave. In 
normal Fully Nested mode, if the request is in 
service, a slave is masked and no other requests 
can be recognized from the same slave. 

b. When exiting from an interrupt service routine, 
it is first necessary to check whether or nbt the 
interrupt which has just been serviced by soft· 
ware was the only interrupt from that slave. 
This is done by sending a Non-Specific EOI 
command to that slave, followed by reading of 
the In-Service Register (ISRI to see whether 
that register has become all 'O'. A Non-Specific 
EOI is sent to the master too if the ISR is 
empty, and if not no EOI should be sent. 

( 18) Buffered Mode 
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Control for buffer enabling is required when the 
82C59A is used in a large system where a data bus 
drive buffer is .needed and cascade mode is used. 
When buffered mode is selected, the 82C59A sends 
an enable signal on the SP/EN pin to enable the 
buffer. In this mode, the SP/EN output always be· 
comes active while the 82C59A's data bus output 
is enabled. Therefore, the 82C59A requires pro­
gramming to enable it to distinguish master from 
slave. Buffered mode is programmed by bit 3 in 
ICW4, and the ability to distinguish master from 
slave is programmed by bit 2 in ICW4. 

( 19) ClllCllde Mode 
To enable the 82C59A to handle.up to' 64 priority 
levels, a maximum of 8 ,slaves can be.easily con­
nected to one master device. 
The ·master controls the slaves through three 
cascade lines, the cascade bus executes like a slave 
chip select during the Tiil'fA sequence. 
In cascade configuration, slave- interrupt outputs 
(I NT) are connected to master interruPt· request 
inputs (IRI. When a slave IR becomes active and 
is acknowledged, the master enables the cor­
responding slave to release the routine address for 
that device during bytes 2 and 3 (only byte 2 in 
86 model of the INTA sequence. 

The cascade bus lihe is normally kept at low lev­
el, and holds the slave address during the period 
from the rising edge of the first INTA pulse up to 
the rising edge of the third INT A pulse (or the se­
cond INTA pulse in 86 model. 
Each 82C59A device in the system can operate 
in different modes in accordance with their initiali­
zation sequences. EOI commands must be issued 
twice, once for the master once for the cor­
responding slave. Each 82C59A requires an ad­
dress decoder to activate the respective chip 
select ICSI inputs. 
Since the cascade line is normally kept at low level, 
note that slaves must be connected to the master 
I RO only after all slaves have been connected to 
the other I Rs. 
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OKI semiconductor 

MSM82C84ARS/GS 
CLOCK GENERATOR AND DRIVER 

GENERAL DESCRIPTION 

The MSM82C84ARS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 100)lA (MAX\ and the power con­

sumption is very low with 10 mA (MAX.) when a 5 MHz clock is generated. 

FEATURES 

• Operating frequency of 6 to 15 MHz (CLK output 2 
to 5 MHz) 

• 3µ silicon gate CMOS technology for low power con-
sumption 

•Built-in crystal oscillator circuit 
• 3V - 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 

X1 

X2 
CRYSTAL 

OSCILLATOR 

• Built-in synchronized circuit for MSMBOCB6 and 
MSMBOCBB READY and RESET 

•TTL compatible 
• Built"in Schmitt trigger circuit (RES input) 
• 18-pin DIP (MSMB2C84ARS) 
• 24-pin flat package (MSMB2C84AGS) 

1 
3 

QI-----+- RESET 

c • 

"')o~---+--------t- osc 

1 
2 

s 
y 

1-----PCLK 

N 

~~~~~~~~~~~~~~_.;:::__~+-~--t-~---'c CSYNC-
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RDY1-1...------~ 

AEN1-1---------0~ 

AEN2-l---------d'~ 

RDY2 

CLK 

c • 

D (F2)0 READY 



l/O·MSM82C84ARS/GS • 

PIN CONFIGURATION 

24 Lead Plastic Flat Package 
CSYNC 10 Vee 

PCLK 2 X1 

N•C 3 X2 

AEN1 4 21 N·C 

RDY1 5 ASYNC 

READY 6 EFI 

N·C 7 N·C 

RDY2 8 F/C 

AEN2 9 DSC 

N·C N·C 

CLK F!ES 

GND RESET 

(N•C not connected) 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol 

MSM82C84ARS1 MSM82C84AGS 
Unit Conditions 

Supply Voltage Vee -0.5- +7 v 

Input Voltage V1N -0.5 - Vee +o.5 v Respect to GN D 

Output Voltage VouT -o.5 - Vee +o.5 v 

Storage Temperature Tstg -55 - +150 oc 

Power Dissipation Po 0.8 I 0.7 w Ta= 25°C 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3-6 v 

Operating Temperature Top -40- +85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symb,ol MIN TYP MAX Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Level Input Voltage V1L -0.3 +0.8 v 

"H" Level Input Voltage (except RES) 2.2 
V1H Vee +o.3 v 

"H" Level Input Voltage (RES) 3.0 

DC CHARACTERISTICS 

Parameter Symbol MIN MAX Unit Conditions 

"L" Level Output Voltage VOL 0.45 v loL = 5mA 

"H" Level Output Voltage VoH 3.7 v loH = -1mA 

RES Input Hysteresis V1HR 0.25 v 
-V1LR 

Input Leak Current ILi -10 10 µA o~ V1N ~Vee 

X1 ~Vee -0.2V 
Vee =4.5V 

- 5.5V 
X2 ~ 0.2V 

Standby Supply Current Ices 100 µA F/C ~Vee -0.2V Ta= -40°C 

V1H ~Vee -0.2V 
- +85°C 

v 1 L~o.2v 
Input frequency 

Operating Supply Current 'cc 10 mA 
15MHz 

Output load capacitance 
CL= OpF 
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AC CHARACTERISTICS 
IV cc= 5V ±10%, Ta= -40 - 85°C) 

11) 

Parameter 

EFI "H" Pulse Width 

EF I "L" Pulse Width 

EFI Cycle Time 

Crystal Oscillator Frequency 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge !Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Rising Edge !Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge I Inactive) 

Hold Time of RDY1 or RDY2 to 
CLK Falling Edge 

Set Up Time of ASYNC to CLK 
Falling Edge 

Hold Time of ASYNC to CLK 
Falling Edge 

Set Up Time of AEN1 (AEN2) to 
RDY1 IRDY2) Rising Edge 

Hold Time of AEN1 (AEN2) to 

CLK Falling Edge 

Set Up Time of CSYNC to EFI 
Rising Edge 

Hold T,ime of CSYNC to EFI Rising 
Edge 

CSYNC Pulse Width 

Set Up Time of RES to CLK Falling 
Edge 

Hold Time of RES to CLK Falling 
Edge 

Input Rising Edge Time 

Input Falling Edge Time 

Symbol 

tEHEL 

tELEH 

tELEL 

tR1VCL 

tR1VCH 

lR1VCL 

tcLR1X 

tAYVCL 

tCLAYX 

tA1R1V 

tcLA1 X 

tyHEH 

tEHYL 

tyHYL 

t11HCL 

tcu1 H 

ti UH 

llHIL 

l/O·MSM82C84ARS/GS • 

MIN MAX Unit Conditions 

20 ns 90%-90% 

20 ns 10%-10% 

66 ns 

6 15 MHz 

35 
ASYNC 

ns 
=High 

35 
ASYNC 

ns 
=Low 

35 ns 
Output load 
capacitance 

0 ns 
CLK output 

50 ns 
CL= 100pF 

Others 30pF 

0 ns 

15 ns 

0 ns 

20 ns 

10 ns 

2 x tELEL ns 

65 ns 

20 ns 

20 ns 

20 ns 

Note: Parameters where timing has not been indicated in the above table are measured at V L = 1.5V and VH = 1.5V 
for both inputs and outputs. 
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AC CHARACTERISTICS 
(Vee= 5V ±10%, Ta= -40 - 85°Cl 

(2) 

Parameter 

CLK Cycle Time 

CLK "H" Pulse Width 

CLK "L" Pulse Width 

CLK Rising and Falling Edge Times 

PCLK "H" Pulse Width 

PCLK "L" Pulse Width 

Time from READY Falling Edge to 
CLK Falling Edge 

Time from READY Rising l!dge to 
CLK Rising Edge 

Delay from CLK Falling Edge to 
RESET Falling Edge 

Delay from CLK Falling Edge to 
PCLK Rising Edge 

Delay from CLK Falling Edge to 
PCLK Falling Edge 

Delay from OSC Falling Edge to CLK 
Rising Edge 

Delay from OSC Falling Edge to CLK 
Falling Edge 

Output Rising Edge Time (Except 
CLK) 

Output Falling Edge Time (Except 
CLK) 

Symbol 

tcLCL 

tcHCL 

tCLCH 

tcH1CH2 
tcL2CL1 

tPHPL 

tPLPH 

tRYLCL 

tRYHCH 

tcuL 

tcLPH 

tcLPL 

tOLCH 

tOLCL 

to LOH 

toHOL 

MIN MAX Unit Conditions 

200 ns 

65 ns 

119 ns 

15 ns 1.0V-3.5V 

180 ns 

180 ns 

-8 ns Output load 
capacitance 

114 ns 
CLK output 

40 ns 
CL= 100pF 

Others 30pF 

22 ns 

22 ns 

-5 22 ns 

2 35 ns 

15 ns 0.8V-2.2V 

15 ns 2.2V-0.8V 

Note: Parameters where timing has not been indicated in the above table are measured at VL = 1.5V and VH = 1.5V 
for both inputs and outputs. 
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PIN DESCRIPTION 

Pin symbol Name 
Input/ Furlction 
output 

CSYNC Clock Input Synchronizing signal for output of in-phase CLK signals when more 

synchronization than one MSM82C84A is used. 
signal The internal counter is reset when this signal is at high level, and a 

high level CLK output is generated. The internal counter is, sub-

sequently activated and a 33% duty CLK output is generated when 
this signal is switched to low level. 
When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to 
be kept to be low level. 

PCLK Peripheral clock Output This peripheral circuit clock signal is output in a 50% duty cycle at 
output a frequency half that of the clock signal. 

AEN1 Address enable Input The. AEN1 signal enables RDY1, and the AEN2 signal enables RDY2. 

AEN2 
signals The respective ROY inputs are activated when the level applied to 

these pins is low. 
Although two separate inputs are used in multi-master systems, only 
the AEN which enables the ADY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

RDY1 Bus ready signals Input Completion of data bus reading and writing by the device connected 

RDY2 to the system data bus is indicated when one of these signals is 
switched to high level. 
The relevant ADY input is enabled only when the corresponding AEN 
is at low level. 

READY Ready output Output This signal is obtained by synchronizing the bus ready signal with 

CLK. 
This signal is output after guaranteeing the hold time for the CPU in 
phase with the ADY input. 

CLK Clock output Output Th is signal is the clock used by the CPU and peripheral devices con-
nected to the CPU system data bus. The output waveform is gener-
ated in a 33% duty cycle at a frequency 1 /3 the oscillating frequency 
of the crystal oscillator connected to the X 1 and X2 pins, or at a 
frequency 1/3 the EFI input frequency. 

RES Reset in Input This low-level active input is used to generate a CPU reset sign~!. 
Since a Schmitt trigger is included in the input circuit for this signal, 

"power on resetting" can be achieved by connection of a simple RC 
circuit. 

RESET Reset output Output This signal is obtained by CLK synchronization of the input signal 
applied to RES and is output in opposite phase to the RES input. 
This signal is applied to the CPU as the system reset signal. 

F/C Clock select signal Input This signal selects the fundamental signal for generation of the CLK sig-
nal. The CLK is generated from the crystal oscillator output when this 
signal is at low level, and from the EFI input signal when at high level. 

EFI External clock Input The signal applied to this input pin generates the CLK signal when 
signal F/C is at high level. The frequency of the input signal needs to be 

three times greater than the desired CLK frequency. 

X1, X2 Crystal oscillator Input Crystal oscillator connections. 

connecting pins The crystal oscillator frequency needs to be three times greater than 
the desired C LK frequency. 

osc Crystal resonator Output Crystal oscillator output. This output frequency is the same as the 
output oscillating frequency of the oscillator connected to the X1 and X2 

pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
th is output signal can be obtained independently even if F /C is set to 
high level to enable the EFI input to be used for CLK generation 

purposes. 
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Pin symbol Name Input/ Function 
output 

ASYNe Ready Input Signal for selection of the synchronization mode of the READY 
synchroni_~ation signal generator circuit. When this signal is at low level, the READY 

select signal signal is generated by double synchronization. And when at high 
level, the READY signal is generated by single sy"nchronization. 
Since this pin has not been equipped with internal pull-up resistance, 
this pin must not be opened. 

Vee +5V power supply 

GND GND 

TIMING CHART 

CLK • PCLK • OSC waveforms 

EFI 

ose 

eSYNe 

eLK 

teL2eL 1 
teLeH teLPL 

PeLK 

teLPH 

RESET waveform 
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READY waveform (ASYNC = LI 

CLK 

tcLR1X 

RDY1-2---------'1 

AEN1-2------~ 

1A1R1V 

READY waveform (ASYNC = H) 

CLK 

RDY1-2-----------'I 

AEN1-2-------~ 

tR1VCL 

1CLR1X 

1A1R1V 

IAYVCL 

tRYHCH 

1RYHCH 

l/O·MSM82C84ARS/GS • 

tR1 VCL 

1CLR1X 

ICLA1 X 

ICLAYX 

tRYLCL 

tR1VCL 

tcLR1X 

tcLA1X 

tcLAYX 

tRYLCL 
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DESCRIPTION OF OPERATION 

(11 Oscillator Circuit 
The MSM82C84A internal oscillator circuit can be 

driven by connecting a crystal oscillator to the X 1 and 
I X~ pins. 

The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out­
put as for the crystal resonator frequencyl appears at 
the OSC pin, independent use of this output is also 
possible. 

Recommended Oscillator Circuit 
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Crystal oscillator 

OSCt----

MSM82C84A 

-----x2 

When input frequency is ,s to 15 MHz, 

C1 = C2 = 33 pF 

CCK~ 
ROY 1\ 

I 
I 
I 
I 

I 

READY 

(21 Clock Generator Circuit 
This circuit generates two clock outputs-CLK 

obtained by dividing the input external clock or crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EFI pin when Fie is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 

(31 Reset Circuit 
Since a Schmitt trigger circuit is used in the RES 

input, the MSM82C84A can be reset by "power on" by 
connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces­
sary to keep the RES input at low level for at least 50 
fLS after Vee reaches the 4.5V level. 

(41 Ready Circuit 
The' READY signal generator circuit can be set to 

synclrronization mode by ASYNC. 
(ii When ASYNC is at low level 

The ROY input is output as the READY signal by 
double synchronization. 
The high-level ROY input is synchronized once by 
the rising edge of the C LK of the first stage flip­
flop (F1 in the circuit diagraml, and then synchro­
nized again by the falling edge of the CLK of the 
next ,stage flip-flop (F2 in the circuit diagraml, 
resulting in output of a high-level READY output 
sigrial (see d.iagram belowl. 

o The low-level ROY input is synchronized directly 
by the falling edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 

c\ 1\ n_ 

I 
I 
I I 

I I I 
I I 



(ii) When ASYNC is at high level 

The ADY input is output as the READY signal by 
single synchronization. 

o Both low-level and high-level ADY inputs are 

l/O·MSM82C84ARS/GS • 

synchronized by the falling edge of the CLK of the 
next stage flip-flop, resulting in output of respec­
tive low-level apd high-level READY output signals 
(see diagram below). 

CCK==-1\ 1\ J\ 1\ IL 
i 

ADY I 
I 

I I 
I I 

I I 

READY 

EXAMPLE OF USE (CSYNC) 

The 82C84A 1 /3 frequency divider counter is un­
settled when the power is switched on. Therefore, the 
CSYNC pin has been included to synchronize CLK with 
another signal. When CSYNC is at high level, both CLK 
and PCLK are high-level outputs. If CSYNC is then 

External 
synchronizing D Q D 
signal 
External 
clock signal CKt CKt 
(EFI) 

I 
I I 
I I 
I I 
I I 

switched to low level, CLK is output from the next 
input clock rising edge, and is divided by 3. 

If CSYNC has not been synchronized with the 
inpu·t clock, use the following circuit to achieve the 
required synchronization. 

MSM82C84A 

Q CSYNC 

EFI CLK CLK 

When an external clock EFI is used as the clock source 

MSM82C84A 

X1 

1 CSYNC 
External X2 
synchronizing D Q D Q 
signal 

CKt CKt 
OSC F/C 

CLK CLK 

When the crystal oscillator is used as the clock source 

363 



ID 

OK.I semiconductor 

MSM82C84A-5RS/GS 
C~OCK GENERATOR AND DRIVER 

GENERAL DESCRIPTION 

The MSM82C84A-5RS/GS is a clock generator designed to generate MSMBOC86 and MSMBOCBB system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 40 µA (MAX.), and the power con­

sumption is very low with 10 mA (MAX.) when a 5 MHz clock is generated. 

FEATURES 

•Operating frequency of 6 to 15 MHz (CLK output 2 
to 5 MHz) 

• 3µ silicon gate CMOS technology for low power con­
sumption 

• Built·in crystal oscillator circuit 
• 3V - 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 

RES" 

X1 

X2 

F/C 

EFI 

CSYNC 

RDY1 

AEN1 

AEN2 

RDY2 

ASYN 
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•Built-in syncl:lronized circuit for MSM80C86 and 

MSMBOCBB READY and RESET 
·TTL compatible 
•Built-in Schmitt trigger circuit (RES input) 

• 18-pin DIP (MSM82C84A-5RS) 
• 24-pin flat package (MSM82C84A-5GSI 

---, 
0 

Q 

cJ. 

1 

3 2 

s 
y 
N 
c 

D ct c+ 
(F11Q D (F21Q 

_J 

RESET 

osc 

PCLK 

LK 

READY 



-------------------• 1/0· MSM82C84A-5RS/GS • 

PIN CONFIGURATION 

18 Lead Plastic DIP • Vee 

PCLK X1 

AEN1 X2 

RDY1 4 ASYNC 

READY EFI 

RDY2 F/C 

DSC 

CLK RES 

GND RESET 

24 Lead Plastic Flat Package CSYNC 10 Vee 
PCLK 2 X1 

N·C 3 X2 

AEN1 4 21 N·C 

RDY1 5 ASYNC 

READY 6 EFI 

N·C 7 N·C 

RDY2 8 F/C 

AEN2 9 osc 
N·C 10 N·C 

CLK RES 

GND RESET 

(N·C not connected) 
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• 1/0· MSM82C84A-5RS/GS 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Limits Unit Conditions 
MSM82C84A-5RS l MSM82C84A-5GS 

Supply Voltage Vee -0.5- +7 v 

Input Voltage V1N -o.5- Vee +o.5 v Respect to GND 

Output Voltage VouT -0.5 - Vee +0.5 v 

Storage Temperature Tstg -55-+150 oc 

Power Dissipation Po 0.8 I 0.7 w Ta= 25°C 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3 -6 v 

Operating Temperature Top -40 - +85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN TYP MAX Unit 

Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Level Input Voltage V1L -0.5 +o.8 v 

"H" Level Input Voltage (except RES) 2.2 
VtH Vcc+0.5 v 

"H" Level Input Voltage (RES) o.s•vcc 

DC CHARACTERISTICS (Vee= 5V ± 10%, Ta= -40 - 85°C) 

Parameter Symbol 

"L" Level Output Voltage (CLK) VOL 

"L" Level Output Voltage (OTHERS) VOL 

"H" Level Output Voltage (CLK) VoH 

"H" Level Output Voltage (OTHERS) VoH 

RES Input Hysteresis 
V1HR 
-V1LR 

Input Leak Current (EXCEPT ASYNC ) I LI 

Input Current ( ASYNC ) ILIA 

Standby Supply Current tees 

Operating Supply Current 'cc 

Input Capacitance Cin 

NOTE 1: X1 ~Vee - 0.2V, X2 ~ 0,2V 
F/C ~ Vee - 0.2V, ASYNC = Vee or open 
VIH ~ Vee - 0.2V, VIL ;:;; 0,2V 
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MIN 

Vcc-0.4 

Vcc-0.4 

0.2 •Vee 

-1 

-100 

MAX Unit Conditions 

0.4 v IOL =4 mA 

0.4 v loL = 2.5mA 

v IOH = -4mA 

v IOH = -1mA 

v 

+1 µ.A 0::;:; Vin ::; vcc 

+10 µ.A 0 ::; Vin ::; Vee 

+40 µ.A NOTE 1 

10 mA f = 15MHz, CL= Opf 

7 pF f = 1 MHz 



~~~~~~~~~~~~~~~~~~1• 1/0·MSM82C84A-5RS/GS • 

AC CHARACTERISTICS 
(Vee= 5V ± 10%, Ta= -40 - 85°C) 

(1) ~ 

Parameter 

EFI "H" Pulse Width 

EFI "L" Pulse Width 

EFI Cycle Time 

Crystal Oscillator Frequency 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Rising Edge (Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Inactive) 

Hold Time of RDY1 or RDY2 to 
CLK Falling Edge 

Set Up Time of ASYNC to CLK 
Falling Edge 

Hold Time of ASYNC to CLK 
Falling Edge 

Set Up Time of AEN1 (AEN2) to 
RDY1 (RDY2) Rising Edge 

Hold Time of AEN1 (AEN2) to 
CLK Falling Edge 

Set Up Time of CSYNC to EFI 
Rising Edge 

Hold Time of CSYNC to EFI Rising 
Edge 

CSYNC Pulse Width 

Set Up Time of RES to CLK Falling 
Edge 

Hold Time of RES to CLK Falling 
Edge 

Input Rising Edge Time 

Input Falling Edge Time 

Symbol 

tEHEL 

tELEH 

tELEL 

tR1VCL 

tR1VCl:f 

tR1VCL 

tcLR1X 

tAYVCL 

tcLAYX 

tAtR1V 

tcLA1X 

tYHEH 

tEHYL 

tvHYL 

t11HCL 

tcu1H 

t1L1H 

t1HIL 

MIN MAX Unit Conditions 

20 ns 90%-90% 

20 ns 10%-10% 

66 ns 

6 15 MHz 

35 
ASYNC 

ns 
=High 

35 
ASYNC 

ns 
=Low 

35 ns 
Output load 
capacitance 

0 ns 
CLK output 
CL= 100pF 

50 ns 
Others 30pF 

0 ns 

15 ns 

0 ns 

20 ns 

10 ns 

2 X tELEL ns 

65 ns 

20 ns 

15 ns 

15 ns 

Note: Parameters where timing has aot been indicated in the above table are measured at VL = 1.5V and VH = 1.5V 
for both inputs and outputs. 
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• 1/0· MSM82C84A-5RS/GS 

AC CHARACTERISTICS 
(Vee= 5V ±10%, Ta= -40 - 85°C) 

(2) 

Parameter 

CLK Cycle Time 

CLK "H" Pulse Width 

CLK "L" Pulse Width 

CLK Rising and Falling Edge 
Times 

PCLK "H" Pulse W.idth 

PCLK "L" Pulse Width 

Time from READY Falling Edge 
to CLK Falling Edge 

Time from READY Rising Edge 
to CLK Rising Edge 

Delay from CLK Falling Edge 
to RESET Falling Edge 

Delay from CLK Falling Edge 
to PCLK Rising Edge 

Delay from CLK Falling Edge 
to PCLK Falling Edge 

Delay from OSC Falling Edge 
to CLK Rising Edge 

Delay from osc Falling Edge 
to CLK Falling Edge 

Output Rising Edge Time 
(Except CLK) 

Output Falling Edge Time 
(Except CLK) 

Symbol 

tcLCL 

tcHCL 

tcLCH 

tCH1CH2 

tCL2CL 1 

tPHPL 

tPLPH 

tRYLCL 

tRYHCH 

tcuL 

tCLPH 

tcLPL 

tOLCH 

tOLCL 

tOLOH 

toHOL 

MIN MAX Unit Conditions 

200 ns 

_!_TcLcL+2 
3 

ns 

1_TCLCL - 15 
3 

ns 

10 ns 1.0V-3.5V 

TcLCL - 20 ns 

TcLCL - 20 ns 

-8 ns 
Output load 

~TcLcL-15 
cap~c itance 

ns 
CLK output 3 
CL= 100pF 

40 ns 
Others 30pF 

22 ns 

22 ns 

-5 22 ns 

2 35 ns 

15 ns 0.8V-2.2V 

15 ns 2.2V-0.8V 

Note: Parameters where timing has not been indicated in the·above table are measured at V L = 1.5V and VH = 1.5V 
for both inputs and outputs. 
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~~~~~~~~~~~~~~~~~~-1• l/O·MSM82C84A-5RS/GS • 

PIN DESCRIPTION 

Pin ;ymbol Name 
Input/ 

Function 
output 

CSYNC Clock Input Synchronizing signal for output of in-phase CLK signals when more 

synchronization than one MSM82C84A-5 is used. 
singal The internal counter is reset when this signal is at high level, anl! a 

high level CLK output is generated. The internal counter is sub-
seqently activated and a 33% duty CLK output is generated when 
this signal is switched to low· level. 
When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to be 
kept to be I.ow level. 

PCLK Peripheral clock Output This peripheral circuit clock signal is output in a 50% duty cycle at 
output a frequency half that of the clock signal. 

AEN1 Address enable Input The AEN1 signal enables RDY1, and the AEN2 signal enables RDY2. 
--- signals The respective ROY inputs are activated when the level applied to AEN2 

these pins is low. 
Although two separate inputs are used in multi-master systems, only 

the AEN which enables the ROY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

RDY1 Bus ready signals Input Completion of data bus reading and writing by the device connected 

RDY2 to the system data bus is indicated when one of these signals is 
switched to high level. 
The relevant ROY input is enables only when the corresponding AEN 
is at low level. 

READY Ready output Output This signal is obtained by synchronizing the bus ready signal with 
CLK. 
This signal is output after guaranteeing the hold time for the CPU in 
phase with the R DY input. 

CLK Clock output Output This signal is the clock used by the CPU and peripheral devices con-

nected to the CPU system data bus. The output waveform is gener-
ated in a 33% duty cycle at a frequency 1 /3 the oscillating frequency 
of the crystal oscillator connected to the X1 and X2 pins, or at a 
frequency 1/3 the EFI input frequency. 

RES Reset in Input This low-level active input is used to generate a CPU reset signal. 
Since a Schmitt trigger is included in the input circuit for this signal, 
"power on resetting" can be achieved by connection of a simple RC 
circuit. 

RESET Reset output Output This signal is obtained by CLK synchronization of the input signal 
applied to RES and is output in opposite phase to the RES input. 
This signal is applied to the CPU as the system reset signal. 

F/C Clock select signal Input This signal selects the fundamental signal for generation ot" the CLK 
signal. The CLK is generated from the crystal oscillator output when 
this signal is at low level, and from the EFI input signal when at high 
level. 

EFI External clock Input The signal applied to this input pin generates the CLK signal when 
signal F/C is at high level. The frequency of the input signal needs to be 

three times greater than the desired CLK frequency. 

X1, X2 Crystal oscillator Input Crystal oscillator connections. 
connecting pins The crystal oscillator frequency needs to be three times greater than 

the desired CLK frequency. 

osc Crystal resonator Output Crystal oscillator output. This output frequency is the same as the 
output oscillating frequency of the oscillator connected to the X1 and X2 

pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
th is output signal can be obtained independently even if F /C is set to 
high level to enable the EFI input to be used for CLK generation 
purposes. 
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• 1/0· MSM82C84A-5RS/GS 

Pin symbol Name 
Input/ Function 
output 

ASYNe Ready Input Signal for selection of the synchronization mode of the READY 

synchronization signal generator circuit. When this signal is at low level, the READY 

select signal signal is generated by double synchronization. And When at high 

level, the READY signal is generated by single synchronization. 
This pin is equipped with internal pull-up resister. 

Vee +5V power supply 

GND GND 

TIMING CHART 

CLK • PCLK • OSC waveforms 

EFI 

ose 

'eSYNe 

eLK 

teL2eL1 
teLPL teLeH 

PeLK 

teLPH 

RESET waveform 

]}•cw~l-~-11 H-e-L -'r 
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~~~~~~~~~~~~~~~~~-• 1/0·MSM82C84A-5RS/GS • 

READY waveform (ASYNC = L) 

CLK 

RDY1-2-------­

l--tA1R1V 

AEN1-2------~ I 

READY------------1 

READY waveform (ASYNC = H) 

CLK 

RDY1-2 

AEN1-2 

ASYNC 

READ 

tR1VCL 

tA1R1V 

tAYVCL 

tR1VCL 

tcLR1X 

tcLA1X 

tcLAYX 

tRYHCH tRYLCL 

tR1VCL 

tcLA1X 

tcLAYX 

tRYHCH 
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• 1/0·MSM82C84A-5RS/GS •1~----------------~ 

DESCRIPTION OF OPERATION 

(1) Oscillator Circuit 
The MSM82C84A-5 internal oscillator circuit can 

be driven by connecting a crystal oscillator to the X1 
and X2 pins. 

The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out­
put as for the crystal resonator frequency) appears at 
the OSC pin, independent use of this output is also 
possible. 

Recommended Oscillator Circuit 

Crystal oscillator 

OSC>-----

MSM82C84A-5 

------lX2 

When input frequency is 6 to 15 MHz. 

C1 = C2 ·= 33 pF 

°"~ ]\ 
ROY I 

I 

I 
I 
I 

I 

(2) Clock Generator Circuit 
This circuit generates two clock outputs-CLK 

obtained by dividing the input external clock or crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EFI pin when F/C is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 

(3) Reset Circuit 
Since a Schmitt trigger circuit is used in the RES 

input, the MSM82C84A-5 can be reset by "power on" 
by connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces­
sary to keep the RES input at low level for at least 50 
l's after V CC reaches the 4. 5V level. 

(4) Ready Circuit . 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 
(i) When ASYNC is at low level 

The ROY input is output as the READY signal by 
double synchronization. 
The high-level ROY input is synchronized once by 
the rising edge of the CLK of the first stage flip­
flop (F1 in the circuit diagram), and then synchro­
nized again by the falling edge of the CLK of the 
next stage flip-flop (F2 in the circuit diagram), 
resulting in output of a high-level READY output 
signal (see diagram below). 
The low-level ROY input is synchronized directly 
by the falling-edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 

I 
I 
I 

r-------,,; 
READY-----------.-------~ 
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(ii) When ASYNC is at high level 
The RDY input is output as the READY signal by 

single synchronization. 
~ Bot~ low-level and high-level RDY inputs are 

:::~r4~\~,~-:._~J~-o-\+\~__, 
I 
I I 
I I 
r I 

synchronized by the falling edge of the CLK of the 
next stage ,flip-flop, resulting in output of respec­
tive low-level and high-level READY output signals 
(see diagram below). 

~1 ]\ IL_ 

l 
I I 
I I 
I I 

J ~ 

-~~~~~~~~~~~(. READY - L-------~ 
§ ~ 

EXAMPLE OF USE (CSYNC) 

The ?2C84A-5 1/3 frequency divider counter is 
unsettled when the power is switched on. Therefore, the 
CSYNC pin has been included to synchronize CLK with 
another signal. When CSYNC is at high level, both CLK 
and PCLK are high-level outputs. If CSYNC is then 

External 
synchroniztn D Q D 
signal 
External 
clock signa CKt CKi 
(EFI) 

switched to low level, CLK is output from the next 
input clock rising edge, and is divided by 3. 

If CSYNC has not been synchronized with the 
input clock, use the following circuit to achieve the 
required synchronization 

MSM82C84A-5 

Q CSYNC 

EFI CL CLK 

When an external clock EFI is used as the clock source 

MSM82C84A-5 

X1 11 CSYNC 
External x 
synchronizin D Q D Q 

signal 

CKt CK• 
SC F/C 

CLK CLK 

When the crystal oscillator is used as the clock source 
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OKI semiconductor 

MSM82C84A-2RS/GS 
CLOCK GENERATOR AND DRIVER 

GENERAL DESCRIPTION 

The MSM82C84A-2RS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of silicon gate CMOS technology, standby current is only 40 µA (MAX.), and the power con­

sumption is very low with 16 mA (MAX.) when a 8 MHz clock is generated. 

FEATURES 

•Operating frequency of 6 to 24 MHz (CLK output 2 
to 8 MHz) 

• 3µ silicon gate CMOS technology for low power con· 
sumption 

·Built-in crystal oscillator circuit 
• 3V - 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 

RE'S 

X1 

X2 

F/C 

EFI 

CSYNC 

RDY1 

AEN1 

AEN2 

RDY2 

A.SYN 
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•Built-in synchronized circuit for MSM80C86 and 
MSM80C88 READY and RESET 

•TTL compatible 
• Built·in Schmitt trigger circuit (RES input) 
• 18-pin DIP IMSM82C84A-2RS) 
• 24-pin flat package (MSM82C84A-2GS) 

-----, 
D RESET Q 

c J. 

osc 

1 
3 2 

PCLK 

s 
y 
N 
c 

LK 

D ct c .i. 

(F1)0 D (F21Q READY 

_J 



------------------• 1/0· MSM82C84A-2RS/GS • 

PIN CONFIGURATION 

18 Lead Plastic DIP • 

24 Lead Plastic Flat Package eSYNe 10 Vee 

PeLK 2 X1 

N·e 3 X2 

AEN1 4 21 N·e 

RDY1 5 ASYNe 

READY 6 EFI 

N·e 7 N·e 

RDY2 8 F/C 

AEN2 9 ose 

N·e N·C 

CLK RES 

GND RESET 

IN·e not connected) 
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• 1/0·MSM82C84A-2RS/GS •~~~~~~~~~~~~~~~~~~ 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Limits Unit Conditions 
MSM82C84A-2RS l MSM82C84A-2GS 

Supply Voltage Vee -0.5- +7 v 
Input Voltage VIN -0.5 - Vee +o.5 v Respect to GND 

Output Voltage VouT -0.5 - Vee +o.5 v 
Storage Temperature Tstg -55 - +150 cc 

Power Dissipation Po 0.8 I 0.7 w Ta= 25cC 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3-6 v 
Operating Temperature Top -40·- +85 cc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN TYP MAX Unit 

S~pply Voltage Vee 4.5 5 5.5 v 
Operating Temperature Top -40 +25 +85 cc 

"L" Level Input Voltage V1L -0.5 +0.8 v 
"H" Level Input Voltage !except RES) 2.2 

V1H Vcc+0.5 v 
"H" Level Input Voltage IRES) o.6*Vcc 

DC CHARACTERISTICS IV cc= 5V ± 10%, Ta= -40 - 85CC) 

Parameter Symbol 

"L" Level Output Voltage ICLK) VoL 

"L" Level Output Voltage !OTHERS) Vol 

"H" Level Output Voltage (CLK) VoH 

"H" Level Output Voltage (OTHERS) VoH 

RES Input Hysteresis 
V1HR 
-V1LR 

Input Leak Current I EXCEPT ASYNC ) I LI 

Input Current ( ASYNC ) ILIA 

Standby Supply Current Ices 

Operating Supply Current Ice 

Input Capacitance Cin 

NOTE 1: X1 ~ Vee - 0.2V, X2 ::> 0,2V 
F/C ~ Vee - 0.2V, ASYNC = Vee or open 
VIH ~ Vee - 0.2V, VIL~ 0,2V 
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MIN 

Vcc-0.4 

Vcc-0.4 

0.2 •Vee 

-1 

-100 

MAX Unit Conditions 

0.4 v loL =4 mA 

0.4 v loL =2.5mA 

v loH = -4mA 

v loH = -1mA 

v 

+1 µA 0 :,; V;n :,; Vee 

+10 µA 0:,; V;n :,; Vee 

40 µA NOTE 1 

16 mA f = 24MHz, CL= OpF 

7 pF f = 1 MHz 



~~~~~~~~~~~~~~~~~~-• l/O·MSM82C84A-2RS/GS • 

AC CHARACTERISTICS 
(Vee= 5V ± 10%, Ta= -40 - 85°C) 

l1J 

Parameter 

EF I "H" Pulse Width 

EFI "L" Pulse Width 

EFI Cycle Time 

Crystal Oscillator Frequency 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Rising Edge (Active) 

Set Up Time of RDY1 or RDY2 to 
CLK Falling Edge (Inactive) 

Hold Time of RDY1 or RDY2 to 
CLK Falling Edge 

Set Up Time of ASYNC to CLK 
Falling Edge 

Hold Time of ASYNC to CLK 
Falling Edge 

Set Up Time of AEN1 (AEN2) to 
RDY1 (RDY2) Rising Edge 

Hold Time of AEN1 (AEN2) to 
CLK Falling Edge 

Set Up Time of CSYNC to EFI 
Rising Edge 

Hold Time of CSYNC to EFI Rising 
Edge 

CSYNC Pulse Width 

Set Up Time of RES to CLK Falling 
Edge 

Hold Time of RES to CLK Falling 
Edge 

Input Rising Edge Time 

Input Falling Edge Time 

Symbol 

tEHEL 

tELEH 

tELEL 

tR1VCL 

tR1VCH 

tR1VCL 

tCLR1X 

tAYVCL 

tcLAYX 

tA1R1V 

tcLA1X 

tvHEH 

tEHYL 

tYHYL 

t11HCL 

tcu1H 

t1L1H 

11HIL 

MIN MAX Unit Conditions 

13 ns 90%-90% 

17 ns 10%-10% 

36 ns 

6 24 MHz 

35 
ASYNC 

ns 
=High 

35 
ASYNC 

ns 
=Low 

35 ns 
Output load 
capacitance 

0 ns 
CLK output 
CL= 100pF 

50 ns 
Others 30pF 

0 ns 

15 ns 

0 ns 

20 ns 

10 ns 

2 x tELEL ns 

65 ns 

20 ns 

15 ns 

15 ns 

Note: Parameters where timing has not been indicated in the above table are measured at VL = 1.5V and VH = 1.5V 
for both inputs and outputs. · 
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AC CHARACTERISTICS 
!Vee= 5V ±10%, Ta= -40 - B5°CI 

(2) 

Parameter 

CLK Cycle Time 

CLK "H" Pulse Width 

CLK "L" Pulse Width 

CLK Rising and Falling Edge 
Times 

PCLK "H" Pulse W.idth, 

PCLK "L" Pulse Width 

Time from READY Falling Edge 
to CLK Falling Edge 

Time from READY Rising Edge 
to CLK Rising Edge 

Delay from CLK Falling Edge 
to RESET Falling Edge 

Delay from CLK Falling Edge 
to PCLK Rising Edge 

Delay from CLK Falling Edge 
to PCLK Falling Edge 

Delay from OSC Falling Edge 
to CLK Rising Edge 

Delay from OSC Falling Edge 
to CLK Falling Edge 

Output Rising Edge Time 
(Except CLK) 

Output Falling Edge Time 
(Except CLKI 

Symbol 

tcLCL 

tcHCL 

tcLCH 

tCH1CH2 

tcL2CL1 

tPHPL 

tPLPH 

tRYLCL 

tRYHCH 

tcuL 

tcLPH 

tcLPL 

toLCH 

toLCL 

to LOH 

toHOL 

MIN MAX Unit Conditions 

125 ns 

1 
3TcLCL +2 ns 

2 . 
3TcLcL-15 ns 

10 ns 1.0V-3.5V 

TcLCL - 20 ns 

TcLCL -20 ns 

-8 ns 
Output load 

2 capacitance 
3TcLCL -15 ns 

CLK output 
CL= 100pF 

40 ns 
Others 30pF 

22 ns 

22 ns 

-5 22 ns 

2 35 ns 

15 ns 0.BV-2.2V 

15 ns 2.2V-O.BV 

Note: Parameters where timing has not been indicated in the above table are measured at VL = 1.5V and VH = 1.5V 
for both inputs and outputs. 
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PIN DESCRIPTION 

Pin symbol Name 
Input/ 

Function 
output 

~ 

CSYNC Clock Input Synchronizing signal for output of in-phase CLK signals when more 

synchronization than one MSM82C84A-2 is used. 
singal The internal counter is reset when this signal is at high level, and a 

high level CLK output is generated. The internal counter i• sub-
seqently activated and a 33% duty CLK output is generated when 
this signal is switched to low level. 
When this signal is used, external synchronization of EFI is necessary. 
When the internal oscillator is used, it is necessary for this pin to be 
kept to be low level. 

PCLK Peripheral clock Output This peripheral circuit clock signal is output in a 50% duty cycle at 
output a frequency half that of the clock signal. 

AEN1 Address enable Input The AEN1 signal enables RDY1, and the AEN2 signal enables RDY2. 

AEN2 
signals The respective RDY inputs are activated when the level applied to 

these pins is low. 
Although two separate inputs are used in multi-master systems, only 
the AEN which enables the RDY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

RDY1 Bus ready signals Input Completion of data bus reading and writing by the device connected 

RDY2 to the system data bus is indicated when one of these signals is 
switched to high level. 
The relevant RDY input is enables only when the corresponding AEN 
is at low level. 

READY Ready output Output This signal is obtained by synchronizing the bus ready signal with 
CLK. 
This signal is output after guaranteeing the hold time for the CPU in 
phase with the R DY input. 

CLK Clock output Output This signal is the clock used by the CPU and peripheral devices con-
nected to the CPU system data bus. The output waveform is gener-
ated in a 33% duty cycle at a frequency 1 /3 the oscillating frequency 
of the crystal oscillator connected to the X 1 and X2 pins, or at a 
frequency 1/3 the EFI input frequency. 

RES Reset in Input This low-level active input is used to generate a CPU reset signal. 

Since a Schmitt trigger is included in the input circuit for this signal, 
"power on resetting" can be achieved by connection of a simple RC 
circuit. 

RESET Reset output Output This signal is obtained by CLK synchronization of the input signal 
applied to RES and is output in opposite phase to the RES input. 
This signal is applied to the CPU as the system reset signal. 

F/C Clock select signal Input This signal selects the fundamental signal for generation of the CLK 
signal. The CLK is generated from the crystal oscillator output when 
this signal is at low level, and from the EFI input signal when at high 
level. 

EFI External clock Input The signal applied to this input pin generates the CLK signal when 
signal F/C is at high level. The frequency of the input signal needs to be 

three times greater than the desired CLK frequency. 

X1, X2 Crystal oscillator Input Crystal oscillator connections. 
connecting pins The crystal oscillator frequency needs to be three times greater than 

the desired CLK frequency. 

osc Crystal resonator Output Crystal oscillator output. This output frequency is the same as the 
output oscillating frequency of the oscillator connected to the X1 and X2 

pins. As long as a Xtal oscillator is connected to the X1 and X2 pins, 
this output signal can be obtained independently even if F/C is set to 
high level to enable the EFI input to be used for CLK generation 
purposes. 
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. Pin symbol Name 
Input/ Function 
output 

ASYNe Ready Input Signal for selection of the synchronization mode of the READY 

synchronization signal generator circuit. When this signal is at low level, the READY 

select signal signal is generated by double synchronization. And When at high 

level, the READY signal is generated by single synchronization. 
This pin is equipped with internal pull-up resister. 

Vee +5V power supply 

GND GND 

TIMING CHART 

CLK • PCLK • OSC waveforms 

EFI 

ose 

eLK 

teLPL 
teL2el1 

teLeH 

tPHPL 

PeLK 

tcLPH 

RESET waveform 

eLK _l\....______./+.___-..J1 li.__ _ __.l 

RES;-----'------+ .. _________ l=_.. teu1H l--tl1HCL 

--=J l-teuL 

RESE>~-------------'r-------------~-.L-/i:~-----
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READY waveform (ASYNC = L) 

CLK 

lR1VCL 

RDY1-2---------'I 

l-tA1R1V 

AEN1-2 ---------.! 
tcLR1X 

tcLA1X 
lAYVCL 

lCLAYX 

READY-------------'! 

lRYHCH lRYLCL 

READY waveform (ASYNC = Hl 

lR1VCL lR1VCL DI 
CLK 

tcLR1X lGLR1X 

RDY1-2 

lA1R1V lCLA1X 
AEN1-2 

lAYVCL lCLAYX 

ASYNC 

lRYHCH 

READV-------------'I 
lRYLCL 
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• 1/0·MSM82C84A-2RS/GS •1--~~~~~~~~~~~~~~~~~-

DESCRIPTION OF OPERATION 

(1) Oscillator Circuit 
The MSM82C84A-2 internal oscillator circuit can 

be driven by connecting a crystal oscillator to the X 1 
and X2 pins. 

The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired CLK 
frequency. 

Since the oscillator circuit output (the same out­
put as for the crystal resonator frequency) appears at 
the OSC pin, independent use of this output is also 
possible. 

Recommended Oscillator Circuit 
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Crystal oscillator 

osc1-----

MSM82C84A-2 

-------<X2 

When input frequency is 6 to 24 MHz. 

C, =C2 =33pF 

""~ 
ROY 1\ 

J 
I 
I 
I 

I 
REAOY • 

(21 Clock Generator Circuit 
This circuit generates two clock outputs-CLK 

obtained by dividing the input external clock or crystal 
oscillator circuit output by three, and PCLK obtained 
by halving CLK. CLK and PCLK are generated from the 
external clock applied to the EFI pin when F/C is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 

(3) Reset Circuit 
Since a Schmitt trigger circuit is used in the RES 

input, the MSM82C84A-2 can be reset by "power on" 
by connection to a simple RC circuit. If the 80C86 or 
80C88 is used as the CPU in this case, it is neces­
sary to keep the RES input at low level for at least 50 
µ,s after V CC reaches the 4. 5V level. 

(41 Ready Circuit 
The READY signal generator circuit can be set to 

synchronization 'mode by ASYNC. 
(i) When ASYNC is at low level 

The ROY input is output as the READY signal by 
double synchronization. 
The high-level ROY input is synchronized once by 
the rising edge of the CLK of the first stage flip· 
flop (F1 in the circuit diagram), and then synchro­
nized again by the falling edge of the CLK of the 
next stage flip-flop (F2 in the circuit diagram), 
resulting in output of a high-level READY output 
signal (see diagram below). 
The low-level ROY input is synchronized directly 
by the falling·edge of the CLK of the next stage 
flip-flop, resulting in output of a low-level READY 
output signal (see diagram below). 

c\ 1\ rt__ 

I 
I I I I I I 

f ( + 



~~~~~~~~~~~~~~~~~~-• 1/0·MSM82C84A-2RS/GS • 

(ii) When ASYNC is at high level 
The ROY input is output as the READY signal by 

single synchronization. 
Both low-level and high-level ROY inputs are 

CCK=J\ ]\ 
ROY \ 

I I 
I I 
I I , I 

READY 
§ ( 

EXAMPLE OF USE (CSYNC) 

The 82C84A-2 1 /3 frequency divider counter is 
unsettled when the power is switched on. Therefore, the 
CSYNC pin has been included to synchronize CLK with 
another signal. When CSYNC is at high level, both CLK 
and PCLK are high-level outputs. If CSYNC is then 

External 
synchronizi D Q D 
signal 
External 

synchronized by the falling edge of the CLK of the 
next stage flip-flop, resulting in output of respec­
tive low-level and high-level READY output signals 
(see diagram below). 

=1\ ]\ 
IL_ 

j 

I 
I 

I 
I 

I I 
J • r f 

switched to low level, CLK is output from the next 
input clock rising edge, and is divided by 3. 

If CSYNC has not been synchronized with the 
input clock, use the following circuit to achieve the 
required synchronization 

MSM82C84A-2 

Q CSYNC 

clock signa CKt CK• 
(EFI) 

When an external clock EFI is used as the clock source 

External 
synchronizin,,,-----~ D 
signal 

CKt 

01-----10 Q 

When the crystal oscillator is used as the clock source 

EFI CL CLK 

MSM82C84A-2 
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OK.I semiconductor 

MSM82C88AS/GS 
BUS CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C88 is a bus controller for the MSM80C86 and the MSM80C88 CPUs. Based on silicon gate 
CMOS technology, a low-power 16-bit microprocessor system can be realized. 

The MSM82C88 generates commands control timing signals on reception of status signals from the CPU. 

FEATURES 

• Silicon gate CMOS technology for low power con­
sumption 

• 3 to 6V wide voltage range and single power supply 
• -40 to 85° C wide guaranteed operating temperature 

range ,. 

CIRCUIT CONFIGURATION 

STATUS 
INPUT 

s. 
s; 
s, 

STATUS 
DECODER 

• Advanced write control output 
• Three-state com(l"land output driver 
• System bus mode & 1/0 bus mode 
• 20-pin DIP (MSM82C88AS) 
• 24-pin flat package (MSM82C88GS) 

MRDC 

MWTC 
COM· 

AMWC MAND 
SIGNAL IORC 

COMMAND 
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CONTROL l 
INPUT 

CLK 
AEN 
CEN 
IDB 

GENER-
ATOR 

1---'-~~~CONTROL 
CONTROL SIGNAL 

LOGIC GENER-
ATOR 

Vcc!+5Vl GND (OV) 

IOWC 

AIOWC 

INTA 

DT/R 
DEN 
MCE/PDEN 

ALE 

OUTPUT 

CONTROL 
OUTPUT 



PIN CONFIGURATION 

MSM82C88AS (top view) 

20-lead DIP IOB Vee 

CLK s, 

s; s, 

DT/R MCE/PDEN 

ALE DEN 

AEN CEN 

MRDC INTA 

AMWC IORC 

MWTC AIOWC 

GND IOWC 

MSM82C88GS (top view) 

24-lead plastic flat package IOB 0 24 Vee 
CLK 2 23 s, 

NC 3 22 NC 

s;- 4 21 s; 
DT/R 5 20 MCE/PDEN 

ALE 6 19 DEN 

AEN 7 18 CEN 

MRDC 8 17 INTA 

AMWC 9 16 IORC 

NC 10 15 NC 

MWTC 11 14 AIOWC 

GND 12 13 IOWC 

Note: NC pin must not be connected. 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions 

MSM82C88AS ] MSM82C88GS 
Unit 

Power Supply Voltage Vee -0.5- +7 v 
Input Voltage V1N 

With respect 
-0.5 - Vee +o.5 v to GND 

Output Voltage VouT -o.5 - Vee +o.5 v 
Storage Temperature Tstg - -55 - 150 oc 
Power Dissipation Po Ta - 25°C 1.1 ] 0.7 w 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Power Supply Voltage Vee 3 -.6 v 
Operating Temperature Top -40- 85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage. V1u -0.3 - +0.8 v 

"H" Input Voltage V1H1 3.0 - Vee +o.3 v 

"L" Input Voltage V1L2 -0.3 - +0.8 v 

"H" Input Voltage V1H2 2.2 - Vee +o.3 v 

Note: V IL1 and V1H1 are input voltages for CLK, 5;, s;, and S,. 
V1L2 and V1H2 are input voltages for AEN, CEN, and 108. 
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DC CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Command output - - 0.45 v 

"L" Output Voltage Vol 
10L = 12inA 

Control output - - 0.45 v 
loL =8mA 

Command output 
3.7 - - v 

IOH = -5mA 
"H" Output Voltage VoH 

Control output 
loH = -1mA 

3.7 - - v 

Input Leak Current lu o~ V1N ~Vee -10 - 10 µA 

Output Leak Current ILO o ~ VouT~ Vee -10 - 10 µA 

Status Input Current ius o~ V1N~ Vee -100 - 10 µA 

Operation Power Supply Current icco 
CL= OpF - - 10 mA 

tCLCL = 200ns 

Standby Power Supply Current Ices Note 3 - - 100 JiA 

Note 1. This input leak current is the leak current on input pins except status inputs (s0 , S., and S,). 
Note 2. The status input leak current is the leak current at the status inputs <So, s;, ands;). 

Remarks 

Note 1 

Note 2 

Note 3. The measuring conditions for the standby power supply current include the S., S, , and S, status inputs being 
at Vee potential, and the other inputs being at Vee or GND. All output pins are left open. 

AC CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 

Timing conditions 

Parameter 

Clock Cycle 

Clock Low Time 

Clock High Time 

Status Active Setup Time 

Status Inactive Hold Time 

Status Inactive Setup Time 

Status Active Hold Time 

Symbol 

tcLCL 

tCLCH 

tCHCL 

tsvcH 

tCHSV 

tSHCL 

tCLSH 

Min. Max. Unit 

200 - nS 

118 - nS 

65 - nS 

35 - nS 

10 - nS 

35 - nS 

10 - nS 
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Timing response 

Parameter Symbol Min. Max. Unit Test Circuit 

Delay from CLK Leading Edge to DEN, 
tcvNv 5 45 nS 4 ii.i5Eiii Active 

Delay from CLK Trailing Edge to DEN, 
tcvNx 5 45 nS 4 

PDEN Inactive 

Delay from CLK Trailing to ALE 
tcLLH - 35 nS 4 

Active 

Delay from CLK Trailin9 Edge to 
tcLMCH - 35 nS 4 

MCE Active 

Delay from Status Input Falling Edge 
35 nS 4 

to ALE Active tsvLH -
Delay from Status Input Falling Edge 

tsvMCH 35 nS 4 
to MCE Active -
Delay from CLK Leading Edge to 

tcHLL 4 35 nS 4 
ALE Inactive 

Delay from CLK Trailing Edge to 
tcLML 5 45 nS 3 

Command Output Active 

Delay from CLK Trailing Edge to 
tcLMH 5 45 nS 3 Command Output I nactiw 

Delay from CLK Leading Edge to 
tcHDTL - 50 nS 4 

DT/R Actiw 

Delay from CLK Leading Edge to 
tcHDTH - 35 nS 4 

DT/R Inactive 

Delay from ~ Leading Edge to 
tAELCH - 45 nS 2 

Command Enable 

Delay from AEN Trailing Edge to 
tAEHCZ - 40 nS 1 

Command Disable 

Delay from AEl'if Leading Edge to 
tAELCV 90 250 nS 3 

Command Output Actiw 

Delay from AEN to DEN tAEVNV - 3!i nS 4 

Delay from CEN to DEN, P15'Elil tcEVNV - 35 nS 4 

Delay from CEN to Command Output tcELRH - tcLML +20 nS 3 

Output Rise Time to LOH - 20 nS 3,4 

Output Fall Time toHOL - 12 nS 3,4 

Note: AC timing measurements are made at 1.5V for both logic "1" and "O". 
Input rise and fall times are 

5 ± 2 nS between O.SV and 2.2V for A'Eiil, CEN and 108. 
8 ± 2 nS between O.SV and 3.0V for So, ii , i2 and CLK.. 

Test Circuit 
v 

R 

Out ---~-------Test Point 
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Test Circuit V(V) 

1 1.5 

2 1.5 

3 2.74 

4 3.34 

Remarks 

From O.SV to 2.2V 

From 2.2v too.av 

R(Sl} C(PFI 

180 50 

300 150 

190 150 

360 80 



~~~~......,.......,..---~~~~~~~~~~~~-• l/O·MSM82C88AS/GS • 

TIME CHARTS 

T T, T T T 
State 

. ' ' ' 
ICLCL ICLCH 

__ J(' "--1" r-- r Lr b:f' fL--
HSV--i _tJ •cHc~ !-I -I t-•svcH :\ 

CLK 

•c 

ADDRESS/DATA 

ALE 

MRDC, IORC, INTA 
AMWC,AIOWC 

l\ 

ICLLH-

IC SH-

1. ~ 
_J 

~ D DA~:!J!uD CD 
J- LL 

~H 
ICLMH--i 

I\. 
'CLML- ~ - J-.tCLML 

"\ 

.J 

-
_l 

j[ 

~ 
I\ 

•cvNv- I-- - ~ICVNX 

I[ 

DEN (WRITE) 
j{ 

f\---_) 

- ~ICVNV •cvNx- ~ 

PDEN (WRITE) 
Ir--

l\ 

DTH- _t 
-j 

---

--1 R ICHDTL ICHDTH--i 

Ii 7@ 
ICLMCH-1E - ~ICVNX 

1-'SVMCH 

MCE 

Note 1. The ADDRESS/DATA bus signal is shown for reference purposes. 

Note 2. The ALE and MCE leading edges are synchronized with the falling edge of CLK or status going active, 
whichever occurs last. 

Note 3. All timing measurements are made at 1.SV unless specified otherwise. 
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DEN, PDEN Timing 

CEN 

DEN 

AEN Timing 

Al I command outputs 
when in system bus 
mode, MRDC, MWTC, 
and AMWC when in 
1/0 bus mode. 

CEN 

""\V 
I\ 

"\I/' 
JI\ 

tAEVNV 

' w· 
tceVNV 

'!/ 
_}I\. 

tAELCV 

1.5V 1.5V 

Note: To control the command ancl control signal outputs, CEN must be switched to low level before T, 
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PIN DESCRIPTION 

Pin Name Input/output Function 

~.s; ·~2 Input These pins are input pins for status signals (s 0 , s 1 , and s2 ), output from 
the CPU (MSMBOC86, 80C88). The MSM82C88 generates commands and 

control signals after decoding these status signals. Since these pins are 
connected to an internal pull-up resistor, they are set to high level when 
the CPU status output is at high impedance. 

CLK Input This pin is the input pin for clock signal output from the clock generator 
(MSM82C84A). The timing of all MSM82C88 output signals is controlled 
by this clock signal. 

ALE Output Strobe signal for latching output address from the CPU to address latch. 
Address latching occurs on the trailing edge of ALE. 

DEN Output Control signal for setting the data bus transceiver to data enable. The local 
bus or system bus transceiver is enabled when thi~ signal is high. 
DEN is switched to low when the CEN input is low. 

DT/R Output Control of the direction of data flow in the data bus transceiver. When the 
CPU is switched to write mode, this signal is high, and when switched to 
read mode, this signal is low. 

--
AEN Input Address enable signal. 

• IDB= L (SYSTEM BUS MODE) 
When the AEN input is switched to high level, all command outputs are 

switched to high impedance status. 
•IDB= H (1/0 BUS MODE) 

When the AEN input is. switched to high level, only the MRDC, MWTC, 
and AMWC command outputs are switched to high impedance status. 

When AEN is switched from high to low level, high impedance command 

outputs are not switched to active status (low level) for at least 90 ·ns, 

irrespective of the IOB input status. 

CEN Input Command enable signal. 
All command outputs, DEN and PDEN outputs are switched to inactive 
status when a low level input is applied to CEN. All command outputs, DEN 

and PDEN outputs are switched to active status when a high level input is 

applied to CEN. 

IOB Input I /O bus mode signal. 
The MSM82C88 is switched to 1/0 bus mode when a high level input is 
applied to IDB, and to system bus mode when a low level input is applied. 

IOWC 3-state This pin is active-low, and three-state output. This signal is for writing data 
output into the 1/0 device. 

AIOWC 3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into 1/0 devices like the 1/0 write command (IOWC), it is 

made active one clock earlier than IOWC. 

IORC 3-state This pin is active-low and three-state output. This signal is for reading data 
output from 1/0 devices. 

MWTC 3-state This pin is active-low and three-state output. This signal is for writing data 
output into memory. 

AMWC 3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into memory like the memory write command (MWTC), 

it is made active one cycle earlier than MWTC. 

MRDC 3-state This pin is active-low and three-state output. This signal is for reading data 
output from memory. 

INTA 3-state This pin is active-low and three-state output. This signal informs the inter-
output rupt controller that the interrupt has been accepted, and then requests 

output of a vector address onto the data bus. 

391 



Pin Name Input/output Function 

MCE/PDEN Output This pin has two functions. 
MCE (IOB = Low) master cascade enable ft1nction. 
This is an active-high signal and is used to enable a slave PIC (priority in-

· terrupt controller) to read the cascade address output on the data bus by 
the master PIC during an interrupt sequence. 

PDEN (IOB =High) peripheral data enable function. 
This is a an active-low signal and is used to enable the data bus transceiver 
on the 1/0 bus. 

FUNCTION 

Command Logic 
The command output is decided by decoding 

status signals !S., S, , &; ) output from the CPU. 
These status signals have the following meanings. 

s; s; s. CPU status Command 
output 

0 0 0 Interrupt acknowledge INTA 

0 0 1 1/0 read IORC 

0 1 0 1/0 write IOWC,AIOWC 

0 1 1 Halt -
1. 0 0 Instruction fetch MRDC 

1 0 1 Memory read MRDC 

1 1 0 Memory write MWTC,AMWC 

1 1 1 Passive -

1/0 Bus Mode (IOB = High) 
When an 1/0 access status signal is received from 

the CPU in 1/0 bus mode, one of the 1/0 commands 
(IORC, IOWC, AIOWC, INTA) corresponding to the 
status signal becomes active irrespective of the AEN 
status. At the same time, the PDEN and DT/R outputs 
which control the data bus transceiver are generated. 

As in system bus mode, the memory commands 
(MRDC, MWTC, and AMWC) are not switched to low 
level for at least 90 ns after AEN is switched to low 
levej. 

System Bus Mode (IOB = Low) 

When the bus is usable, the MSM82C88 is ena­
bled by the AEN signal from the bus arbiter. Conse­
quently, no command output becomes active unless 
the AEiif signal becomes low. Also note that there is 
a delay of at least 90 ns before any command output 
becomes active after the AEN signal is switched to 
low level. 

System bus mode is used when more than one CPU 
is connected to a single bus, and the bus 1/0, memory, 
etc. are used in common. 

Command Outputs 
The advanced write commands (AIOWC and 

AMWCI become active one cycle earlier than normal 
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write commands (IOWC and MWTC). This prevents the 
CPU from being switched to an additional period of 
wait status. 

INTA !interrupt acknowledge) is output during the 
interrupt acknowledge cycle in the same way as 
MRDC in the read cycle. The purpose of this signal is 
to inform the device which has requested the interrupt 
that the interrupt has been accepted, and requests a 
vector address output on the data bus. 
MRDC Memory read command 

Memory write command 
1/0 read command 

IOWC 1/0 write command 
AMWC Advanced memory write command 
ATOWC - Advanced 1/0 write command 

Interrupt acknowledge 

Control Output 
The control output signals are DEN (Data Enable), 

OT/A (Transmit/Receive), and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enable). 

The DEN signal enables the local bus or system 
bus; when it is high. 

The DT/R signal determines the direction of the 
data on the local bus or system bus. 

The function of the MCE/PDEN pin is switched 
according to IOB. The P5Eiii function is selected in 1/0 
bus mode (IOB =high) to provide the 1/0 or peripheral/ 
system bus data enable signal. When the MCE function 
is selected in system bus mode (IOB = low), the MCE 
signal is active (high) level at an interrupt acknowledge 
status. 

The MCE signal is used when a master and slave 
interrupt controller exists In the system. 

ALE (Addrms Latch Enable) 
ALE is generated in each machine cycle to latch 

the current address to the address latch. 

CEN (Command Enable) 
This signal is used to enable command outputs. All 

command outputs become inactiva if a low level input is 
applied to the CEN pin. 



OK.I semiconductor 

MSM82C88-2RS/GS 
BUS CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C88 is a bus controller for the MSM80C86 and the MSM80C88 CPUs. Based on silicon gate 
CMOS technology, a low-power 16-bit microprocessor system can be realized. 

The MSM82C88 generates commands contol timing signals on reception of status signals from the CPU. 

FEATURES 

• Silicon gate CMOS technology for low power con­
sumption 

• 3 to 6V wide voltage range and single power supply 
• -40 to 85° C wide guaranteed operating temperature 

range 

CIRCUIT CONFIGURATION 

s. 
STATUS s; STATUS 

DECODER 
INPUT s, 

• Advanced write control output 
• Three-state command output driver 
• System bus mode & 1/0 bus mode 
• 20-pin DIP (MSM82C88-2RS) 
• 24-pin flat package (MSM82C88-2GS) 

MRDC 

MWTC 
COM-

AMWC MAND COMMAND 
SIGNAL IORC 

CONTROL 
INPUT 

CLK 

AEN 

CEN 

IOB 

GENER-
ATOR 

1----~ CONTROL 
CONTROL SIGNAL 

LOGIC GENER-
ATOR 

Vee (+5Vl GND (OV) 

IOWC 

AIOWC 

INTA 

DT/R 
DEN 

MCE/PDEN 

ALE 

OUTPUT 

CONTROL 
OUTPUT 

393 



• 1/0·MSM82C88-2RS/GS ••~~--~~~~~~~~~~~~~~~~ 

PIN CONFIGURATION 

. MSMB2eBB-2RS (Top View) 

20-lead DIP 108 Vee 

eLK s;;-

s. s, 

DT/R MeE/PDEN 

ALE DEN 

AEN eEN 

MR De INTA 

AMWe IORe 

MW Te AIOWe 

GND IOWC 

MSM82C88-2GS (Top View) 

24-lead plastic flat package 108 10 24 Vee 

CLK 2 23 s;;-
NC 3 22 NC 

s: 4 21 s, 
DT/R 5 20 MCE/PDEN 

ALE 6 19 DEN 

AEN 7 18 CEN 

MRDC 8 17 INTA 

AMWC 9 16 IORC 

NC 10 15 NC 

MWTC 11 14 AIOWC 

GND 12 13 IOWC 

Note: NC pin must not be connected. 
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1/0· MSM82C88-2RS/GS • 

ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions 

MSM82C88-2RS I MSM82C88-2GS 
Unit 

Power Supply Voltage Vee -0.5 - +7 v 
Input Voltage V1N 

With respect 
-o.5 - Vee +o.5 v to GND 

Output Voltage VouT -0.5 - Vee +o.5 v 
Storage Temperature Tstg - -55 - 150 oc 
Power Disfipation Po Ta= 25°C 0.7 T 0.7 w 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Power Supply Voltage Vee 4.5 - 5.5 v 
Operating Temperature Top -40 - 85 oc 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power Supply Voltage Vee 4.5 5 5.5 v 

Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage V1u -0.3 - +0.8 v 
·-

"H" Input Voltage V1H1 3.0 - Vee +o.3 v 

"L" Input Voltage V1L2 -0.3 - +0.8 v 

"H" Input Voltage VJH2 2.2 - Vee +o.3 v 

Note: V1u and V1H1 are input voltages for CLK, S., 5;", and S,. 
V1L2 and V1H2 are input voltages for AEN, CEN, and 108. 
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DC CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Command output - - 0.5 v 

"L" Output Voltage Vol 
toL = 20mA 

Control output - - 0.45 v 
toL = B.mA 

Command output 
3.7 - - v 

"H" Output Voltage VoH 
toH =-BmA 

Control output 
3.7 - - v 

toH = -4mA 

Input Leak Current tu O'.S_VtNSVcc -10 - 10 µA 

Output Leak Current ILO O'.S_VouTSVcc -10 - 10 µA 

Status Input Current 'us 0'.S_VtNSVcc -100 - 10 µA 

Operation Power Supply Current 'cco 
CL= OpF 

- - 10 mA 
tcLCL = 200ns 

Standby Power Supply Current tees Note 3 - - 100 µA 

Note 1. This input leak current is the teak current on input pins except status inputs (s0 , s;, and S, ). 
Note 2. The status input leak current is the leak current at the status inputs (S.,, s;, and S,). 

Remarks 

Note 1 

Note 2 

Note 3. The measuring conditions for the standby power supply current include the 5;,, 5;, and 5; status inputs being 

at Vee potential, and the other inputs being ~t Vee or GND. All output pins are left open. 

AC ·CHARACTERISTICS 
(Vee= 4.5V to 5.5V, Ta= -40°C to +85°C) 

Timing· conditions 

Parameter 

Clock Cycle 

Clock Low Time 

Clock High Time 

Status Active Setup Time 

Status Inactive Hold Time 

Status Inactive Setup Time 

Status Active Hold Time 

396 

Symbol 

tcLCL 

tCLCH 

tCHCL 

tsvcH 

tCHSV 

tsHCL 

tcLSH 

Min. Max. Unit 

125 - nS 

66 - nS 

40 - nS 

35 - nS 

10 - nS 

35 - nS 

10 - nS 



Timing response 

Parameter Symbol Min. Max. Unit Test Circuit 

Delay from CLK Leading Edge to DEN, 
tcvNv 5 45 nS 4 

PDEN Active 

Delay from CLK Trailing Edge to DEN, 
tcvNx 5 45 nS 4 

PDEN Inactive 

Delay from CLK Trailing to ALE 
tcLLH - 25 nS 4 

Active 

Delay from CLK Trailin9 Edge to 
tcLMCH - 25 nS 4 

MCE Activ~ 

Delay from Status Input F~lling Edge 
nS 4 

to ALE Active tsvLH - 25 

Delay from Status Input Falling Edge 
30 nS 4 

to MCE Active tsvMCH -

Delay from CLK Leading Edge to 
tcHLL 4 25 nS 4 

ALE Inactive 

Delay from CLK Trailing Edge to 
5 35 nS 3 

Command Output Active tcLML 

Delay from CLK Trailing Edge to 
Command Output Inactive tcLMH 5 45 nS 3 

Delay from CLK Leading Edge to 
tcHDTL 50 nS 4 

DT/R Active -

Delay from CLK Leading Edge to 
DT/R Inactive tcHDTH - 30 nS 4 

Delay from AEN Leading Edge to 
--;'" 

Command Enable tAELCH - 40 nS 2 

Delay from AEN Trailing Edge to 
40 nS 1 

Command Disable tAEHCZ -

Delay from Aflil Leading Edge to 
Command Output Active tAELCV 100 250 nS 3 

Delay from AEN to DEN tAEVNV - 35 nS 4 

Delay from CEN to DEN, PDEN tcEVNV - 35 nS 4 

Delay from CEN to Command Output tcELRH - tcLML +10 nS 3 

Output Rise Time tQLOH - 15 nS 3,4 

Output Fall Time tQHOL - 15 nS 3,4 

Note: AC timing measurements are made at 1.5V for both logic "1" and "O". 
Input rise and fall times are 

5 ± 2 nS between 0.8V .and 2.2V for AEN, CEN and IDB. 
8 ± 2 nS between 0.8V and 3.0V for SQ, si, $z and CL!<.. 

Test Circuit 
v 

R 

Out ----------Test Point 

Test Circuit V(V) 

1 1.5 

2 1.5 

3 2.29 

4 2.13 

Remarks 

From 0.8V to 2.2V 

From 2.2V to0.8V 

R(U) C(pF) 

187 50 

187 150 

91 150 

220 80 
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TIME CHARTS 

398 

T, T, T, 
State 

ICLCL ICLCH 

'.;;;oDR 
ADDRESS/DATA VALID 

ICLLH- 1- r'CHLL 

-----l-----f.'~...+'~L.,H~1f------f----+-------------+r-----;-------------ALE 

ICLMH- -

- !--'CLML 

j ~ '---+------------

- 1-'CVNX 

J '---------------t-

DEN (WRITE) ____________ ,_./- \..___ __ 
- J--'CVNV •cvNx-

PDEN (WR IT El 

'CHDTH- _t I . 
I\ _J 

DT/R )~NET~) ===~ \ -1 ~l'-1~1-C_H_D_T_L ____________ t_C_H_D_T_H __ --1-t-' 

MCE l.! ./@ 
•cLMCH- I- -1 PcvNx 

I- f-1SVMCH 

Note 1. The ADDRESS/DATA bus signal is shown for reference purposes. 

Note 2. The ALE and MCE 1eading edges.are synchronized with the falling edge of CLK or status going active, 
whichever occurs last. 

Note 3. All timing measurements are made at l .5V unless specified otherwise. 



DEN, PDEN Timing 

CEN 

DEN 

AEN Timing 

' All command outputs 
when in system bus 
mode, MRDC, MWTC, 
and AMWC when in 
1/0 bus mode. 

CEN 

"\V 
I\ 

"\I/ 
I\ 

tAEVNV 

tAELCV 

1.5V 

1/0· MSM82C88-2RS/GS • 

'\ w 
tcEVNV 

I 

1.5V 

tcELRH 

I 

Note: To control the command anc:t control signal outputs, CEN must be switched to low level before T, 
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PIN DESCRIPTION 

Pin Name Input/output Function 

$0 , S 1 , s2 Input These pins are input pins for status signals (s 0 , s,, and s2 ), output from 
the CPU (MSM80C86, 80C88). The MSM82C88 generates commands and 

control signals after decoding these status signals. Since these pins are 
connected to an internal pull-up resistor, they are set to high level when 
the CPU status output is at high impedance. 

CLK Input This pin is the input pin for clock signal output from the clock generator 
(MSM82C84A). The timing of all MSM82C88 output signals is controlled 
by this clock signal. 

ALE Output Strobe signal for latching output address from the CPU to address latch. 
Address latching occurs on the trailing edge of ALE. 

DEN Output Control signal for setting the data bus transceiver to data enable. The local 
bus or system bus transceiver is enabled when this signal is high. 
DEN is switched to low when the CEN input is low. 

DT/R Output Control of the direction of data flow in the data bus transceiver. When the 
CPU is switched to write mode, this signal is high, and when switched to 
read mode, this signal is low. 

AEN Input Address enable signal. 
• IOB ~ L (SYSTEM BUS MODE) 

When the AEN input is switched to high level, all command outputs are 

switched to high impedance status. 
• IOB ~ H (1/0 BUS MODE) 

When the AEN input is switched to high level, only the MRDC, MWTC, 
and AMWC command outputs are switched to high impedance status. 

When AEN is switched from high to low level, high impedance command 

outputs are not switched to active status (low level) for at least 90 ·ns, 

irrespective of the 108 input status. 

GEN Input Command enable signal. 
All command outputs, DEN and PDEN outputs are switched to inactive 
status when a low level input is applied to CEN. All command outputs, DEN 
and PDEN outputs are switched to active status when a high level input is 
applied to CEN. 

IOB Input 1/0 bus mode signal. 
The MSM82C88 is switched to 1/0 bus mode when a high level input is 
applied to IOB, and to system bus mode when a low level input is applied. 

IOWC 3-state This pin is active-low, and three-state output. This signal is for writing data 
output into the 1/0 device. 

AIOWC 3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into 1/0 devices like the 1/0 write command (IOWC), it is 

made active one clock earlier than IOWC. 

IORC 3-state This pin is active-low and three-state output. This signal is for reading data 
output from 1/0 devices. 

MWTC 3-state This pin is active-low and three-state output. This signal is for writing data 
output into memory. 

AMWC 3-state This pin is active-low and thiee-state output. Although this signal is also 
output used for writing into memory like the memory write command (MWTC), 

it is made active one cycle earlier than MWTC. 

MRDC 3-state This pin is active-low and three-state output. This signal i.s for reading data 
output from memory. 

INTA 3-state This pin is active-low and three-state output. This signal informs the inter-
output rupt controller that the interrupt has been accepted, and then requests 

output of a vector address onto the data bus. 
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Pin Name Input/output Function 

MCE/PDEN Output This pin has two functions. 
MCE ( 108 = Low) master cascade enable function. 

This is an active-high signal and is used to enable a slave PIC (priority in-
terrupt controller) to read the cascade address output on the data bus by 
the master PIC during an interrupt sequence. 
PDEN (108 = High) peripheral data enable function. 
This is an active-low signal and is used to enable the data bus transceiver 
on the 1/0 bus. 

FUNCTION 

Command Logic 
The command output is decided by decoding 

status signals (5,,, s1 , S,) output from the CPU. 

These status signals have the following meanings. 

- - s. CPU status Command 
s, S1 output 

0 0 0 Interrupt acknowledge INTA 

0 0 1 1/0 read IORC 

0 1 0 1/0 write IOWC,AIOWC 

0 1 1 Halt -
1 0 0 Instruction fetch MRDC 

1 0 1 Memory read MRDC 

1 1 0 Memory write MWTC,AMWC 

1 1 1 Passive -

1/0 Bus Mode (IOB = High) 
When an 1/0 access status signal i's received from 

the CPU in 1/0 bus mode, one of the 1/0 commands 
(IORC, IOWC, AIOWC, INTA) corresponding to the 
status signal becomes active irrespective of the AEN 
status. At the same .time, the PDEN and DT/R outputs 
which control the data bus transceiver are generated. 

As in system bus mode, the memory commands 
(MRDC, MWTC, and AMWC) are not switched to low 
level for at least 90 ns after AEN is switched to low 
leveJ. 

System Bus Mode (108 =Low) 

When the bus is usable, the MSM82C88 is ena­
bled by the AEN signal from the bus arbiter. Conseuq­
netly, no command output becomes active unless the 
AEN signal becomes low. Also note that there is a de­
lay of at least 90 ns before any command output be­
comes active after the AEN signal is switched to low 
level. 

System bus mode is used when more than one CPU 
is connected to a single bus, and the bus 1/0, memory, 
etc. are used in common. 

Command Outputs 
The advanced write commands (AIOWC and 

AMWC) become active one cycle earlier than normal 

write commands ( IOWC and MWTC). This prevents the 
CPU from being switched to an additional period of 
wait status. 

INTA (interrupt acknowledge) is output during the 
interrupt acknowledge cycle in the same way as 
MRDC in the read cycle. The purpose of this signal is 
to inform the device which has requested the interrupt 

that the interrupt has been accepted, and requests a 
vector address output on the data bus. 

MRDC Memory read command 
Memory write command 
1/0 read command 
1/0 write command 

AMWC Advanced memory write command 
AIOWC - Advanced 1/0 write command 

Interrupt acknowledge 

Conttol Output 
The control output signals are DEN (Data Enable), 

DT/R (Transmit/Receive), and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enable). 

The DEN signal enables the local bus or system 
bus, when it is high. 

The DT/R signal determines the direction of the 
data on the local bus or system bus. 

The function of the MCE/PDEN pin is switched 
according to 108. The PDEN function is selected in 1/0 
bus mode (108 =high) to provide the 1/0 or peripheral/ 
system bus data enable signal. When the MCE function 
is selected in system bus mode (108 = low), the MCE 
signal is active (high) level at an interrupt acknowledge 
status. 

The MCE signal is used when a master and slave 
interrupt controller exists in the system. 

ALE (Address Latch Enable) 
ALE is generated in each machine cycle to latch 

the current address to the address latch. 

CEN (Command Enable) 
This signal is used to enable command outputs. All 

command outputs become inactive if a low level input is 
applied to the CEN pin. 
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OKI semiconductor 

MSM83C55-XXRS/GS~S 
2048 x 8 BIT MASK ROM WITH 1/0 PORTS 

GENERAL DESCRIPTION 

The MSM83C55 is a combination of MROM and 1/0 devices used in a microcomputer system. Owing to the adop­
tion of the CMOS silicon gate technology, it operates on a power supply as small as 100 µ.A (max.) standby cur­
rent in the chip non-select status. Since the ROM is composed of 2048 words x 8 bits and its access time (max.) 
is 400 ns, it can be applied without using the wait state in the 80C85A system, too. The 1/0 circuit is composed 
of 2 universal 1/0 ports. Each of these 1/0 ports has 8 port lines and each of these port lines can be programmed 
as input or output line independently. 

FEATURES 

• High speed and low power consumption owing to 
adoption of silicon gate CMOS 

• Composed of 2048 words x 8 bits 
• 3 - 6 V single power supply 
• Address latch circuit incorporated 
•Provided with 2 universal 8-bit 1/0 ports 
•TTL Compatible 

Cl.RCUIT CONFIGURATION 

CLK 

READY 

ADo-1 

As-10 

CE2 

10/iiii 

ALE 

FfD 

row 
RESET 

IOR 

CE1 

402 

2K x 8 

ROM 

• lndivisual 1/0 port line programmable as input or 
output 

• Time division address/data bus 
• 40-pin DIP (MSM83C55-xxRS) 
• 44-pin flat package (MSM83C55-xxGS) 
• 44-pin PLCC Package (MSM83C55-xxJS) 
•Direct interface with MSMBOC85A (3MHz) 

D 
PORTA 

PAo-1 

D PBo-7 

Vee 
GND 
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PIN CONFIGURATION 

N.C 

P84 

PBs 

PB6 

P87 

Vee 
ce; 
CE2 

CLK 

RESET 
READY 

MSM83C66-xxRS ITop Vi-I 
40 Lead Pl•tic DIP 

CE; 

CE2 

CLK 

RESET 

N.C 

READY 

10/M 

TI5R 
Ro 

IOW 

ALE PA6 

PAs 

PA4 

PA3 

PA2 

PA1 

PAo 

AD6 A10 

AO., A9 

GND _ ,.__ _____ ..,- As 

PA1 
N.C 

PAo 

Aio 

A9 

As 

GND 

AD7 

AD• 
ADs 

N.C 

MSM83C55-xxGS ITop View) 
44 Lead Plastic Flat Package 

MSM83C55-XXJS (Top View) 
44-pin Plastic Leaded Chip Carrier 

READY 

10/!if 

RD 
IOW 

ALE 

ADO 

AD1 

AD2 

ADJ 

AD4 

t;:; 
u> >< N ~W w -' w 
a:"" 

PB3 

38 PB2 

37 PB1 

36 PBO 

35 PA7 

34 PA6 

33 PA5 

32 PA4 

31 PA3 

30 PA2 

29 PA1 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 
Limits 

Unit 
MSM83C55RS I MSM83C55GS I MSM83C55JS 

Sµpply Voltage Vee -0.5to +7 v 

Input Voltage V1N 
With respect to 

-0.5 to V_cc_ + 0.5 v 
GND 

Output Voltage VouT -0.5 to V...ci:.. + 0.5 v 

Storage Temperature Tstg -55 to + 150 
oc 

Power Dissipation Po Ta = 25°C 1.0 l 0.7 l 1.0 w 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Supply Voltage Vee 3 to 6 v 

Operating Temperature Top -40 to +85 oc 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage Vee 4.5 5 5.5 v 
Operating Temperature Top -40 +25 +85 oc 

"L" Input Voltage V1L -0.3 +o.8 v 

"H" Input Voltage V1H 2.2 vcc +o.3 v 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" Output Voltage Vol loL=2mA 0.45 v 

loH=-400µA 2.4 v 
"H" Output Voltage VoH 

loH=-40µA 4.2 v 

Input Leak Current I LI 0.$ VtN .$Vee Vcc=4.5V to 5.5V -10 10 µA 

Output Leak Current ILO o 5 VouT 5 Vee Ta=-40°C to +85°C -10 10 µA 

Supply Current 
CE1 ~ Vcc-0.2V 

Ices CE2~0.2V 0.1 100 µA 
(standby) 

V1H 6: Vcc-0.2V 

V1L ~0.2V 

10 write 
Average Supply 

Ice cycle time: 5 mA 
Current (active) 

1 µs 
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AC CHARACTERISTICS 
(V cc=4.5V to 5.5V. Ta=-40° c to +85° Cl 

Parameter Symbol 

Clock Cycle Time tcyc 

Clock Pulse Width T1 

Clock Pulse Width T2 

Clock Rise and Fall Time tf, tr 

Address to Latch Setup Ti me tAL 

Address Hold Time after Latch tLA 

Latch to READ/WRITE Control tLC 

Valid Data Out Delay from READ.Control tRD 

Address Stable to Data Out Valid tAD 

Latch Enable Width tLL 

Data Sus Float after READ tRDF 

READ/WRITE Control to Latch Enable tCL 

READ/WRITE Control Width tee 

Data In to WRITE Setup Time tow 

Data In Hold Time after WRITE two 

WRITE to Port Output twp 

Port Input Setup Time tpR 

Port Input Hold Time tRP 

READY Hold Time tPYH 

Address to READY tARY 

Recovery Time between Controls tRV 

Data Out Delay from READ Control tRDE 

ALE to Data Out Valid tLD 

Note: Timing is measured at VL = 0.8 V and VH = 2.2 V for both input and output 
Load condition: CL= 150 pF 

T2 

tf 

Fig. 1 Clock Signal for MSM83C55 

Min. Max. Unit 

320 ns 

80 ns 

120 ns 

30 ns 

50 ns 

30 ns 

100 ns 

170 ns 

400 .ns 

100 ns 

0 100 ns 

20 ns 

250 ns 

150 ns 

10 ns 

400 ns 

50 ns 

50 ns 

0 160 ns 

160 ns 

300 ns 

10 ns 

350 ns 
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IOR RD 

IOW 

Fig. 2 Timing for ROM Reading and for 1/0 Raading and Writing 

A. Input mode 

RDOR IOR 

Port input 

*Data bus --------v: _______ .../\ ________ _ 
B. Output mode 

Port output 

*Data bus ======-x ______ X._ __ _ 
*See Figure 2 for the timing of data bus. 

Fig. 3 1/0 Port Timing 

Fig. 4 Wait S- Timing (READY • 01 
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PIN DESCRIPTION 

Pin symbol Function 

RESET When this signal becomes high level, ports A and B become the input mode. 

ALE This pin is used to fetch the AD 0-7, A 8-10, 10/M, eE1, and eE2 signals to their 
respective latch circuits at the fall of the ALE (Address Latch Enable) signal. 

eE1, eE2 When CT1 fetched to the latch circuit is high level or CE2 is low level, no read or' 
write operation is performed. The AD 0-7 and READY output signals are made into 
the floating status. 

·-~·--1 

AD0-7 Three-stake bidirectional address/data bus. This bus fetches 8-bit address informa· 
tion to the latch circuit upon the fall of the ALE signal. When CE 1 in holding is low 
level and CE2 is high level, data is output from chip to but if RD or IOR is low level 
and it is fetched from bus to chip if IOW is low level. 

AS-10 These are high order bits of ROM address and have no relation to 1/0 operation. 

10/M When RD is low level, this pin selects the 1/0 port if the 10/M in hold is high level 
or ROM if it is low level. 

RD If RD is low level, the memory data is output to AD 0- 7 when the ROM cycle is 
selected, but the selected port data is output to the same port when the 1/0 cycle 
is selected. 

IOR The port data selected at low level is output to AD 0-7. When turned to the low level, 
the IOR becomes the same function as that when 10/M is turned to the high level and 
RD to the low level. When both RD and TOR become high level, the output of AD0-7 
is made into the floating state. 

IOW At the· low level, the AD 0-7 data is written to the selected port. 

eLK This signal is used to generate the READY signal for the generation of 1 wait cycle 
built into the 83C55. 

READY This signal becomes low level when the ALE is high level and the eE1 and eE2 are active. 
It becomes high level at the rise of eLK after the fall of the ALE. 

PA0-7 These are universal 1/0 pins and the input/output is determined by the content of the data 
direction register .. When writing data to port A, make the chip enable active and turn the 
IOW to low level after selecting AD 0, 1 to 0, 0. When reading it, turn the IOR to low 
level instead of IOW and 10/M to high level. 

PB0-7 Same as the operation of PA0-7, excepting that ADO is selected to 1 and AD1 to 0. 

Vee +5 V power supply 

GND ov 
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OPERATIONAL DESCRIPTION 

ROM Block 
The ROM block in the chip is specified in address 

by the chip enable and 11-bit address. Upon the fall of 
the ALE signal, the address and chip enable are fetched 
in ttie address latch circuit. When the chip enable is 
active and 10/M is low level, 8-bit content of ROM at 
the address held in the address latch circuit is transmitt­
ed to the bus through the output buffer of AD 0-7 upon 
the fall of the RD. 

1/0 Block 
The 1/0 block in the chip is specified in the ad­

dress by the value of 2 bits of AD 0- 1 and chip 
enable. Two 8-bit data direction registers (DOR) 
built in the MSM83C55 are used to turn cor­
responding individual port pins to the input mode or 
output mode. It becomes the input mode when set 
to 0 and the output mode when set to 1 . It is im­
possible to read the DOR from outside, however. 

Writing "O" to the DDR is equivalent to the 
RESET operation when the port output is put into 
High impedance status and the input mode is speci­
fied. Note that the data can be written to the ports 

408 

AD1 A Do Selection 

0 0 Port A 

0 1 Port B 

1 0 Port A data direction register (DORA) 

1 1 Port B data direction register (DDRB) 

Upon the fall of IOW when the chip enable is 
active, the AD 0-7 data is written to the 1/0 port to be 
determined by the value of AD 0-1 in hold. During 
this operation, the selected side 1/0 bits are all sub­
ject to its influence irrespective of the 1/0 status 
and 10/M status. The output level remains un­
changed until the IOW returns to high level. The 
data can be read from the ports when the chip ena­
ble in holding is active and 10/M is high level and 
yet the RD or IOR signal falls. In both input and out­
put, the data on the selected side exists on the line 
of AD 0- 7. The function of 1/0 ports and DOR 
(data direction register) is shown in the block dia­
gram below: 

even if the output pin was already in the high im­
pedance status (input mode) by the DOR. Likewise, 
it is also possible to read the data once set to those 
ports. 
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OK.I semiconductor 

MSM5832RS 
REAL TIME CLOCK/CALENDAR 

GENERAL DESCRIPTION 

The MSM5832RS is a metal-gate CMOS Real Time Clock/Calendar for use in bus-oriented microprocessor 
applicatlons. The on-chip 32.768Hz crystal controlled oscillator time base is divided to provide addressable 4-bit 
1/0 data of SECONDS, MINUTES, HOURS, DAY-OF-WEEK, DATE, MONTH, and YEAR. Data access is 
controlled by 4-bit address, chip select, read, w.rite and hold inputs. Other functions include 12H/24H format 
selection, leap year identification and manual ±30 second correction. 

The MSM5832RS normally operates from a 5V ±5% supply. Battery backup operation down to 2.2V allows 
continuation of time keeping when main p~wer is off. The MSM5832RS is offered in an 1!!-lead dual-in-line plastic 
(RS suffix) package. 

FEATURES 

• 7 Function - SECOND, MINUTE, HOUR, DAY, 
DAY-OF-WEEK, MONTH, YEAR 

• Automqtic leap year calendar 
• 12 or 24 hour format 
• ±30 second error correction 
• 4-BIT DATA BUS 
• 4-BIT ADDRESS 
• READ, WRITE, HOLD, and CHIP SELECT inputs 

FUNCTIONAL BLOCK DIAGRAM 

• Reference signal outputs - 1024, 1, 1/60, 1/3600Hz 
• 32.768kHz crystal controlled operation 
• Single 5V power supply 
• Back-up battery operation to VDD = 2.2V 
• Low power dissipation 

90 JDI Max. at VDD = 3V 
2.5 mW Max. at VDD = 5V 

• 18 pin plastic DIP package 
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PIN CONFIGURATION 

AO to A3 Address Inputs VDD HOLD 

WRITE Write Enable WRITE x;-
READ Read Enable 

XT 
HOLD Count Hold 

READ 

cs Chip Select Ao ±30ADJ 
DO to D3 Data Input Output A, TEST 
TEST Test Input 
±30ADJ ±30 Second Correction Input 

A, GND 

XT& XT xtal oscillator connections A, D, 
VDD +5V Supply cs D, 
GND Ground 

Do D, 

REGISTER TABLE 

Address Data Input/Output 
Input Register Data Remarks Name Limit 

Ao A, A,_ A, Do D, D, D, 

0 0 0 0 S1 . . . " o-9 S1 or S10 are reset to zero irrespective 
of input data DO-D3 when write 
instruction is executed with address 

1 0 0 0 S10 . . . o-5 selection. 

0 1 0 0 M11 . . . . 0-9 

1 1 0 0 Ml10 . . . o-5 

0 0 1 0 H1 . . . . 0-9 

tz D2 = "1" for PM D3 = "1" for 
24 hour format 

1 0 1 0 H10 . . t t D2 = "O" for AM D3 = "O" for 
2 12 hour format 

0 1 1 0 w . . . 0-6 

1 1 1 0 D1 . . . . 0-9 

0 0 0 1 D10 . * t 0-3 
D2 = "1" for 29 days in month 2 (2) 
D2 = "O" for 28 days in month 2 

1 0 0 1 M01 . . . . 0-9 

0 1 0 1 M010 . 0-1 

1 ·1 0 1 Y1 . . . . o-9 

0 0 1 1 Y10 . . . . 0-9 

(1) *data valid as "O" or "1 ". 
Blank does not exist (unrecognized during a write and held at "O" during a read) 
tdata bits used for AM/PM, 12/24 HOUR and leap year. 

(2) If D2 previously set to "1 ",upon completion of month 2 day 29, D2 will be internally reset to "O". 

Table 1 
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OSCILLATOR FREQUENCY DEVIATIONS 

Frequency Deviation vs Temperature 

Ta = 25°e 
Vee= 3V:T = 1000000.oµs 

Vee= 5V:T 

(Oppml 

= 999999. 7 µs 

(Oppm) 

(ppm) 

+6.0 1----+--+--+--,,,..-+~---..J.~--1 

....!l-7 +4.0 1----+--~t-::"'9lr--+--+-----! 

k?" +2 .0 r--~-~~,,C.--t--+--+----1-----i 

-20 7 o $.1-+_2_5_+_40 ___ +_6o ___ +_so __ --1 

_,,....,. I Ta(0 el 

V = 3V V _)7/ -4.0 1-----1--~-~-----+-----1 

V = 5V .v'---+----11------< -6.0 l---+--+--+---1---l---~ 

Figure 1 

Frequency Deviation vs Supply Voltage 

(ppm) 

+3.0 1--- Sample #1 : T = 1000000.8 µs 
(Oppm) 

~ Sample #2 : T = 1000000.2 µs 
(Oppm) -s: +2.0 

_t,. 

::s ~ ~ +1.0 
~ 
~~ 

~ ~ 
~ 

2.0 2.5 3.0 3.5 4.0 4.5 5.0' 5.5 6.0 6.5 7.0 

" 
Vee!vl 

'i~ 

-1.0 '\:" 
1 :s: 

'-..; r-. 
~---...... Sample #1 
~ -2.0 Sample #2 

Figure 2 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit 

Supply voltage Voo -0.3 - 7.0 v 

Input voltage v, -0.3 - v 00 + 0.3 v 

Data 1/0 voltage vo -0.3 - Voo + 0.3 v 

Storage Temperature Tstg -55 -150 oc 

OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit Conditions 

Supply Voltage Voo 4.5 5 7 v 

Standby Supply Voltage VoH 2.2 - 7 v 

V1H 3.6 - Voo v voo = 5V ± 5% 
Input Signal Level 

V1L -0.3 - 0.8 v Respect to GND 

Crystal Oscillator Freq. f(XT) - 32.768 - kHz 

Operating Temperature Top -30 - +85 oc 

DC CHARACTERISTICS 
(V CC = 5V ±5%; TA= -30 to +85° Cl 

Parameter Symbol Min. Typ. Max. Unit Conditions 

l1H 10 25 50 --;- µA V1N=5V, Voo=5V 
Input Current (,) 

l1L - - -1 µA V1N =OV 

Data 1/0 Leakage 
ILD -10 - 10 µA 

V110 = o to Voo 
Current CS= "O" 

Output Low Voltage VOL - - 0.4 v 
IO = 1 .6 mA, CS = "1 ", 
READ= "1" 

Output Low Current IOL 1.6 - - mA 
Vo"' 0.4V, CS= "1", 
READ= "1" 

loos - 15 30 µA Vee= 3V, Ta= 25°C. 
Operating Supply Current 

loo - 100 500 µA Vee= 5V, Ta= 25°C 

(1) XT, XT and 0 0 - 0 3 excluded. 
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SWITCHING CHARACTERISTICS 

(1) READ mode 

Parameter 

HOLD Set-up Time 

HOLD Hold Time 

HOLD Pulse Width 

HOLD "L" Hold Time 

READ Hold Time 

READ Set-up Time 

fl EAD Access Time 

ADDRESS Set-up Time 

ADDRESS Hold Time 

READ Pulse Width 

DARA Access Time 

OUTPUT Disable Time 

CS Enable Delay Time 

CS Disable Delay Time 

HOLD 50% 

'HS 

READ 

Do-03 

IDATA 0-'"U"'-T'-I ---+---4-1<-1 

Symbol Condition 

tHS --

tHH --
lHW --

tHL --

lRH --
tRS --

IRA RPULL-UP = 5K!1 
CL= 15pF 

lAS --
lAH --

tRW RPULL-UP = 5K!1 
CL= 15pF 

tAC RPULL-UP = 5K!1 
CL= 15pF 

to FF Rpu LL-UP = 5K!1 
CL= 15 pF 

tcs1 --

tcs2 --

READ CYCLE 

'HW 

DATA INVALID 
DATA VALID 

Figure 3 Read Cycle 

Notes: 1. A Read occurs during the overlap of a high CS and a high READ. 

MIN 

150 

0 

-
130 

0 

0 

-

3 

0.2 

2 

-

-

-
-

2. CS may be a permanent "1 ", or may be coincident with HOLD pulse. 

(Voo = 5V ±5%, Ta= 25°C) 

TYP MAX Unit 

- - µs 

- - µs . 
- 990 ms 

- - µs 

- - µs 

- - µs 

- 6 µs 

- - µs 

- - µs 

- - µ~ 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

- 0.6 µs 

50% 

'HH 

HIGH IMPEDANCE 
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SWITCHING CHARACTERISTICS 

(2) WRITE mode 
(Voo; 5V ±5%, Ta; 25°C) 

Parameter Symbol Condition MIN TYP 

1-IOLD Set-up Time tHS -- 150 -
HOLD Bold Time tHH -- 0 -
HOLD Pulse Width tHW -- - -

HOLD "L" Hold Time tHL -- 130 -
ADDRESS Pulse Width tAW -- 1.7 -

Data Pulse Width tow -- 1.7 -

DATA Set-up Time tos -- 0.5 -
DATA Hold Time toH -- 0.2 -

WRITE Pulse Width tww. -- 1.0 -

CS Enable Delay Time tcs1 -- - -
CS Disable Delay Time tcs2 -- - -

'HW 

HOLD 50% 

, tHS 'AW 

Ao-Ai 50% 50% 

<ow 

Po;.Pt. 1N1 
50% 50% 

1DS 

WRITE 50% J-
tww 

Figure 4 Write Cycle 

Notes:1. A WRITE occurs during the overlap of a high CS, a high HOLD and a high WRITE. 
2. CS may be permanent "1 ",or may be coincident with HOL& pulse. 
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'HH 

\ 

MAX Unit 

- µs 

- µs 

990 ms 

- µs 

- µs 

- µs 

- µs 

- µs 

- µs 

0.6 µs 

0.6 µs 

50% 

50% 

50% 
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PIN DESCRIPTION 

Name Pin No. 

VDD 

WRITE 2 

READ 3 

Ao -A, 4-7 

cs 8 

Do- D, 9-12 

Description 

Power supply pin. Application circuits for power supply ·are described in 
Figure 9. 

Data write pin. Data write cycle is described in Figure 4. 

Data read pin. Data read cycle is described in Figure 3. 

Address input pins used to select internal counters for read/write operations. 
The address is specified by 4-bit binary code as shown in Table 1. 

Chip sleet pin which is required to interface with the external circuit. HOLD, 
WRITE, READ, ~30ADJ, TEST, Do - D3 and A0 - A3 pins are activated if 
CS is set at H level, while all t>f these pins are disabled if CS is set at L level. 

Data input/output pins (bidirectional bus}. 
As shown in Figure 5, external pull-up registers of 4. 7 k!l - 10 k!l are 
required by the open-drain NMOS output. D3 is the MSB, while Do is the LSB 

+5V 

R 
~o, 

I 

R I 
o, I 

Oi0 I 
I 
I 
I 

+5V I 
I 
oo~ 

R 

o, 
Oi.l 

c.s. REA5 

MSM5832RS 

Figure 5 
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Name Pin No. 

GND 13 

TEST 14 

±30ADJ 15 

XT 16 

17 

HOLD 18 

418 

Description 

Ground pin. 

Test pin. Normally this pin should be left open or should be set at ground level. 
With CS at V DD• pulses to V DD on the TEST input will directly clock the S1 , 

Ml, o, W, D1 and Y 1 counters, depending on which counter is addressed (Wand 
D1 are selected by D1 address in .this mode only). Roll-over to next counter is 
enabled in this mode. 

This pin is used to adjust the time within the extent of ± 30 seconds. If 
this pin is set at H level when the seconds digits are 0 - 29, the seconds 
digits are cleared to 0. If this pin is set at H level when the seconds digits 
are 30 - 59, the second digits will be cleared to 0 and the minutes digits 
will be increased by + 1. To enable this function, 31.25 ms or more width's 
pulse should be input to this pin. 

Oscillator pin. 32. 768 kHz crystal, capacitor and trimmer condensor for fre­
quency adjustment connected to these pins. See Figure 6. As for oscillator 
frequency deviation, refer to Figure 1 and Figure 2. 
If an external clock is to be used for the MSM5832RS's oscillation source, 
the external clock is to be input to XT, and XT should be left open. 

GNDor VDD 

Figure 6 

Switching this input to VDD inhibits the internal 1 Hz clock to the S 1 coun­
ter. After the specified HOLD set-up time (150 µs), all counters will be in a 
static state, thus allowing error-free read or write operations. So long as the 
HOLD pulse width is less than 990 ms, real time accuracy will be un­
disturbed. Pull-down to GND is provided by an internal resistor. 
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REFERENCE SIGNAL OUTPUT PIN 

. ' Pulse ·Width Condition Output Reference Frequency 

HOLD = L Do (i) 1024 Hz duty 50% 

READ = H D, 1 Hz 122.1 /JS 

cs = H D2 1/60 Hz 122.1 /JS . 
Ao -A,= H D, 1/3600 Hz 122.1 /JS 

(1) 1024 Hz !ljgnal at Do not dependent on HOLD input level. 

APPLICATION EXAMPLE 

MICROCOMPUTER 
SYSTEM BUS 

8255 PP1 

PA0 

PA, 

PA, 

PA, 

PBo 

PB, 

PB, 

PB, 

PC, 

PC, 

PC, 

+5V 

MSM5832RS 

MICROCOMPUTER INTERRUPT 

r-t~---4-- 122 µS pulse each second 
t---~-...... D, (Ao - A, and READ= v DD) 

32.76BkHz 
30 pf 

1--e+-H--

Ao 

A, 
cs from power failure 

OK detection circuit 
A, 

OK 

A, 
TEST 

HOLO 
GND 

... 
READ 

22on 
RITE vDo +12V 

....._ 
'30 ADJ +5V 

*30 sec Adjust 

Figure 7 
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APPLICATION CIRCUIT - POWER SUPPLY CIRCUIT 
Open or ground unused pins (pins other than the XT, XT, D0-03, and "BUSY pins). 

a) . 

b). 

c). 

VF= 0.69V 

151588 

+5.7V 

or 

C372 

VF= 0.69 

51K 

10K 

+5V 

Voo 

GND 

1.2x3 = 3.6V = 
Ni-Cd battery 

VCE(Sat) = 0.1 V 

1.2x3 = 3.6V 
Ni-Cd battery 

RL 

1.5x2 = 3V 
Dry cell 

Ripple 

Operating state 20 mV P-P 

Backup OmV 

MSM5832RS 

Ripple 

Operating state 20 mV P-P 

4.7µ. 

Voo Backup OmV 

GND 

MSM5832RS 

4.7µ. 
Voo 

MSM5832RS 
GND 

d). (Recommended circuit) 

+V ~~--~~~~~'WI'~-.-~---. 

. (Power voltage 
approximately 
1.5V higher than 
5V) 

Peripheral 
circuit power) 

3.6V 
Ni-Cd 
battery 

02 

1oon. 4.7µ. Voo 

MSM5832RS 

Note: Use the same diodes for 01 and 02 to reduce the level differenc~ between +5V and Voo of the MSM5832RS. 
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MSM58321RS 
REAL. TIME CLOCK/CALENDAR 

GENERAL DESCRIPTION 

The MSM58321 RS is a metal gate CMOS Real Time Clock/Calendar with a battery backup function for use in 
bus-oriented microprocessor applications. 

The 4-'bit bidirectional bus line method is used for the data 1/0 circuit; the clock is set, corrected, or read by 
accessing the memory. 

The time is read with 4-bit DATA 1/0, ADDRESS WRITE, READ, and~; it is written with 4-bit DATA 
1/0, ADDRESS WRITE, WRITE, and BUS'i'. 

FEATURES 

• 7 Function-Second, Minute, Hour, Day, Day-of-Week, 
Month, Year 

• Automatic leap year calender 
• 12/24 hour format 
• Frequency divider 5-poststage reset 
• Reference signal output 

FUNCTIONAL BLOCK DIAGRAM 

5·postnage(O,, -O,,J 

• 32.768kHz crystal controlled operation 
• Single 5V power supply 
• Back-up battery operation to VDD = 2.2V 
• Low power dissipation 

goµw max. at VDD =JV 
2.5mW max. at VDD = 5V 

• 16 pin plastic DIP packqge 

Rp~200K!JTYP 
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PIN CONFIGURATION 

REGISTER TABLE 

A 

c 

0 

Address input 

Do D1 D2 03 
(Ao) IA1) IA2l (A3) 

E-F 0/1 

cs, 

WRITE 

READ 

Do 

D, 

D, 

D, 

GND 

Data input/ 
output Register 

Name f---.-~-~--j Count value 

s, 
s .. 
Ml, 

0 0-1 or0-2 

w 
o, 
o., 0 0 0 

MO, 

v, 

vDD 

XT 

Xi" 

cs, 

TEST 

STOP 

BUSY 

ADDRESS WRITE 

Remarks 

02 = 1 specifies PM, 02 .. O specifies AM, 03"' 1specifies24-hour timer, and 
03 = 0 specifies 12-hour timer. 
When 03 = 1 is written, the 02 bit is reset inside the IC. 

The 02 and 03 bits in 010 are used to select a leap year. 

Gregorian calendar 0 
Showa 

A selector to reset 5 poststages in the 1 /21 5 frequency divider and the BUSY 
circuit, They are reset when this code is latched with ADDRESS LATCH 
and the WAITE input goes to 1 , 

A selector to obtain reference signal output. Reference signals are output to 
00 - 03 when this code is latched with ADDRESS LATCH and READ input 

goes to 1. 

Notes: (1) There are no bits in blank fields for data input/output. D signals are output by reading and data is not stored by writing because there are no bits. 

422 

(2) The bit with marked 0 is used to select the 12/24-hour timer and the bits marked 0 are used to select a leap year. These three bits can be read or 
written. 

(3) When signals are input to bus lines DO - D3 and ADDRESS WRITE goes to 1 for address input, ADDRESS information is latched with ADDRESS LATCH. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Rating Unit 

• Power voltage VDD Ta=25°C -0.3 - 7 v 

Input voltage v.J. Ta= 25°C GND-0.3 - VDD + 0.3 v 

Output voltage Vo Ta= 25°C GND-0.3 - VDD + 0.3 v 

Storage temperature Tstg - -55 - +150 •c 

OPERATING CONDITIONS 

Parameter Symbol Condition Rating Unit 

Power voltage VDD - 4.5-7 v 

Date hold voltage VDH - 2.2 - 7 v 

Crystal frequency f(XT) - 32.768 kHz 

Operating temperature Top - -30- +85 •c 

Note: The data hold voltage guarantees the clock operations, though it does not guarantee operations outside the 
IC and data input/output. 

DC CHARACTERISTICS 
(VDD = 5 v ±5%, Ta= -30 - +85°Cl 

Parameter Symbol 

H input voltage V1H1 
V1H2 

L input voltage V1L 

L output voltage VOL 

L output current IOL 

H input current l1H1 
l1H2 

L input current l1L 

Input capacity C1 

Current consumption iDD 

Condition Min. 

- Note 1 3.6 
- Note 2 VDD-0.5 

- -
lo= l.6 mA -
Vo=0.4V 1.6 

v 1 = vDDv Note 3 10 

v 1 = vDDv Note 4 -
V1 =OV -
f = 1 MHz -

f = 32.768 kHz -
VDD = 5VIVDD = 3V 

Note: 1. CS2, WRITE, READ, ADDRESS WRITE, STOP, TEST, Do - D3 

2. cs, 
3. CS1, CS., WRITE, READ, ADDRESS WRITE, STOP, TEST 
4. Do - D, 

Typ. Max. Unit 

- -
v - , .-

- 0.8 v 

- 0.4 v 

- - mA 

30 80 

- 1 
µA 

- -1 µA 

5 - pF 

100/15 500/30 µA 
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SWITCHING CHARACTERISTICS 

(1) WRITE mode 
(VDD = 5 v ±5%, Ta= 25°C) 

Parameter Symbol 

CS setup time tcs 

CS Hold time tcH 

Address setup time tAS 

Address write pulse width tAW 

Address hold time tAH 

Data setup time tDs 

Write pulse width tww 

Data hold time tDH 

H 
CS1 

Condition 

-
-
-
-
-
-
-
-

CS2 tAS tAW tAH tDS tWW tDH 

DO - D3 
(ADDRESS/DATA) 

ADDRESS WRITE 

WRITE 

IC internal 

ADDRESS 

IC internal DATA 

ADDA ESS DATA 

Write Cycle 

Min. Typ. 

0 -
0 -
0 -

0.5 -
0.1 -
0 -
2 -
0 -

Note: ADDRESS WRITE and WRITE inputs are activated by the level, not by the edge. 

424 

Max. Unit 

- /JS 
..,.. µ.s 

- µ.s 

- µ.s 

- µ.s 

- µ.s 

- µ.s 

- µ.s 

High Impedance 
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(2) READ mode 
IVoo = 5 v ±5%, Ta= 25°C) 

Parameter Symbol Condition 

CS setup time tcs -
CS Hold time tcH -

Address setup time tAS -
Address write pulse width tAW -
Address hold time tAH -

Read access time tRA -
Read delay time too -
Read inhibit time tRI -

Note 1. tRA = 1 µs +CR In ( Voo . ) 
Voo-V1H mm 

CS1 

CS2 

DO- D3 
(ADDRESS/DAT Al 

ADDRESS WAITE 

READ 

H -- tRI DATA VALID 

tDD 

ADDRESS DATA 

Read Cycle 

Min. Typ. 

0 -
0 -
0 -

0.5 -
0.1 -

- -

- -
0 -

DATA INVALID 

Note: ADDRESS WRITE and READ inputs are activated by the level, not by the edge. 

Max. Unit 

- µs 

- µs 

- µs• 

- µs 

- µs 

see Note 1 µs 
1 µs 

- µs 
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(3) WRITE & READ mode 

426 

Parameter Symbol Condition Min. Typ. Max. 

CS setup time tcs - 0 - -
GS hold time tcH - 0 - -
Address setup time tAS - 0 - -
Address write pulse width tAW - 0.5 - -
Address hold time tAH - 0.1 - -
Data setup time tos - 0 - -
Write pulse width tww - 2 - -
Data hold time toH - 0 - -
Read access time tRA - - - see Note 1 

flead delay time too - - - 1 

Read inhibit time tRI - 0 - -

Note 1. Voo 
tRA = 1 µs + CR In ( . ) 

Voo-V1H min 

cs1 

CS2 

DO- 03 
(ADDRESS/DATA) 

ADDRESS WRITE 

WRITE 

READ 

IC internal 

ADDRESS 

IC internal DATA 

H --

DATA INVALID 

DATA VALID 

/ / 
I ._ __ _ 

L - tCS tAS tAW tAH tDS tWW t~~ 'fj;; -Ano l---
l-'*----'"~~+--1----+~~.i-....j<..ii...i~-t- ~ 'CH 

fi@ .____ .. ' ~ 
'--+---1---1--4-1-4----1--+--- High Impedance 

I--
ADDRESS 

lX 

DATA 

WRITE 

Read & Write Cycle 

-
DATA READ 

Unit 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

µs 
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PIN DESCRIPTION 

Name Pin No. 

cs. 

cs, 13 

WRITE 2 

Description 

Chip select pins. These pins enable the interface with the external circuit when 
both of these pins are set at H level simultanuously. 

If one of these pins is set at L level, STOP, TEST, WRITE, READ, ADDRESS 
WRITE pins and Do - D3 pins are inactivated. 
Since the threshold voltage VT for the CS1 pin is higher than that for other pins, 
it.should be connected to the detector of power circuit and peripherals and CS2 

is to be connected to the microcontroller. 

WRITE pin is used to write data; it is activated when it is at the H level. Data bus 
data inside the IC is lbaded to the object digit while this WRITE pin is at the H 
level, not at the WRITE input edge. Refer to Figure 2 below. 

[S1 digit] 
DO 03 

WRITE 

~-------; 
[E w ~ 

_..._-+-----+~---------+--------

DO 

01 

02 

D3 

--t------------t------:. _ ::::::} DATA BUS 

CS1 = CS2 • "H"" 

WRITE 

F/F Do./i 

S1 

DO 

H ----f---------f---------f-+-+----~ 
S1 

-----r---i-.__~~~r---1.__~~M-TI.~~-

-
Figure 2 

H 
I-
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Name Pin No. 

READ 3 

428 

Descrlp' 

READ pin is used to read data; it is activated when it is at the H level. Address 
contents are latched with ADDRESS LATCH inside the IC at the DO - D3 and 
ADDRESS WRITE pins to select the object digit, then an H-level signal is input 
to the READ pin to read data. · · 
If a count operation is continued by setting the STOP input to the L level, reed 
operation must be performed, in principle, while the BUSV output is at the H 
level. While the 'BOSV output is at the L level, count operations are performed 
by digit counters and read data is not guaranteed, therefore, read operations are 
inhibited in this period. Figure 3 shows a time chart of the BUSV output, 1 Hz 
·signal inside the IC, and READ input. 
A read operation is stopped temporarily within a period of 244 µs from the SUSY 
output trailing edge and It is restarted when the BUSV output goes to the H level 
again. 

1 Hz (inside IC) 

Read-enabled 
period 

t---•21µs -
- f---

The count•r inside the IC 

-!-----------
Read-inhibited ptriod 

Read operation is enabled in this period: 
however, It Is used for program switching. 

1 "' ~;:::.1c1 -L"+l~f-'-'-I 1 ~II ----=--=--=F-· 
READ input • ,_ ________ '"' 

Figure 3 

If the counter operation is stopped by setting the STOP input to the H level, read 
operations are enabled regardless of the BOS"i7 output. 
A read operation is enabled by microcomputer software regardless ~f the BUSV 
output during the counter operation by setting the STOP input to the L level. 
In this method, read operations are performed two or more times continuously 
and data that matches t,wice is used as guaranteed data. 
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Name 

GND 

ADDRESS 
WRITE 

Pin No. 

8 

9 

10 

Description 

Data input/output pins. (Bidirectional bus). The output is a open-drain type and 
4. 7 kO - 10 kO pull-up registers are required utilize these pins as output 
pins. 

Ground pin. 

ADDRESS WRITE pin is used to load address information from the DO - D3 • 
1/0 bus pins to the ADDRESS LATCH inside the IC; it is activated when it is 
at the H level. This input is activated by the level, not by the edge. Figuro 4 shows 
the relationships between the DO address input, ADDRESS WRITE input, and 
ADDRESS LATCH input/output. 

D0 input 

ADDRESS WAITE 

LATCH output 
Figure 4 

EiUSV pin outputs the IC operation state. It is N-ehannel MOSFET open-<Jrain 
output. An external pull-up resistor of 4.7 kilor more must be connected (see 
Figure 5) to use the SlIB'7 output. The signals are output in negative logics. If 
the oscillator oscillates at 32.768 kHz, the frequency is always 1 Hz regardless of 
the CS1 and CS2 unless the D output of the ADDRESS DECODER inside the IC 
is H (CODE= H•L•H•H) and CS1 = CS2 =WRITE= H. 
Figure 6 shows the BUSV output time chart. 

BUSY 

1 Hz hnside IC) 

BUSY 

1 H' 
(inside IC) 

~peripheral circuit power) 

244µS 

Read/write-1nhib1ted period 

WRITE 

The counter inside the IC 
starts counting at the 
1 Hz signal leading edge 

1sec -F 
Figure 6 
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Name Pin No. 

STOP 11 

TEST 12 

430 

Description 

The STOP pin is used to input on/off control for a 1 Hz signal. When this 
pin goes to the H level, 1 Hz signals are inhibited and counting for all digits 
succeeding the S1 .digit is stopped. When this pin goes to the l level, nor­
mal operations are performed; the digits are counted up. This STOP input 
controls stopping digit counting. Writing of external data in digits can be as­
sured by setting the STOP input to the H level to stop counting, then writ­
ing sequentially from the low-order digits. 

The TEST pin is used to test this IC; it is normally open or connected to GND. It 
is recommended to connect it to GND to sefeguard against malfunctions from 
noise. 
The TEST pulse can be input to the following nine digits: 
S1, S10, Ml10, H1, 01 (WI, M01, Y1 and Y10 
When a TEST pulse is input to the 01 digit, the W digit is else counted up 
simultaneously. 

Input a TEST pulse as follows: 
Set the address to either digit explained above, then Input a pulse to the TEST pin 
while CS1 = CS2 =STOP= Hand WRITE= L. The specified and succeeding digits 
are coutlted up. (See Figure 71 

·-· ·-· ·-· 
I H• 

...ruLn.IL .£l 0 __,_, 
TEST J.. - TEST·P 

c.s 
SI S10 ·-· ·-· 

---- ~01 co Cl 
w J J Cl 

010 

lg 
01 Rp" 200 kO TYP 

Figu~a 7 

A digit is counted up at the leading edge (changing point from L to HI of a TEST 
pin input pulse. The pulse condition for TliST pin input at Vol) = 5 V ±5% is 
described in Figure 8 belo..;. 

tH = 1oµs MIN 

tL =10µS MIN 

FigureB 



Name Pin No. 

XT 14 
15 

Voo 16 

PERIPHERALS· MSM58321 RS • 

Description 

Oscillator pin. A 32.768kHz crystal oscillator, capacitor and trim capacitor for 
frequency adjustment are to be connected as shown in Figure 8 below. 

Cl 

GND or Voo 

RfB "" 10M!!typ 

R5 " 200 KQ typ 

X-TAL 32.768 kHz, The crystal impedance is 30 kf!or less. 

Figure 8 

If an external clock is to be used for MSM58321 RS's oscillation source, the 
external clock is to be input to XT, while j(T should be left open. Refer to the 
Figure 9 below. 

CMOS 

s XT 

or +5V /I 
~/ XT 

~ ---
MSM58321RS 

TTL 

Figure 9 

Power supply pin. Refer to the application circuit. 
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REFERENCE SIGNAL OUTPUT 

Reference signals are output from the DO - D3 pins under the following conditions: 

432 

Conditions 

WRITE= L 

READ= H 

CS1 =CS2 = H 

ADDRESS= E or F 

1024 Hz 

1 Hz 

1/60 Hz 

1/3600 Hz 

1 Hz 
(inside IC) 

BUSY 

Output 
pin 

Do 

D, 

D, 

o. 

Reference signal 
frequency 

1024 Hz 

1 Hz 

1/60 Hz 

1/3600 Hz 

I---- 488.3µ$ 

t----i 

1-----' 

t-----' 

1-----i 

244µS 122µ$ ~1~$ 

Figure 10 

Pulse width Output logic 

488.3µs Positive logic 

122.1 µs Negative logic 

122.1 µs Negative logic 

122.1 µs Negative logic 

488.3µ$ -i 

10-• 
122.1µS = 32,76ij X 4 

10-• 
488.3µ$ = 32,768 x 16 
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APPLICATION NOTES 

• WRITE and STOP 

Note that the timing relationships between the STOP and WRITE inputs vary by the related digit when counting 
is stopped by the STOP input to write data. The time (tsHl between the STOP input leading edge and WRITE 
input trailing edge for each digit is limited to the minimum value. (See Figure 11) 

atVoo=5V±5% 

SIDP 

510 Ml1 MI10 Ht H10 
WRITE 

lSHSIO 

tsHYIO 

Write-inhibited period 

Figure 11 

tsHS1 = 1 µs, tsHS1 o = 2 µs, tsHMl1 = 3 µs, tsHM1 o = 4 µs, tsHH1 = 5 µs 
tsHH10 = 6 µs, tsHD1 = 7 µs, tsHw'= 7 µs, tsHD10 = 8 µs, tsHM01 = 9 µs 
tsHM010 = 10 µs, tsHY1 = 11 µs, tsHY10 = 12 µs. 

M010 Y1 Y10 
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If a count operation is continued by setting the STOP input to the L level, write operation must be performed, 
in principle, while the BUSV output is at the H level. While the 'BUSY' output is at the L level, count operations 
are performed by the digit counters and write operation is inhibited, but there is a marginal period of 244 /.IS from 
the BUS'i' output trailing edge. If the BUSY output goes to the L level during a write operation, the write operation 
is stopped temporarily within 244 /.IS and it is restarted when the l!USV output goes to the H level again. Figure 12 
shows a time chart of 8US'i' output, 1 Hz signal inside the IC, and WRITE.input. 

---, µ-

1 Hz (inside IC) ll 111..l 
WAITE input 

1 sec 

Figure 12 

• Frequency divider and mSY circuit reset 

If AO-A3 = H•L•H•H is input to ADDRESS DECODER, the DECODER output (D) goes to the H level. If 
CS1 = CS2 = H and WRITE = Hin this state, the 5 poststages in the 15-stage frequency divider and the l!USV circuit 
are reset. 

In this period, the BUSV output remains at the H level and the 1 Hz signal inside the IC remains at the L level, 
and counting is stopped. If this reset is inactivated while the oscillator operates, the l!USV output goes to the 
L level after 1000.1221 ±31.25 ms and the 1 Hz signal inside the IC goes to the H level after 1000.3663 ±31.25 ms. 
These times are not the same because the first ten stages in the 15-stage frequency divider are not reset. (See 
Figure 13) 
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•H~--....r---i 

32,768kHz llJ-ir-~~""L---' 

o,, 

Onside IC) 

1 H' 
(inside IC) 

RESET (inside IC) 

Figure 13 

cs 

15-stage 
frequency 
Hivider Stages 

11-15 

t3 =1000±31.25ms 

From ADDRESS DECODER 

AO A1 A2 A3 
H L H H 
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• Selection of leap year 

This IC is designed to select leap year automatically. 
Four types of leap years can be selected by writing a select signal in the 02 and 03 bits of the 01 O digit (CODE 

= L•L•L•H). (See Table 1 for the functions.) 
Gregorian calendar, Japan~se Showa, or other calendars can be set arbitrarily in the Y1 and Y2 digits of this IC. 

There is a leap year every four years and the year number varies according to whether the Gregorian calendar or 
Showa is used. There are four combinations of year numbers and leap years. (See the Table below). 

No. 1: Gregorian calendar year. The remainder obtained by dividing the leap year number by 4 is 0. 
No. 2: Showa year. The remainder obtained by dividing the leap year number by 4 is 3. 
No. 3: The remainder obtained by dividing the leap year number by 4 is 2. 
No. 4: The remainder obtained by dividing the leap year number by 4 is 1. 

No. 1 Calendar 
010 digit Remainder obtained by 

Leap years (examples) 
02 03 dividing the leap year number by 4 

1 Gregorian L L 0 
1980,1984,1988,1992, 
1996,2000,2004 

(83) 187) (91 I (95) 199) 
2 Showa H L 3 55, 59, 63, 67, 71, 

75, 79 

3 L H 2 
82, 86, 90, 94, 98, 

102, 106 

4 H H 1 
81, 85, 89, 93, 97, 

101, 105 
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• PERIPHERALS· MSM58321 RS 

APPLICATION EXAMPLE - POWER SUPPLY CIRCUIT 

VF= 0.69V 

151588 
Ripple 

+5.7V 

Opera~ing state 20 mV P-P 
al . Voo 

or Backup OmV 

C372 
GND 

MSM58321RS 
1.2x3 = 3.6V 

,.. 
VF= 0.69 

Ni-Cd battery 

VCE(Sat) = 0.1V Ripple 

A495 
Operating state 20mV P-P 

51K 100.n + 4.7µ. 

b). Voo Backup OmV 
1+ 

10K .I.. 
GND 

.,... =- r- .,.... MSM58321RS 

1.2x3 = 3.6V 
Ni-Cd battery 

RL 
+5V 

RL{i + 
4.7µ. + Voo 

I- MSM58321RS ... GND 

cl. 

1.5x2 = 3V 
Dry cell 

di. (Recommended circuit) 

+V 

(Power voltage 
02 

approximately 
1.5V higher than 

100.n 4.7µ. Voo 5V) 

{~+ MSM58321RS 
GND l-

3.6V =-
Ni-Cd 
battery 

Nota: Use the same diodes for 01 and 02 to reduce the level difference betliveen +5V and Voo of the MSM58321 RS. 
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OK.I semiconductor 

MSM6242RS/GS 
DIRECT BUS CONNECTED CMOS REAL TIME CLOCK/CALENDAR 

GENERAL DESCRIPTION 

The MSM6242 is a silicon gate CMOS Real Time Clock/Calendar for use in direct bus-connection Micro­
processor/Microcomputer applications. An on-chip 32.768KHz crystal oscillator time base is divided to provide 
addressable 4-bit 1/0 data for SECONDS, MINUTES, HOURS, DAY OF WEEK, DATE, MONTH and YEAR. Data 
access is controlled by 4-bit address. chip selects (CSQ, CS1 ). WRlTE'. ~- and ALE. Control Registers D. E 
and F provide for 30 SECOND error adjustment, INTERRUPT REQUEST (IRQ FLAG) and BUSY status bits, clock 
STOP, HOLD, and RESET FLAG bits, 4 selectable INTERRUPTS rates are available at the STD.P (STANDARD 
PULSE) output utilizing Control Register inputs TO, T1 and the ITRPT/STND (INTERRUPT/STANDARD). 
Masking of the interrupt output (STD.P) can be accomplished via the MASK bit. The MSM6242 can operate in 
a 12/24 hour format and Leap Year timing is automatic. 

The MSM6242 normally operates from a 5V ± 10% supply at -30 to 85° C. Battery backup operation down 
to 2.0V allows continuation of time keeping when main power is off. The MSM6242 is offered in a 18-pin 
plastic DIP and FLAT package. 

FEATURES 
DIRECT MICROPROCESSOR/MICROCONTROLLER BUS CONNECTION 

TIME MONTH 

23:59:59 12 

• 4-bit data bus 
• 4-bit address bus 
•READ, WRiTE', ALE and CHIP SELECT 

INPUTS 
• Status registers - IRO and BUSY 

DATE 

31 

• Selectable interrupt outputs - 1 /64 second, 
1 second, 1 minute, 1 hour 

• Interrupt masking 
• 32.768KHz crystal controlled operation 

FUNCTIONAL BLOCK DIAGRAM 

o, 
D, 

o, 
o, 

Wfi~J"iil'1-I_ 

RO~LCLrT-

A, 

A, 

A, .. 
ALE 

YEAR DAY OF WEEK 

80 7 

• 1 2/24 hour format 
• Auto leap year 
• ±30 second error correction 
• Single 5V supply 
• Battery backup down to VDD = 2.0V 
• Low power dissipation: 

20 jU'J max at V DD = 2V 
150/U'J max at VDD = 5V 

• 18-pin plastic DIP package 

cs, 
• S1 -w-v11 ant time counter register 
•Ca -CF are control register 
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PIN CONFIGURATION 

,0 Voo AO-A3: Address input 

"OS; XT 
D0-03: Data input/output 
ero.~ CHIP SELECTS 0, 1 

" Fm": READ enable 
WFr: WRITE enable 

A, cs, ALE: Address latch enable 
o. STD.P: Standard pulse output 

A, 
XT, XI: XTAL oscillator input/output 
VDD:. +5V supply 

NC 
VSS: ground 

A, o, 

A, D, 

"" o, 

GND "" 

18 pin Plastic DIP Package 24 pin Plastic Flat Package 

REGISTER TABLE 

Address Input Register Data Count Description 

Address Name value 
Input A, A2 A, Ao o, D2 D, Do 

0 0 0 0 0 s, s. s. s, s, o- 9 1 -second digit register 

1 0 0 0 1 s,. . s •• S20 s,. 0 - 5 10-second digit register 

2 0 0 1 0 Ml1 mi1 mi4 mi2 .mi1 0 - 9 1-minute digit register 

3 0 0 1 1 Ml10 . mi,o mi20 mi10 0 - 5 10-minute digit register 

4 0 1 0 0 H, hs h. h2 h, 0 - 9 1-hour digit register 

5 0 1 0 1 H10 . PM/ 
h2o hio 

0 .:...1211 PM/AM, 10-hour'digit 
AM or cvi·, I register 

6 0 1 1 0 o, da d. d2 d, 0 - ,9 1-day digit register 

7 0 1 1 1 D10 . . d,. d10 0 - 3 10-day digit register 

8 1 0 0 0 M01 mo8 mo4 mo2 mo1 0 - 9 1-month digit register 

9 1 0 0 1 M010 . . . M010 0 - 1 10-month digit register 

A 1 0 1 o. Y, Ys Y4 y, Y1 0 - 9 1-year digit register 

B 1 0 1· 1 Y10 Yao Y•o Y20 Y10 0 - 9 10-year digit register 

c 1 1 0 0 w . W4 W2 w, 0 - 6 Week register 

30 
IRO 

D 1 1 0 1 Co sec. 
FLAG 

BUSY HOLD - Control Register D 
ADJ 

E 1 1 1 0 Ce 
ITRPT 

MASK Control Register E t, to /STND 
-

F 1 1 1 1 Cf TEST 24/12 STOP REST - Control Register F 

REST= RESET 
ITRPT/STND =INTERRUPT/STANDARD 

Note 1 I - Bit • does not exist (unrecognized during a write and held at "O" during a read). 
Note 21 - Be sure to mask the AM/PM bit when processing 10's of hour's data. 
Note 31 - BUSY bit is read only. The IRO FLAG bit can only be set to a "O". Setting the IRO FLAG to a "1" is 

done by hardware. 
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~~~~~~~~~~~~~~~~- PERIPHERALS·MSM6242RS/GS • 

OSCILLATOR FREQUENCY DEVIATIONS 

0 

-1 

----<J 
--<J 

-2 

-3 

-100 
-4 ...__ _ _._ ___ ..___...._ _ _.. __ .._ _ _. 

-60 -40 -20 0 20 40 60 80 0 2 3 4 5 6 

Ta (°C) Voo(VI 

Figure 2. Frequency Deviation (PPM) vs Temperature Figure 3. Frequency Deviation (PPM) vs Voltage 

Note: 1. The graphs above showing frequency deviation vs temperature/voltage are primarily characteristic of the 
MSM6242 with the oscillation circuit elescribed below. 

~ CGT J c0 

Voo 

Crystal: Type N0 , P3 by kinseki (32.768 KHz) 

CG. Co: 22pF (Temperature Characteristics: 0) 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition 

Power Supply Voltage VDD 

Input Voltage V1 Ta= 25°C 

Output Voltage Vo 

Storage Temperature TsTG 

OPERATING CONDITIONS 

Parameter Symbol Condition 

Power Supply Voltage VDD -
Standby Supply Voltage VBAK -
Crystal Frequency f(XT} -
Operating Temperature Top -

D.C. CHARACTERISTICS 
VDD = 5V ± 10%, TA= -30 - +85 

Parameter Symbol Condition Min. 

"H" Input Voltage V1H1 - 2.2 

"L" Input Voltage V1L1 - -

Input Leak Current ILK1 -
V1 = VDDIOV 

Input Leak Current ILK2 -

"L" Output Voltage VOL1 IOL = 2.5mA -
"H" Output Voltage VOH IOH = -4001'-A 2.4 

"L" Output Voltage VoL2 IOL = 2.5mA -
OFF Leak Current IOFFLK v = VDDIOV -

Input Capacitance C1 
Input frequency -

1MHz 

Current Con-
IDD1 

f(xt} = VDD= -sumption 32.768 5V 

Current Con- KHz 
VDD= 

sumption IDD2 Ta=25°C 2V 
-

"H" Input Voltage V1H2 4/5VDD 

"L" Input Voltage V1L2 
VDD = 2-5.5V -

440 

Rating Unit 

-0.3- 7 v 
GND - 0.3-VDD + 0.3 v 
GND.- 0.3-VDD + 0.3 v 

-55-+150 oc 

Rating Unit 

4-6 

2-6 v 

32.768 kHz 

-30-+85 oc 

Typ. Max. Unit 
Applicable 
Terminal 

- - All input termin-
v als except CS1 - O.B 

Input terminals 
- 1/-1 other than 

µA Do - D, 

- 10/-10 Do - D, 

- 0.4 
v Do - D, - -

- 0.4 v 
- 10 µA STD.P 

5 - PF 
All input 
terminals 

- 30 

µA VDD 
- 10 

- -
- 1/5VDD 

v cs, 
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SWITCHING CHARACTERISTICS 

(1) WRITE mode (ALE= Vool 
(VDD = 5V ± 10% =Ta= -30 - +85°C) 

Parameter Symbol 

CS 1 Set up Time tc1S 

CS1 Hold Time tc1H 

Address Stable Before 
WRITE tAW 

Address St;ble After 
WRITE IWA 

WRITE Pulse Width tww 

Data Set up Time tDs 

Data Hold Time tDH 

cs, 

Condition Min. 

- 1000 

- 1000 

- 100 

- 10 

- 250 

- 180 

- 10 

'AW=ll'ww\t='WA VfH1 -------~~~ 

VfH1 - ---------'-D~~ 'DH 
Do - 03 

(INPUT) V1L1 -- ~------

Figure 4. Write Cycle - (ALE = VDD) 

(2) WRITE mode (With use of ALE) 

(VDD = 5 V ± 10%, Ta= -JC) 

Parameter Symbol 

CS1 Set up Time tc1s 

Address Set up Time tAS 

Address Hold Time tAH 

ALE Pulse Width tAW 

ALE Before WRITE tALW 

WRITE Pulse Width tww 

ALE After WRITE tWAL 

DATA Set up Time tDs 

DAT A Hold Time tDH 

CS1 Hold Time tc1H 

Condition Min. 

- 1000 

- 50 

- 50 

- 80 

- 0 

- 250 

- 50 

- 180 

- 10 

- 1000 

Max. 

-
-

-

-

-
-
-

Max. 

-

-
-
-

-
-

-
-
-
-

Unit 

ns 

VIH1 =2.2V 

VIL 1 = O.BV 

V1H2 = 4/5Voo 

V1L2 = 1/5Voo 

Unit 

ns 
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cs, 

Ao -As 

cs. 
ALE 

V1HI 

VIL! 

WA V1HI 

VIL! 

Do-D, V1HI 
(INPUT) V1L1 

Figure 5. Write Cycle - (With Use of ALEI 

(3) READ mode (ALE= Vool 
IVDD = sv ± 10%, Ta= -30 - +85°CI 

Parameter Symbol 

.CS1 Set up Time tc1s 

cs, Hold Time tc1H· 

Address Stable Before 
READ tAR 

Address Stable After 
READ tRA 

"All" to Data tRD 

Data Hold tDR 

cs, V1H2 - d 
Ao-As V1H1-

cs, V1L1 _ 

Ri'i 
V1HI -

V1L1 -

Condition Min. 

- 1000 

- 1000 

- 80 

- 0 

CL=150pF -
- 0 

Max. 

-
-
-

-
280 

,... 

V1H1=2.2V 
VIL!= 0.8V 

V1H2 - 4/5Voo 
V1L2 = 1/5Voo 

Unit 

ns 

VtH1=2.2V 
V1LI =O.SV 

V1t12=4/5Voo 
V1L2 = 1/5Voo 

VoH s 2.2V 
VQL =O.BV 

0 0 - D, VQH -
I OUTPUT) VoL -

----------'R_o_Cf_'o_R ______ ··z·· 

Figure 6. Read Cycle - (ALE • VDDI 
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(4) READ mode (With use of ALE) 
{VDD = 5V ±10%, Ta= -30-+85°C) 

Pare meter Symbol 

CS1 Set up Time 1c1s 

Address Set up Time IAS 

Address Hold Time tAH 

ALE Pulse Width IAW 

ALE Before READ IALR 

ALE after READ tRAL 

RD to Data tRD 

DATA Hold tDR 

CS1 Hold Time tc1H 

cs, V1H2-
'AS 

Ao -A3 V1H1 -
cs, V1L1 

V1H1 
ALE V1u -

V1H1 
RD 

-
VfL1 -

Do -D3 VoH -

(OUTPUT) VOL -

Figure 7. Read Cycle - {With Use of ALE) 

Condition Min. Max. Unit 

- 1000 -
- 50 -
- 50 -
- 80 -
- 0 -

- 0 - ns 

CL= 1·50pf - 280 

- 0 -
- 1000 -

'AH l 1C1H 

VfH1 = 2.2V 

V1u = O.BV 

V1H2 = 4/5Voo 

v 1L2 • 11sv00 

VoH • 2.2V 

VoL • O.BV 

'"Z'" 
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PIN DESCRIPTION 

Name 
Pin No. 

Description 
RS GS 

o. 14 19 

D, 13 16 Data Input/Output pins to be directly connected to a microcontroller bus for 

D, 12 15 reading and writing of the clock/calendar's registers and control. registers. DO = LSB 
and D3 = MSB. 

D, 11 14 

Ao 4 5 

A, 5 7 Address input pin for use by a microcomputer to select internal clock/calendar's 
registers and control registers for Read/Write operations (See Function Table 

A, 6 9 Figure 1 ). Address input pins AO-A3 are used in combination with \ALE for 

A, 7 10 addressing registers. 

ALE 3 4 Address Latch Enable pin. This pin enables writing of address data when ALE= 1 
and -eso = O; address data is latched when ALE= 0 Microcontroller/Micro-
processors having an ALE output should connect to this pin; otherwise it should 
be connected at VDD· 

WR 10 13 Writing of data is performed by this pin. 
When CS, = 1 and CSO= 0, Do - D3 data is written into the register at the rising 
edge of WR". 

R[j 8 11 Reading of register data is accomplished using this pin. When CS, = 1, CS.= 0 
and FfO = O~ the data of the register is output to Do - D3 _ If both FfO and WR are 
set at 0 simaltanuously, m:r is to be inhibited. 

cs;; 2 2 Chip Select Pins. These pins enable/disable ALE, All and"WR operation.~ 

cs, 15 20 and ALE work in combination with one another, while CS, work independent 
with ALE. CS, must be connected to power failure detection as shown in Figure 
18. 

STD.P 1 1 Output pin of N-CH OPEN DRAIN type. The output data is controlled by the 
D1 data content of CE register. This pin has a priority to~ and cs,. 
Refer to Figure 9 and FUNCTIONAL DESCRIPTION OF REGISTERS. 

XT 16 22 32. 768 kHz crystal is to be connected to these pins. 

XT 17 23 When an external clock of 32.768 kHz is to be used for MSM6242's oscillation 
source, either CMOS output or pull-up TTL output is to be input from XT, while 
XTshould be left open. 

VDD 18 24 Power supply pin. +2 - -+6V power is to be applied to this pin. 

GND 9 12 Ground pin. 

XT 

~5MO 

X'ta~ ..... JV ~STO.P OUTPUT 
c, ILI 32.768KHz 

GNDOR Vo 
H 

-c, XT 

C, =C2·= 15-30pF 

'The impedance of the crystal should be less than 30k0 

figure&. O.:illlltorCircuit figure9. 
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FUNCTIONAL DESCRIPTION OF REGISTERS 

a) These'are abbreviations for SECOND1, SECOND10, MINUTE1, MINUTE10, HOUR1, HOUR10, DAY1, 
DAY10, MONTH1, MONTH10, YEAR1, YEAR10, and WEEK. These values are in BCD notation. 

b) All registers are logically positive. For example, (SS, S4, S2, S1) = 1001 which means 9 seconds. 
cl If data is written which is out of the clock regist~r data limits, it can result in erroneous clock data being read 

back. 
d) PM/AM, h20 , h10 

In the mode setting of 24-hour mode, PM/AM bit is ignored, while in the setting of 12-hour mode h2 o is to be 
set. Otherwise it causes a discrepancy.In reading out the PM/AM bit in the 24-hour mode. it is continuously read 
out as 0. In reading out h20 bit in the 12-hour mode, 0 is written into this bit first, then it is continuously read 
out as 0 unless 1 is being written into this bit. 

e) Registers Y1, Y10, and Leap Year. The MSM6242' is designed exclusively for the Christian Era and is capable 
of. identifying a leap year automatically, The result of the setting of a non-existant day of the month is shown 
in the following example: If the date February 29 or November 31, 1985, was written, it would be changed 
automatically to March 1, or December 1, 1985 at the exact time at which a carry pulse occurs for the day's 
digit. 

fl The Register W data limits are 0-6 (Table 1 shows a possible data definition). 

W4 

0 

0 

0 

0 

1 

1 

1 

Using HOLD Bit 

Write data into 
or Read data from 
registers $ 1 -li'V 

HOLD Bit +-Q 

w, 

0 

0 

1 

1 

0 

0 

1 

TABLE 1 

w, 

0 

1 

0 

1 

0 

1 

0 

NO 

HOLD Bit +-Q 

F'9ure 10. Reading and Writing of Registers S1 -W 

Day of Week 

Sunday 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

Not Using HOLD Bit 
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• PERIPHERALS·MSM6242RS/GS •'~~~~~~~~~~~~~~~~ 

Reading Method 2 when Not Using HOLD Bit 

.See Note 
below 

l 
t 0 -*2 
ITRPT/STNT-.1 
MASK --O 

Normal read 

Initialization only at power ON 
• * 1 and *2 represent the minimum required 

time unit. 
For example: 

t 1 "'0 and t 0 = 1 when required to a 
unit of second; 
t 1 = 1 and t 0 = 0 when required to a 
unit of minute; and 
t 1 "' 1 and t 0 = 1 when required to a 
unit of hour 

Retried the reading, since a 
carry occurred during thEV / 
operation . 

Do this process within the following 
time requirements by combination 
between t 1 and t 0 : 

= 0 and t 0 = 1 ... Less than 1 second 
t 1 '" 1 and t 0 = 0 ... Less than 1 minute 
t 1 = 1 and t 0 = 1 ... Less than 1 hour 

: 12 HOUA MODE •.• 35,.S 
24 HOUR MODE •. J,.S 

• ·co REGISTER (Control D Register) 

Reading Method 3 when N6t Using HOLD Bit 

Initialization only at power ON 

ti-*1 
t 0 -*2 
ITAPT/STND-1 
MASK ._O 

• * 1 and * 2 represent the minimum required 
time unit. 

For example: 

t 1 = 0 and t 0 = 1 when required to a 
unit of second; 
t 1 = 1 and t 0 = 0 when required to a 
unit of minute; and 

1S ~~r:~~~~;nt.he t 1 = 1 a~d t 0 = 1 when required to a 
unit of hour 

I 
I 
I 
I 

The other IC causes 
I the interruption. 

~---'--Y_•_s~- - - _:_The interruption is caused by 

END 

this IC due to the occurrence 
of a carrv. 

The IRQ FLAG is cleared to 
read the next time data. 

a) HOLD (DO) - -Setting this bit to a "1" inhibits the 1 Hz clock to the S1 counter, at which time the Busy status 
'bit can be read, When Busy = 0, register's S1 - W can be read or written. During this 
procedure if a carry occurs the S1 counter will be incremented by 1 second after HOLD = O 
(this condition is guaranteed as long as HOLD = 1 does not exceed 1 second in duration). If 
CS1 = 0 then HOLD = 0 irrespective of any condition. 

b) BUSY ID1) - Status bit which shows the interface condition with microcontroller/microprocessors. As for 
the method of writing into and reading from S1 - W (address </> - C), refer to the flow chart 
described in Figure 10. 

c) IRQ FLAG (D2) - This status bit corresponds to the output level of the STD.P output. When STD.P = b, then 
IRQ = 1; when STD.P =1, then IRQ = 0. The IRQ FLAG indicates that an interrupt has occurred 
to the microcomputer if IRQ = 1. When DO of register CE (MASK) = 0, then the STD.P output 
changes according to the timing set by D3 (t1 ) and D2 (t0 ) of register E. When D1 of register E 
(ITRPT/STND) = 1 {interrupt mode), the STD.P output remains low until the IRQ FLAG is 
written to a "O". When IRQ = 1 and timing for a new interrupt occurs, the new interrupt is 
ignored. When ITRPT/STND = 0 (Standard Pulse Output mode) the STD.P output remains low 
until either "O" is written to the IRQ FLAG; otherwise, the IRQ FLAG automatically goes to 
"O" after 7 .8125 ms. 

When writing the HOLD or 30 second adjust bits of register D, it is necessary to write the IRO 
FLAG bit to a "1 ". 

d) ±30 ADJ (D3) -When 30-second adjustment is necessary, a "1" is written to bit D3 during which time the 
internal clock registers should not be read from or written to 125µs after bit D3 = 1 it will 
automatically return to a "O", and at that time reading or writing of registers can occur. 
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START 

30-SECOND 
ADJBIT=l 

READ 30-SECOND 
ADJ BIT 

END 

(Al 

Figure 11. Writing 30.Second Adj. bit (Two Ways A, B) 

• CE REGISTER (Control E Register) 

START 

END 

(Bl 

a) MASK (DO) - This bit controls the STD.P output. When MASK= 1, then STD.P = 1 (open); when MASK= 0, 
'then STD.P = output mode. The relationship between the MASK bit and STD.P output is shown 
Figure 12. 

b) INTRPT/STND (Dl) - The INTRPT/STND input is used to switch the STD.P output between its two modes 
of operation, interrupt and Standard timing waveforms. When IN.TRPT/STND 0 a fixed cycle 
waveform with a ,low-level puise width of 7 .8125 ms is present at the STD.P output. At this time 
the MASK bit must equal 0, while the period in either mode is determined by TO(D2) and Tl (D3) 

of Register E. 

c) TO (D2), Tl (D3) - These two bits determine the period of the STD.P output in both Interrupt and Fixed timing 
waveform modes. The tables below show the timing associated with the TO, Tl inputs as well as 
their relationship to INTRPT/STND and STD.P. 

''1" ''1" OUTPUT OOES NOT OCCUR 

MASK BIT "O" n "O" ')1 AT LOW LEVEL BECAUSE 
~~(~ITIS''1'' 

OPEN atT-fp~l=P={ t; j OPEN 
-----· LOW LEVEL L .. J LOW LEVEL 

"INTERRUPT" TIMING OUTPUT TIMING 

~----""'------ AUTOMATIC RETURN 

MASK BIT "O" 

INTRT/STND BIT"" "O" 

Figure 12. 

t, to Period 
Duty CYCLE of "O" level when 
ITRPT/STND bit is "O". 

0 0 1/64 second 1/2 
0 1 1 second 1/128 
1 0 1 minute 1/7680 
1 1 1 hour 1/460800 

TABLE 2 
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The timing of the STD.P output designated by T1 and TO occurs the moment that a carry occurs to a clock digit. 

(EXAMPLE) WHEN t 1 = 1, to = 1 and MASK = 0. 

L,,PM12:00 It PM1 :00 

WHEN ITRPT/STND;-i --- L ---OPEN 
BITis"1" '-~-- ----LOW LEVEL 

STD.P OUTPUTI I 
WHEN ITRPT/STND.. 
BIT IS "O" -,_, r--------11 -- OPEN 

U U ----- LOW LEVEL 

d) The low-level pulse width of the fixed cycle waveform ( ITRPT /STND = 0) is 7 .81 25 ms independent of TO/T1 
inputs. 

e) The fixed cycle waveform mode can be used for adjustment of the oscillator frequency time base. (See Figure 14). 

f) During ±30 second adjustment a carry can occur that will cause the STD.P output to go low when TO/T1 = 1,0 
or 1,1. However, when T1 /TO = 0, 0 and ITRPT/STND = 0, carry does not occur and the STD.P output resumes 
normal operation. 

g) The STD.P output is held (frozen) at the point at which STOP= 1 while ITRPT/STND = 0. 

h) No STD.P output change occurs as a result of writing data to registers S1 - H1. 

• CF REGISTER (Control F Register) 

a) REST (DO) -
"RESET" 

This bit is used to clear the clock's internal divider/counter of less than a second. When 
REST= 1, the counter is Reset for the duration of REST. In order to release this counter from 
Reset, a "O" must be written to the REST bit. If CS"O = 0 then REST = 0 automatically. 

b) STOP (D1) - The STOP FLAG Only inhibits carries into the 8192Hz divider stage. There may be up to 122µs 
delay before timing starts or stops after changing this flag; 1 = STOP/0 =RUN. 

Figure 13 

c) 24/12 (D2) -

"24 HOUR/ 
12 HOUR" 

d) TEST (d3) -

448 

.. , .. "1" .. , .. 

"O" '"0" STOPBIT ~ n .. 0 .. n ----
TIMING OF 
"CARRY" T08192Hz __ .._ __ ...., ___ ..._ __ _...._ __ ...._ __ _...._~ 

"CARRY" EXECUTEDt 

"CARRY" NOT EXECUTED~ 
I 

This bit is for selection of 24/12 hour time modes. If D2 = 1-24 hour mode is selected and the 
PM/AM bit is invalid. If D2 = 0-12 hour mode is selected and the PM/AM bit is valid. 

Setting of the 24/12 hour bit is as follows: 
1 ) REST bit = 1 
2) 24/12 hour bit = O or 1 
3) REST bit= 0 
• REST bit must= 1 to write to the 24/12 hour bit. 

When the TEST flag is a "1 ",the input to the SECONDS counter comes from the counter/divider 
stage instead of the 15th divider stage. This makes the SECONDS counter count at 5.4163KHz 
instead of 1 Hz. When TEST = 1 (Test Mode) the STOP & REST (Reset) flags do not inhibit 
internal counting. When Hold = 1 during Test (Test= 1) internal counting is inhibited; however, 
when the HOLD FLAG goes inactive (Hold= 0) counter updating is not guaranteed. 



~~~~~~~~~~~~~~~---11 PERIPHERALS·MSM6242RS/GS • 

TYPICAL APPLICATION INTERFACE WITH MSM6242 AND 
MICROCONTROLLERS 

8085 MSM6242 

AD, 1--------..--1 D, 

AD, D, 

AD 1 D 1 

A Do Do 

As -Ai s 

s, 
So 

10/M 

A, 
A, 

A, 
Ao 

ID----ics, 

ALE t---------t ALE 

RD RD 

WR WR 

MEMORY MAPPED 

ZBO MSM6242 

D, .D, 

D, D, 

D, D, 

Do Do 

A, A, 

A, A, 

A, A, 

Ao Ao 

A 4 -A,, VoD 
cs, 

IORQ ALE 
MREQ 

RD RD 

WR WR 

Figure 16. 

Figure 15. 

8085 MSM6242 

AID lr--------o-1 D, 

r 

s, 
s, 

10/iiii 

RD 

WR 

MCS48 

BUS, 

BUS, 

BUS, 

aus. 

BUS 4-7 

ALE 

RD 

WR 
c.. 
r 

D, 
D, 
Do 

A, 
A, 

A, 
Ao 

1<>----ics, 

ALE 

1---------'RD 

---------IWR 

1/0 MAPPED 

MSM6242 
I 

D, 

D, 

D, 

Do 

1-..l A, 

~ A, 

A, 

DECODER 
Ao 

~ ,.,. cs. 
L--.. 

ALE 

RD 

WR 
/ 

"1 

Figure 17. 
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TYPICAL APPLICATIONS - INTERFACE WITH MSM80C49 

450 

22pf 
2 

t•"'D 
- 22pf 

RS232 
DB25 
CONNECTOR 

40 

38 

20 

26 

6 x, 

ALE 

RD 
10 x, WR 

MSM 
80C49RS 

12 
DB, 

13 
Vee DB, 

14 
DB, 

15 
DB, 

19 
T, DB, 

P,, 

p., 34 

Vss 820 

20 

= -= 

,--
1 1.8K 

I 1.8K 

* -=-
I 

+I10µ1 

I 220 -::-

I 
I 5.2V 

L ----

BATTERY 

* 
18K 

10 

4/14 

5/13 

6/12 

7/11 

-= 

1.8K 

::r 

* IVFWD = < 0.3VI 
i.e. GERMANIUM 

vDD 
STD.P XT 

ALE 

Rl5 

WR XT 
MSM 

6242RS 
A/Do 

A/D1 

A/Di 

A/D~ 

cs, 

cs, 

Vss 

1.8K 

RS232 
INTERFACE 

I 

DIODE 

17 
15pf 

c:::J32.768 KHz 

16 

9 

5 - 35pf 

TR1 = 2N2907 
TR2 = 2N2907 
TR3 = 2N2222 

* = 1N4148 

____ _J 

Figure 18. 



APPLICATION NOTE 

1. Power Supply 

2. Adjustment of Frequency 

Voo 

Frequency 
Counter 

I __ J 

Eye 

Start 

Power On 

TEST Bit +-O 
REST Bit +-1 
24/12 Bit +-1• 
STOP Bit +-1 

Set the current 
time 

HOLD Bit +-O 
STOP Bit +-Q 

Start Operation 

Co - CF are to be set at as described in the 
figure and the capacitor is to be adjusted 
to meet the settle frequency of to and t, . 
If the right oscillation can not be obtained, 

1 . Check the waveform of "l<T 
2. Check Co - CF content 
3. Check the noise. 

PERIPHERALS· MSM6242RS/GS • 

Voo = sv 

---sTD.P 
Output= undefined 

1*=2* 
(1 orO) 

I 

®@@: 

® 
I 

H 
0.1 INCH 

I 

I > H I 21 -0.3 INC 

22 ~ 0.2 INCH 
INHIBIT ' 
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3. CH1 (Chip Select) 

V1H and V1L of CH, has 3 functions. 

al To accomplish the interface with a microcontroller/microprocessor. 
b) To inhibit lhe control bus, data bus and address bus and to reduce input gate pass current in the stand-by mode. 
cl To protect internal data when the mode is moved to and from standby mode. 

To realize the above functions: 

al More than 4/5 Voe should be applied to the MSM6242 for the interface with a microcon­
troller/microprocessor in 5V operation. 

bl In moving to the standby mode, 1/5 Voe should be applied so that all data buses should be 
disabled. In the standby mode; approx. OV should be applied. 

cl To and from the standby mode, obey following Timing chart. 

To Standby Mode From Standby Mode 

4-6V 

Voo 

2-4V --

cs, 

-- ~ Voo 

cs;: H 
or WR' :H 

4. Set STD.P at arlarm mode 

452 

Set alarm at 9:00 

MASK BIT <-- 0 
ITRPT/STND BIT <-- 1 

Start interruption 

/\/ CPU Activation ..---...... --'-~ 

Read Register Ao 

Read H 1o and 
H 1 Content 

CPU HALT 
or 

CPU STAND BY 

II 2µs(MINI 

4 
5 Voo 

Repea~ 
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TYPICAL APPLICATION - POWER SUPPLY CIRCUIT 

+5V 

VcE (SAT.I= O.lV 

RIPPLE 
OPERATING· 

-=-

+ 
-=-.1.2X3=3.6V 
-=-Ni-Cd -1 

Figure 19. 

MSM 
6242 

Vss 

= 

c 100!1 

+~ 
..=_ 1.5X2 =3V -1 DRY CELLS -::-

Figure 20. 

22on 
.-----.---..-k::'l-..--°""Ar- ~6.5V 

voo 

MSM 
6242 

Vss 

100!1 
D, 

+ RL 

I
4.7~f-- -,_......-- +5V 

1.2 X 3 =3.6V 
-- Ni-Cd 

- _l 

Figure21. 

Voo 
MSM 
6242 

Vss 

4.7 µF: tantalum 

SUPPLEMENTARY DESCRIPTION 
o When "O" is written to the IRQ FLAG bit, the IRQ FLAG bit is cleared. However, if "O" is assigned to the 

IRQ FLAG bit when written to the other bits, the 30-sec ADJ bit and the HOLD bit, ihe IRQ FLAG = 1 and 
was generated before the writing and IRQ FLG = 1 generated in a moment then will be cleared. To avoid 
this, always set "1" to the IRQ FLAG unless "O" is written to it intentionally. By writing "1" to it, the IRQ 
FLAG bit does not become "1 ". 

o Since the IRQ FLAG bit becomes "1" in some cases when rewriting either of the t 1 , t0 , or ITRPT/STND 1bit 
of register CE, be sure to write "O" to the IRQ FLAG bit after writing to make valid the IRQ FLAG = 1 to 
be generated after it. 

O The relationship between SDT. POUT and IRQ FLAG bit is shown below: 

STD.POUT 
IRQ FLAG bit 
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