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CMOS MICROPROCESSOR LINE - UP II 
POWER SUPPLY COMPATIBILITY 

PRODUCTS PART NAME CURRENT PACKAGE REMAR KS 
VOLTAGE SUPPLIER TYPE 

(MAXI 

40 DIP 
8 81T MICROPROCESSOR MSM80C85A 5V 22m A 44 FLAT Intel BOSSA 

44 PLCC 
3 MHz 

8 BIT CPU 
40 DIP 8 81T MICROPROCESSOR 

MSM80C85A·2 5V 20mA 44 FLAT 
5 MHz 

Intel BOS5A·2 
44 PLCC 

MSM80C86A 55mA 
16 BIT MICROPROCESSOR 

.5 MHz 
Intel 8086 

40 DIP 
16 81T CPU MSM80C86A·2 5V 80mA 56 FLAT 8 MHz Intel 8086·2 

44 PLCC 

MSM80C86A· 1 0 100mA. 10 MHz 

MSM80C88A 55mA 8 81T MICROPROCESSOR Intel 8086 
5 MHz 

40 DIP 
8 BIT CPU MSM80C88A·2 5V 80mA I 56 FLAT 8 MHz Intel 8088·2 

40 PLCC 

MSM80C88A.·' 0 100mA 10 MHz 

40 DIP 
2048 BIT STRAM with 110 MSM81C55·5 5V 5mA 44 FLAT Intel 8355 

44 PLCC 
and TIMER 

MSM82C12 5V lmA " 
24 DIP 

8 BIT INPUTIOUTPUT PORT 
24 FLAT Intel 8212 

40 DIP 
PROGRAMMABLE DMA 

MSM82C37A·5 5V lOmA 44 FLAT Intel 8237A 

I I I I 44 PLCC 
I CONTROLLER 

MSM82C43 5V lmA 
24 DIP 

INPUTIOUTPUT PORT EXPANDER 
24 FLAT 

MSM82C51A 28 DIP PROGRAMMABLE COMMUNICA-
5V 5mA 32 FLAT Intel 8251A 

MSM82C51 A·2 TlONS INTERFACE 
28 PLCC 

MSM82C53·5 5mA 24 DIP 
PROGRAMMABLE INTERVAL 

5V 32 FLAT 
TIMER 

Intel 8253 
MSM82C53·2 8mA 28 PLCC 

24 DIP PROGRAMMABLE 
MSM82C54·2 5V lOmA 32 FLAT Intel 8254 

28 PLCC 
COUNTER 

MSM82C55A·5 5mA 40 DIP PROGRAMMABLE PERIPHERAL 
110 5V 44 FLAT Intel 8255 

MSM82C55A·2 8mA 44 PLCC '1 
INTERFACE 

28 DIP PROGRAMMA8LE INTERRUPT 
MSMS2C59A·2 5V 5mA 32 FLAT 

CONTROLLER 
Intel 8259A·2 

28 PLCC 

MSM82C84A 5V lOmA 
18 DIP 

CLOCK GENERATOR and DRIVER Intel 8284A 
24 FLAT 

MSM82C84A·5 lOmA CLOCK GENERATOR and DRIVER 

5V 
18 DIP (5 MHz) 
24 FLAT CLOCK GENERATOR and DRIVER 

Intel 8284A 
MSM82CB4A·2 '6mA 

(8MHzl 

MSM82C88 
5V lOmA 

20 DIP 
BUS CONTROLLER Intel 8288 

MSM82C8B·2 24 FLAT 

40 DIP 
MSM83C55 5V 5mA 44 FLAT 16384 BIT ROM with 110 Intel 8355 

44 PLCC , 
MSM5832 5V O.lmA 18 DIP REAL TIME CLOCK 

PERI· MSM58321 5V C,lmA 16 DIP REAL TIME CLOCK 
PHERALS 

18 DIP REAL TIME CLOCK 
MSM6242 5V 10.uA 24 FLAT DIRECT BUS CONNECTED 

.. , 44PLCC is only available for 82C55A·2. 
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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 
M80C86A 40 56 44 

MPU M80C86A-2/80C86A-10 40 56 44 

M80C88A 40 56 44 
M80C88A-2/80C88A-10 40 56 44 

M81C55/81 C55-5 40 44 44 
M82C12 24 24 -
M82C37A-5 40 44 44 
M82C43 24 24 -

I/O M82C51A 28 32 -
.M82C51A-2 28 32 28 
M82C53-5/82C53-2 24 32 28 
M82C54-2 24 32 28 
M82C55A-5/82C55A-2 40 44 44(Note:2) 
M82C59A-2 28 32 28 
M82C84A 18 24 -
M82C84A-5/84A-2 18 24 20(Note:3) 

M82C88 20 24 -
M82C88-2 20 24 20 
M83C55 40 44 44 

P·ERI- M5832 18 - -
PHER- M58321 16 - -
ALS M6242 18 24 -

Note: 1. Model numbers suffixed by RS denote plastic 01 P, while GS denotes plastic FLAT. 
Ex. .MSM80C85ARS . . . . . . .. plastic DIP 

MSM80C85AGS. . . . . . .. plastic FLAT 

Note: 2. M82C55A-5 has no PLCC Package. 
Note: 3. M82C84A-5 has no PLCC Package. 
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• PACKAGING .------------~-------"---..:.. 

• 20 PIN PLASTIC SKINNY DIP 

28.0MAX 

1 pin INDEX MARK 

• 16 PIN PLASTIC DIP 

20.0MAX 

2.54±O.25 

12 

xx «« 
~~ 
..... It! 
cO ..... 

(unit: mml 

7.62±O.30 

0°_15° 

Seating Plane 

(unit: mm) 

7.62±O.30 

0°-15° 
Seating Plane 



----------------------------------------------. PACKAGING • 

• 18 PIN PLASTIC DIP 

24.5MAX 

2.54±0.25 

• 24 PIN PLASTIC DIP 

32.3MAX 

1 pin INDEX MARK 

2.54±0.25 

0° - 15° 

Seating Plane 

(unit: mm) 

7.62±0.30 

(unit: mm) 

15.24±0.30 

z 
~ 
;1; 
N I 0°-15° 

Seating Plane 

O.6MAX -\\-
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• PACKAGING .------------------------.:... 

• 28 PIN PLASTIC DIP 

38.0MAX (unit: mm) 

1 pin INDEX MARK 
15.24±O.30 

Seating Plane 

• 40 PIN PLASTIC DIP 

(unit: mml 

K 

15.24±O.30 

Seating Plane 
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-----------------------------------------------. PACKAGING • 

• 24 PIN PLASTIC FLAT 

+03 16.0- . 
2.2±0.2 (unit: mm) 

@ '1 
1 .. 1.27±0.1 ." ~.35±0.1 

@ 

-

0 
M '<I: 
0 0 
+1 +1 
a> 0 

....: N 
~ 

~ 
D 

-- . 

/0 @ 
1 pin INDEX MARK 

• 32 PIN PLASTIC FLAT 

16.3±0.3 
2.2±0.2 

(unit: mm) 

1 pin INDEX MARK 
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• PACKAGING .~---------------------------------------------

• 44 PIN PLASTIC FLAT 

14.S±0.4 

1 pin INDEX MARK 

• 56 PIN PLASTIC FLAT 

16 

M 
ci 
+1 
It) 

oj 

(LARGE TYPE) 

'<t 
ci 
+1 
~ 
M 

(unit: mm) 

1.S±O.2 



"---~-- -- --

• 20 PIN SQUARE PLCC 

1.27TVP 

• PACKAGING • 

10.030 

@ 

1 pin INDEX MARK 

~ 
I. 8.38 1 

7.37 • 

(unit = max. mm 
min. mm) 

o 
8 c -

17. 



• PACKAGING l!' 

• 28 PIN SQUARE PlCC 

~ ~ 

max.mm 
(unit = min. mm 



------------____________________________________ PACKAGING -

• 44 PIN QUAD PLCC 

INDEX MARK 

(unit. max. mm I 
min. mm 

~ 
I 16.00 I 
" 14.99 ." 
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• PACKAGING • 

• 68 PIN SQUARE PLCC 

o o 

20 

24.332 
~4.130 
~, 

(unit. mal<, mm I 
min, mm 

~, 

" 22.61 "I 
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RELIABILITY INFORMATION 

1. INTRODUCTION 

Semiconductor devices playa 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 f.ar 
reaching effects and can cause incalculable 
losses. So, the demand, for stable high quality 
memory devices is strong. 
We, at Oki are fully aware of this demand. So we 
have adopted a comprehensive quality assur­
ance system based on the concept of consisten­
cy in development, manufacturing and sales. 
With the increasing demand for improvement in 
function, capability and reliability, we will expand 
our efforts in the future. Our quality assurance 
system and the underlying concepts are outlined 
briefy below. 

2. QUALITY ASSURANCE SYSTEM 
AND UNDERLYING CONCEPTS 

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

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

2) Developmental prototype stage 
We determine circuits, pattern design, process 
settings, assembly techniques and structural re­
quirements during this stage. At the same time, 
we carry out actual prototype reliability testing. 
Since device quality is largely determined during 
the designing stage, Oki pays careful attention 
to quality confirmation during this stage. 
This is how we do it: 
(1) After completion of circuit design (or pattern 

design), personnel from the design, process 
technology, production technology, installa­
tion technology and reliability departments 
get together for a thorough review to ensure 

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 8 tests: check of durability under 
thermal and mechanical envi­
ron mental 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 8 tests 
conform to the following standards. 
MIL-STO-8838, JIS C 7022, EIAJ-IC-121 
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------------------. RELIABILITY INFORMATION. 

Production 
Process 

Wafer Process 
& 

Assembly 

'------y-----' 

• Acceptance Inspection 

• Production Process Quality Control I Lot Control 
Equipment Conditions 
In-Process Inspection 
Thermal Screening 
Seal Test 

• Early Removal of Defective Devices 

• Electrical Test 
• Regular Check of Measuring 

'-------,r----' Equipment 

• Group A Test 
• Group B Test 

'--__ ---, ___ -'. Group C Test 

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 - Re-;;;t~;;- --
: results of 

investigation 
_--_ & improvement 

Report on 
I results of . 
I investigation 

L _ ~ ~~r~v..:~e~t 

Request for 
manufacturing 
improvement 

Figure 3 Failure report process 
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• RELIABU .. ITV INFORMATION.------------------

Service 
Failure Analysis 

• Customer I nformation Analysis 

Use Quality 

Ouality Assurance 
& 

Quality Control 

• Quality and Reliabi!ity Inforl"!'lation - • Quality Evaluation - • Defective Analysis 
• Reliability Engineering 
• Quality Management and Education 

~ t 
• 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-883B, JIS C 7022, EIAJ-IC-121 

Since these reliability tests must determine per­
formance under actual working conditions in a 
short period of time, they are performed under 
severe test conditions. For example, the 125°C 
high temperature continuous operation test per­
formed for 1000 hours is equivalent to testing 
device life from 2 to 300 years of use at Ta = 
40°C. 
By repeating these accelerated reliability tests, 
device quality is checked and defects analyzed. 
The resulting information is extremely useful in 
"improving the manufacturing processes. Some 
of the more common defects in LSI elements and 
their analysis are described on next page. 

26 

Target Quality 

Design Quality 



§htriotM""bW!I!"'" 

------------------11. 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 

(pes) or (pes) & (pes) & 
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~RT~150°C 100 500 0 50 300 0 100 500 0 MIL-STO-
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-l00% 

2 atm 
(H) (H) (H) 

~ 
Part name MSM80C86/88JS MSM80C86/88AJS 

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) 

Vcc-6V 

Temperature -55°C+"RT+" 150°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 2.00 0 
cooker test RH-100% (H) (H) 

2 atm 
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• RELIABILITY INFORMATION .------------------

MICROPROCESSOR ENVIRONMENTAL TEST RESULTS 

~ 
Part name MSMSOC85A·2RS MSMS1C55RS MSM82C59A·2RS 

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

110 PORTS & TIMER CONTROLLER 

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

PRE·Bake Bake 22 0 22 0 22 0 -
(125°C. 6 hrs) 

260·C 22 0 22 0 22 0 MIL· 
Soldering 10 SEC STD-883C 
Heat Test METHOD 

2003 

-55·C"RT"1S0·C 22 0 22 0 22 0 MIL· 
Temperature (30min) (5min) (30min) STD,s83C 
Cycling Test 20 cycles METHOD 

1010 

100'C"0'C 22 0 22 0 22 0 MIL· 
Thermal (5min) (5min) STD.s83C 
Shock 10 cycles METHOD 
Test 1011 

D 
Lead Tensile 500 g 10SEC MIL· 
Integrity 11 ° 11 ° 11 ° STD883C 

250 g 90' BEND METHOD 
Bending 3 TIMES 2004 

230·C 5 SEC 22 0 22 0 22 0 MIL 

Solderability STD883C 
METHOD 

2003 

~ 
Part name MSM80C86/88JS MSM80C86N88AJS 

Function 16 BIT 16 BIT Referred 

MICROPROCESSOR MICROPROCESSOR standard 

(DYNAMIC VERSION) (STATIC VERSION) 

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

PRE·Bake 
Bake -1i> (125°C. 6 hrs) 

~ 

~ Soldering Vapor Phase Reflow .. Heat Test (215±2°C.90 + 10. -Osec) 
E 2 times 
e: e .;; 

-5S·C"RT"150·C MIL· e: 
w Temperature (30min) (Smin) (30min) 22 0 22 0 STD·B83C 
OJ Cycling Test 20 cycles METHOD 
E 
a; 1010 

i5 100·C"'0·C MIL-
Thermal (Smin) (Smin) STD·883C 
Shock 10 cycles METHOD 
Test 1011 

1i> 
~ Bake 112S'C. 24h"i 22 0 22 ° .. 

f- Immerse into Flux 
a; Solderability 

Immerse into Solder 
-6 (215±2°C 10::t lsec) 
0 
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-----------------. RELIABILITY INFORMATION. 

4. SEMICONDUCTOR MEMORY 
FAILURES 

The life-span characteristics of semiconductor 
elements in general (not only semiconductor Ie 
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 Rata Curve 

Initial SHIPPING Wear-out 
fa::.:i.:.:lu::.:re:......~+ __ --...:Random ___ ..... .=failure 

failure 
\ 
\ 

m> 1 
\ 
\ 
\ 
\ , .. 

m<l. 

General / 
electronic / 
devices / 

j--~/'./ 

"-...-'" -+ Time 
Debugging bV burn-in Semiconductor 
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1) Surge Destruction 

I 

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. 

""-- AI ~' Input section 

Alu":num W.{4'4'$j"R~ . ' __ ..... t 
wIre t Poly Si 

Destruction 
position 

2) Oxide Film Insulation Destruction (Pin Hoies) 
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 th.is 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 10 cm 
through miniaturization. However,' the size of 
dust and scratches stays the same. At Oki, a 
high degree of automation, minimizing human in­
tervention in the process, and 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 

"""""""':":7"'.,...-,,-:--..,....,,f---:"',,,..,,..,,..,.,,..,. S i I icon oxide 
.c...;,P:....::.::.:.:..:.:.:..;>-:",.:::v:.:..:..;,'-'-''-'+'''''-~ Ii I m 

Substrate sil icon 
/ ++~--

" ",·partlcle 
IOnization along 
the ",-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 inlo the oxide film near the 
drain, leading to degradation of performance, Al­
though previous low-temperature operation tests 
have .ind,icated 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 LSIS. 

Drain 

+VG • 

Hot electrons 
~

VD 

G~ : 
Source 

Substrate sil icon 

Characteristic deterioration caused 
by hot electrons 

Drain 

With further progress in the miniaturization of cir­
cuit components, failures related to pin hole 
oxide film destruction and photolithography have 
increased. To eliminate these defects during 
manufacturing, Oki has been continually improv­
ing its production processes based on reliability 
tests and information gained from the field. And 
we subject all devices to high-temperature burn­
in screening for 48 to 96 hours to ensure even 
greater reliability. 
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MSM80C85A RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C85A is a complet~ 80bit parallel central processor implemented in silicon gate C-MOS technology. 
Itisdesigned with the same processing speed and lower power consumption compared with MSM8085A, thereby 

offering a high level of system integration. 
The MSM80C85A uses a multiplexed address/data bus. The address is split between the 80bit address bus and 

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

FEATURES 

8 Low Power Dissipation: 50 mW Typ 
8 Single +4 to +6 V POIII(er Supply 
8 -40 to +85°C, Operating Temperature 
8 1.31J. Instruction Cycle 
8 On-Chip Clock Generator (with External Crystal) 
8 On·Chip System Controller; Advanced Cycle Status 

Information Available for Large System Control 
8 TTL Compatible 

FUNCTIONAL BLOCK DIAGRAM 

Pow", {_+5V 
Supply - GND 

X, 
x, 

8 Four Vectored Interrupt Inputs (One is non-maskablel 
Plus the 8080A-compatible interrupt. 

8 serial In/serial Out Port 
8 Decimal, Binary and Double Precision Arithmetic 
8 Addressing Capability to 64K Bytes of Memory 
840·pin Plastic DIP (MSM80C85ARSI 
844'pin Plastic Flat Package (MSM80C85AGSI 
844'pin PLCC Package (MSM80C85AJSI ' 

PROGRAM COUNTER l16) 

AU-AS 
AODRESS BUS 

A0 7- AOO 
ADDRESS/DATA BUS 
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PIN CONFIGURATION 
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MSM80CS5A FUNCTIONAL PIN DEFINITION 

The following describes the function of each pin: 

Symbol .. Function 

As-A,s Address Bus: The most significant s-bits of the memory address or the s-bits of the I/O 
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET. 

ADo-AD, Multipl'exed Address/Data Bus: Lower s-bits of the memory address (or I/O 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 enables 
(Output) the address to get latched into the on..:hip 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, S"IO/M Mac,!!ne cycle status: 
, 

(Output) 10/M S, So States 10/M ·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 I/O write x x Hold (high impedance) 
1 1 0 I/O read x x Reset x = unspecified 
0 1 1 Opcode fetch 

SI can be used as an advanced R/W status. 10/M, SO and S, 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 RDindicates the selected memory or I/O 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 

niodes 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 I/O 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 raady to send or receive data. If READY is low, the cpu will wait all integral number 

of clock cycles for READY to go high before completing 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) t"at 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 H LOA 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 d!'ring Hold and Halt sta~lf 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 INTRis 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 RE~TART 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 II 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 hliS 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-stated during RESET and because 

oftheasyrichronousnature of RESET, the processor's internal registers and flags may be 
altered by RESET with unpredictable resUlts. RESET I N 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 Indicates cpu is being reset. Can be used as a system reset. The signal is synchronized to 
(Outputl the processor clock and lasts an integral number of clock periOds. 

XI, X2 XI and X2 are connected to a crystal to drive the internal clock generator. XI 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 XI, 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) 

VCC +5 volt supply. 

GND Ground Reference. 

Table 1 Interrupt Priority. Restart Add ..... 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. 

Not.: (1) The processor pushes the PC on the stack before branching to the indicated address. 

38 
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FUNCTIONAL DESCRIPTION 

The MSM8OC85A is a complete &bit perallel 
central Ptl~cessor. It is designed with silicon gate 
C·MOS technology and requires a single +5 volt supply. 
Its besic clock speed is 3MHz, thus improving on the 
present SOSOA's performance with higher system speed. 
Also it is designed to fit into a minimum system of three 
IC's: The cpu IMSM80C85A), e RAM/IO IMSM81C55), 
and a ROM/IO chip (MSMS3C55). 

The MSM8OCS5A.· has twelve addressable 80bit 
registers. Four of them can function' only as two 16-bit 
register pairs. Six others can be used interchangeably 
as 80bit registers or a 160bit register pairs. The MSM· 
8OC85A register set is as follows: 

Mnemonic Register Contents 

ACCor A Accumulator 80bits 
, 

PC Program Counter 16-b it address 
BC, DE, HL General·Purpose Sobit x 6 or 

Registers; 16-bits x 3 
data pointer (H LI 

SP Stack POinter 16-bit address 
Flags or F Flag Register 5 flags IS·bit space) 

The MSMI3OC85A uses a multiplexed Data Bus. 
The address is split between the higher &bit Address 
Bus and the lower Sob it 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 sobits may be latchad externally by the 
Address Latch Enable signal (ALE), During the rast of 
the machine cycle the data bus is used for memory or 
I/O data. 

The MSM8OC85A provides RD, WR, So, SI and 
IO/M signals for bus control. An Interrupt Acknow· 
ledge signal (iNTA) is also provided. Hold and all 
I nterrupts are synch ronizad with the processor's internal 
clock. The MSM8OC85A also provides Serial Input Date 
(SID) and Serial Output Data (SOD) lines for a simple 
serial interface. 

In addition to these features, the MSMSOC85A has 
three maskable, vector interrupt pins and one nonmask· 
able TRAP interrupt. 

INTERRUPT AND SERIAL I/O 

The MSM8OCs5A has 5 interrupt inputs: INTR, 
RST 5.5, RST 6.5. RST 7.5, and TRAP, INTR is identi· 
cal in funct;·'r· (0 ttie SOSOA INT. Each of the three 
RESTART inputs, 5.5, 6.5, and 7.5, has a program· 
mabie mask. TRAP is also a RESTART interrupt but 
it is nonmaskable. 

The three maskable interrupts cause the internal 

execution of RESTART (saving the program count" 
in the stack and branching to the RESTART addressl 
if the interrupts are enabled and if the interrupt mask is 
not set. The nonmaskable TRAP I;8Usel the internal 
execution of a RESTART wctor independent of the 
state of the interrupt enable or masks. (See Table 1.1 . 

Thera ara 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 SOSOA) and 
are recognized with the same timing as.INTR. 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 set until 
the request is servicad. 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 MSM8OC85A. 
The RST 7.5 internal flip·flop will be set by a pulse on 
the RST 7.5 pin ewn when the RST 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, 
RST 7.5, RST 6.5, RST 5.5, INTR-Iowest 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 recognizad just as any other interrupt but has 
the highest priority, It is ncit affected by any flag or 
mask. Ttoe TRAP input is both adge and level sen.itive. 
The TRAP input must go high and ramain high until 
it is acknowledged. It will not be recognized again 
until it goes low, than high again. This .oids any false 
triggering due to noise or logic glitches. Figure 3 illus­
trates the TRAP interrupt request circuitry within the 
MSM8OCS5A. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disabilis 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 R 1M instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the TRAP. 
AII"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 reed by RIM, and SIM 
sets the SOD data. 
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EXl'ERNAL 
TRAP 
INTERRUPT 
REQUEST 

RESET IN 

INSIDE THE MSM80C85A 

TRAP 

SCHMITT 
TRIGGER RESET 

+5V D 

INTERNAL 
TRAP 

ACKNOWLEDGE 

D 
F/F 

CLEAR 

Figure 3 Trap and RESET IN Circuit 

• 

DRIVING THE XI and X2 INPUTS Drive level: 10 mW 

You may drive the clock inputs of the MSM80C-
85A with a crystal. or an external clock source. The 
driving frequency must be at least 1 M Hz, 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 (toad capaCitance) ~ 30 pF 
Cs (shunt capacitance) ::; 7 pF 
RS (equivalent shunt resistance) :$ 75 ohms 

A_ Quartz Crystal Clock Driver 

Frequency to,lerance: ±.005% (suggested) , 
Note the use of the capacitors between XI, 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 frequencle. up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-<:ircuited (Figure 4BI. To prevent self-oscillation 
of the MSM80C85A,' be sure that X2 is not coupled 
back to XI through the driving circuit. 

B. 1-6 MHz Input Frequency External Clock 
Drive Circuit 

VIH >0.8VCC 
High time> 60ns 

XI 8OC85A 1:1-..--_n-----, Low time> 60ns 
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" ,C, Ii", *CINT= 15pF 
I 

t-.... __ -;U-XL __ J 
-=- 'C2 2'--________ _ 

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 MSM80CB5A has a multiplexed Data Bus. 
A LE is used as a strobe to sample the lower B-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 instructionl. 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 cyc!!;s. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, 51, So) and the 

three control signals (RD, WR, and INTAL (See Table 
2.) The status line can be 'used as advanced controls 
(for device selection, for example); slnea 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 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. 

Tabla 2 MSMSOC85A Machine Cycle Chart 

'Status 
Machine Cycle 

101M 51 So 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 (lOR) 1 1 0 0 

1/0 Write (lOW) 1 0 1 1 

Acknowledge of INTR (INA) 1 1 1 1 

Bus Idle (BII: DAD 0 1 0 1 
RST. TRAP 
HALT 1 1 1 1 

TS 0 0 TS 

Tabla 3 MSM8OC85A Machine State Chart 

Ma.:hine State 

Tl 

Tz 
TWAIT 

T3 

T4 

Ts 

T6 

TRESET 

THALT 

THOLD 

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

51,50 

X 

X 

X 

X 

1 

1 

1 

X 

0 

X 

TS = High Impedance 
X = Unspecified 

Status & Buses 

101M As-AlS 

X X 

X X 

X X 

X X 

0(2) X 

0(2) X 

0(2) X 

TS TS 

TS TS 

TS TS 

ADo-AD7 RD,WR 

X 1 

X X 

X X 

X X 

TS 1 

TS 1 

TS 1 

TS TS 

TS TS 

TS TS 

Notes: (1) 
(2) 

ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
101M = 1 during T 4 -T 6 of INA machine cycle. 

Co'ntrol 

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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Figure S· MSMSOC85A a.ic SVstem Timing 

Table 4 Absolute Maximum Rati.,.. 

Ambient Temperature under Bias .....•...........••.•......••....• 
Storage T amperature. • . . . . . . . . • . • . . . . • . . . . . . • . . . . . . • . • • . • • . . . . 
Supply Voltage Respect to Ground :................................ 
Input Voltage Respect to Ground •••.. . • . . . . . . . . • . .• • • • . . • . • . . • • . •• 
Power Dissipation •.•...•....•......••.•......•.........•.. •• 

-40'C to + 8S'C 
-s5"c to + lS0'C 
-O.3V to + 7,OV 
-O.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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This is a stress rating only and functional operation of the device at these or any other condition. above thOse 
indicated in the operational sections of thisspacification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 
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D.C. CHARACTERISTICS 
(TA = _40°C to + 85°C; VCC = 5V ±10%; unless otherwise specified) 

Parameter Symbol Min. Typ. Max. Units Test Conditions 

Input Low Voltage VIL -0.3 +0.8 V 

Input High Voltage VIH 2.2 VCC + 0.3 V 

Output Low Voltage VOL 0.45 V IOL =2mA 

2.4 V IOH = -400j£A 
Output High Voltage VOH 

4.2 IOH =-40j£A V 

Input Leak III -10 10 j£A OV .5 VIN.5 VCC 

Output Leak ILO -10 10 /loA OV'::; VOUT ~ VCC 

Input Low Level. RESET VILR -0.3 +0.8 V 

Input High Level. RESET VIHR 3.0 VCC + 0.3 V 

Hysteresis. RESET VHY 0.25 V 

10 22 mA 
VCC =4.5V to 5.5V 

tCYC= 

Power Supply Current ICC 
TA = -40°C to +8~C 320ns 
VCC =4.75V to 5.25V Reset 

10 17 mA Active 
TA = O°C to +85°C CL=OpF 

~ower Supply Voltage VCC 4 5 6 V 

A.C. CHARACTERISTICS 
(T A = -40°C to 85°C; VCC = 5V ±10%) 

8OC85A 
Parameter Symbol Units 

Min. Max. 

CLK Cycle Period tCYC 320 2000 ns 

CLK Low Time tl 80 ns 

CLK High Time t2 120 ns 

CLK Rise and Fall Time t r• tf 30 ns 

XI Rising to CLK Rising tXKR 30 120 ns 

X I Rising to CLK Falling tXKF 30 150 ns 

AS-IS Valid to Leading Edge of Control (1) tAC 210 ns 

AO-7 Valid to Leading Edge of COntrol tACL 240 ns 

Ao- IS Valid to Valid Data In tAD' 575 ns 

Address Float After Leading Edge of RD (lNTA) tAFR 0 ns 

AS-Is Valid Before Trailing Edge of ALEll) tAL 115 ns 

A O- 7 Valid Before Trailing Edge of ALE tALL 90 ns 

READY Valid from Address Valid tARY 220 ns 

Address (As-.Als) Valid After Control tCA 120 ns 

Width of Control Low (RD, WR, INTA) tcc 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) 

Parameter Symbol 
8OC85A 

Units 
Min. Max. 

HlOA Valid to Trailing Edge of ClK tHACK 110 ns 

HOLD Hold Time tHOH 0 ns 

HOLD Setup Time to Trailing Edge of ClK tHOS 170 ns 

INTR Hold Time tlNH 0 ns 

INTR. RST. and TRAP Setup Time to Falling Edge tiNS 160 ns ofClK 

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 tlOW 200 ns 

ALE Width tll 140 ns 

ALE to READY Stable tlRY 110 liS 

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

RD (or INTAI to Valid Data tRO 300 ns 

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

Data Hold Time After RO INTA (71 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 twOl 40 ns 

Notes: (11 As-AIS address .Specs apply to 101M. SO. and 5, except As-A,s are undefinad during T4-T 6 of OF 
cycle whereas 101M. SO. and 5, are stable. 

(21 
(31 

(41 
(51 

(61 
m 

Test conditions: tCYC = 320ns Cl = 150pF 
For all output timing where Cl" 150pF use the following correction factors: 

25pF ~ Cl < 150pF: .,.o.10ns/pF 
150pF < Cl ~ 300pF: +0.30ns/pF 

Output timings are measured with purely capacitive load. 
All timings are measured at output voltage Vl = 0.8V. VH = 2.2V. and 1.5V with 10ns rise and fall time 
on inputs. 
To calculate timing specifications at other velues of tCYC use Table 7. 
Data hold time is guaranteed under all loading conditio!,!s. 

Input Waveform for A.C. T_: 

2.4 ------.... X:::::: pb~~~ ::::::X ..... ____ _ 
0.45 ____ .....J -
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Table 7 Bus Timing Specification _ a TCYC Dependent 

MSMSOCS5A 

tAL - (1I2)T - 45 MIN 

tLA - (1/2)T - 60 MIN 

tLL - (1I2)T - 20 MIN 

tLCK - (1/2)T - 60 MIN 

tLC - (1I2)T - 30 MIN 

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

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

tRAE - (1/2)T - 10 MIN 

tCA - (1I2)T -40 MIN 

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

two - (1/2)T - 60 MIN 

tcc - (3/2 + N)T - SO MIN 

tCL - (1/2)T - 110 MIN 

tARY - (3/2)T - 260 MAX 

tHACK - (1/2)T - 50 MIN 

tHABF - (1/2)T + 50 MAX 

tHABE - (1I2)T + 50 MAX 

tAC - (2/2)T - 50 MIN 

tl - (1/2)T - 80 MIN 

t2 - (1/2)T - 40 MIN 

tRV - (3/2)T -SO MIN 

tLOR - (2+N)T -ISO MAX 

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

Xl INPUT 

CLK 
OUTPUT 

~-+-------------tCYC------------~ 

tXKF 

Figure 6 Clock Timinll Waveform 
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READ OPERATION 

\ 
Tl 

tLCK} 

T2 

\ 
Tl 

CLK / / I 

AS-A15 ADDRESS 

tAD 

ADo-AD, 

ALE 
tLDR 

tRD 

RDIINTA 
tcc 

WRITE OPERATION 

:) ADDRESS 
", 

<-
ADo-AD, 

!--tLDW- !--tCA--

:) ~DDRESS ) DATA OUT , 
I- tLL-:-- -tLA--I tow f-twD-

ALE twDL 
tAL 

tcc 

:---tLC-- I-tCL--

tAC 
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Read operation with Wait Cycle (Typicall-
same READY timing applies to WRITE operation 

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

Figunt 7 MSM80C85A Baa Timing. Witt! and Without Wait 

HOLD OPERATION 

T2 T3 THOLD THOLD Tl 

CLK 

HOLD 

HLDA 

tHABF 

tHABE 
BUS (ADDRESS. 

CONTROLS) 

Figunt 8 MSMSOC85A Hold Timing 
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AS-IS 

ALE 

HOLD 

CALL 
INST 

, 
\ I 

. V 
HDH 

BUS FLOATING (1) 

tHABE--+--+-

HLDA g 
------------____ tHABF 

tHACK 

Note: (1) 101M is also floating during this time. 

Figure 9 MS~OC86A Interrupt and Hold Timing 
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Tabl. 8 Instruction Set gumrnery 

I nstructiu n Code (1) Clock (2) 
Mnemonic Description Cycles 07 06 05 04 03 01 0, Do 

MOVE, LOAD, AND STORE 
MOVrl r2 Move register to register 0 1 0 0 0 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 0 0 1 1 0 7 
MVI r Move immediate register 0 0 0 0 0 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 
LXI 0 Loed immediate register Pair 0 & 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 
STAX B 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 0 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 0 & E H & L registers 1 1 1 0 1 0 1 1 4 

STACK OPS 
P!JSH B Push register Pair B & C on stack 1 1 0 0 0 1 0 1 12 
PUSH 0 Push register Pair 0 & E on stack 1 1 0 1 0 1 0 1 12 
PUSH H Push register Pair H & L on stack 1 1 1 0 0 1 0 1 12 
PUSH PSW Push A and F lags 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 0 Pop register Pair 0 & 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 
POPPSW Pop A and F lags 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 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 o· 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 on 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 pari ty odd 1 1 1 0 0 1 0 0 9/18 
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Table 8 Instruction Set Summery cont'd 

Instruction Code(l) Clock(2) Mnemonic Description 
Cycles 0, 06 05 04 03 02 01 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 6112 
RNC Return on no carry 1 1 0 1 0 0 0 0 6112 
AZ Return on zero 1 1 0 0 1 0 0 0 6112 
RNZ Return on no zero 1 1 0 0 0 0 0 0 6112 
RP Return on positive 1 1 1 1 0 0 0 0 6112 
RM Return on minus 1 1 1 1 1 0 0 0 6112 
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 1,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 I ncrement register 0 0 0 0 0 1 0 0 4 
OCR r Decrement register 0 0 0 0 0 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 
INX B Increment B & C registers 0 0 0 0 0 0 1 1 6 
INX 0 Increment 0 & E registers 0 0 0 1 0 0 1 1 6 
INXH Increment H & L registers 0 0 1 0 0 0 1 1 6 
INXSP I ncrement 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 0 Decrement 0 & 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 
DADO AddD&EtoH&L 0 0 0 1 1 0 0 1 10 
DADH Add H ~ L to H & L 0 0 1 0 1 0 0 1 10 
DADSP Add sta'1f< 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 
SBBM 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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Tabl. 8 Instruction Set Sumlllllry cont'd 

Instruction Code (1) Clock(2) Mnemonic Description 
Cycles 0 7 0 6 05 0 4 D;l O2 0 1 Do 

LOGICAL 
ANAr And register with A 1 0 1 0 0 5 5 5 4 
XRA r Exclusive Or register with A 1 0 1 0 1 5 5 5 4 
ORAr Or register with A 1 0 1 1 0 5 5 S 4 
eMP r Compare register with A 1 0 1 1 1 S 5 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 
RLe Rotate A left 0 0 0 0 0 1 1 1 4 
RRC 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 
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 
5TC 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 
EI Enable Interrupts 1 1 1 1 1 0 1 1 4 
01 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 
51M 5et Interrupt Mask 0 0 1 1 0 0 0 0 4 

Notes: (1) DOD or 5SS. B 000. COOl. 0 010. E 011. H 100. L 101. Memory 110. A 111. 
(2) Two possible cycle times, (61121 indicate instruction cycles dependent on condition flags. 
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OKI sernlQonductor 

MSM80C85A-2RS/GS/JS 
8·BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C8SA-2 is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology 
and.compatible with MSM80C8SA. 

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

The MSM80C8SA-2 uses a multiplexed addressldata bus. The address is split between the 8·bit address bus and 
the S·bit data bus. The on-chip address latche of a MSMS1C55·S memory product allows a direct 

interlace with the MSMSOCS5A·2. 

FEATURES 

• Power down mode (HALT·HOLD) 
• Low Power Dissipation: 50mW Typ 
• Single +3 to +6 V Power Supply 
• .-40 to +8SoC, Operating Temperature 
• Compatible with MSM80C8SA 

• 0.81-1 I nstruction Cycle (V CC = SV) 
• On-Chip Clock Generator (with External Crystal) 
·,On·Chip System Controller; Advanced Cycle Status 

Information Available for Large System Control 

FUNCTIONAL BLOCK DIAGRAM 
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Power {_+5V 
Supply -GNO 

x, 
X, 

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

• Serial I nlSerial Out Port 
• Decimal, Binary and Double Precision Arithmetic 
• Addressing Capabil ity to 64K Bytes of Memory 

'TTL Compatible 
• 40 pi~ Plastic DIP (MSM80CB5A·2RS) 
• 44 pin Plastic Flat Package (MSM80CB5A·2GS) 
• 44 pin PLCC Package (MSMBOCB5A·2JS) 

PROGRAM COUNTER 116) 

INeREM N 
OECREMENTER 

A1S~A. 
ADDRESS BUS 

AD,-ADt 
ADDRESS/DATA BUS 
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PIN CONFIGURATION 

TRAP 

RST7.5 

RST6.5 
RST5.5 

INTR 

INTA 

AD, 
AD, 

AD, 

AD, 

N.C 

MSM8OC85A-2RS (Top View) 

40 Lead Plastic DIP 

;::1 2 ::> -
<2: Q tu 
o " U) .J .J W 
1: (J a: 

44434241403938 37 36 3534 

MSM8OC85A-2JS (Top View) 

44 Plastic Leaded Chip Carrier 

READY 

101M 
S, 

Ri5 
WR 
ALE 
S, 

A" 
A .. 

A" 
A" 

TRAP 

R5Tl.5 

R5T6.5 

R5T5.5 

INTR 

N.C. 

ADO 

AD1 

AD2 

AD3 

HLDA RESET OUT 
SOD 

SID 

TRAP 

eLK (OiJTI 

RST6.5 

RST5.5 

MSM8OC85A-2GS (Top View) 

44 Lead Plastic Flat Package 

READY 
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AD 
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SO 
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29 A13 
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MSM80C85A-2 FUNCTIONAL PIN DEFINITION 

The following describes the function of each pin: 

Symbol Function 

A.-Au Address Bus: The most significant B-bits of the memory address or the B-bits of the I/O 
(Output,3-state) address, 3-stated during Hold and Halt modes and during RESET. 

ADo-AD, Multiplexed Address/Data Bus: Lower B-bits of the memory address (or I/O address) 
(I nput/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 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,S"IO/M Mach i ne cycle status: 
(Output) 10/MS, SO States 10/M 5, 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 I/O write x x Hold (high impedance) 
1 1 0 I/O read x x Reset x = unspecified 
0 1 1 Opcode fetch 

5, can be used as an advanced R/W status. 10/M, SO and 5, 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 I/O 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 WR ITE 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 I/O 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 before complElting 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. And status of power down is 
controlled by HOLD. 

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. HLDA goes low after the Hold 

request is removed. The cpu takes the bus one half clock cycle after H LOA 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 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. 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 
RST 6.5 they 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. 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 control lines are 3-

stated during RESET and because of the asynchronous nature of RESET, the processor's 
intemal registers.and flags may be altered by RESET with unpredictable results. RESET 
jjij 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 I N is applied. 

RESET OUT Indicated cpu is ~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" X, X, and X, are connected to a crystal to drive the internal clock generator. X, 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 X, , X, input 
(Output) period. 

SID Serial input data line. The data on this line is loaded into accumulatpr 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) 

VCC +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. 

RST 7.5 2 3CH R ising 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. 
(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 MSMSOC85A-2 is a complete S·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/IO (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 

ACCor A Accumulator 8-bits 
PC Program Cou nter 16-bit address 
BC, DE, HL General·Purpose 8-bit x 6 or 

Registers; 16-bits x 3 
data pointer (HLl 

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

The MSM80C85A-2 uses a multiplexed Data Bus. 
The address is split b~tween 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), D·uring the rest of 
the machine cycle the data bus is used for memory or 
I/O data. 

The MSM80C85A-2 provides RD, WR, S., S, and 
10/M' signals for bus control. An Interrupt Acknow· 
ledge signal (lNTA) is also provided. Hold and aU 
Interrupts are synchronized with the processor'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 t.hese features, the MSM80C85A-2 
. has three maskable, vector interrupt pins, one nonmask· 

able TRAP interrup~ and power down mode with HALT 
and HOLD. 

INTERRUPT AND SERIAL I/O 

The MSM80C85A-2 has 5 interrupt inputs: INTR, 
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 i.nputs, 5.5, 6.5, and 7.5, has a program· 
mabie 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 p'rognim 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 1.1 

There are two different types of inputs in. the 
re;tart interrupts. RST 5.5 and RST 6.5 are high 
level·sensitive like INTR (and INT on the 80BOA) and 
are recognized with the same ·timing as INTR. 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 set u,:,til 
the request is serviced. Then it is reset au\omatically. 
This flip·flop may also be reset by using the SIM instruc· 
tlon 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 recognized if more 
than one is pending,. as follows: TRAP-highest priority, 
RST 7.5. RST 6.5. RST 5.5, INTR-Iowest 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. Not~ that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INfR) 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 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 R 1M instruction fol· 
lowing INTR or RST 5.5-7.5 will provide current 
Interrupt Enable status, revealing that Interrupts are 
disabled. 

The serial I/O 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 

RESET IN 

TRAP 

SCHMITT 
TRIGGER RESET 

+5V D 

D 
F/F 

CLEAR 

INTERNAL 
TRAP 

ACKNOWLEDGE 

Figure 3 Trap and RESET IN Circuit 

DRIVING THE XI 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 MI-!z 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 

Drive level: 10 mW 
Frequency tolerance: ±.005% (suggested) 
Note the use of the capacitors between X" X. 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 il 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, and leave X. 
open-circluited (Figure 48). To prevent self-oscillation 
of the MSM80C85A-2, be sure that X. is not coupled 
back to X, through the driving circuit. 

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

VIH > 0.8VCC 
High time> 40n$ 
Low time> 40ns rC:C,I--iI;----o-X.!...- -180C85A-2 

• *CINT=15pF 
I . 

))-__ ... ...L..-I X, 

X. I 
t-...... _---o - - - ~ 

7 C. 2L--------------

33pF Capacitor required for crystal freql,lency 10 to 6.25 MHz. 
50pF Capecitor reqlJired for crystal frequency 6.25 to 4 MHz. 
100pF Capa<:itor required for crystal frequency <4 MHz. 

Figure 4 Clock Driver Circuits 

x. 

• X. Left floating 
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BASIC SYSTEM TIMING 

The MSM80CB5A-2 has a multiplexed Data Bus. 
A LE is used as a strobe to sample the lower B-bits of 
address on the Data Bus. Figure 5 shows an instruction 
fetch, memory read and I/O write cycle (as would occur 
during processing of the OUT instruction). Note that 
during the I/O write and read cycle that the I/O 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 t.he 
status of the three status lines (lo/iii;, S" So) 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 MSMBOC85A-2 Machine Cycle Chart 

Status 
Machine Cycle 

10/M S, So RD 

Opcode Fetch. (OF) 0 1 1 0 

Memory Read (MR) 0 1 0 0 

Memory Write (MW) 0 0 1 1 

I/O Read (lOR) 1 1 0 0 

I/O Write (lOW) 1 0 1 1 

Acknowledge of INTR (INA) 1 1 1 1 

Bus Idle (BI): DAD 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. 

T, 

T. 

TRESET 

THALT 

THOLD 

o = Logic "0" 
1 = Logic "1" 

S, ,So 

X 

X 

X 

X 

1 

1 

1 

X 

0 

X 

TS= High Impedance 
X = Unspecified 

Status & Buses 

10/M A.-A .. ADo-AD, 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 

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

ClK 

A. - A" 

ALE 

101M 

STATUS SIS. (FETCHI 10 (READI 11 

Figure 5. MSM8OC85A-2 Basic System Timing 
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PO!NER DOWN Modela n_1y added function} 
The MSM80C8SA-2, is compatible with the 

MSM80C8SA 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 HA L T 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.S, RST6.S, RSTS.S, or INTRI. (See 
Table4.) 

Since the sequence of HALT, HOLD, RESET, 
and INTERRUPT is compatible with MSM80C8SA, 
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 

Hill. L T command 
and INTERRUPT (not by pin 
HOLDI 

Start by means of Released by using RESET and 

HOLD pin HOLD pins (not by interrupt 
pins) 
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11} , Start by means of HALT command 
(See Figures 6 and 7.1 
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 reo, 
leased by means of the RESET or interrupt. 

(21 Start by means of HOLD pin (See Figure 8.1 
During the execution of commands other than 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 case, 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 

ADO.7 

CPU 
MODE 

RESET IN 

~,' I T, I T, I T.I ~; I· 

RUN 
POWER 
DOWN 

Figure 6. Started by HALT and Released by RESET IN 

"I' TRESET pi ~,' I T, I 
JlJ1llJlJlJL 

RUN 

I-_______ T.,;,H.:..:L:...T~ ______ ---I"I ~,' I T, 1 

CLK 
OUT 

ALE 

JlJ1llJlJlJL 

RST5.5---------------------~---------P-O-W-E-R~~--~ 

CPU RUN DOWN 
MODE 

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

CLK 
OUT 

RUN 

ALE L-___ -+ ______________ ~~~~------~n~ __ __ 
HOLD 

HLDA 

CPU 
MODE 

RUN 

Figure 8. Started and Released by HOLD 

POWER 
DOWN 

\ 

RUN 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Condition 

MSM80CS5A-2RS I MSM80CS5A-2GS I MSMSOCS5A- 2JS 
Unit 

Power Supply Voltage VCC -0.5 - +7 V 

Input Voltage VIN 
With respect 

-0.5- VCC +0.5 V 
to GND 

Output Voltage VOUT -0.5 - VCC +0.5 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 VCC 3-6 V 

Operating Temperature Top -40 - +S5 0C-

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +S5 °c 

"L" Input Voltage VIL -0.3 +O.S V 

"H" Output Voltage VIH 2.2 VCC+ 0.3 V 

"L" RESET. IN 
Input Voltage VILR -0.3 +O.S V 

"H"RESET IN 
Input Voltage VIHR 3.0 VCC+0.3 V 

D.C. CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" Output Voltage VOL IOL = 2mA 0.45 V 

IOH = -400JLA 2.4 V 
"H" Output Voltage VOH 

4.2 IOH = -40JLA V 

I nput Leak Cu rrent III o ~ VIN s: VCC 
VCC=4.5V- 5.5V 

-10 10 JLA Ta = -40°C- +S5°C 

Output Leak Current ILO O~ VOUT~ VCC -10 10 JLA 
Tcyc = 200ns 

10 20 mA 
Operating Supply 

ICC 
CL = OpF at reset 

Current Tcyc = 200ns 
CL = OpF at power 3 7 rnA 
down mode 
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A.C. CHARACTERISTICS 
(Ta = _40°C - 85°C, Vec = 4 SV - S 5V) 

Parameter Symbol Condition Mm. Max. Unit 

ClK Cycle Period tCYC 200 2000 

ClK low Time I, 40 

ClK High Time I, 70 

ClK Rise and Fall Time tr,tf 30 

X I R ising to C lK Rising tXKR 25 ,20 

XI Rising 10 CKK Falling tXKF 30 '50 

As - 15 Valid to leading Edge of Control (1) 'AC 115 

A" .... 7 Valid to Leading Edge of Control tACL 115 

A" -15 Valid Data In 'AO 330 

Address Float After Leading Edge of RD INTA tAFR 0 

As -15 Valid Before Trailing Edge of ALE (1) 'Al 50 

Ao -, Valid Before Trailing Edge of ALE tALL 50 

READY Valid from Addri!:ss Valid tARY tOO 

Address (As-Is) Valid After Control tCA 60 

Width of Control Law (AD, WA, INTA) 'CC 230 

Trailing Edge of Control to Leading Edge of ALE tCl 25 

Data Valid to Trailing Edge of WA 'OW 230 

HlDA to Bus Enable tHABE '50 

Bus Float After HlDA tHABF tCYC = 20005 '50 

HlDA Valid to Trailing Edge of ClK tHACK CL = 150pF 40 

HOLD Hold Time tHOH 
~-~.-

'20 HOLD Step Up Time to Trailing Edge of CLI<: 'HDS 

INTA Hold Time tlNH 

INTR, RST and TRAP Setup Time to Falling Edge of ClK lINS 150 

Address Hold Time After ALE 'lA 50 

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

r---AlE low During ClK HIgh tlCK 50 

ALE to Valid Data During Read tLDA 250 

ALE to Valid Data During Write tLoW ,40 

ALE Width 'll 80 

ALE to READY Stable tlAY 30 

Trailing Edge of AD to Ae-enablmg of Address tRAE 90 

AD lor If'lTAI to Valid Data 'AD '50 

Control Trailing Edge to leading Edge of Next Control 'AV 220 

Data Hold Time After RD INT A (7) tADH 

READY Hold Time tRYH 

AEADY Setup Time to Leading Edge of ClK tAYS ,00 

Data Valid After Trailing Edge of WR 'wo 60 

lEADING Edge of WA to Data Valid tWDL 20 

Notes: 111 A s-A1S address Specs apply to 101M, So. and 51 except As-Au are undefmed dUring T4-TS of OF 
cycle whereas 101M, So, and 51 are stable. 

(21 
(31 

(41 
(51 

(61 
(71 

Test conditions: tCYc = 200ns CL '" 150pF 
For all output timmg where CL = 150pF use the following correction factors: 

25pF S;; C.L < 150pF: -0.10ns/pF 

150pF < CL :s:: 300pF: +O.30ns/pF 
Output timings are measured With purely capacitive load. 
Alt timings are measured at output voltage Vl = O.BV. VH = 2.2V, and 1.5V with 10ns rise and fall time 

on IOPUtS. 
To calculate tlmmg specifications at other values of tCyc use Tabte 7. 
Data hold time is guaranteed under all loading conditions. 

Input Waveform for A.C. Tests: 

2.4----~ r-------....... 
______ ..Jx:::::: P~I~S;S :::::x 

0.45 ...... -----

63 
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Table 7 Bus Timing Specification as a TCYC Dependent 

(Ta= -40'C-+B5'C, VCC=4.5V - 5.5V,Cl = 150pF) 

MSMBOCB5A-2 

tAL - (1/2)T - 50 MIN 

tlA - (1/2)T - 50 MIN 

tll - (1/2)T - 20 MIN 

tlCK - (1/2)T - 50 MIN 

tlC - (1/2)T - 40 MIN 

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

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

tRAE - (1/2)T-l0 MIN 

tCA - (1/2)T -40 MIN 

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

two - (1/2)T - 40 MIN 

tcc - (3/2 + NlT - 70 MIN 

tCl - (1/2)T - 75 MIN 

tARY - (3/2lT - 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 

t2 - (1/2)T -30 MIN 

tRV - (3/Z)T - 80 MIN 

tlOR - (2+N)T - 150 MAX 

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

X, INPUT 

ClK 
OUTPUT 

tXKF 

Figure 6 Clock Timing Waveform 

t' ___ --I 
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READ OPERATION 

T, 

\ ....... .---if ........ _--1 

T, 

ADDRESS 

1---4-----tAD ------.-1 
Ir--;";";"~--.I 

ADo-AD, 

ALE 
~--~--tLDR--------·1 

RDIINTA 
---+----~~----_I ~--------tcc--~-----Il~-----t-----

WRITE OPERATION 

T, 

\\-..--,1 \ T'j 
1..-----'-

A. -A,. =>- ADDRESS <; 

~ 
I-tLDW """7 !-tCA-

ADDRESS ) DATA OUT IT" 
~ 

tLL ~ I-tLA-=i tow . !--tWD-

ALE tWDL 1/ 

tAL 

tcc 
, 

I--tLC- I-tCL-
tAC . 
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Read operation with Wait Cycle (Typical) -
same READY timing applies to WRITE operation 

ClK 

ADo-AD, 

ALE 

READY 

T, 
r--_. 

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

T, 

Figure 7 MSMSOC85A·2 Bu~ Timing, With and Without Wait 

HOLD OPERATION 

T, T, THOlD 

ClK 

HOLD 

HlDA 

tHABE 
(ADDRESS, 

BUS CONTROLS) 

Figure 8 MSM8OC85A·2 Hold Timing 
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Aa - Is 

ALE 

RD 

INTA 

HOLD 

CALL 
INST 

, 
, I 
~ 

T, T. 

BUS FLOATING (1) 

tHABE--t---t--

HLDA ______________ ~~~tHABF 
tHAC~HI 

Note: (1) 101M is also floating during this time. 

Figure 9 MSMSOC85A-2 Interrupt and Hold Timing 

T, 
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Table 8 Instruction Set Summary 

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

MOVE, LOAD, AND STORE 
MOVrl r2 Move register to register 0 1 D D D S S S 4 
MOV M r 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 
LXI8 Load Immediate register Pair 8 & 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 
LXI SP Load immediate stack pointer 0 0 1 1 0 0 0 1 10 
STAX 8 Store A indi rect 0 0 0 0 0 0 1 0 7 
STAX D Store A indirect 0 0 0 1 0 0 1 0 7 
LDAX 8 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 
LDA 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 8 Push register Pair 8 & 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 & L on stack 1 1 1 0 0 1 0 1 12 
PUSH PSW Push A and F lags on stac k 1 1 1 1 0 1 0 1 12 
POP 8 Pop register Pair 8 & 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 
XTHL Exchange top of stac k 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 lin 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 

68 



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

Tabla 8 Instruction Sat Summary cont'd 

I nstruction Code (1 ) Clock(2) Mnemonic Description 
0 7 D. 0, D. O. 0, 0, O. 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 Retu rn 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 jlnput 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 I ncrement register 0 0 0 0 0 1 0 0 4 
OCR r Decrement register 0 0 0 0 0 1 0 1 4 
INRM I ncrement memory 0 0 1 1 0 1 0 0 10 
DCRM 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 0 Increment 0 & 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 0 Decrement 0 & E 0 0 0 1 1 0 1 1 6 
DCXH 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 
ADCr Add ¥egister 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 
DAD 0 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 
DADSP 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 I nstruction Set Summary cont'd 

InstructIon Code(l) Clock(2) Mnemonic Description 
0, D. O. D. D. D. 0, D. 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 t 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 
RRC 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 
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 
EI Enable Interrupts 1 1 1 1 1 0 1 1 4 
01 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 I nterrupt Mask 0 0 1 1 0 0 0 0 4 

Notes: (1) DOD or SSS. B 000. COOl. 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. 



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 MSM80C85AI 
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 

TEST 

INTR 

NMI 

AO/GTo.l 

HOLD 

HLDA 

EXECUTION UNIT 

REGISTER FILE 

DATA 
POINTER AND 

INDEX REGS 

~8WOROSI 

16BIT ALU 

FLAGS 

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

BUS INTERFACE UNIT 

I i 
RELOCATION 

REGISTER FILE 

SEGMENT 

REGISTERS 
AND 

INSTRUCTION 

POINTER 
(SWORDS) 

6BYlE 
INSTRUCTION 

QUEUE 

SHE/57 

A191S6 

A16,S3 
A015 - ADO 

INTA, RD, WR, MilO 

OSO,051 

elK REseT READY MNIMX GNO 

V" 
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PIN CONFIGURATION 
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ADO Gsa (ALE) 
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ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol 
1----

Unit Conditions 
MSMSOCS6ARS sl~SMBOCS6AGS sl MSMSOCS6AJS 
MSMSOCS6A-2RS MSMBOCS6A-2GS MSMSOCS6A-2JS 

Power Supply Voltage VCC -0.5 - +7 V 
-- -- -- With respect 

Input Voltage VIN -0.5 - VCC +0.5 V 
to GND .--,-~--.. 

Output Voltage VOUT -0.5 - VCC +0.5 V 
-----

Storage Temperature Tstg -65 - +150 °c -
Power Dissipation PD 1.0 I 0.7 W Ta = 25°C 

OPERATING RANGE 

limits 
Parameter Symbol Unit 

MSMSOCB6A MSMSOCS6A-2 

Power Supply Voltage VCC 3-6 4.75 - 5.25 V 
--I--. ---- ._--

Operating Temperature TOp -40 -+85 0-+70 °c 

RECOMMENDED OPERATING CONDITIONS 

MSMSOCS6A MSMSOCS6A-2 
Parameter SymbOl f------- ------ -- 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 °e 
'-'-.. _-_._--- -- .. - f----

"l" Input Voltage Vil -0.5 +0.8 -0.5 +O.S V -- ._--_. --f--- --
(*11 Vec-O.8 Vee +0.5 Vce-0.8 Vee +0.5 V 

"H" Input Voltage VIH -.-
(*2) 2.0 Vee +0.5 2.0 Vee +0.5 V 

*1 Only ClK, *2 Except ClK. 
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DC CHARACTERISTICS 
(MSMBOCB6A: vcc; 4.5V to 5.5V, Ta; -40° to +B5°C) 

(MSMBOCB6A-2: VCC; 4.75 to 5.25V, Ta; O°C to +70°C) 

Parameter Symbol MIN 

"L" Output Voltage VOL 

3.0 
"H" Output Voltage VOH 

VCC-O·4 

Input Leak Current III -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 ISHHO 

Operating Power 
ICC Supply Current 

Standby Power 
Supply Current ICCS 

Input Capacitance Cin 

Output Capacitance Cout 

I/O Capacitance CI/O 

TYP MAX Unit Conditions 

0.4 V 10L; 2.5 rnA 

V 
10H; -2.5 rnA 

IOH;-100/LA 

+1.0 /LA 0< VI <VCC 

+10 /LA Vo = Vee or GND 

400 /LA 
VIN; O.BV 

*3 

-400 /LA 
VIN; 3.0V 

*4 

600 /LA *5 

-600 /LA *6 

10 rnA/MHz 
V 1L = GND 

V IH = Vee 

VCC; 5.5V 
500 /LA Outputs Unloaded 

VIN; VCC or GND 

5 pF *7 

15 pF *7 

20 pF *7 

*3 Test condition is to lower VIN to GND and then raise VIN to O.BV on pins 2-16, and 35-39 

*4 

*5 

*6 

*7 

74 

Test condition is to raise VIN to VCC and then lower VIN to 3.0V on pins 2-16, 26-32, and 34-39. 

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

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

Test Conditions: a) Freq; 1 MHz. 

b) Ummeasured Pins at GND. 

c) VIN at 5.0V or GND. 
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A.C. CHARACTERISTICS 
(MSMSOCS6A: v CC = 4.5V to 5.5V, Ta = -400 ~ to +S5°oC) 
(MSMSOCS6A·2: VCC = 4.75V to 5.25V, Ta = 0 C to 70 C) 

Minimum Mode System 
Timing Requirements 

MSMSOCS6A 
Parameter Symbol 

Min. Max. 

C lK Cycle Period TClCl 200 DC 

ClK low Time TClCH 11S 

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 

ROY Setup Time into MSM S2CS4A 
TR1VCl 35 

(See Notes 1, 2) 

ROY Hold Time into MSM 82C84A 
TClR1X 0 

(See Notes 1, 2) 

READY Setup Time into MSM80C86A TRYHCH 118 

READY Hold Time into MSM80C86A-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 C lK) 
T1L1H 15 (From 0.8V to 2.0V) 

Input Fall Time (Except ClK) 
TIHll 15 

(From 2.0V to 0.8V) 

Timing Responses 

MSM80CS6A 
Parameter Symbol 

Min. Max. 

Address Valid Delay TClAV 10 110 

Address Hold Time TClAX 10 

Address Float Delay TClAZ TClAX 80 

ALE Width TlHll TClCH-20 

ALE Active Delay TCllH 80 

ALE Inactive Delay TCHll 85 

Address Hold Time to A lE Inactive TllAX TCHCl-l0 

Data Val id Delay TClDV 10 110 

Data Hold Time TCHDX 10 

Data Hold Time after W R TWHDX TClCH-30 

Control Active Delay 1 TCVCTV 10 110 

Control Active Delay 2 TCHCTV 10 110 

Control I nactive Delay TCVCTX 10 110 

Address Float to RD Active TAZRl 0 

RD Active Delay TClRl 10 165 

MSMSOC86A-2 
Unit 

Min. Max. 

125 DC ns 

6S 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 

MSMSOC86A-2 
Unit 

Min. Max. 

10 60 ns 

10 ns 

TClAX 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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MSM80C86A 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 n .. 

HLDA Valid Delay TCLHAV 10 160 10 100 ns 

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

WRWidth TWLWH 2TCLCL-60 2TCLCL-40 ns 

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

Output Rise Time (From 0.8V to 2.0V) TOLOH 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) 
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Maximum Mode System (Using MSM 82C88 Bus Controller) 
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 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 80C86A TRYHCH 118 

READY Hold Time into MSM BOCB6A 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 80C86A TCHGX 40 

Input Rise Time (Except ClK) 
TlLlH 15 

(From 0.8V to 2.0V) 

Input Fall Time (Except ClK) 
TIHll 15 

(From 2.0 to O.BV) 

Timing Responses 

MSM80CB6A 
Parameter Symbol 

Min. Max. 

Command Active Delay (See Note 1) TClMl 5 45 

Command Inactive Delay (See Note 1) TClMH 5 45 

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 TClAV 10 110 

Address Hold Time TClAX 10 

Address Float Delay TClAZ TClAX BO 

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

Status Val id to MCE High (See Note 1) TSVMCH 35 

ClK low to A lE Valid (See Note 1) TCllH 35 

ClK low to MCE High (See Note 1) TClMCH 35 

ALE Inactive Delay (See Note 1) TCHll 4 35 

Data Valid Delay TClDV 10 110 

Data Hold Time TCHDX 10 

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 

MSM80C86A-2 
Unit 

Min. Max. 

5 35 ns 

5 45 ns 

65 ns 

10 60 ns 

10 70 ns 

10 60 ns 

10 ns 

TClAX 50 ns 

25 ns 

30 ns 

25 ns 

25 ns 

4 25 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 

AD Active Delay TCLRL 10 165 10 100 ns 

AD 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 

(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) TOLOH 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. 
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TIMING CHART 
Input/Output 

2.4]( 
1.5 

0.45 

-TEST POINTS- 1.~ .... __ _ 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 
"1" AND 0.45V FOR A lOGIC "0" TIMING MEASUREMENTS 
ARE 1.5V FOR BOTH A LOGIC "1" AND "0" 

Minimum Mode 

VIH 
ClK (MSM 82C84A Output) 

VIL 

BHE/S7,A 19/56-A 16/53 

ALE 

ROY (MSM 82C84A Input) 

SEE NOTE 5 

R,.OV 1M'" 8OC86A '"'""{ 

READ CYCLE 

(NOTE 1) 

(WR,INTA=VOH) 

AD15·ADO 

Tl 

TCHCTV 

A.C. Testing load Circuit 

DEVICE 
UNDER n ..... Cl = 
TEST 

I 100pF 

CL INCLUDES JIG CAPACITANCE 

T4 

TCHCTV 
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Minimum Mode (Continued) 

VIH 
CLK (MSM 82C84A Output) 

VIL 

BHEfS7,A19fS6 - A16fS3 

ALE 

WRITE CYCLE 

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

INTA CYCLE 

(NOTES 1&3) 
(RD, WR = VOH 
BHE = VOLl 

AD15·ADO 
-+--t--' 

DTfR 

Tl T2 T3 T4 

TCLCL TCH1CH2 TCL2CL 1 

S7·S3 

DATA OUT 

, AD15 - ADO INVALID ADDRESS 
SOFTWARE HALT· ' ---fo-JI'I.....---------

SOFTWARE HALT 

RD ,VilA , INTA = VOH TCLAV 
DT fR = INDETERMINATE 
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MlIXimoim Mode 

T1 T2 T3 T4 

VIH 
ClK (MSM 82C84A output) 

Vil 

aSO,aS1 

s2,Si,so (EXCEPT HALT) 

8HE/S7,A19/S6 - A16/S3 
TSVlH 

ALE (MSM TCllH 
82C88 OUTPUT) 

SEE NOTE 5 

ROY (MSM 82C84A 
INPUT) 

I READY (MSM 80C86A TCHRYX 
INPUT) 

READ CYCLE TClDX 

AD15·ADO 

I " RD 

TRlRH I DTIR MSM 82C88 
OUTPUTS MRDC OR 
SEE NOTES 5, 6 IORC 

DEN 
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Maximum Mode (Continued) 

VIH 
CLK (MSM 82C84A outputl 

V,L 

S2, 51, So (EXCEPT HAL TI 

WRITE CYCLE 

AD15 - ADO 

DEN 

MSM 82C88 

OUTPUTS. AMWC OR AIOWC 
SEE NOTES 5, 6 

INTA CYCLE 

MWTCOR IOWC 

AD15 - ADO { 
SEE NOTE 3,4 

FLOAT 

TSVMCH 
MCE/ 

MSM 82C88 
OUTPUTS 
SEE NOTES 5,6 

SOFTWARE HALT-

PDEN 
TCLMCH 

DT/R 

DEN 

(DEN=VOL: RD, MRDC, IORC, MWTC, 

AMWC, IOWC, AIOWC, INTA,=VOH) 

T1 T2 

AD15-ADO ____ ~--I~--IN-V-A-L-I-D-A-D--D-R-E-SS-
TCLAV 

s2,51,SO ~'--__ --I/ 

T3 T4 
TW 

TCLMH 

',----
'------

Notes: 1'. All signals switch between VOH and VOL unless otherwise specified. 
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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 80C86A LOCAL AD DR/DATA BUS is floating during 
both INTA cycles. Control for pointer address is shown for second INTA cycle. 

5. Signals at MSM 82CB4A or MSM 82C88 are shown for reference only. 
6. The issuance of the MSM 82Caa command and control signals (MRDC,MWTC,AMWC,IORC,IOWC,AIOWC, 

INTA and DEN) lags the active high MSM a2Caa CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
a. Status inactive in state iust prior to T4. 
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Asynchronous Signal Recognition 

ClK~ 
NMI } --U TINVCH·ISEE NOTE 11 

!...NT~ SIGNAL --" : 
TEST • 

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

BUI Lock Signal Timing (Maximum Mode Only) 

~"'~ ;~~~}"H7"'! 
ClK --H. 

lOCK ~ TClAf r 

VCC 

ClK 

RESET 

? 4 ClK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

ClK 

A015 - AOO 
AI9/S6-AI6/S3 
S2. Sf, SO, ~I ;,....-------=-----11, : 
RO, lOCK MSM aoC86A , _. _____ _ 

SHE/S7 r 

COPROCESSOR 

ISEE NOTE 11 

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

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

ClK 

HlDA 

ADI5- ADO, 
A 19/56- A 16/S3, 
RD, I 

SHE/57, MilO, 
DT/R, WR, DEN 

,V TClAZ 

MSM 8OC86~ ... : ___ J"-_ COPR~CI-E_S_SO_R ____ J MSMBOC86A 
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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 Tl cycle and the 
data bus at the T2, T3, TW and T4 cycles. 

At the Tl cycle, ADO low indicates Data Bus Low 
(DO - 07) Enable. These lines are high impedance 
during interrupt acknowlec;!ge and hold acknowledge. 

A16/S3. A17/S4, A18/S5, A191S6 
ADDRESS/STATUS: Output 

Tses are the. four most significant addresses, at 
the Tl cycle. Accessing I/O port address, these are low 
at T1 cycles. These lines are Status lines at T2, T3, TW 
and T4 cycles. S3 and S4 are encoded as shown. 

S3 S4 Characteristics 

(I 0 Alternate Data 

1 0 Stack 

0 1 Code 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 T1 cycle. 

This line indicates Data Bus High Enable (BHE) 
at the Tl 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 
I/O read cycle. 

This line is the read strobe signal when CPU read 
data from memory or I/O device. 

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

ledge. 

READV 
READY: Input 

This line indicates to the CPU that the addressed 
memory or I/O 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. 
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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 cyeles. 

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. 

VCC 
VCC: +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 I/O access control signals. 

These lines are high impedance during hold 
acknowledge. 

These status lines are encoded as shown. 
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S2 S1 SO Characteristics 

OILOWt 0 0 I nterrupt acknowledge 

0 0 1 Read I/O Port 

0 1 0 Write I/O Port -_. - _. 

0 1 1 Halt 
- --_._ .. _--_._._---

11HIGHt 0 0 Code Access 

1 0 1 Read Memory 
---_ .. _---

1 1 0 Write Memory ----"----_ .. 
1 1 1 Passive 

RQJGTO 
• Ra/GT1 

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

devices and Bus GRANT to other deivces. 
These lines a.e 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. 

aSO/aS1 
QUEUE STATUS: Output 

These lines are Queue Status. and indicate internal 
instrucion queue status. 

QS1 QSO Characteristics 

OILOWt 0 No Operation 

0 1 First Byte of Op Code from 
Queue 

11HIGHt 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. 

MIlO 
STATUS: Output 

This line selects memory address space or I/O 
address space. 

When this line is high. the CPU selects memory 
address space and when it is low. the C·PU selects I/O 
address space. 

This ·Iine is high impedance during hold acknow­
ledge. 

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 I/O 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 m~croprocessors. 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 MSM8OC86A can be si ngle 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 p.A 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 

J: 1 FFFFFH 

f 
64(B }CODE 

SEGMENT 

L" 
XXXXOH 

} STACK 
SEGMENT . .-

SEGMENT 
REGISTER FILE 

CS 
}DATA 

SS J-- SEGMENT 

DS 

ES )--

}mRADATA 
SEGMENT 

't :t OOOOH 

86 

'while waiting for decording and execution of instruc­
tions. Thus, the CPU's performance 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 MSM8OC86A has a 20-bit address to me'TIory. 

Each address has an 8-bit data width. Memory is 
organized OOOOOH .to FFFFFH 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 a\Jtomatically 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 - D7 and byte data of odd ad­
dress is transfered on the D8 - D 15. 

The CPU prevides two enable signals BH E 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 MSM8OC86A has two system modes: mini­

mum and maximum. When using maximum mode, it is 
easy to organjze ,a multi-CPU system with a 82C88 8us 
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 MSM8OC86A has a time multiplexed address 
and data bus. If a non-rnultiplexed 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: Tl, T2 T3 and T4. (Fig. 41 

The address output occurs during Tl 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, Tl cycles are 
inserted between the bus cycles for internal execution. 
During the Tl cycle, the ALE signal is output from the 
CPU or the MSM82C88 depending on MN/MX. At the 
trailing edge of ALE, a valid address may be latched. 

Status bits SO, ST and 52 are used in the maxi­
mum mode by the bus controller to recognize the type 
of bus operation according to the following table. 

S2 Sl SO Characteristics 

o (LOW) 0 0 I nterrupt acknowledge 

0 0 1 Read I/O 

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) 

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

54 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. 

I/O ADDRESSING 

The MSM80C86A has 64 Kbyte of I/O or as 32 
Kwords I/O. When the CPU accesses an I/O device, ad­
dresses AO - A 15 are in the same format as a memory 
address, and A 1 6 - 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 

88 

ClK 

ALE 

ADDR/ 
STATUS 

ADDR/DATA 

RD, INTA 

READY 

DT/R 

DEN 

1--(4 + N*WAIT) = TCY --4-(4 + N*WAITl = TCY-:----j 

I T1 I T2 I T3 ITWAITI T4 I T1 I T2 I T3 ITWAITI T4 I 

57-53 

GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 

BHE, A19-A16 

57-53 

BUS RESERVED D15-DO 
FOR DATA IN VALID 

,---v -fA15Vr--D-A-T-A-O-U-T--"'"',-rv-
~--~ (D15-DO) ~ 

READY READY 

WAIT WAIT 

MEMORY ACCESS TIME 

\ I 
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EXTERNAL INTERFACE 

RESET 
CPU Initalization is executed by the RESET pin. 

The MSM80C86A's RESET High 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 OPERATlbNS 

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

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

003FFH are reserved for the interrupt pointer table. 
The interrupt painter table consists of 256-elements. 
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 (NMJ) 
The MSM8OC86A has a Non-maskable Interrupt 

(NMJ) which is of higher priority than the maskable 

interrupt request (I NTRI. 

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 (lNTR) 
The MSM8OC86A provides another interrupt 

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

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

I Tl I T2 I T3 I T4 ITII Tl I T2 I T3 T4 I 

ALE ~J\-----
LOCK 

\ ...... ----ill-l _.....JI 
\,-----,r 

~FLOAT 
ADO-AD15 ~~~~--------~~-----< 

,--";"';;';;";";;';.;...J 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, 

further interrupts 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. (I NTR only) 

The I nterrupt Return (I RET) instruction Includes a 
Flag pop operation which returns the original interrupt 
enable bit when it restores the Flag. 

HALT 

When a Halt instruction is executed, the CPU 
enters the Halt state. An interrupt request or RESET 
will force the MSM8OC86A out of the Halt state. 

SYSTEM TIMING - MINIMUM MODE 

A bus cycle begins Tl with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
Tl to T4 the M/iO signal indicates a memory or I/O 
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 (lNTA) 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 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 MSM80C86A 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 capa­
ble. of supplying approximately 600 IlA minimum sink 
or source current at valid input voltage levels. Since 
this IIbus hold" cirCUitry is active and not a uresis-. 
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. 
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"PULL-UP/PULL-DOWN" 

INPUT 
~~--~----~PROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Figure 6a. Bus hold circuitry pin 2-16, 35-39. 

"PULL-UP" 

INPUT 
.... ---.... - ...... PROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Fi9ure 6b. Bus hold circuitry pin26-32, 34 

EXTERNAL 
PIN 

EXTERNAL 
PIN 



DATA TRANSFER 

MOV = Move: 7 6 5 4 3 2 1 
Register/memory to/from register 1 0 0 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 0 0 0 1 
Register Imemory 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 
LOS = Load pointer to DS 1 1 0 0 0 1 0 
LES = Load pointer to ES 1 1 0 0 0 1 0 
LAHF = 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 
POPF = Pop flags 1 0 0 1 1 1 0 

co ... 

0 7 6 5 4 3 2 1 0 
w mod reg rIm 
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 

7 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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<0 
N ARITHMETIC 

ADD = Add: 

Reg./memory with register to either 
Immediate to registerlmemory 
fmmediate -to accumulator 

ADC = Add with carry: 

Reg./memory with register to either 
Immediate to registerlmemory 
Immediate to accumulator 

INC = Increment: 

Registerlmemory 
Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 

SUB = subtract: 

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

SBB = Subtract with barlow· 

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

DEC = Decrement: 

Register Imemory 
Register 
NEG = Change sign 

CMP = Compare: 

Registerlmemory and register 
I mmediate with register Imemory 
Immediate with accumulator 
AAS = ASCII adjust for subtract 

0 
1 
0 

0 
1 
0 

, 
0 
0 
0 

0 
1 
0 

0 
1 
0 

1 
0 

I 1 

0 , 
0 
0 

~ 

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

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

1 1 1 , 1 
1 0 0 0 
0 1 1 0 1 
0 1 0 0 , 

0 1 0 1 0 
0 0 0 0 0 
0 1 0 1 . , 

0 0 1 , 0 
0 0 0 0 0 
0 0 1 1 , 

, 1 1 1 1 
1 0 0 1 
1 1 1 0 , 

0 1 , , 0 
0 0 0 0 0 
0 1 1 1 1 
0 1 1 1 1 

wr mod d reg 
s w, mod 0 0 0 
0 w data 

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

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

d w, mod reg 
s f' 1 , 1 
0 data 
1 

rim 
rim data 

data if w = 1 

I 

rim I 

rim data 
data if w = , 

rim 

rim 
rim data 

data if w = , 

rim 
rim data 

data if w = 1 

rim 

rim 

rim 
rim data 

data if w = 1 

data if s:w = 0' 

data if s:w = 01 

data if s:w = 01 

data if sow = 01 

data if sow = 01 
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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 
CWO = Convert word to double word 1 Q 0 1 1 0 0 

!2 

m: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 

n 
"a 
c: 
i: 
(I) 

!I: 
Q) 
o n 
Q) 

~ 
:II 
~. 
G) 

~ e­
(I) 

!I: 
(I) 

~ 
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:II 
(I) ..... 
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~ e­
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I.iM 
~ 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 
I mmediate to register/memory 1 0 0 0 0 
I mmediate 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 accumulator 1 0 1 0 1 

OR = Or: 

Reg./memory and register to either 0 0 0 0 1 
I mmediate to register Imemory 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 
I mmediate 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 fromAL!AX 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 rfm 
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 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 
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CJMP = Condition,. JII(IP 

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

INT = Interrupt: 

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

PROCESSOR CONTROL 
CLC = Clear carry 1 
CMC = Complement carry 1 

STC = Set carry 1 
CLD = Clear direction 1 
STD = Set direction 1 
CLI = Clear interrupt 1 
STI = Set interrupt 1 
HLT = Halt 1 
WAIT = Wait 1 
ESC = Escape (to external device) 1 
LOCK = Bus lock prefix 1 

~ 
--

1 1 1 0 1 0 0 
1 1 1 1 1 0 0 
1 ! 1 1 1 1 0 
1 1 1 0 0 1 0 
1 1 1 0 1 1 0 
1 1 1 1 0 1 0 
1 1 1 0 0 0 0 
1 1 1 1 0 0 0 
1 1 1 0 1 0 1 
1 1 1 1 1 0 1 
1 1 1 1 1 1 1 
1 1 1 0 0 1 1 
1 1 1 0 1 1 1 
1 1 1 1 0 1 1 
1 1 1 0 0 0 1 
1 1 1 1 0 0 1 
1 1 0 0 0 1 0 
1 1 0 0 0 0 1 
1 1 0 0 0 0 0 
1 1 0 0 0 1 l' 

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

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

1 1 1 1 0 0 1 
1 1 1 1 1 0 0 
1 1 1 1 1 0 1 
1 1 1 1 0 1 0 
1 1 1 1 0 1 1 
1 1 1 0 1 0 0 
0 0 1 1 0 1 1 
1 0 1 1 x x x 
1 1 1 0 0 0 0 

- --------------

f!I 

disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
disp 
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mod x x x rIm 
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l1li 
~ CONTROL TRANSFER 

CALL ~Call: 7 6 5 4 3 2 1 0 
Direct within segment 1 1 1 0 1 0 0 0 
I ndirect 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 
Intersegment 1 1 0 0 1 0 1 1 
Iniersegment adding immediate to SP 1 1 0 0 1 0 1 0 

-

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

mod 0 1 0 rim 
offset-low 

seg-Iow 
mod 0 1 1 rim 

disp-Iow 
disp 

mod 1 0 0 rim 
offset-low 

seg-Iow 
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;: 
~, 
o 
== 01) 
o 
(') 
01). 
Of 
~ .. 
o ........ 

i ...... 
~ 
I 
~ 
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(') 
01) 

~. .. 
lIS 
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I ...... 
eo. 
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-------..." ... cpu· MS~9C8~ARSIGS/JS M$M80Ce,8A~2RS,/GS/JS. 

Footno_: 

AL - 8-bit accumulator 
AX • 18-bit accumulator 
CX = Count register 
OS ~ Data segment 
ES = Extra segment 
Abovelbelow 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 rim is treated as a REG field 
If mod = 00 then OISP = 0', disp-Iow and disp-high are absent 
If mod = 01 then OISP = disp~low sign-extended to 16-bits, disp-high is absent 
If mod = 10 then OISP = disp-high: disp-Iow 

If rim - 000 then EA - (BX) + (SI) + OISP 
If rim - 001 then EA = (BX) + (01) + OIS,P 
If rim = 010 then EA = (BP) + (SI) + OISP 
If rim - 011 then EA = (BP) + (01) + OISP 
If rim = 100 then EA = (SI) + OISP 
If rim - 101 then EA = (01) + OISP 
If rim = 110 then EA = (BP) + OISP' 
If rim = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data if required) 

• except if mod = 00 and rim = 110 then EA-disp-high: disp-Iow 

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 thl!n "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 110 

REG is assigned according to the following table: 

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

000 AX 000 AL 
001 CX 001 CL 
010 OX 010 OL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 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): (OF):(tF):(TF):(SF):(ZF):X:(AF):X: (PF):X :(CF) 
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OK!: semiconductor 

MSM80C86A-10RS/GS/JS 
16·81T CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C86A·10 are complete 16·bit CPUs implemented in Silicon Gate CMOS technology. 
They are designed with same processing speed as the NMOS 8086·1 but have considerably less power 
consumption. They are directly compatible with MSM80C88A·10 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 
• 8it, Byte, Word and String Operations 

CIRCUIT CONFIGURATION 

TISf 
INTR 

NMI 

ROfGTO.l 

HOLD 

HLDA 

EXECUTION UNIT 

REGISTER FILE 

DATA 

POINTER AND 

INDEX REGS 
!SWORDSI 

16BlT AlU 

FLAGS 

• 8 and 16·bit Signed and Unsigned Arithmetic Operation 
• From DC to 10 MHz Clock Rate 
• Low Power Dissipation 10 rnA/MHz 
• 8us Hold Circuitry Eliminates Pull·Up Resistors 

BUS INTERFACE UNIT 

I t 
RELOCATION 

REGISTER FILE 

SEGMENT 

REGISTERS 

AND 
INSTRUCTION 

POINTER 

(5WORDSf 

GBYTE 
INSTRUCTION 

QUEUE 

BHEI57 

A191S6 

A161S3 

AD15 - ADO 

iNTA, RD, ViA, MIlO 

aSO,OSl 

eLK RESET READY MN!MX GNO 

Vee 
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------------------'11. CPU·MSM80C86A·10RS /GS/JS • 

PIN CONFIGURATION 

A,B/S5 

A'7/S4 

A,6/S3 

AD'IS 

N.C. 

VCC 

VCC 

N.C. 

GND 

N.C. 

A014 

AD'3 

AD'2 

AD11 

lR ~ 

~ V) 

ci Oi I~ z z :;: :; 

MSM80C86A·10RS (Top View) 
40 Lead Plastic DIP 

a ~ 
..J '" '" ..J 

GND 

A014 

A013 

AD12 

ADll 

AD10 

AD9 

AD8 

AD7 

AD6 

AD5 

ADO 

AD3 

AD2 

AD1 

ADO 

NMI 

INTR 

elK 
GND 

V" 
AD15 

A,6lS3 

AI 7/54 

AlB/55 

A19,S6 

SHE/57 

MNIMX 

AD 
WIGlO jHOLOl 

RaIGT' tHlDAl 

LOCK IWA) 

52 (MilO) 

51 (DT 'AI 

~ !DEN) 

asa (ALE I 

OS, lINTAI 

TEST 

READY 

RESET 

~ ! ! 
I§ D: 

~ ~ ~ 
Fig.2a MSM80C86A-10RS 

j:: 

~ ~ ~ ci ci ci I~ 
u _ e 

I~ -J !~ z Z 2 ~ ~ 

6 7 8 9 10 11 12 1314 

OSO IAlEI 

as' (INTAI 

fEST 

READY 
RESET 

N.C. 

N.C. 

VCC 

GND 

N.C. 

N.C 

elK 

rNTR 

NMI 

MSM80C86A-10GS (Top View) 
56 Lead Plastic Flat Package 

M .,. 
'" Fig.2b MSM80C86A-10GS '" .. 

'" u ~ ~ ~ Ci Ci Ci Ci 2 U U Ci :;;: :;;: :;;: 

AD'O 

AD9 

ADB 

MSM80C86A-10JS (Top View) AD7 

44-pin Plastic Leaded Chip Carrier AD6 

AD5 

AD4 

AD3 

AD2 

AD, 

ADO 

,3 

,4 

,5 

,6 

17 

'" 

,8 

u 
z 

'" '" '" " .2 > '" 
5 4 3 2 , 44 43 42 41 40 

0 

19 20 2, 22 23 24 25 26 27 28 

~ II: "" '" u >-
> 1>-

_ 0 

>- ..J 2 2 w '" '" "'''' 2 ~ U " :tl "'.w a a 
II: 

w >-
I~· iii II: >- ..J 

~ ~ 

39 NC 

38 A,9/56 

37 BHE/57 

36 MN/MX 

35 RD 

34 RO/GTO IHOlDI 

33 RO/GTl IHlDAI 

32 LOCK IWRI 

3' S2IM/iOI 

30 5' IDT/R"I 

29 so 1lJE"1iJ1 
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• CPU'MSM8OC86A-10RS/GS/JS •• ---,----------------

ABSOLUTE MAXIMUM RATINGS 

Limits 
~---

Parameter Symbol MSM80C86A-lMSM80C86A-1 MSM80C86A- Unit Conditions 

10RS10GS 10JS 

Power Supply Voltage VCC -0.5 - +7 V 

Input Voltage VIN -0.5 - VCC +0.5 V 
With respect 
to GND 

Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temper-ature Tstg -65-+150 °c -
Power Dissipation PD 1.0 I 0.7 W Ta = 25°C 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSMSOCS6A-l0 

Power Supply Voltage VCC 4.75 - 5.25 V 
-- --~~--

Operating Temperature TOp 0-+70 °c 

RECOMMENDED OPERATING CONDITIONS 

MSMSOCS6A-l0 
Parameter Symbol Unit 

MIN TYP MAX 

Power Supply Voltage VCC 4.75 5.0 5.25 V __ 1---' ____ 
Operating Temperature TOp 0 +25 +70 °c 

"L" Input Voltage Vil -0.5 +O.S V _._-
(* 1) VCC-O.S VCC+0.5 V 

"H" Input Voltage VIH 
(*2) 2.0 VCC+0.5 V 

*1 Only ClK, *2-ExcePt ClK. 
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------------------- CPU·MSM80C86A-10RS/GS/JS-

DC CHARACTERISTICS 
'(MSMBOCB6A·l0: vcc = 4.75 to 5.25V, Ta = o°c to +70°C) 

Parameter Symbol MIN TYP MAX Unit Conditions 

"L" Output Voltage VOL 0.4 V IOL = 2.5 mA 

3.0 IOH = -2.5 mA 
"H" Output Voltage VOH V 

VCC-O.4 IOH=-100"A 

Input Leak Current ILl -1.0 +1.0 "A o <VI < VCC 

Output Leak Current ILO -10 +10 "A Vo = Vce or GND 

Input Leakage Current 
IBHL 50 400 "A 

VIN = O.BV 
(Bus Hold Low) *3 

Input Leakage Current 
IBHH -50 -400 "A 

VIN = 3.0V 
(Bus Hold High) *4 

Bus Hold Low Overdrive IBHLO 600 "A *5 

Bus Hold High Overdrive IBHHO -600 "A *6 

Operating Power 
ICC 10 mAIMHz 

VIL=GND 
Supply Current V IH = Vee 

Standby Power 
Vce= 5.5V 

Supply Current ICCS 500 "A Outputs Unloaded 
VIN = Vec or GND 

I nput Capacitance Cin 5 pF *7 

Output Capacitance Cout 15 pF *7 

110 Capac itance CliO 20 pF *7 

*3 Test condition is to lower VIN to GND and then raise VIN to O.BV on pins 2-16, and 35-39 

*4 Test condition is to raise VIN to VCC and then lower VIN 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 Condi·tions: a) Freq = 1 MHz. 

b) Ummeasured Pins at GND. 

c) VIN at 5.0V or GND. 
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- CPU'MSM8OC86A~10RS /GS/JS ---------"------,---------

A.C. CHARACTERISTICS 
(MSM80C86A-l0: vcc; 4.75V to 5.25V, Ta; o°c to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C86A-l0 
Parameter Symbol 

Min. Max. 

CI_K Cycle Period TClCl 100 DC 

ClK low Time TClCH 46 

ClK High Time TCHCl 44 

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

ClK Fall Time (From 3.5V to 1.0V) TCl2Cll 10 

Data in Setup Time TDVCl 20 

Data in Hold Time TClDX 10 

RDY Setup Time into MSM 82C84A 
TR1VCl 35 (See Notes I, 2) 

RDY Hold Time into MSM 82C84A 
TClR1X 0 

(See Notes I, 2) 

READY Setup Time into MSM80C86A TRYHCH 46 

READY Hold Time into MSM80C86A-2 TCHRYX 20 

READY inactive to ClK (See Note 3) TRYlCl -8 

HOLD Setup Time THVCH 20 

INTR, NMI, TEST Setup Time 
TlNVCH 15 (See Note 2) 

Input Rise Time (ExcePt ClK) 
TILIH 15 (From 0.8V to 2.0V) 

Input Fall Time (Except ClK) 
TlHll 15 (From 2.0V to 0.8V) 

Timing Responses 

MSM80C86A-l0 
Parameter Symbol 

Min. Max. 

Address Val id Delay TClAV 10 60 

Address Hold Time TClAX 10 

Address Float Delay TClAZ TClAX 50 

ALE Width TlHll TClCH-l0 

ALE Active Delay TCllH 40 

ALE Inactive Delay TCHll 45 

Address Hold Time to ALE Inactive TllAX TCHCl-l0 

Data Valid Delay TClDV 10 60 

Data Hold Time TCHDX 10 

Data Hold Time after WR TWHDX TClCH-25 

Control Active Delay 1 TCVCTV 10 55 

Control Active Delay 2 TCHCTV 10 50 

Control Inactive Delay TCVCTX 10 55 

Address Float to RD Active TAZRl 0 

RD Active Delay TClRl 10 70 

102 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-----------------.... CPU·MSM80C86A-10RS /GS/JS • 

MSM80C86A-1 0 
Parameter Symbol Unit 

Min_ Max_ 

RD Inactive Delay TCLRH 10 60 ns 

RD Inactive to Next Address Active TRHAV TCLCL-35 ns 

HLDA Valid Delay TCLHAV 10 60 ns 

RDWidth TRLRH 2TCLCL-40 ns 

WRWidth TWLWH 2TCLCL-35 ns 

Address Valid to ALE Low TAVAL TCLCH-35 ns 

Output Rise Time (From 0_8V to 2_0V) TOLOH 15 ns 

Output Fall Time (From 2.0V to 0.8V) TOHOL 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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-CPU·MSIIII80C86Al10RS/GS/JS ... -----------------

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 3.5V) 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 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) 
TlLlH 

(From 0.8V to 2.0V) 

Input Fall Time (Except ClK) 
TlHll 

(From 2.0 to 0.8V) 

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 I nactive Delay TClSH 

Address Val id Delay TClAV 

Address Hold Time TClAX 

MSM80C86A:l0 

Min. Max. 

100 DC 

46 

44 

10 

10 

15 

1.0 

35 

0 

46 

20 

-8 

15 

15 

20 

15 

15 

MSM80C86A-10 

Min. Max. 

5 35 

5 45 

45 

10 45 

10 60 

10 60 

10 

Address Float Delay TClAZ TClAX 50 

Status Valid to ALE High (See Note 1) TSVlH 25 

Status Valid to MCE High (See Note 1) TSVMCH 30 

ClK low to ALE Valid (See Note 1) TCllH 25 

ClK low to MCE High (See Note 1) TClMCH 25 

ALE Inactive Delay (See Note 1) TCHll 4 25 

Data Val id Delay TClDV 10 60 

Data Hold Time TCHDX 10 
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



-----------------11. CPU·MSM80C86A.10RS/GS/JS • 

Parameter Svmbol 
MSM~OC86A-l 0 

Unit 
Min. Max. 

Control Active Delav (See Note 11 TCVNV 5 45 ns 

ContrOl Inactive Delav (See Note 11 TCVNX 10 45 ns 

Address Float to RD Active TAZRL 0 ns 

Ri5 Active Delav TCLRL 10 70 ns 

Ri5 Inactive Delav TCLRH 10 60 ns 

RD Inactive to Next Address Active TRHAV TCLCL-35 ns 

Direction Control Active Delav 
TCHDTL 50 ns 

(See Note 11 

Direction Control Inactive Delav 
TCHDTH 30 ns 

(See Note 11 

Gi' Active Delav TCLGL 0 45 ns 

GT Inactive Delav TCLGH 0 45 ns 

RDWidth TRLRH 2TCLCL-40 ns 

Output Rise Time (From 0.8V to 2.0VI TOLOH 15 ns 

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

Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference on IV . 
2. Setup requirement for asynchronous .signal onlv to guarantee recognition at next CLK. 
3. Applies onlv to T2 state (8 ns into T31 
4. Applies onlv to T3 and wait states. 
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• CPU-MSM8()C86A"10RS/GS/JS •• '------------------..... 

TIMING CHART 
Input/Output 

2.4:K 
1.5 

0.45 

-TEST POINTS- 1.5)( .... __ _ 

A.C. TESTING: INPUTS ARE.DRIVEN AT 2.4V FOR A LOGIC 
"1" AND 0.45V FOR A LOGIC "0" TIMING MEASUREMENTS 
ARE 1.5V FOR BOTH A LOGIC "1" AND "0" 

Minimum Mode 

106 

VIH 
CLK (MSM 82C84A Output) 

VIL 

BHE/S7,A 19/56-A 16/S3 

ALE 

ROY (MSM 82C84A Input) 

SEE NOTE 5 

READ CYCLE 

(NOTE 1) 

(WR,INTA=VOH) 

AD15-ADO 

T1 

TCHCTV 

A.C. Testing Load Circuit 

DEVICE 
UNDER 

Il--- CL = 
TEST 

,1. 100pF 

CL INCLUDES JIG CAPACITANCE 

T4 



-.,..----------------..... CPU-MSM80C86A-10RS/GS/JS • 

Minimum Mode (Continued 1 

T1 T2 T3 T4 

V,H 
CLK (M5M 82C84A Outputl 

V,L 

8HE/57,A19/56 - A16/53 

ALE 

WRITE CYCLE 

(NOTE 11 
(RO, INTA, DEN 
DT/A =VOHI 

TCLCL TCH1CH2 TCL2CL1 

57-53 

DATA OUT 

-t---+~~~~~.~--~--TWLWH----+-~/-+-------

INTA CYCLE 

(NOTES 1&31 
(RD,WR = VOH 
BHE = VOL) 

AD15-ADO -+_+-J 

DT/R 

AD15 - ADO 
SOFTWARE HALT-
RD, WR, INTA = VOH TCLAV 
DT/R= INDETERMINATE 

INVALID ADDRESS SOFTWARE HALT 

-----.. -.. ------------. 
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• CPU·MSM80C86A-10RS/GS/JS •• -----------------

, M.xim .. m Mode 

VIH 
ClK (MSM 82C84A output) 

Vil 

aSO,aSl 

S2,51,SO (EXCEPT HALT) 

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

ALE (MSM TCllH 

SEE NOTE 5 

82C8B OUTPUT) 

ROY (MSM 82C84A 
INPUT) 

READY (MSM 80C86A I 
INPUT) 

READ CYCLE 

AD15-ADO 

DT/R 

MSM 82C88 

Tl 

OUTPUTS MRDC OR 
SEE NOTES 5,6 IORC ----------------~ 

DEN 
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~-.-~--.~-----~---................ """,~""'~~,-.. ---.------~----.------~----

------'--------------11. CPU·MSM80C86A·10RS /GS/JS • 

Maximum Mod. (Continued) 

VIH 
CLK IMSM 82C84A output) 

VIL 

S2, 51, SO (EXCEPT HALT) 

WRITE CYCLE 

AD15 - ADO 

DEN 

MSM 82C88 

OUTPUTS. AMWC OR AIOWC 
SEE NOTES 5, 6 

MWTC OR IOWC 

INTA CYCLE 

AD15 - ADO { 
SEE NOTE 3,4 

MSM 82C88 
OUTPUTS 

TSVMCH 
MCE/ 

DT/R 

SEE NOTES 5, 6 INTA 

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

AMWC, IOWC, AIOWC, INTA,=VOH) 

T1 T2 

AD15 - ADO __ ~I-Jr ..... I_N_V_A_L_I_D_A_D_D_R_E_S_S 

TCLAV 

T3 T4 
TW 

~ j....------.-----
S2,S1,SO \ ... ___ --'. \~ __ _ 

Notes: 1. All signals switch between VOH and Vo L unless otherwise specified. 
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 80C86A LOCAL ADDR/DATA BUS is floating during 
both INTA cycles. Control for pointer address is shown for second INT 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.SV unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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• CPU·MSM80.C86A-10RS/GS/JS .------------------

Asynchronous Signal Recognition 

NMI } 

ClK~ ==5( TINVCH (SEE NOTE 11 

: INT~ SIGNAL 
TEST 

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

Bus Lock Signal Timing (Maximum Mode Only) R ... tTiming 

~"' ";~~~ J"' 'j """! 
ClK -H 
~~ TClAvf I 

lOCK' \. . 

VCC 

ClK 

RESET 

? 4 ClK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

ClK 

RQ/GT 

AD15 - ADO 
A 19156- A 16/53 
S2. Sf, SO, ~1;;"'--------":':':::"---_1II: 
RD, lOCK MSM80CB6A • •• _____ _ 

SHEIS7 

COPROCESSOR 

(SEE NOTE II 

Note: The coprocessor may not drive the buses outside the region shown Without rISking contentIon. 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

110 

HlDA 

X TClAZ 

AD15- ADO, ': : 
t-_____ M_S_M_B_O_C86--1Ar " ___ ..I COPROCESSOR 

A191S6- A16/S3, ... .t-------J 
RD. 
SHE/57, MilO, 
DT/A, WR. DEN 

'MSM BOeSSA 



------------------- CPU·MSM80C86A·10RS /GS/JS -

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 T1 cycle, ADO low indicates Data Bus Low 
(DO - 07) Enable. These lines are high impedance 
during interrupt acknowledge and hold acknowledge. 

A16/S3. A17/S4, A18/S5, A 19/56 
ADDRESS/STATUS: Output 

Tses are the four most significant addresses, at 
the T1 cycle. Accessing I/O port address, these are low 
at T1 cycles. These lines are Status lines at T2, T3, TW 
and T4 cycles. S3 and S4 are encoded as shown. 

S3 S4 Characteristics 

(l 0 Alternate Data 

1 0 Stack 

0 1 Code 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 Tl 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 
I/O read cycle. 

This line is the read strobe signal when CPU read 
data from memory or I/O 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 I/O 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. 
NMI 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. 

elK 
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 
VCC: +5V supplied. 

GND 

GROUND 

The following pin function descriptions are maxi· 
mum mode only. 

Other pin functions are already described. 

SO;S1,S2 
STATUS: Output 

These lines indicate bus status and they are used 
by the MSM82C88 Bus Controller to generate all 
memory and I/O access control Signals. 

These lines are high impedance during hold 

acknowledge. 
These status lines are encoded as shown. 
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S2 S1 SO Characteristics 

o (lOW) 0 0 I nterrupt acknowledge 

0 0 , Read I/O Port 

0 , 0 Write I/O Port 

0 1 1 Halt --
, (HIGH) 

t---------
1 

1-------
1 

1 

RO/GTO 
RO/GT1 

0 

0 

1 

1 

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. 

OSO/OS, 
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 
f------

, (HIGH) 0 Empty the Queue 
,---- --, , Subsequent Byte from Queue 

The folJowing pin function descriptions are mini-· 
mum mode only. Other pin functions are already 
described. 

M/IO 
STATUS: Output 

This line selects memory address space or I/O 
add ress space. 

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

address space. 

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

This line indicates that the CPU 'is in the memory 

or I/O write cycle. 
Th is line is a write strobe signal when the CPU 

writes data to memory or I/O device. 
This line is active low. 
This line is high impedance during hold acknow· 

ledge. 

tNTA 
INTERRUPT ACKNOWLEDGE: Output 

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

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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FUNCT.l0NAL DESCRIPTION 

STATIC OPERATION 
All MSM8OC86A 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) end held there indefinitely. This type of 
operation is especially useful for system debug or power 
critical applications. 

The MSM8OC86A 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 "A maximum). 

GENERAL OPERATION 
The internal function of the MSMSOC86 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. I nstruction pre-fetch is perfomed 

Memory Organization 

J: 1 FFFFFH 

f 
64(B }CODE 

SEGMENT 

XXXXOH 

+OF+ET 
} STACK 

SEGMENT 

SEGMENT 
REGISTER FILE 

CS 
} DATA 

SS }-- SEGMENT 

OS 

ES r--

} <XTRA DATA 
SEGMENT 

1 :r OOOOH 

while waiting for decording and execution of instruc­
tions. Thus, the CPU's performance 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 B I U. 

MEMORY ORGANIZATION 
The MSM8OC86A has a 20-bit address to memory. 

Each address has an 8-bit data width. Memory is 
organized OOOOQH to FFFFFH 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 - 07 and byte data of odd ad­
dress is transfered on the 08 - D 1 5. 

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

Memory location F F F FOH 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 
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Memory Segment Register 
Reference Need Used 

Instructions CODE (eS) 

Stack STACK (SS) 

local Data DATA (OS) 

External (Global) Data EXTRA (ES) 

MINIMUM AND MAXIMUM MODES 
The MSM8OC86A 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 MSM8OC86A 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 cloc.k 
cycles: Tl, T2 T3 and T4. (Fig. 4) 

The address output occurs during Tl and data 
transfer occurs during T3 and T4. T2 is used for chang· 
ing the direction of the bus at the read operation. Whe'1 
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, Tl cycles are 
inserted between the bus cycles for internal execution. 
During the Tl cycle, the ALE signal is output from the 
CPU or the MSM82C88 depending on MN/MX. At the 
trailing edge of ALE, a valid address may be latched. 

Status bits SO, 51 and 52 are used in the maxi· 
mum mode by the bus controller to recognize the type 
of bus operation according to the following table. 

S2 Sl 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: 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 54 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. 

I/O 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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B_ic System Timing 

CLK 

ALE 

ADDRI 

1-(4 + N"WAiTl = TCY ---1-(4 + N"WAIT) = TCY~ 
I T1 I T2 I T3 ~AITI T4 I T1 I T2 I T3 ITWAITI T4 I 

GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 

SHE, A19-A16 

SJATUS '" I 
'--------..;_..1 

S7-53 S7-53 

SUS RESERVED D15-DO 
FOR DATA IN VALID 

ADDR/DATA ,-----~~~~ ___ ~-D-A-T-A--~-g~~-_-D-O-)~ 

READY READY 

READY 

WAIT WAIT 

MEMORY ACCESS TIME 

WR -----------.\'--__ ----11 
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EXTERNAL INTERFACE 

RESET 
CPU Initalization is executed by the RESET pin. 

The MSM80C86A's RESET High 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 

003FFH are 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 

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 (NMII 
The MSM8OC86A has a Non-maskable Interrupt 

(NMII which is of higher priority than the maskable 
interrupt request (lNTR). 

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 (lNTR) 
The MSM8OC86A provides another interrupt 

request (lNTR) 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 Tl I T2 I T3 I T4 ITII Tl I T2 I T3 T4 I 

ALE ~r-f\--
LOCK 

''-------IIlI--....J/ 
'I....--....Jr 

=:) FLOAT 
ADO-AD15 ~~~~--------~~-----< 

'--..;...;;.;;..;..;;.;.;..., 

INTERRUPT ACKNOWLEDGE 
During the interrupt acknowledge sequence, 

further interrupts 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. (I NTR only) 

The Interrupt Return URETI instruction includes a 
Flag pop operation which returns the original interrupt 
enable bit when it restores the Flag. 

HALT 
When a Halt instruction is executed, the CPU 

enters the Halt state. An interrupt request or RESET 
will force the MSM8OC86A out of the Halt state. 
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SYSTEM TIMING - MINIMUM MOOE 

A bus cycle begins Tl with an ALE signal. The 
trailing edge of ALE is used to latch the address. From 
Tl to T4 the M/iQ 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 (lNTA) 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
rolier 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 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 MSM80C8SA pins 2-1S, 2S-32, and 34-
39 (Figures Sa, Sb). These circuits will maintain the 
last valid logic state if no driving source is present 
(j.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 SOO /loA 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. 

"PU LL-UP/PU LL-DOWN" 

INPUT 
~-..... t---t PROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

Figure 6a. Bus hold circuitry pin 2-16, 35·39. 

"PULL-UP" 

INPUT 
1--~t---tPROTECTION 

CIRCUITRY 

Input Buffer exists only on 1/0 pins 

Figure 6b. Bus hold circuitry pin 26·32,34 

EXTERNAL 
PIN 

EXTERNAL 
PIN 
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.... DATA TRANSFER 
00 

MOV = Move: 7 6 5 4 3 2 
Register Imemory tolfrom register 1 0 0 0 1 0 
Immediate to registerlmemory 1 1 0 0 0 1 

I mmediate to register 1 0 1 1 w 

Memory to accumulator 1 0 1 0 0 0 
Accumulator to memory 1 0 1 0 0 0 
Registerlmemory to segment register 1 0 0 0 1 1 

Segment register to registerlmemory 1 0 0 0 1 1 

PUSH = Push: 

Registerlmemory 1 1 1 1 1 1 

Register 0 1 0 1 0 

Segment register o '0 0 reg 1 

POP = Pop: 

Registerlmemory 1 0 0 0 1 1 

Register 0 1 0 1 1 

Segment register 0 0 0 reg 1 

XCHG = Exchange: 

Register Imemory with register 1 0 0 0 0 1 

Register with accumulator 1 0 0 1 0 

IN = Input from: 

Fixed port 1 1 1 0 0 1 

Variable port 1 1 1 0 1 1 

OUT = Out;:>ut to: 

Fixed port 1 1 1 0 0 1 

Variable port 1 1 1 0 1 1 

X LAT = Translate byte to AL 1 1 0 1 0 1 

LEA = Load E A to register 1 0 0 0 1 1 

LOS = Load pointer to OS 1 1 0 0 0 1 

LES = Load pointer to ES 1 1 0 0 0 1 

LAHF = Load AH with flags 1 0 0 1 1 1 

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

PUSHF = Push flags 1 0 0 1 1 1 

POPF = Pop flags 1 0 0 1 1 1 

1 0 7 6 5 4 3 2 
d w mod reg 
1 w mod 0 0 0 

reg data 
0 w addr-Iow 
1 w addr-Iow 

1 0 mod 0 reg 
0 0 mod 0 reg 

1 1 mod 1 1 0 
reg 

1 0 

1 1 mod 0 0 0 
reg 

1 1 

1 w mod reg 
reg 

0 w port 

0 w 

1 w port 
1 w 
1 1 
0 1 mod reg 

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

1 0 7 6 5 4 3 2 1 
rim 
rim data 

data if w = 1 
addr-high 
addr-high 

rim 
rim 

rim 

rim 

rim 

rim 
rim 
rim 

0 7 6 5 4 3 

data if 

2 1 0 

w = 1 

• 
n 
"'CI 
c: 
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Q 
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ARITHMETIC 

ADD = Add: 

Reg.imemory with register to either 0 0 0 0 0 
Immediate to registerlmemory 1 0 0 0 0 
Immediate to accumulator 0 0 0 0 0 

ADC = Add with carry: 

Reg.imemory with register to either 0 0 0 1 0 
Immediate to registerlmemory 1 0 0 0 0 
Immediate to accumulator 0 0 0 0 

INC = Increment: 

Registerlmemory 1 1 
Register 0 0 0 0 

AAA = ASCII adjust for add 0 0 1 0 

DAA = Decimal adjust for add 0 0 0 0 

SUB = subtract: 

Reg.imemory and register to either 0 0 1 0 1 
Immediate from registerlmemory 0 0 0 0 
Immediate from accumulator 0 0 0 

SBB = Subtract with borrow: 

Reg.imemory and register to either 0 0 0 1 1 
Immediate from registerlmemory 1 0 0 0 0 
Immediate from accumulator 0 0 0 

DEC = Decrement: 

Register Imemory 1 1 
Register 0 0 0 1 
NEG = Change sign 0 

CMP = Compare: 

Registerlmemory and register 0 0 1 1 1 
Immediate with registerlmemory 1 0 0 0 0 
Immediate with accumulator 0 0 
AAS = ASC II adjust for subtract 0 0 
'-----

·co 

.~ 

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

0 d w mod 

0 s w mod 0 
0 w 

w mod 0 
reg 

1 1 

1 1 

0 d w mod 

0 s w mod 

0 w 

0 d w mod 

0 s w mod 0 
0 w 

w mod 0 
reg 
1 wI mod 0 

0 d wi mod 
0 s 

~1 mod 0 

reg rim 
0 0 rim 
data 

reg rim 
1 0 rim 

data 

0 0 rim 

reg rim 
0 1 rim 

data 

reg rim 
1 1 rim 

data 

0 rim 

rim 

reg rim 
1 1 rim 

data 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data 
data if w = 1 

data if sow = 01 

data if sow = 01 

data if sow = 01 

data if sow = 01 

data if sow = 01 

n 
~ 
C 

~ 
~ 

~ 
CO en 
l> 
.:... 
o 
:xl 
(I) --G') 
(I) 

c:; 
(I) 
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o 

DAS : Decimal adjust for subtract 
MUL : Multiply (unsigned) 
IMUL: Integer multiply (signed) 
AAM : ASCII adjust for multiply 
D1V: Divide (unsigned) 
/ON = Integer divide (signed) 
AAD "ASCII adjust for divide 
.CBW: Convert byte to word 
CWO : Convert word to double word 

-WIll 
0 0 1 0 1 1 
1 1 1 1 0 1 
1 1 1 1 0 1 
1 1 0 1 0 1 
1 1 1 1 0 1 
1 1 1 1 0 1 
1 1 0 1 0 1 
1 0 0 1 1 0 
1 0 0 ~ 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 0 
SHLISAL ~ Shift logicallarithmetic left 0 0 
SHR ~ Shift logical right 0 0 
SAR ~ Shift arithmetic right 0 0 
ROL ~ Rotate left 0 0 
ROR ~ Rotate right 0 0 
RCL ~ Rotate left through carry 0 0 
RCR ~ Rotate right through carry 0 0 

AND ~ And: 

Reg./memory and register to either 0 0 1 0 0 
Immediate to registerlmemory 0 0 0 0 
I mmediate to accu murator 0 0 0 0 

TEST ~ And function to flags, no result: 

Register/memory and register 0 0 0 0 
Immediate data and registerlmemory 1 0 
Immediate data and accumulator 0 0 

OR ~ Or: 

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

XOR ~ Exclusive or: 

Reg./memory and register to either 0 0 1 1 0 
Immediate to registerlmemory 1 0 0 0 0 
I mmediate to accu mulator 0 0 0 

-------

STRING MANIPULATION 

REP ~ Repeat 1 1 1 1 0 

"'!OVS ~ 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 ALiAX 1 0 1 0 1 

STOS ~ Store byte/word from ALiAX 1 0 1 0 1 

...... 
~ 

rm 

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

0 d w mod reg 
0 0 w mod 0 0 

0 w data 

0 w mod reg 

1 w mod 0 0 0 
0 0 w data 

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

0 w data 

0 d w mod reg 
0 0 w mod 1 0 

0 w data 
----- ,--- -

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

rim 
rim 
rim 
rim 
rim 
rim 
rim 
rim 

rim 
rim data 

data if w ~ 1 

rim 
rim data 

data if w ~ 1 

rim 
rim data 

data if w ~ 1 

rim 
rim data 

data if w ~ 1 

data if w ~ 1 

data if w ~ 1 

data if w ~ 1 

data if w ~ 1 

n 
'V 
c: 

~ 
I 
n 
~ 
~ 
~ 

(;) 
:xl 
(I) 

G) 
(I) 

c::­en 

• 



... 
,'N 

-'~ CJMP = Conditional JMP 

JE/JZ ~ Jump on equal/zero 
JZ/jNGE ~ Jump on less/not greater or equal 
JLE/JNG ~ Jump on less or equal/not greater 
'JB/JNAE "Jump on below/not above or equal 
.JBE/JNA ~ Jump on below or equal/not above 
jp/JPE = Jump on parity/parity even 
JO = Jump on over flow 
JS = Jump on sign 
JNE/JNZ ~ Jump on not equal/not zero 
JNLlJGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE " Jump on not below/above. or equal 
JNBE/JA =-Jump on not below or equal/above 
JNP/JPO "Jump on not parity/parity odd 
JNO = Jump on not overflow 
JNS = Jump on not sign 
LOOP = Loop ex times 
LOOPZI.LOOPE = Loop while zero/equal 
LOOf'NZ/LOOPNE = Loop whilel10t zero/equal 
iCXZ=.4Imp on CX zero 

INT = tiltl!rrupt: 

Type specified 
Type 3 
I'NTO = interrupt on overflow 
IRET = Interrupt re!urn 

PROCESSOR CONTROL 
CLC = Clear carry 
CMC = Complement carry 
STC = Set carry 
CLD " Clear direction 
S~D =.Set direction 
C.LI = Clear i,nterrupt 
STI .= Set interrupt 
HLr= Halt 
~AIT= Wait 
ESC = Escape (to external device) 
LOCK = Bus lock prefix 

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

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

~"" ', .... 
1 1 1 0 1 0 0 
1 1 1 1 1 00 
1 1 1 1 1 1 0 
1 1 1 0 0 1 0 
1 1 1 0 1 1 0 
1 1 1 1 0 1 0 
1 1 1 0 o 0 0 
1 1 1 1 o 0 0 
1 1 1 0 1 0 1 
1 1 1 1 1 0 1 
1 1 1 1 1 1 1 
1 1 1 0 0 1 1 
1 1 1 0 1 1 1 
1 1 1 1 0 1 1 
1 1 1 0 o 0 1 
1 1 1 1 o 0 1 
1 1 0 0 0 1 0 
1 1 0 0 o 0 1 
1 1 0 0 o 0 0 
1 1 0 0 0 1 1 

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

1 1 1 1 0 0 0 
1 1 1 0 1 0 1 
1 1 1 1 0 0 1 
1 1 1 1 1 0 0 
1 1 1 1 1 0 1 
1 1 1 1 0 1 0 
1 1 1 1 0 1 1 
1 1 1 0 1 0 0 
0 0 1 1 0 1 1 
1 0 1 1 x x x 
1 1 1 0 0 0 0 

------ , 

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

type 

mod x x x rIm 

---

I 

-,~., 

" . 
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CONTROL TRANSFER 
CALL = Call: 
Direct within segment . 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct interse.gment 

Indirect intersegment 

RET'= Return from CALL: 

Within segment 
Within seg_ adding immediate to SP 
I ntersegment 
Intersegment adding immediate to SP 

7 
1 
1 
1 

1 

1 
1 
1 
1 

1 

1 
1 
1 
1 

6 5 4 
1 1 0 
1 1 1 
0 0 1 

1 1 1 

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

1 1 1 

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

iii 

3 2 1 0 
1 0 0 0 
1 1 1 1 
1 0 1 0 

1 1 1 1 

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

1 1 1 1 

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

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

mod 0 1 0 rim 
offset-low 

seg-Iow 
mod 0 1 1 rim 

disp-Iow 
disp 

mod 1 0 0 rim 
offset-low 

seg-Iow 
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 

~ 

I .... 
o 
:D 
en 
C5 
en c:: 
en 

• 
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• CPU·MSM80C86A·10RS/GS/JS ... -----------------

Footnotes: 

AL = a-bit accumulator 
AX = la-bit accumulator 
CX = Count 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 rim is treated as a REG field 
If mod = 00 then OISP = 0', disp-Iow and disp-high are absent 
If mod = 01 then OISP = disp-Iow sign-extended to 16-bits, disp-high is absent 
If mod = 10 then OISP = disp-high: disp-Iow 

If rim = 000 then EA = (BX) + (SI) + OISP 
If rim = 001 then EA = (BX) + (01) + OISP 
If rim = 010 then EA = (BP) + (SI) + OISP 
If rim =011 then EA = (BP) + (01) + OISP 
If rim = 100 then EA = (SI) + OISP 
If rim = 101 then EA = (01) + OISP 
If rim = 110 then EA = (BP) + OISP' 
If rim = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data if required) 

• except if mod = 00 and rim = 110 then EA-disp-high: disp-Iow 

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 (CLl 
x = don't care 

z is used for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001regll0 

REG is assigned according to the following table: 

16-Bit (w = 1) 8-Bit (w=O) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 OX 010 OL 10 SS 
011 BX 011 BL 11 OS 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 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):( I F): (TF): (SF): (ZF) :X: (AF) :X: (PF):X: (CF) 
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OKI semiconductor 

MSM80C88ARS/GS/JS 
MSM80C88A-2RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSMSOCSSA/MSMSOCSSA-2 are internal l6-bit CPUs with S-bit interface implemented in Silicon Gate 
CMOS technology. They are designed with the same processing speed as the NMOS SOSS/SOSS-2. but with con­
siderably less power consumption. 

The processor has attributes of both Sand 1 6-bit microprocessor. It is directly compatible with 
MSMSOCS6A/MSMSOCS6A-2 software and MSMSOCS5A/MSMSOCS5A-2 hardware and peripherals. 

FEATURES 

• 8-Bit Data Bus Interface • Bit. Byte. Word and String Operations 
• 16·Bit Internal Architecture • Band 16·bit Signed and Unsigned Arithmetic Opera· 
• 1 Mbyte Direct Addressable Memory Space tion 
• Software Compatible with MSM80C86A • From DC to 5 MHz Clock Rate (MSM80C88A) 
• Internal 14 Word by 16·bit Register Set • From DC to 8 MHz Clock Rate (MSM 80C88A-2) 
• 24 Operand Addressing Modes • Low Power Dissipation (10 mA/MHz) 

• Bus Hold Circuitry Eliminates Pull-Up Resistors 

FUNCTIONAL BLOCK DIAGRAM 

TEST 

INTH 

NMI 

R5dffo.l 

HOLD 

HLDA 

EXECUTION UNIT BUS INTERfACE UNIT 
j i 

REGISTER FilE RELOCATION 

OATA 

POINTER AND 

INDEX REGS 
IBWOROSJ 

1681T AlU 

FLAGS 

REGISTER flU: 

SEGMENT 
REGISTERS 

AND 

INSTRUCTION 
POINTER 

15WOADSI 

eLK RESET AEAQY MN MX GND 

050QS1 

52 51 SO 
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• CPU' MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS ... --------

PIN CONFIGURATION 

126 

A18/S5 

A17154 

A161S3 

A15 

N"C 

VCC 

VCC 

N"C. 

GND 

N.C. 

A14 

.'\13 

.'\12 

All 

u 
z 

"' Vl 

en 
:;: 

I 
Q 
~ 

l~ 
~ 

MSM80C88ARS (Top View) 
MSM80C88A-2RS 
40 Lead Plastic DIP 

I~ I~ 
I~ 10 I" - -a: u IN 1- -

- 0 ~ ~ I~ 
0 ~ o:!l~ I!,:: I; 

~'I~ 
..J c.i c.i c.i 0 ~1~Q5~ J: ;2 Z Z 

Fig. 2b MSM80C88AGS!MSM80C88A-2GS Al0 

MSM80C88AJS (Top View) 
MSM80C88A-2JS 
44 Pin Plastic Leaded Chip Carrier 

A9 

A8 

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

AD) 

ADO 

GND 

A14 

A13 

A12 

All 
Al0 

A9 

AS 

AD7 

AD6 

AD5 

AD4 

AD3 

" AD2 
ADl 

ADO 

NMI 

INTA 

ClK 

GND "L:.. __ -1"" 

Vec 
A15 
A161S3 
A17154 

A181S5 

A19/56 

SSO IHIGH} 
MNIMX 

AD 
HOLD IROIGTO} 
HlDA IRQIGT1} 

WR I LOCK} 
IOIMIS2} 

DTIR i51} 
DEN ISO} 
ALE 10SOI 
INTA 10Sl} 

TESTj 

READY 
RESET 

Fig. 28 MSM80C88AGS!MSM80C88A-2GS 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

ALE 10501 MSM80C88AGS (Top View) 
INTA (OSll MSM80C88A-2GS 
ITS'f 56-Lead Plastic Flat Package 
READY 
RESET 

N.C. 

N.C. 

VCC 

GND 

N.C. 

N.C 

ClK 

INTR 

NMI 

M 

('\j M o:t 0 U 1.0 ~ 
~ ~ < ~ ~ ~ ~ ~ ~ 
6 5 4 3 2 1 44434241 40 

0 

18 19 20 21 22 23 24 25 26 27 28 

u - a:: 
'" 0 

U >- ~r 
_ 0 

Z :; >- ..J Z Z UJ o Vl 8 8 z ~ u '" 
Vl -0: UJ w w >-

l~ 
UJ a: a:: ..J 

~ 

39 NC 

38 A191S6 

37 HIGH FIX I 550 I 

36 MNIMx 

35 AD 

34 l1Q/GTO I HO LD I 

33 RTIiGTl IHlDAI 

LOCK I~l 

31 52 (MimI 

Sf IDT/R"l 

SOllJlOlijl 



--------.... CPU· MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS. 

ABSOLUTE MAXIMUM RATINGS 

Limits 

Parameter Symbol 
c-----

Unit Conditions 
MSMSOCSSARS SI~SMSOCSSAGS ;IIMSMSOCSSAJS 
MSMSOCSSA-2RS MSMSOCSSA-2GS MSM80C88A-2JS 

Power Supply Voltage VCC -0.5 - +7 V 

Input Voltage VIN -0.5 - VCC +0.5 V 
With respect 
to GND 

Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperature Tstg -65-+150 °c -
Power Dissipation PD 1.0 I 0.7 W Ta = 25°C 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSM80C88A MSM80C8SA-2 

Power Supply Voltage VCC 3 -6 4.75 - 5.25 V 
-

Operating Temperature TOp -40 - +85 0-+70 °c 

RECOMMENDED OPERATING CONDITIONS 

MSMSOC8SA MSM80C88A-2 
Parameter Symbol Unit 

MIN TYP MAX MIN TYP MAX 

Power Supply Voltage VCC 4.5 5.0 5.5 4.75 5.0 5.25 V 

Operating Temperature TOp -40 +25 +S5 0 +25 +70 °c 

"l" Input Voltage Vil -0.5 +0.8 -0.5 +0.8 V 
--

(*1 ) VCC-O.S VCC+0.5 VCC -0.8 VCC+0.5 V 
"H" Input Voltage VIH ----- -----

----j-VCC+0.5 (*2) 2.0 VCC +0.5 2.0 V 

* 1 Only ClK, *2 Except ClK, 
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• CPU, MSM80C88ARS/GS/JS·MSM80C88A-2RS/GS/JS ... ~...,.--------

DC CHARACTERISTICS 
(MSMB0C86A: VCC = 4.5V to 5.5V, Ta = -40° to +B5°C) 

(MSMBOCBBA-2: VCC = 4.75 ito 5.25V; Ta = O°C to +70°C) 

Parameter Symbol MIN 

"L" Output Voltage VOL 

"H" Output Voltage VOH 
3.0 

VCC-0.4 

Input Leak Current III -1.0 

Output Lea~ Cu rrent 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 
ICC Supply Current 

StandbySupply 
Current ICCS 

Input Capacitance Cin 

Output Capacitance Cout 

I/O Capacitance CI/O 

TYP MAX Unit Conditions 

0.4 V 10L = 2.5 mA 

V 
10H = -'2.5 mA 

10H =-100jlA 

+1.0 jlA 0< VI < VCC 

+10 jlA Vo = VCC or GND 

400 jlA VIN= O.BV 
·*3 

-400 jlA VIN = 3.0V 
*4 

600 jlA *5 

-600 jlA *6 

10 mA/MHz 
VIL=GND. 

VIH=Vee 

VIN=Vee or GND 
Outputs Unloaded 

500 jlA eLK=GND or 

Vee 

5 pF *7 

15 pF *7 

20 pF *7 

*3. Test conditions is to lower VIN to GND and then raise VIN to O.BV on pins 2-16 and 35-39. 
*4. 
*5. 
*S. 
*7. 

128 

Test condition is to raise VIN to VCC and then lower VIN to 3.0V on pins 2-16. 26-32. and 34-39. 
An external driver must source at least IBHLO to switch this node from LOW to HIGH. 
An external driver must sink at least IBHHO to switch this node from HIGH to LOW. 
Test Conditions: a) Freq = 1 MHz. 

b) Ummeasured Pins at GND. 
c) VIN at 5.0V or GND. 



--------. CPU' MSM80C88ARS/OS/JS MSM80C88A-2RS/OS/JS. 

A.C. CHARACTERISTICS 
(MSM80C88A: vcc" 4.5V to 5.5V, Ta" -40°C to +85°C) 
(MSM80C88A-2: VCC" 4.75V to 5.25V, Ta = o°c to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C88A 
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) TCL2CLI 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 
TCLRIX 0 

(See Notes I, 2) 

READY Setup Time into MSM 8OC88A TRYHCH 118 

READY Hold Time into MSM 80C88A TCHRYX 30 

READY inactiV,e to CLK (See Note 3) TRYLCL -8 

HOLD Setup Time THVCH 35 

INTR, NMI, TES'fSetup 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 Raspon_ 

MSM8OC88A 
Parameter Symbol 

Min. Max. 

Address Valid Delay TCLAV 10 110 

Adcke •• Hold Time TCLAX 10 

Address Float Delay TCLAZ TCLAx 80 

ALE Width TLHLL TCLCH-20 

ALE Active Delay TCLLH 80 

ALE Inactive Delay TCHLL 85 

Address Hold Time to A LE I nac,tive TLLAX TCHCL-l0 

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 I nactive Delay TCVCTX 10 110 

Address Float to AD Active TAZRL 0 

RD Acrive belay TCLRL 10 165 

MSM80C88A-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. I 
10 • 60 ns 

10 ns 

TCLAX 50 ns 

TCLCH-l0 ns 

50 ns 

55 ns 

TCHCL-l0 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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• CPU- MSM80C88ARSlGS/JS MSM80C88A-2RS;(~S/JS •• ----....-----

MSM80C88A MSM80C88A·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 10 100 

AD Width TRlRH 2TClCl·75 2TClCl·50 

WRVVidth TWlWH 2TClCl-60 2TClCl-40 

Address Valid to ALE low TAVAl TClCH-60 TClCH-40 

Output Rise Time (From 0.8V to 2.0) TOlOH 15 15 

Output Fall Time (From 2.0V 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 

ClK Cycle Period TClCl 

ClK low Time TClCH 

ClK High Time TCHCl 

ClK Rise Time (From 1.0V to 3.5V) TCI:llCH2 

ClK Fall Time (From 3.5V to 1.0V) TCl2Cll 

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 80C88A TRYHCH 

READY Hold Time into MSM 80C88A TCHRYX 

READY inactive to ClK (See Note 3) TRYlCl 

Set up Time for Recognition (NMI, 
TlNVCH 

INTR, 'fEST) (See Note 2) 

RO/GT Setup Time TGVCH 

RO Hold Time into MSM 80C88A TCHGX 

Input Rise Time (ExcePt ClK) 
TlLlH 

(From 0.8V to 2.0VI 

Input Fall Time (Except ClK) 
TlHll 

(From 2.0V to 0.8V) 
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MSM80C88A MSM80C88A·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 

nl 

ns 

ns 

ns 

ns 



-------. CPU· MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS. 

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 45 5 45 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 TClAV 10 110 10 60 ns 

Address Hold Time' TClAX 10 10 ns 

Address Float Delay TClAZ TClAX 80 TClAX 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 

I 
4 25 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 5 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 TClCl45 TClCl40 ns 

Direction Control Active Delay 
TCHDTl 50 50 ns 

(See Note 1) 

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) TOlOH 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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• CPU' MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS ... --------

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

2.4 ~ TEST POINTS v-. 
O.45---.7\~.5 ___ '1.5~ 

A.C. TESTING: INPUTS ARE DRIVEN AT 2,4V 
FOR A LOGIC "1" AND O.45V FOR A lOGIC 
"0" TIMING MEASUREMENTS ARE 1.5V FOR 
BOTH A LOGIC "1" AND "0" 

Cl INCLUDES JIG CAPACITANCe 

TIMING CHART 
Minimum Mode 

T1 T2 

eLK (MSM 82C84A Outputl 

1;---\ Imn TCH' CH21 
J i'----J '-----'r 

[TC'2C'f)~ T4 

~ i'----Jr-\-
101M, SSG 

A19/S6-A16/S3 

ALE 

ROY (MSM82C84A Inpu 
SEe NOTE 4 

~ 

tl 

TCHCTV 

!TCLAV-

!TCLlH_ 

ITCLAV-

A07-ADO 

READ CYCLE 
(NOTE 11 
1WR. INTA VOH) 
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AD 

~ 

-
OTIR 

f I------ TCHCL !--TClCH_ 

V-
I I t: d",ng " r----

i- -. TCLDV I-- TCHDX~ I--
! TClAX I---

"\ v---
A19-A16 

I ~ 
ITLHlL ~ I---

7 
T 

r--~ 

I I 
I 

_ TAVAL I-- ---
TCHLL 1 I--- I--TR1VCl 

VIH~1k ... ~ \\\\\\\\\\-
VIL 

I--- J...---: TCl:R'X 

T~n 
( - I-- x 

- TAVAL l- bd I---
~CLLAX- ~ 1:= TDvel cL['X-

I---
JJ AD7-ADC DATA IN 

\ 
t\. FLOAT fi' I FLOA,T~ 

TCLRH~ TAZRl~ 

~~ 

1 TCHCTV i-TCLRl TCHCTV 

TCVCTV-

f 
TCVCTX- I 



---------. CPU· MSM80C88ARS/GS/JS MSM80C88A-2RS/GSI JS. 

Minimum Mode (Continued} 

V,H 

elK IMSM 82C84A"Oulput) 

V'L 

101M. sse 

_A19/S6-A16/S3 

ALE 

WRITE CYCLE 

:~~~~A DEN 
oriA = VOH)' 

INTA CYCLE 
{NOTES 1 & 3) 
lAD: WA" VOH 
SHE ~ VOL) 

A07-·ADO 

DTlR 

§Qfr!l.AAE HALT 

NOTES: 

RD. 'iliA, INTA" VOH 
DTi~ '" INDETERMINATE 

-+--+-..... -rClAZ 

___ ---4 _______ T_C_V_C_TV _____ r 

INVALID ADDRESS 

reLAV 

1. All signals switch between VOH and VOL unless otherwise specified. 

SOF1WARE HAL T TelAV 

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 ADDR/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 Mode 

134 

V,H 
eLK (MSM82C84A OUTPUT I 

V,L 

a50. aSl 

S2; ST,""SIT (EXCEPT HAL TI 

SEE NOTE 5 

A15-A8 

A19/S6-A16/S3 

ALE (MSM82C88 
OUTPUT) 

ROY (MSM 82C84A INP 

READ CYCLE 

MSM 82C88 
OUTPUTS 
SEe NOTE 5,6 

AD7-AOO 

oriA 

MADe OR iOAC 

DEN 

-' 

UTI 

T1 T2 T3 T4 

TCH1CH2 ..... II-- - I---TCl2Cll 
I--TCLCL-~ 

,~~ ,~ 1,.---, I~ l~rL 
~ 

1'---.....: ~ 
TCLAV- TCHCL. TelCH 

X 
1--- TCHSV - i-TCLSH 

--------1////// IIIIH'SEE NOTE 8) 
\ 
\ '-------

A1S-A8 

-. -TfT~'i.~x 
= relOV 

TCHDX·- I-

A19-A16 SB-S3 

It.~ 
L--

TSVLH 
TCHLL 

TCLLH 

) \ 
r---

I 
I -----

V,H 1--1 I- TRIVCL 

VIL~' ,,\\\\\'t\\\\\~\~ ~~\\\\\ ~\\\\\\\\\\\\\\~ 
T~M 

~TClR1X 

TRYHSH~ 
~ I--rcHAYX 

~ trCLAX I 
~ TCLAZ-

TRYHCH--.j I-- TelDX 
TClAV- - Tavel 

I DATA IN ·AD7-ADO 

27 FLO:J 
TAZRL_ Tr:t TAHAV 

l/i 

TCHDTL-
TCLAl TALRH 

/\ I-- TCHDTH , 
TCLMl-- TCLMH_ 

~ \ 
TCVNV~- II-- ~ ¥ 

TCVNX~ I-



--------11. CPU· MSM8OC88ARS/GS1JS MSM80C88A-2RS/GS/JS. 

Maximum Mod. (Continued) 

VIH 
elK (MSM82C84A OUTPUTS) 

VIL 

52,51, SO tEXCEPT HAlTl 

WAITE CYCLE 

I 

MSM 82C88 OUTPUTS I 
see NOTES 5, 6 I 

I 
! 

INTA C'YClE 

A15-A8 

AD7-ADO 

OEN 

ANMCQR 
AIOWC 

(SEE NOTES 3 & 4) 

AD7-ADO 

DliR 

MSM 82C88 OUTPUTS 
SEE NOTES 5, 6 INTA 

OEN 

SOFTWARE HALT 
lDEN VOL. AD, MADe. IORC, MWT(:, AMWC, 

lowe, AIOWC, TNU, VOHI 

AD7 ADO,A15 AS 

TCLAV 

52, $1, SO 

NOTES; 

TI 

\'--_----.J/ 

All signals sWitch between VOH and VOL unless otherWise specifle(i 

T3 

ROY IS sampled near the end of T2. T3, TW to determine If TW machines states are to be Inserted. 

Cascade address IS val I,d between f'rst and second INTA cycle 

T4 

TW 

FLOAT 

'~"'-------, 
\._--- ---

4 Two INTA cycles run back·to·back. The MSM 8OC88A LOCAL AODR/DATA BUS is floating during both INTA cycles 

Control for pofnter address IS shown for second INTA cycle. 
5. Signel at MSM 82C84A and MSM82C88 shown for reference onlv. 
6 The Issuance of the MSM 82C88 command and control signals "i"Mfij)C, MWTC, AMWC, lORe. IOWC, AIOWC, INTA 

and DEN) '.ags the-active high MSM 82Caa CEN. 
7 All tlmlOg measurements are made at 1.5V unless otherWise noted. 
a Status Inactive In state lust poor to T4 

r---'" 
I , 
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Asynchronous Signal Recognition 

ClK~ 
NMI } ==x -TINVCH ISEE NOTE 11 

INTA SIGNAL : 
TEST 

NOTE: 1 seTUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONL Y TO GUARANTEE RECOGNITION 
AT NEXT elK 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

Vec 

ClK :::::Vr- ~ TClAt=--

ClK 

RESET LOCK ~ 
::: 4 eLK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

ClK 

AD7·-Aoa, A15-A8 
A19/S6·-A16/S3 
52.51, so, 
Rti, COCK 

MSM BOC88A 

NOTE: 1 THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE 
THE AEGION SHOWN WITHOUT RISKING CONTENTION 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

COPROCESSOR 

(SEE NOTE 1 ) 

". y:iC ... "_K_C_Y_C_l_E....j..; ~d" '"'''' 
"0,0 \ 7l-r\ 

TCCHAV 1~-
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HLOA 

A07-ADO, A15--AS 
6l.9/S6-A 16/53, 
AD~ 
10lM 
DTi'R.-wFf. DEN 

---==\ii=TClAZ 

MSM BOCBBA I.. ,,'-____ C_O_P .... AOC ... E_S_S_"_A ____ J MSM 8OC88.A 
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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 1;1 cycle and the data 
bus at n, T3, TW and T4 cycle. 
T2, T3, TW and T4 cycle. 
These lines are high impedance during interrupt 
acknowledge and hold acknowledge. 

A8-At5 
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. 

AI6/53, A17/S4, AI8155, At9/56 
ADDRESS/STATUS: Output 

S3 

0 

1 

0 

1 

These are the 'four most significant address as at 
the Tt, cycle. 
Accessing I/O port address, these are low at Tt 
Cycles. 
These lines are Status lines at the T2, T3, TW 
and T4 Cycle. 

S5 indicate interrupt enable Flag, 
53 and 54 are encoded as shown. 

54 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 I/O read cycle. 
This line is the read strobe signal when the CPU 
r!!adsdata from a memory or I/O device. 
ThiS line is active low. 
This line is high impedance during holdacknowl· 
edge. 

READY 
READY: Input 

This line indicates to the CPU 'that an addressed 
memory or I/O device is ready to read or write. 
This line is active high. 
I F the setup and hold time are outof specification, 
an illegal operation will occur. 

INTR 
INTERRUPT REOUEST: 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. 
NMI is not maskable. 
This signal is internally synchronized and needs a 2 
clock cycle pu Ise wid th. 

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 

VCC 

This signal selects the CPU's operate mode. 
When VCC 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 dllscriptions are for 
maximum mode only. 
Other pin functions are already described. 
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8O,81,S2 
STATUS: Output 

These lines indicate bus status and they are used by 
the MSM82C88 Bus Controller to generate all 
memory and I/O access control signals. 
These lines are high impedance during hold 
ac k nowl edge. 

These status lines are encoded as shown. 

S2 

o (LOW) 

0 

0 

0 

, (HIGH) , 
, 
, 

RO/Gfli 
RO/Gn 

Sf 

0 

0 , 
, 
0 

a , 
, 

SO Characteristics 

0 Interrupt acknowledge , Read I/O Pori 

0 Write 110 Port , Halt 

0 Code Access , Read Memory 

0 Write Memory , Passive 

REQUEST/GRANT: Input/Output 
These lines are used for Bus Request 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/QS1 

QUEUE STATUS: Output 

These are Queue Status Lines that indicate internal 
instruction queue status. 

QS, QSO Characteristics 

o (LOW) 0 No Operation 

a , First Byte of Op Code from 
Queue 

, (HIGH) a Empty the Queue , , Subsequent Byte from Queue 

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

101M 
STATUS: Output 
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Th is I ine selects memory address space or I/O 
address space. 

WR 

When this line is low, the CPU selects memory 
address space and when it is high, the CPU selects 
I/O address space. 
This line is high impedance during hold acknowl· 
edge. 

WRITE: Output 
This line indicates that the CPU is in a memory or 
I/O write cycle. 
This line is a write strobe signal when the CPU 
writes data t<;> memory or an I/O 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 
accknowledge cycle. 

This line is active low. 

ADDRESS LATCH ENABLE: Output 

This line is used for latching an address into the 
MSM82C'2 address latch it is a positive pulse and 
the trail ing 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 10giC~lIy 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 DCL 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 jJ.A 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 

.c-----:l. F F F F F H 

T 
64 KB }CODE SEGMENT 

,-....I...-....... --4 XXXXOH 

The BIU performs instruction fetch and queueing, 
operand fetch, DATA 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 fo 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. 

MEMORY 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 FFFFOH is the start address after reset, and OOOOOH 
through 'OO3FFH 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 

SEGMENT 
REGISTER FILE 

r---r==::::l} STACK SEGMENT 
+OFFSET 

CS } DATA SEGMENT 

t~SS==t~_+-~ OS 
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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 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 
traITsfer occurs during T3 and T4. T2 is used for chang­
ing the direction of the bus during read operation. When 
the device which is accessed 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 il bus cycle is not needed, T1 cycles are 
inserted between the bus cycles for internal execution. 
At the T1 cycle an A lE 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, Sl and S2 are uased, in maximum mode, 
by the bus controller to recognize the type of bus 
operation according to the following table. 

S2 S1 So Characteristics 

o (LOW) 0 0 Interrupt acknowledge 
--

0 0 1 Read I/O 
-----

0 1 0 Wnte I/O 
--

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: Explicitly 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 

o (LOW) 0 Alternate Data (Extra Segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 
--f-------.------------ -

1 1 Data 

S5 Indicates interrupt enable Flag. 

I/O ADDRESSING 

The MSM80C88A has a 64 Kbyte I/O. When the 
CPU accesses an I/O device, address AO-A 15 are in 
same format as a memory access, and A16---A19are low. 

I/O ports address are same as four memory. 



--------.cpu· MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS" 

Buie System Timing 

(4 + N*WAiTl = TCY (4 + N*WAIT) = TCY 

Tl T2 I T3 ITWAITI T4 " 

ClK 

ALE 

A19-A16 

ADDR/ 
STATUS ____ ~rl~ __ J ~ _______ S6_-~S_3 ______ -' S6-S3 

ADDR 

ADDR/ 
DATA 

READY 

DTiR 

A15-A8 A15-A8 

BUS RESERVED 
FOR DATA IN VALID -----, ~~------~ 

___ ~DATA OUT (D7-DO)}-

READY READY 

WAIT 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 RESET 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 iocation which 
is defined by the interrupt pointer table, according to 
the interrupt type. Absolute location OOOOOH through 
003FFH is reserved for the interrupt pointer table. The 
interrupt pointer table consists of 256..,lements. 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 INMiI 
The MSM80C88A has a non·maskable Interrupt 

(NM1) which is of higher priority than a maskable 
interrupt request (lNTR). 

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 (lNTR) 
The MSM80C88A provides another interrupt 

request (lNTR) 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 ACKNOWLEOGE 
During the interrupt .acknowledge sequence, 

further interrupts are disabled. 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 (lNTR only). 

The Interrupt Return (fRET) 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 101M signal indicates a memory or I/O 
operation. From T2 to T4, the address data bus changes 
the address bus to the data bus. 

The read (RD), write (WR), and interrupt acknowl· 
edge (lNTA) signals caused the addressed device to 
enable the data bus. These signals become active at the 
beginning of T2 and inactive at the beginning of T 4. 

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 ITII T1 I T2 I T3 I T4 

ALE ~j\,---_~ 

\L------I151--....,...... ..... / 

ADO~::' =>~F...:L::..;O:.;.A...:~------r .... "~mv'c;: 
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BUS HOLD CIRCUITRY 

To avoid high current conditions caused by float­
ing inputs to CMOS devices, and to el iminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on SOCS6 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 I. To overdrive the "bus 

hold" circuits, an external driver must be capable of 
supplying approximately 400 IlA 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. 

"PU LL-UP/PU LL-DOWN" 

INPUT 
t---.... - ..... PROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Figure 6a. Bus hold circuitry pin 2-16, 35-39. 

"PULL-UP" 

INPUT 
.... -~ .... --tPROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Figure 6b_ Bus hold circuitry pin 26-32, 34 

EXTERNAL 
PIN 

EXTERNAL 
PIN 
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t DATA TRANSFER 

MOV = Move: 7 6 5 4 3 2 1 

Register/memory to/from register 1 0 0 0 1 0 d 
Immediate to register/memory 1 1 0 0 0 1 1 

I mmediate 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 

X LAT = Translate byte to A L 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 =·Loadpointer to ES 1 1 0 0 0 1 0 

LAHF = 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 

POPF = Pop flags 1 0 0 1 1 1 0 

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

data 
w addr-Iow 
w addr-Iow 

0 mod 0 reg rim 
0 mod 0 reg rim 

1 mod 1 1 0 rim 

0 

1 mod 0 0 0 rim 

1 I 
I 

I 
w mod reg rim 

l 

wi port 

wi 

:1 port 

: I mOO 
reg rim 

1 mod reg rim 

~ I mod 
reg rim 

I 
01 

I 01 
1 I 

7 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=l 

• 
n 
"D 
C 

3IC 
(IJ 

3IC 
CD o 
n 
CD 
CD 
)0 
:D 
(IJ 
"-
G) 
(IJ 
"­c.. 
(IJ 

3IC 
(IJ 

3IC 
CD o 
n 
CD 
CD 
)0 
• I\) 
:D 
(IJ 
"-
G) 
(IJ 
"­c.. 
(IJ 

• 
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ARITHMETIC 

ADD= Add: 

Reg./memory with register to either 
Immediate to registerlmemory 
Immediate to accumulator 

ADC = Add with carry: 

Reg./memory with register to either 
Immediate to registerlmemory 
Immediate to accumulator 

INC = Increment: 

Register Imemory 
Register 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 

SUB = subtreet: 

Reg./memory and register to either 
Immediate from registerlmemory 
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: 

~giSte~ Imemory· aod regIster 
fmrilediate with register Imemory 
Immediate with accumulator 
AAS = ASC" adjust for subtract 

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

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

1 1 ·1 1 1 1 
0 1 0 0 0 
0 0 1 l' 0 1 
0 0 1 0 0 1 

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

0 0 0 1 1 0 
1 0 0 0 0 0 
0 00 1 1 1 

1 1 1 1 1 1 
() 1 0 0 1 
1 1 1 1 0 1 

o 0 1 1 1 0 
1 0 0 0 0 0 
0 0 1 1 1 1 
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 
rim data 

dateifw=1 

rim 

rim 
rim data 

data if w = 1 

rim 
rim data 

dataifw=1 

rIm 

rim 

rIm 
rIm data 

dataifw=1 

data if sow = 01 

data if sow = 01 

data if sow = 01 

data if sow = 01 

data if sow = 01 

n 
" c 
i: 
(I) 
i: 
CD 

8 
CD 
CD 
~ 
::D 
(I) ..... 
Q 
(I) ..... c.. 
(I) 

i: 
(I) 

i: 
CD o n 

! • N 
::D 
(I) ..... 
Q 
(I) ..... c.. 
(I) 

• 
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~ 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 1 

DIV = Divide (unsigned) 1 1 1 1 0 1 

II)IV = 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 

• 
(') 
"U c: 
s: en s: 
CD o 
(') 
CD 
CD 
J:­
:D en ...... 
C') 
en ...... 
c.. en 
s: en s: 
CD o 
(') 
CD 
CD 
J:-
I 

N 
:D en ...... 
C') 
en ...... 
c.. en 



",. ...., 

LOGIC 

NOT = Invert 
SHLISAL = 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 
I mmediate to accumulator 

TEST = And function to flags. no result: 

Register /memory and register 
I mmediate data and register/memory 
Immediate data-and accumulator 

OR =Or: 

Reg./memory and register to either 
I mmediate 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 
LODS = Load byte/word to ALiAX 
STOS = Store byte/word from ALI 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 

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

0 1 0 0 0 
0 0 0 0 0 
0 T 0 0 1 

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

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

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

-

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

0 1 0 1 1 
0 1 0 1 0 

~ 

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

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

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

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

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

~--------

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

rim 
rim 
rim 
rim 
rim 
rim 
rim 
rim 

rim 
rim data 

data if w = 1 

rim 
rim data 

data if w = 1 

rim 
rim data 

data if w = 1 

rim 
rim data 

data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 

data if w = 1 

----

(') 
'V 
c: 
s:: 
rn 
s:: 
CIO o 
(') 
CIO 
CIO 
l> :u 
rn 
'-
C) 
rn 
'­e-
rn 
s:: 
rn 
s:: 
CIO o 
(') 
CIO 
CIO 
l> 
I 

N :u 
rn 
'-
C) 
rn 
'­e-
rn 
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... 
,jlo. 
00 CJMP = Conditional JMP 

JE/JZ ~ Jump on equal/zero 
JZ/JNGE ~ Jump on less/not greater or equal 
JlE/JNG ~ Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 
JBE/JNA = Jump on below or equal/not above 
JP/JPE = Jump,on parity/parity even 
JO ~ Jump on over flow 
JS ~ Jump on sign 
JNE/JNZ ~ Jump on not equal/not zero 
JNLlJGE ~ Jump on not less/greater or equal 
JNlE/JG ~ Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 
JNBE/JA ~ Jump on not below or equal/above 
JNP/JPO ~ Jump on not parity/parity odd 
JNO ~ Jump on not overflow 
JNS ~ Jump on not sign 
lOOP ~ loop CX times 
lOOPZ/lOOPE ~ loop while zero/equal 
lOOPNZ/lOOPNE ~ loop while not zero/equal 
JCXZ ~ Jump on CX zero 

INT ~ Interrupt: 

Type speci fied 
Type 3 
INTO ~ Interrupt on overflow 
I R ET ~ Interrupt return 

PROCESSOR CONTROL 
C lC ~ Clear carry 
CMC ~ Complement carry 
STC ~ Set carry 
C lO ~ Clear direction 
STO ~ Set direction 
Cli ~ Clear interrupt 
STI ~ Set interrupt 
Hl T ~ Halt 
WAIT ~ Wait 
ESC ~ Escape (to external device I 
lOCK~ Bus lock prefix 

~ 

0 1 1 1 

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

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

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

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

1 
1 1 
0 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 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 

0 0 
0 
0 

0 
1 0 1 
0 0 

0 
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 
0 
1 
0 
1 
0 

x mod 
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 

---,---

• 
o 
" c 
3: 
U) 

3: 
CO g 
CO 
CO 
)0 
::D 
U) 
...... 
G) 
U) 
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3: 
U) 

3: 
CO o o 
CO 
CO 
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U) 
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G) 
U) ...... 
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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 ir.tersegment 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 01 

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 
Intersegment 1 1 0 0 1 0 1 1 
Intersegment adding immediate to SP 1 1 0 0 1 0 1 0 

~ 

~ 

5 4 3 2 1 0 7 6 
disp-Iow 

0 1 0 rIm 
offset-low 

seg-Iow 

0 1 1 rIm 

disp-Iow 

disp 

1 0 0 rIm 

offset-low 
seg-Iow 

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 

o 
." 
c: 
3: 
U) 

3: 
CO o o 
CO 
CO 
~ 
2J 
U) 
....... 
Ci) 
U) 
....... 
c.. 
U) 

3: 
(I) 

3: 
CO o n 
CO 
CO 
~ • I\) 

2J 
U) 
....... 
Ci) 
U) 
....... c.. 
(I) 
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• CPU' MSM80C88ARS/GSI JSMSM80C88A·2RS/GSI JS •• --,....----..,..-_ 

Footnotes: 

A L = a-bit accumulator 
AX = la-bit accumulator 
CX = Count 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 rim is treated as a REG field 
If mod = 00 then OISP = 0', disp-Iow and disp-high are absent 
If mod = 01 then OISP = disp-Ipw sign-extended to 16-bits, disp-high is absent 
If mod = 10 then OISP = disp-high: disp-Iow 

If rim = 000 then EA = (BX) + (51) + OISP 
If rim = 001 then EA = (BX) + (01) + OISP 
If rim = 010 then EA = (BP) + (Sil + OISP 
If rim = 011 then EA = (BP) + (01) + OISP 
If rim = 100 then EA = (SI) + OISP 
If rim = 101 then E;t>. = (01) + OISP 
If rim = 110 then EA = (BP) + OISP' 
If rim = 111 then EA = (BX) + OISP 
OISP follows 2nd byte of instruction (before data if required) 

• except if mod = 00 and rim = 110 then EA-disp-high: disp-Iow 

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(CLl 
x = don't care 

z is used for string primitives ior comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001 reg 110 

REG is assigned according to the following table: 

16·Bit (w = 1) 8-Bit (w = 0) 

000 AX 000 AL 
001 CX 001 CL 
010 OX 010 OL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 OH 
111 01 111 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):(OF ):(IF): (TF):(SF):(ZF) :X:(AF):X:(PF):X:(CF) 
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OKI semiconductor 

MSM80C88A-10RS/GS/JS 
8-BIT CMOS MICROPROCESSOR 

GENERAL DESCRIPTION 

The MSM80C88A-10 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 NMOSB088-1, but with 
considerably less power consumption. 

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with 
MSM80C86A-10 software and MSM80C86A/MSM80C86A-2 hardware and peripherals. 

FEATURES 

• 8·Bit Data Bus Interface • Bit. Byte. Word and String Operations 
• 16·Bit Internal Architecture • Band 16-bit Signed and Unsigned Arithmetic Opera· 
• 1 Mbyte Direct Addressable Memory Space tion 
• Software Compatible with MSM80C86A 
• Internal 14 Word by 16·bit Register Set 
• 24 Operand Addressing Modes 

• F rom DC to 10M Hz Clock Rate 
• Low Power Dissipation (10 mA/MHz) 
• Bus Hold Circuitry Eliminates Pull-Up Resistors 

FUNCTIONAL BLOCK DIAGRAM 

"f'E"Sf 
INTR 

NMI 

ROIG'To.l 

HOLD 

HLOA 

EXECUTION UNIT BUS INTERFACE UNIT 

REGISTER FilE RELOCATION 

OAT A 
POINT£R AND 

INDEX REGS 
18WQRDSI 

1681T AlU 

FLAGS 

REGISTER flU: 

SEGMENT 

REGISTERS 
AND 

INSTRUCTION 
POINTER 

(SWORDSt 

eLK RESE T READY MN Mi' GND 

i 

050 OSI 

~Sl SO 
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• CPU·MSMfJOC88A.10RS/GS/JS •• ~------------_---

PIN CONFIGURATION 

A14 

. MSM80C88A-10RS (Top View) ::~ 

VCC 
A15 
A16/53 
A 17/54 

AlB/55 

A19/S6 
40 Lead Plastic DIP 

I~ I~ 
i I~ I~ 18 IN 

'" 
Q 

I~ - 0 !!! 
VI '" 0 <: ,: I:;; 

u a; 
I~ 2 ..J t.i u ~ I~ Q I~ 0 

Z ;;: :;; J: Z Z 

AlB/55 

A17/54 

A16/53 

A15 

N.C 

VCC 

VCC 

N.C 

GNO 

N.C. 

A14 

A13 0 A12 

All 

u 0 ;; '" U U '" .. M '" ;;: '" co 0 0 0 0 0 z <: <: <: <: z z <: <: <: <: 

Fig.2b MSM80C88A-10GS 

MSM80C88A-10JS (Top View) 
44 Pin Plastic Leaded Chip Carrier 
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WR IlOCK) 
10/MI52) 

OT/R ISTI 
DEN ISOI 
ALE 1050) 

iNYIi 10511 

TEST 
READY 
RE5ET 

Fig.28 MSM80C88A-10GS 

ALE 10501 

INTA 1051) 

fEST 

READY 

RE5ET 

N.C 

N.C 

VCC 

GNO 

NC 

N.C 

ClK 

INTR 

NMI 

MSM80C88A-10GS (Top View) 
56-Lead Plastic Flat Package 

6 5 4 3 2 1 44 43 42 41 40 

o 39 NC 

3B A19/56 

37 HIGHFIXISSO) 

36 MN/MX 

35 AD 
34 RQ/lrfO IHOLO) 

33 RCi/<>fi IHLOA) 

32 [ljCK IWR) 
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-----------------... CPU·MSM80C88A·10RS/GS/JS • 

ABSOLUTE MAXIMUM RATINGS 

limits 

Parameter Symbol 0 M5M80C88A-j MSM80C88A- j MSM80C88A- Unit Conditions 

10RS 10G5 10J5 

Power Supply Voltage Vce -0.5-+7 V 

Input Voltage VIN -0.5 - Vee +0.5 V 
With respect 
to GND 

Output Voltage VOUT -0.5 - Vee +0.5 V 

Storage Temperature Tstg -65 - +150 °e -
Power Dissipation Po 1.0 I 0.7 W Ta = 25°e 

OPERATING RANGE 

Limits 
Parameter Symbol Unit 

MSMSOeSSA-1 0 

Power Supply Voltage Vee 4.75 - 5.25 V 

Operating Tempe,ature TOp 0-+70 °e 

RECOMMENDED OPERATING CONDITIONS 

MSMsoeSSA-1 0 
Parameter Symbol 

TYP I Unit 
MIN MAX 

Power Supply Voltage Vee 4.75 5.0 5.25 V 

Operating Temperature TOp 0 +25 +70 °e 

"l" Input Voltage Vil -0.5 i +O.S V 

VIH 
(*1 ) Vee- O.S ; Vee +0.5 V 

"H" Input Voltage 
(*2) 2.0 I I Vee+0.5 i V 

*1 Only elK, *2 Except elK 
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• CPU·MSM80C88A-10RS/GS/JS ... ----------------

DC CHARACTERISTICS 

(MSMS0C8SA-l0: Vec; 4.75 to 5.25V, Ta; O°C to +70° C) 

Parameter Symbol MIN TYP MAX Unit Conditions 

"L" Output Voltage VOL 0.4 V 10L; 2.5 mA 

3.0 10H; -2.5 mA 
"H" Output Voltage VOH V 

~CC-0.4 10H ;-l00"A 

Input Leak Current III -1.0 +1.0 "A o <VI <VCC 

Output Leak Current ILO -10 +10 "A Vo '" Vee or GND 

Input Leakage Current 
IBHL 50 400 "A 

VIN; O.SV 
(Bus Hold Low) *3 

Input Leakage Current 
IBHH -50 -400 "A 

VIN = 3.0V 
(Bus Hold High) *4 

Bus Hold Low Overdrive IBHLO 600 "A *5 

Bus Hold High Overdrive IBHHO -600 "A *6 

Operating Power 
ICC 10 mA/MHz 

VIL"'GND 
Supply Current VIH"'Vee 

VIN",Vee or GND 

StandbySupply Outputs Unloaded 

Current ICCS 500 "A eLK=GND or 

Vee 

Input Capacitance Cin 5 pF *7 

Output Capacitance Cout .15 pF *7 

I/O Capacitance CI/O 20 pF *7 

*3. Test conditions is to lower VIN to GND and then raise VIN to O.SV on pins 2-16 and 35-39. 
*4. Test condition is to raise VIN to VCC and then lower VIN 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 GND. 
c) VIN at 5.0V or GND. 

154 



------------------- CPU·MSM80C88A-10RS/GS/JS -

A.C. CHARACTERISTICS 
(MSM80C88A·l0: vcc; 4.75V to 5.25V, Ta; o°c to 70°C) 

Minimum Mode System 
Timing Requirements 

MSM80C88A·l 0 
Parameter Symbol Unit 

Min. Max. 

CLK Cycle Period TCLCL 100 DC ns 

CLK Low Time TCLCH 46 ns 

CLK High Time TCHCL 44 ns 

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

CLK Fall Time (From 3.5V to 1.0V) TCL2CLI 10 ns 

Data in Setup Time TDVCL 20 ns 

Data in Hold Time TCLDX 10 ns 

ROY Setup Time into MSM 82C84A 
TR1VCL 35 

(See Notes 1, 2) 
ns 

ROY Hold Time into MSM 82C84A 
TCLRIX 0 

(See Notes 1, 2) 
ns 

READY Setup Time into MSM 80C88A TRYHCH 46 ns 

READY Hold Time into MSM 80C88A TCHRYX 20 ns 

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

HOLD Setup Time THVCH 20 ns 

INTR, NMI, TEST Setup Time 
TlNVCH 15 ns 

(See Note 2) 

Input Rise Time (Except CLK) 
TILIH 15 

(From 0.8V to 2.0V) 
ns 

Input Fall Time (Except CLK) 
TlHIL 

(From 2.0V to 0.8V) 
15 ns 

Timing Responses 

MSM80C88A·l0 
Parameter Symbol Unit 

Min. Max. 

Address Valid Delay TCLAV 10 60 ns 

Address Hold Time TCLAX 10 ns 

Address Float Delay TCLAZ TCLAX 50 ns 

ALE Width TLHLL TCLCH·l0 ns 

ALE Active Delay TCLLH 40 ns 

ALE Inactive Delay TCHLL 45 ns 

Address Hold Time to ALE Inactive TLLAX TCHCL·l0 ns 

Data Val id Delay TCLDV 10 60 ns 

Data Hold Time TCHDX 10 I ns 

Data Hold Time after WR TWHDX TCLCH·25 
I 

ns 

Control Active Delay 1 TCVCTV 10 55 ns 

Control Active Delay 2 TCHCTV 10 50 ns 

Control Inactive Delay TCVCTX 10 
I 

55 ns 

Address Float to RD Active TAZRL 0 I ns 

RD Acrive belay TCLRL 10 I 70 ns 
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MSMBOCBBA·l0 
Parameter Symbol Unit 

Min. Max. 

RD Inactive Delay TClRH 10 I 60 ns 

RD Inactive to Next Address Active TRHAV TClCl.35! ns 

HlDA Valid Delay TClHAV 10 60 ns 

RDWidth TRlRH ·2TClCl·40 ns 

WR Width TWlWH 2TClCl-35 ns 

Address Valid to ALE low TAVAl TClCH·35 ns 

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

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

Notes: 1. Signals at MSM82CB4A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T2 state. (B ns intO T3) 

Maximum Mode System (Using MSM B2CBB Bus Controller 1 
Timing Requirements 

Parameter Symbol f--

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) TCl2Cll 

Data in' Setup Tim,e TDVCl 

Data in Hold Time TClDX 

ROY Setup Time into MSM 82CB4A 
TR1VCl 

(See Notes 1, 21 

ROY Hold Time into MSM B2CB4A 
TClR1X 

(See Notes I, 2) 

READY Setup Time into MSM BOCBBA TRYHCH 

READY Hold Time into MSM BOCBBA TCHRYX 

READY inactive to ClK (See Note 31 TRYlCl 

Set up Time for Recognition (NMI, 
TlNVCH 

INTR, TESTI (See Note 21 

RO/GT Setup Time TGVCH 

RO Hold Time into MSM BOCB8A TCHGX 

o Input Rise Time (Except C lK 1 
TILIH 

(From O.BV to 2.0VI 

Input Fall Time (Except C lK 1 
TIHll 

(From 2.0V to O.BVI 
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MSMBOC8BA·l0 
Unit 

Min. Max. 

100 DC ns 

46 ns 

44 ns 

10 ns 

10 ns 

15 ns 

10 ns 

35 ns 

0 ns 

46 ns 

20 ns 

-8 ns 

15 ns 

15 ns 

20 ns 

15 ns 

15 ns 



----------------_i�_ CPU·MSM80C88A.10RS/GS/JS _ 

MSMSOCSSA-l0 
Parameter Symbol Unit· 

Min. Max. 

Command Active Delay (See Note 1) TClMl 5 35 ns 

Command Inactive Delay (See Note 1) TClMH 5 45 ns 

READY Active to Status Passive 
TRYHSH 45 

(See Note 4) ns 

Status Active Delay TCHSV 10 45 ns 

Status I nactive Delay TClSH 10 60 ns 

Address Valid Delay TClAV 10 60 ns 

Address Hold Time TClAX 10 ns 

Address Float Delay TClAZ TClAX 50 ns 

Status Valid to ALE High (See Note 1) TSVlH 25 ns 

Status Valid to MCE High (See Note 1) TSVMCH 30 ns 

ClK low to ALE Valid (See Note 1) TCllH 25 ns 

ClK low to MCE High (See Note 1) TClMCH 25 ns 

ALE Inactive Delay (See Note 1) TCHll 4 25 ns 

Data Valid Delay TClDV 10 60 ns 

Data Hold Time TCHDX 10 ns 

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

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

Address Float to RD Active TAZRl 0 ns 

RD Active Delay TClRl 10 70 ns 

RD Inactive Delay TClRH 10 60 ns 

RD Inactive to Next Address Active TRHAV TClCl-35 ns 

Direction Control Active Delay 
TCHDTl 50 ns 

(See Note 1) 

Direction Control Inactive Delay 
(See Note 1) 

I TCHDTH 30 ns 

GT Active Delay TClGl 0 45 ns 

GT Inactive Delay TClGH 0 45 ns 

RDWidth TRlRH 2TClCl-40 ns 

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

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

Notes: 1. Signals at MSM 82CS4A 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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• CPU·MSMSOC88A-10RS/GS/JS •• ----------------

A.C. TESTING INPUT, OUTPUT WAVEFORM 

2.4)< 
TEST POINTS )C 

045 '~.S __________________ ._' __ .S 

A.C TESTING. INPUTS ARE DRIVEN AT 2.4V 
FOR A LOGIC "1" AND O.4SV FOR A LOGIC 
"0" TIMING MEASUREMENTS ARE 1 5V FOR 
BOTH A LOGIC "1" ANO "0" 

TIMING CHART 
Minimum Mode 
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VIH 

elK (MSM 82C84A Outputl 

VIL 

IOtM, SSG 

A1S-A8 

A19/SS-A1S/S3 

ALE 

ROV (MSM82C84A Input! 
SEE NOTE 4 

READ CYCLE 
1NOrE 11 
(WA. i'N"fA., VOH) 

DT/R 

T1 

TCHCTV 

T2 

A.C. TESTING LOAD CIRCUIT 

r CL = 100pF 

CL INClUDES JIG CAPACITANCE 

T3 T4 



-------------------- CPU-MSM80C88A-10RS/GS/JS -

Minimum Mode (Continued) 

V,H 

elK ~MSM 82C84A Output) 

V'L 

lo/Kif. ssa 

A19/S6-A1S/SJ 

ALE 

A07-ADO 

WRITE CYCLE 
(NOTE 1) DEN 
(AO,INTA.. 
DT/R'" VOH) 

NOTES: 

Wm,AB.5...!::!ALT 
RD, WR, INTA '" VOH 
OT/1i" INDETERMINATE 

T2 

INVALID ADDRESS 

TCLAV 

1. All signals switch between VOH and VOL unless otherwise specified. 

T4 

SOF TWARE 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 MSM80C88A LOCAL AOOR/OATA 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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_ ···CPU·MSM80C88A-10RS/GS/JS -----.:...---.:...-----.:...-----

Maximum Mode 

V,H 
elK (MSMB2C84A OUTPUT) 

V,l 

050, aSl 

S2, ST, 'SO" (EXCEPT HAL TI 

A1S-A8 

A19/S6-A16/S3 

ALE (MSM82C88 
OUTPUT) 

SEE NOTE 5 

ROY (MSM 82C84A INP 

READ CYCLE 

MSM 82C88 
OUTPUTS 
see NOTE 5,6 
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~ reLAX 

TClAV~ f-- ~ TClAZI-
TAyHCH...... I----- f-.':~ 

1 'AD7-ADO 

rr==TDVCL--Fl7\ DATA IN 
FlO:~ 

TAZRl __ I- T~ TAHAV 

V l 
TCHDTl-

TCLRl lAlAH ~~\ fTCHDTH i 
TClMl--- TCLMH __ C\ 

\ 

~ TCVNV_ II----

I 
TCVNX- I.-
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• Maximum Mode IContinued) 

VIH 
eLK (MSM82C84A OUTPUTS I 

VIL 

T1 T2 T3 T4 

TW 

---+~-+--t----+--+---+'77m'1'mTl.,.-t---+---..--------
52,51, SO [EXCEPT HALT! \ 

\ 

~~---- .. 
WRITE CYCLE 

MSM 82C88 OUTPUTS 
SEE NOTES 5, 6 

INTAC'rCLE 

At5 AS 

AD7 ADO 

DEN 

ANMC OR 
AI()W~ 

MWTt OR 
lowe 

. ISEE NOTES 3 & 4) 

AD7 Aoa 

!-liCE 
PDE'N 

reLAV TCHOX 

DATA 

TCVNX 

TGLMH 

FLOAT 

TelDX 

FLOAT 

r----
I 

'-~~----------------+---~~-----J' 
-TCHDTH 

DT,A 

MSM 82C88 OUTPUTS 
SEE Nons 5, 6 INTA 

DEN 

SOF TWARE HALT TCVNX~ 

(DEN VOL_ RD. MADe, IORC. MWTG, AMwe, 

lowe. AlOwC:. INfA. VOH) 

AD7 ADO, A15 AS INVALID ADDRESS 

reLAV 

52,51, SO \'--------/ 

NOTES: 
All signals sWitch between VOH and VOL unless Olhelll\IISe s~eClflp.d 

ROY IS sampled near the end ot T2. T3, TW to determine If TW machines !;tates arP. to be Inserted 

Cascade address IS valid between first and second JNTA cycle 

.~--- -- ... --
\ \._--- ---

Two INTA cycles run back·to·back The MSM 80C88A LOCAL AOORIOATA BUS is floating during both INTA cycles 

Control for pOlhter .address IS shown for second INT A cycle 

Signal at MSM 82C84A .nd MSM82C88 shown for reference onlv. 

6 The Issuance of the MSM 82C88 command and control·Slgnals i"MROc. MWTC. AMWC. lORe. IOWC. AIOWC. tNT A 

and DEN) lags the active high MSM 82C88 CEN 

All timing measurements are made at 1 5V unless otherwls~~ noterl 

8 Status Inactive In state lust prior to T4 
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Asynchronous Signal Recognition 

elK~ 
NMI } ~ -TiNVeH iSEE NOTE 11 

INTR SIGNAL : 
TEST 

NOTE: 1 SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT eLK 

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing 

ANY eLK eye.::!:- ANY elK CYCLE-l 
Vee 

elK 

elK 

RESET COCK ~~ __________ J 

: 4 eLK CYCLES 

Request/Grant Sequence Timing (Maximum Mode Only) 

elK 

ROltT 

:~~/S:~~'1:/~~-A8 1-------------------------....;1 1-1 -----------
52,51, SO. MSM 80e8a A 
RD, COCK 

NOTE 1 THE COPROCESSOR MAY NOT DRive THE BUSSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION 

Hold/Hold Acknowledge Timing (Minimum Mode Only) 

elK 

HLOA 

COPROCESSOR 

ISEE NOTE 1) 

AD7-ADO. At!> -AS 
A191S6-A16fS3, 
RD<-
IOI~ __ _ 

------==\ 17 Te lAZ 

MSM soessA I "~ ____ '-_e_a_p .... Roe~E_S_sa_R ________ .J 

DT/R, WR, DEN 
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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 T1 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. 

Al61S3, Al71S4, Al81S5, A19/56 
ADDRESS/STATUS: Output 

S3 

0 

1 

0 

1 

These are the four most significant address as at 
the T1 , cycle. 
Accessing I/O port address, these are low at T1 
Cycles. 
These lines are Status ·Iines at the T2, T3, TW 
and T4 Cycle. 

S5 indicate interrupt enable Flag. 
S3 and 54 are encoded as shown. 

54 Characteristics 

0 AIUl,rnate 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 I/O read cycifi. 
This line is the read strobe signal when the CPU 
reads data from a memory or I/O 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 I/O device is ready to read or write. 
This line is active high. 
IF the setup and hold time are outof specification, 
an illegal operetion 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 prov.ide the basic timing for an internal 
circuit. 

MN/MX 
MINIMUM/MAXIMUM: Input 

VCC 

This signal selects the CPU's operate mode. 
When VCC is connected, the CPU operates in 
minimum mode. 
When GND is connected, the CPU operates in 
maximum mode, 

Vee +5V supplied. 

GND 
GROUND 

The following pin function descriptions are for 
maximum mode only. 
Other pin functions a,e already described. 
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SO,S1, 52 
STATUS: Output 

These linllS indicate bus status and they are used bV 
the MSM82C88 Bus Controller to generete all 
memOry and 1/0 access control signals. 
These lines are high impedance during hold 
acknowledge. 
These status lines are encoded as sh'own. 

S2 S1 SO Characteristics 

o (LOW! 0 0 Interrupt acknowledge 

0 0 1 Read I/O Port 

0 1 0 Write I/O Port 

0 1 1 Halt 

l.(HIGH! 0 0 Code Access 

1 0 1 Read Memorv 

1 1 0 Write Memorv 

1 1 1 Passive 

Jmllffij 
RO/GT1 
REOUEST/GRANT: Input/Output 

These lines are used for Bus Request 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 Bvte of Op Code from 
Queue 

1 (HIGH! 0 Emptv the Queue 

1 1 Subsequent Bvte from Queue 

The following pin function descriptions are mini· 
mum ,mOde onlv. Other pi'n functions are alreadv 
described. 

loiM 
STATUS: OUtput 
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This line selects memory ~ddress space or I/O 
address space, 

WR 

When this line is low, the CPU selects memory 
address space and when it is high, the CPU selects 
110 address space. 
This line is high impedance 'during hold acknowl· 
edge. 

WRITE: Output 
This line indicates that the CPU is in iI memory or 
1/0 write cvcle. 
This line is a write strobe signal when the CPU 
writes data to memory or an 110 device. 
This line is active low. 
This line is high impadance during hold acknowl­
edge. 

INTA 
INTERRUPT ACKNOWLEDGE: Output 

ALE 

This line is a read strobe signal for the interrupt 
accknowledge 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. 

DT;R 
DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus 
transceiver. 
When this I,ine 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 0l!tput 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 

SSG 

Thi$ line is used for a Bus Grant to an other 
device. 
This line,is active high. 

STATUS: Output 
This line is 10giC~ltv 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 \iVith 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 (highI16w) 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 MSM8OC88A power requirement is the 
standby current (500 jJ.A 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 

~ FFFFFH 

T 
64 K8 }CODE SEGMENT 

r-~~~--~ XXXXOH 

The BIU performs instruction fetch and queueing, 
operand fetch, DATA 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 fo 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. 

MEMORY 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 
589ments: 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 FFFFOH 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 

SEGMENT 
REGISTER FILE 

r--t==:::J} STACK SEGMENT 
+OFFSET 

CS } DATA SEGMENT 
SS 

r=~DSq~-+~ 

ES n· ]EXTRADATA 
SEGMENT 

't...---..l" OOOOOH 
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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 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 wh ich 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 accessed 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 Sl So Characteristics 

o (LOW) 0 0 Interrupt acknowledge 

0 0 1 Read I/O 
--

0 1 0 Write I/O 
~-

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: Explicitly 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 

o (LOW) 0 Alternate Data (Extra Segment) 

0 1 Stack 

1 (HIGH) 0 Code or None 
.~-

1 1 Data 

S5 indicates interrupt enable Flag. 

I/O ADDRESSING 
The MSM80C88A has a 64 Kbyte I/O. When the 

CPU accesses an I/O device, address AO-A 15 are in 
same format as a memory access, and A 16~·A 19 are low. 

I/O ports address are same as four memory. 
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Basic System Timing 

CLK 

ALE 

ADDRI 
STATUS 

ADDR 

ADDRI 
DATA 

READY 

DT/R 

(4 + N*WAIT) = TCY (4 + N*WAIT) = ~ 

T2 I T3 ITWAITI T4 I 

A19-A16 

S6-S3 S6-S3 

A15-A8 A15-A8 

BUS RESERVED D7-DO 
FOR DATA IN VALID 

r---V ___ ~D~A:;';T~A~O-U-T-(D-7---D-0""'}_ 

READY READY 

WAIT WAIT 

\I--_----Jf 
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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 RESET 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 
003FFH 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 jNMi) 
The MSM80C88A has a non-maskable Interrupt 

jNM1) which is of higher priority than a maskable 
interrupt request ONTRI. 

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

MASKABLE INTERRUPT ONTR) 
The MSM80C88A provides another interrupt 

request ONTR) 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 disabled. 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 (lNTR 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 
Tl to T4 the IO/M signal indicates a memory or I/O 
operation. From T2 to T4, the address data bus changes 
the address bus to the data bus. 

The read (RD), write jWR) , and interrupt acknowl­
edge 0 NTA) signals caused the addressed device to 
enable 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 ITJi T1 I T2 T3 T4 

ALE ~J\------

''------ill-S _-J! 

ADo'N::':J "DA: ~~"m'~ 
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BUS HOLD CIRCUITRY 

To avoid high current conditions cau.sed by float­
ing inputs to CMOS devices, and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on BOCB6 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 Ii.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 ",A 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. 

"PU LL-UP/PULL-DOWN" 

INPUT. 
I--...... ~---t PROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Figure 6a_ Bus "old circuitry pin 2-16. 35-39. 

"PULL-UP" 

-_.. ·INPUT 
I--~"'-""PROTECTION 

CIRCUITRY 

Input Buffer exists only on I/O pins 

Figure 6b. Bus hold circuitry pin 26-32. 34 

EXTERNAL 
PIN 

EXTERNAL 
PIN 
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C! DATA TRANSFER 

MOV = Move: 7 6 5 4 3 2 1 

Register/memory to/from register 1 0 0 0 1 0 d 

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

I mmediate 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: 

Registerlmemory 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 
LOS = Load pointer to "os 1 1 0 0 0 1 0 
LES ~ Load pointer to ES 1 1 0 0 0 1 0 
LAHF = LO,!d 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 
POPF = Pop flags 1 0 0 1 1 1 0 

0 7 6 5 4 3 2 1 0 
w mod reg rIm 
w mod 0 0 0 rIm 

data 
w addr-Iow 

w addr-Iow 

o '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 

7 6 5 4 3 2 1 0 7 

data 
data if w = 1 

addr-high 
addr-high 

6 5 4 3 

data if 

. 

2 1 0 

w = 1 

• 
(') 
"0 
c: 
3: 
(I) 

~ 
i 
~ .. ... 
o 
::J:I 

~ 
(I) ..... ' 
c.. 
(I) 
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ARITHMETIC 

ADO = Add: 

Reg./memory with register to either 
Immediate to registerlmemory 
Immediate to accumulator 

ADC = Add whh carry: 

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

INC = Increment: 

Register/memory 
Register 

AAA = ASC II adjust for add 
DAA = 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 registerlmemory 
Immediate from accumulator 

DEC = Decrement: 

Register Imemory 
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 
0 0 0 0 0 
0 0 0 0 1 

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

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

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

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

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

0 1 1 1 0 
0 0 0 0 0 
0 1 1 1 1 
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 
rIm 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 

o 
"1::1 c: 
~ 
~ 
8 
~ ... 
o 
::0 
en 
C5 
en 
c:; 
CI! 

• 
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r,) DAS = Decimal adjust for subtract 

MUL = Multiply (unsigned) 
JMUL = Integer multiply (signed) 
AAM = ASCII adjust for multiply 
DIV = Divide (unsigned) 
IIJIV = 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 
1 
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 

~I 0 

0 rIm 
1 rIm 
1 0 1 
0 rim 
1 rim 
1 0 1 

0 

0 

• q 
c: 

! 
~ 
8 
~ ... 
Q 
~ en o 
en 
c:; 
en 
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lOGIC 

NOT = Invert 
SHLISAL = Shift logicallarithmetic 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 Imemory and register 
Immediate data and registerlmemory 
Immediate data·and accumulator 

OR = Or: 

Reg.!memory and register to either 
I mmediat2 to register Imemory 
Immediate to accumulator 

XOR = Exclusive or: 

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

STRING MANIPULATION 

REP = Repeat 
MOVS = Move bytelword 
CMPS = Compare bytelword 
SCAS = Scan bytelword 
LODS = Load bytelword to ALiAX 
STOS = Store bytelword from ALiAX 

0 
1 
0 

0 

0 

0 
1 
0 

1 
1 
1 
1 
1 
1 

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

0 1 0 0 
0 0 0 0 
0 0 0 

0 0 0 0 
1 1 0 
0 0 

0 0 0 1 
0 0 0 0 
0 0 0 

0 1 0 
0 0 0 0 
0 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 w mod 0 
0 v w mod 
0 v w mod 
0 v w mod 1 
0 v wi mod 0 
0 v wi mod 0 
0 v wI mod 0 
0 v w mod 0 

I 
0 d wi mod 
0 0 wi mod 

0 wi 
i 

0 wi mod 
1 1 :1 mod 

0 
0 0 

i 
I 
I 

0 d wi mod 
0 0 wi mod 0 

0 wi 

I 
0 d wi mod 
0 0 =1 mod 0 

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

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

0 rim 
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 

(") 
"a c: 
~ 
(I) 

s: 
CO 

~ 
CO 

~ 
~ 
o 
::D 

~ 
~ 
(I) 
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-I> CJMP = Conditional JMP 

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

I NT = Interrupt: 

Type speci fied 
Type 3 
INTO = Interrupt on overflow 
IRET = Interrupt return 

PROCESSOR CONTROL 
CLC, = Clear carry 
CMC = Complement carry 
STC = Set carry 
CLD = Clear direction 
STD = Set direction 
CLI = Clear interrupt 
STI = Set inferrupt 
HLT=Hait 
WAIT = Wait 
ESC ='Escape (to external device) 
LOCK = .Bus lock prefix 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 

I ~ 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

~ 

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

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

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

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

1 1 
1 1 
1 1 
1 1 

1 0 
0 1 
1 0 
1 1 
1 1 
1 0 
1 0 
0 1 
1 0 
1 x 
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 
o 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 
0 0 

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

type 

mod x x x rim 
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CONTROL TRANSFER 
CALL = Call: 
Direct within segment 
Indirect within segment 
Direct iritersegment 

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 
Intersegment adding immediate to SP 

7 6 5 4 
1 1 1 0 
1 1 1 1 
1 0 0 1 

1 1 1 1 

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

1 1 1 1 

1 1 0 0 
1 1 0 0 
1 1 0 0 
1 1 0 f) 

;J 

3 2 1 0 7 6 
1 0 0 0 
1 1 1 1 mod 
1 0 1 0 

1 1 1 1 mod 

1 0 0 1 
1 0 1 1 
1 1 1 1 mod 
1 0 1 0 

1 1 1 1 mod 

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

5 4 3 2 1 0 7 6 
disp-Iow 

0 1 0 rIm 
offset-low 

seg-Iow 
0 1 1 rIm 

disp-Iow 
disp 

1 0 0 rIm 
offset-low 

seg-Iow 
1 0 1 rIm 

data-low 

data-low 

5 43 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: 
3: en 
~ 

i .:.. 
Q 
:u 

~ 
en c::; 
en 
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• CPU·MSM80C88A-10RS/GS/..IS .1;-, --~-...,.....----~----------< 

Footnotes: 

AL = 8-bit accumulator 
AX = l8-bit accumulator 

CX = Count register 
DS = 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 rim is treated as a REG field 
If mod = 00 then DISP = 0', disp-Iow and disp-high are absent 
If mod = 01 then DISP disp-Iow sign-extended to 16-bits, di.p-high i. absent 

If mod = 10 then DISP disp-high: dlSp-iow 

If rim = 000 then EA = (8X) + lSI) + DISP 
If rim = 001 then EA = IBX) + (01) + OISP 
If rim = 010 then EA = (BP) + (SI) + DISP 
If rim = 011 then EA = (BP) + (01) + DISP 

If rim = 100 then EA = (SI) + OISP 
If rim = 101 then EA (01) + DISP 
If rim = 110 then EA = (BPi + OISP' 
If rim = 111 then EA = (BX/ + OISP 
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 the .. 16 bits of irn!'1u:diate 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 = I then "count" in (CLl 
x -;;:; don't care 

Z IS USE!d for string primitives for comparison with ZF FLAG 

SEGMENT OVERRIDE PREFIX 

001 reg 110 

REG is assigned according to the following table; 

16-Bit (w = 1) 8-Bit (w = 0) 

000 AX 000 AL 

001 CX 001 CL 
010 OX 010 OL 
011 BX 011 BL 
100 SP 100 AH 
101 BP '101 CH 
110 SI 110 DH 
111 D1 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 F LAGS to represent the file: 

FLAGS = x x:x:x: (OF): (OF): (I F): ITF I: iSF): ilF): X: (AF):X: iPF ):X: ICF) 

176 
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OKI semiconductor' 

MSM81C55 RS/GS/JS 
MSM81C55-5RS/GS/JS 
2048 BIT CMOS STATIC RAM WITH I/O PORTS AND TIMER 

GENERAL DESCRIPTION 

The MSM81C55/81C55-5 have 2k bits of static RAM (256 byte) with paraliel I/O 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 MSM81C55/81C55-5 can be used in an 80C85A/80C85A-2 
system without using wait states. The parallel I/O consists of two 8-bit ports and one 6-bit port (both general pur­
pose). The MSM81C55/81C55-5 also contains a 14-bit programmable counter/timer whic}l may be used for sequence­
wave generation or terminal count-pulsing. 

FEATURES 

• High speed and low power ach ieved with sil icon gate 
CMOS technology. 

• 256 words x 8 bits RAM 
• Single power supply, 3 to 6V 
• Completely static operation 
• On..:hip address latch 
• 8-bit programmable I/O ports (port A and B) 
• TTL Compatible 

FUNCTIONAL BLOCK DIAGRAM 

10/M 

ADo - 7 256 x 8 
STATIC 

CE 
RAM 

ALE 

RD 

WR 

RESET TIMER 

TIMER IN 
TIMER OUT 

• RAM data hold characteristic at 2V 

• 6-bit programmable I/O port (port C) 
• 14-bit programmable binary counter/timer 
• Multiplexed address/data bus 
.40 pin DIP package (MSM81C55RS1MSM81 C55-5RS) 
.44 pin flat package (MSM81 C55GS)fMSM81 C55-5GS) 
.44 pin PLCC (MSM81 C55JS/MSM81 C55-5JS) 
• Direct interface with MSM80C85A 
• Direct interface with MSM80C85A-2 (MSM81 C55-5) 

8 
PORTA 

PAO-7 

B PBO- 7 

B PCo-s 

" VCC (+5V) 
GND (OV) 

179 



• 1/0· MSM81 CSSRS/GS/JS MSM81 CSS-SRS/GS/JS • ---------

PIN CONFIGURATION 

180 

101M 
CE 
liD 
WR 

ALE 

ADo 
AD, 

AD, 

AD, 

N.C 

,... 
w 

~V) 

" w .. a: 

MSM81C55RS (Top View) 
MSM81C55·5RS 
40 Load Plastic DIP 

~~~i~~~i 

PB. 
PB, 
PB. 
PB, 
PB, 
PB, 
PBo 
PA7 

PA. 
PA, 

PA. 

pc, 
PC. 

TIMER IN 

RESET 

PC, 

TIMER OUT 

101M 

CE 
liD 
WR 

ALE 

AO, 

AD, 

AD, 

AD, 

AD. 

AD7 

PC, 

PC, 

PCO 

PB7 

PB. 

PB, 

PB. 
PB, 

PB, 

PB, 
PBo 
PA7 

PA. 

PA, 

PA. 

PA, 

PA, 

PAl 

GND ~~ ____ ~~PAO 

MSM81C55GS (Top View) 
MSM81C55·5GS 
44 Lead Plastic Flat Package 

~ 
t;; <i: 

UJ 

'" V> ::; " '" u U N 
u UJ u " u " .. a: >= 0. 0. Z > .. OJ 0 ,.. 

(J '" .. .. 0. 

G 5 4 3 2 I 44 43 42 4 I 40 

TlMER·OUT 

101M 
o 39 PBG 

38 PB5 

PB4 

PB3 

PB2 

N.C. 

~Bl 

PBO 

PA7 

PAG 

PA5 

MSM81C55JS (Top View) CE 9 

MSM81 C55·5JS AD 10 
44 Pin PI.8stic Leaded Chip Carrier iIilR II 

N.C. 12 

ALE 13 

ADO 14 

ADl 15 

AD2 16 

AD3 17 

18 19 20 21 22 23 24 25 26 27 28 



---------. 1/0' MSM81 C55RS/GS/JS MSM81 C55-5RS/GS/JS • 

ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions MSM81C55RS I MSM81C55GS I MSM81C55JS 

Unit 

MSM81C55.5RS MSM81C55·5GS MSM81C55·5JS 

Supply Voltage VCC -0.5 to +7 V 

Input Voltage VIN -0.5 to VCC + 0.5 V 

Output Voltage VOUT 
Referenced 

-0.5 to VCC + 0.5 V 
toGNO 

Storage Temperature Tstg -55 to + 150 °c 

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

OPERATING CONDITION 

Parameter Symbol Limits Unit 

Supply Voltage VCC 3 to 6 V 

Operating Temperature TOp -40 to +85 °c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage (81C55) VCC 4.5 5 5.5 V 

Operating Temperature 
TOp -40 +25 +85 °c 

(B1C55) 

"L" Leuel Input VIL -0.3 +0.8 V 

"H" Leuel Input VIH 2.2 VCC + 0.3 V 

Supply Voltage (81C55·5) VCC 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 IOL = 2mA 0.45 V 

IOH = -4001'A 2.4 V 
"H" Leuel Output Voltage VOH 

IOH = -401'A 4.2 V 

I nput Leak Current III O~VIN:S; VCC 
VCC= 4.5V to 

-10 10 I'A 5.5V 
Output Leak Current ILO o:s; VOUT:O; VCC Ta = -40°C to -10 10 I'A 

CE;?: VCC-o.2V 85°C 

Standby Current ICCS VIH ~ VCC-O·2V 0.1 100 I'A 

VIL ~ 0.2V 

Mean Operating Current ICC 
Memory' cycle time: 

5 mA 
11'S 

181 
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• I/O' MSM81 C55RS/GS/ JS MSM81 C55-5RS/GS/JS • ---------

AC CHARACTERISTICS 
(Vcc = 4.5 to 5.5V. Ta = -40 to +SO°C) MSMS1C55 
(VCC = 4 75 to 525V Ta = -40 to +70° C) MSMS1C55·5 

Parameter 
MSMS1C55 

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 tAD 400 

Latch Width tLL 100 

Read/data Bus Floating Time tRDF 0 100 

Read (write)/Iatch Delay Time tCL 20 

Read (write) Width tcc 250 

Data I n/write Set-up Time tow 150 

Write/data-in Holt Time two 0 

Recovery Time tRY 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 tSI 400 

Read/interrupt-off Delay Time tRDI 400 

Port Input/strobe Set-up Time tpss 50 

Strobe/port-input Hold Time tpHS 120 

Strobe/euffer-empty Deity Time tSBE 400 

Write/buffer-full Delay Time tWBF 400 

,Write/interrupt-off Delay Time tWI 400 

Time Output Delay Time Low tTL 400 

Time Output Delay Time High tTH 400 

Read/data Buse Enable Delay Time tRDE 10 

Timer Cycle Time tCYC 320 

Timer Input Rise and Fall Times t r• tf SO 

Timer Input Low Level Time tj SO 

Timer Input High Level Time t2 120 

MSMS1C55-5 

Min. Max. 

37 

30 

40 

140 

330 

70 

0 SO 

20 

200 

Hio 
25 

200 

300 

50 

10 

300 

150 

300 

300 

300 

20 

100 

300 

300 

300 

300 

300 

10 

320 

SO 

40 

70 

Note: Timing are measured with V L = O.SV and V H = 2.2V for both input and output. 
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Unit Remarks 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns Load capaci-

ns tance: 150pF 

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 

101M 

ALE ___ oJ 
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• 1/0· MSM81 C55RS/GS/JS MSM81 C55-5RS/GS/JS • ---------

Strobe Input Mode 

BF 

tSBF 

INTR 

tpss tpHS 

INPUT DATA ----------~~::::~~,-----------~----------------­
FROM PORT 

Strobe Output Mode 

BF 

INTR 

OUTPUT DATA TDPORT ______________________ ~~ ________________________ ___ 

184 
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Balic Input Mode 

PORT INPUT __ -J)~ __________ ~K _____ _ 

DATABUS =-~======x ...... _________ _ 

Balic Output Mode 

DATA BUS 

PORT OUTPUT 

Note: The DATA BUS timing is the same as the read and write cyc,les. 

Timer Waveforms 

Load Counter from 
Count length regis,terl 

I 2 I 1 

TIMER IN 

TIMER OUT 
(pulse) 

tf 

TIMER OUT \ (note) I 
(square wave) '-______ J 

Load Counter from 
Count length register ---l 
I 2 I 1 I 4 5 3 

(T.C.) 

5 

Note: Periodically output according to the output mode (m1=1) programming contents. 
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• 1/0, MSM81 CSSRS/GS/JS MSM81 CSS-SRS/GS/JS • ---------

RAM DATA HOLD CHARACTERISTICS AT LOW SUPPLY VOLTAGE 

Item Symbol 

Data Holding Supply Voltage VCCH 

Data Holding Supply Current ICCH 

Set-upTime tsu 

Hold Time tR 

Two ways to place device in standby mode: 
(1) Method using CE 

5V VCC 

4.5V -------

VCCH 

ALE 

O.8V 

OV 

2.2V 

CE 

VCCH 

(2) Method using RESET 

tsu 

Condition 

VIN" OVor VCC, ALE = OV 

VCC = VCCH, ALE = 0 
VIN i= OV or VCC 

Standby mode 

I----:Standby mode---+-

VCCH------

RESET 

. 
Specification 

Min. Typ. Max. 

2.0 - -

- 0.05 20 

30 - -
20 - -

TAL 

Unit 

V 

Il 

ns 

ns 

GND ____ ...&. __________________ '--____ _ 

Nota: In this case, the CIS ragister 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 al/ three I/O ports in the input mode, 
resets al/ output latches and stops timer. 

ALE Negatiw going edge of the ALE (Address Latch Enable) input latches ADo-7, 101M, and 
CE signals into the respectiw 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 di~bled. 

101M A high level input to this pin selects the internal I/O functions, and a low lewl selects the 
memory. 

RD If this pin is low, data from either the memory or ports is read onto the ADO-7 lines de-
pending on the state of the 10/M line. 

WR If this pin is low, data on lines ADO_7.!S written into either the memory or into the sel81:ted 
port depending on the state of the 10/M line. 

PAO-7 General-purpose I/O pins. Input/output directions can be determined by programming the 
(PBO-7) command/status (C/S) register. 

PCo-s Three pins are usable either as general-purpose I/O 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 interrupti 
PC1: A BF (port A fulll 
PC2: AsTB (port A strobe) 
PC3: B INTR (port B interrupti 
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. 

Vec 3-6V power supply 

GND GND 
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OPERATION 

Description 
The MSMBl C55 has three functions as described 

below . 

• 2K bit static RAM (256 words x 8 bits) 

A7 

x 

x 

x 

x 

~ 

x 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I STATUS 

I 
I L _____ _ 

I/O Address 

A6 A5 A4 A3 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x: Don't care. 
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A2 

0 

0 

0 

0 

1 

1 

Al AO 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

• Two B-bit I/O ports (PA and PB) and a 6-bit I/O port 
(PC) 

• 14-bit timer counter 
The internal register is ,shown in the figure below, 

d the I/O addresses are described in the table below. 

Selecting Register 

I nternal command/status register 

Universal 1/0 port A (PAl 

Universal 1/0 port B (PB) 

1/0 port C (PC) 

Timer count lower position 8 bits (LSB) 

Timer count upper position 6 bits and timer mode 2 bits 
(MSB) 



--------- .1/0' MSM81 C55RS/GS/JS MSM81 C55-5RS/GS/JS • 

(11 Prognmml", the ComIMndlStetus (CISI Reg_r 
The contents of the commend register een be 
written during en I/O cycle bV eddressing it with 

en I/O eddress of xxxxxOOO. Bit e .. ignmants for 
the register era shown below: 

7 6 5 4 3 2 o 

r TM2 TMl T IEB T lEA I PC2 PCl I pBI PAl 

-c;:=r L:;::::J 

[ Definition of PAO-7 

'----..... Definition of PBO-7 

'--------- Definition of PCo-s 

} 
0- input 

1 - output 

{
oo=ALTl 
11 = ALT2 
01=ALT3 
10= ALT4 

Port A interrupt anable} 1 = enabled 

L _____________ Port B interrupt enable 0 = disabled 

co~trol r: the POrt] 

8IIl9nmant 
table. 

---f 00 - NOP: Does not affect count~r operations. 

01 = STOP: Stops the timar if it is running. 
NOP if the timer is not running. 

'--------< .. Timer command 10 = STOP AFTER TC: Stops the timer when it 

Pin ALT1 • 

PCo Input port 

PCI Input port 

PC2 Input port 

PC3 Input port 

PC4 Input port 

PCs IIlPut port 

reaches TC. 

L NOP if the timer is not 
running. 

11 = START: If the timer is not running, loeds the 
mode and the count length, end 
immediatelv starts timer operation. 

Port Control Allignment Tabl. 

ALT2 

Output port 

Output port 

Output port 

Output port 

Output port 

Output port 

If the timar is running, loeds a new 
mode and the tount length, and sterts 
timer operation immediatelv after TC 
is reached. 

ALT3 ALT4 

AINTR AINTR 

ABF A BF 

ASTB ASTB 

Output port BINTR 

Output port S BF 

Output port SSTB 
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(21 Reading the CIS Register 
The I/O and timer status can be accessed by 
reading the contents of the Status register located 

(31 PA and PB Registers 
These registers may be used as either input or out· 
put ports depending on the programmed contents 
of the CIS register. They may also be used either 
in the basic mode or in the strobe mode. 
I/O address of the PA register: xxxxxOO1 
I/O address of the PB register: xxxxx010 

(41 PC Register 
The PC register may be used as an input port, ,out· 
put port or control register depending on the 
programmed contents of the CIS register. The I/O 
address of the PC register is xxxxx011. 

(51 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 I/O 
address of xxxxx100, and the high order byte of 
the register hesan I/O 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 3FFF hex. Bit assignments to the 
timer counter and possible output modes are 
shown in the following. 

Output mode High order 6 bits of count length 

To 

Low order byte of count length 

at I/O address xxxxxOOO. The uatus word format 
is shown below: 

Port A interrupt request 

Port A buffer full 

Port A interrupt enable 

Port B interrupt request 

Port B buffer full 

Port B interrupt enable 

Timer interrupt. This bit is set high when the timer 
reaches TC, and is reset when the CIS register is read 
or a hardware reset occurs. 

o 

o 

Outputs a low·level 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. 
Outputs a pulse when the TC value is 
reached. 
Outputs a pulse each time the preset TC 
value is reached, automatically loads the 
programmed count length, and restarts 
from the beginning. 

Note 1: When counting an asymmetrical value 
such as (91, 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 STA RT command must 
be executed again through the CIS 
register. 

Note that while the counter is counting, you may 
load a new count and mode into the C LR. Before 
the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. 
Please note the timer circuit on the 81 C55 is 
designed to be a square·wave timer, not a event 
counter. To achieve this, it counts down by twos 
twice in c9mpleting one cycle. Thus, its 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 

n=5 I START 

TIMER OUT (SQUARE WAVE) 

5 5 

Not.: 

3 

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 recogn ize 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 
1 1 

2 I 5 5 I 
(TC) ;..1 _-+_-1..1 _ 

'-----+-~I I 

4 

I 1 
--------------------+----+-~----~~LJ~----+--+I-

TIMER OUT (PULSE) 1 

I 1 1 

: 1 I 
START 

3 2 1 5 3 4 1 
(TC) ;..1 --+---i 1 

'--+--11 I 

n=4 

TIMER OUT (SQUARE WAVE) 

5 4 

I 1 1 
=====---------~--4-~--~LJ~----~~~L TIMER OUT (PULSE) 

Note: n is the value set in the CLR. 
Figures in the diagram refer to counter value. 

(61 Standby Mode (see page 7) 
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 

should be set low. Ot~erwise, a buffer should be 
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 se lected. In th is 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 

MSM82C1·2RS/GS 
8-BIT INPUT/OUTPUT PORT 

GENERAL DESCRIPTION 

The MSM82C12 is an 8 bit input output port employing 3 ~ silicon gate CMOS technology. It insures low opera­
ting power. This device incorporates a service 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 80bit data registarand buffar 
• Provided with an interrupt generating function 

through the adoption of a service request fl ip-flop 

CIRCUIT CONFIGURATION 

OS1 

OS2 

MO 

STB 

01) 

01 2 

01 3 

01 4 

DIs 

01 6 

01 7 

Dis 

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 

INT 

Data Latch 

Output Buffer 
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PIN CONFIGURATION 

MSM82C12RS (Top Viewl 24 Lead Plastic DIP MSM82C12GS (Top View I 24 Lead Plastic Flat Package 

OS1 Vee 
OS1 Vee 

MO INT MO INT 

011 Dis 011 Dis 

001 DOs 
001 DOs 

01 2 01, 

01 2 01, 002 DO, 

002 DO, 
01 3 01 6 

003 006 
01 3 01 6 0 14 015 

003 006 004 005 

STB CLR 
01 4 015 GNO OS2 

004 005 

STB 

GNO 

PIN DESCRIPTION 

Pin Name Item Input/Output Function 

Oil-Dis Data input Input These pins are B-bit data inputs. The data input is connected 
to the input 0 pins of the B-bit data latch circuit built inot 
the device. 

DOl-DOs Data output Output These pins are B-bit data outputs. Each bit is composed of 3-
state output buffers. 
These buffers can be made into enable or disable (high imped-
ance status!. 

MO 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. 

OS1,OS2 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. 

eLR 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 +5V power supply 

GND GNO 
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FUNCTIONAL DESCRIPTION 

Output Buffer Status Corrtrol and Data, Latch Clock 
Input 

When the input MO is at high level, the ouptut 
buffer is enabled and the device select input (OS1.0S2) 
becomes the clock input to the data latch. When the 
input MO is in low level, the status of the output buffer 
is determined by the device select input (OS1.0S2) (the 
output buffer is enabled when (OS1.0S2) is in high 
levell. At this time, the input STB becomes the clock 
i"put to the data latch. 

MO (OS1 . 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 VCC With 
, I nput Voltage VIN respect 

Output Voltage VOUT 
toGND 

Storage Temperature Tstg 

Power Dissipation Po Ta = 25°C 

OPERATING RANGE 

Parameter Symbol 

Supply Voltage VCC 

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 
C LA. When the flip-flop is set, the system is in non­
interrupt status 

CLR (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 

Claer 
When the clear input becomes low level, the inter­

nal data latch is cleared irrespective of the clock and 
becomes low level. 

Limits 

I 
Unit 

MSM82C12RS MSM82C12GS 

-0_5 to '1-7 V 

-0_5 to VCC+0.5 V 

-0_5 to VCC+0.5 V 

-55 to +150 °c 

0_9 J 0_7 W 

Limits Unit 

3 to 6 V 

-40 to +85 °c 

RECOMMENDED OPERATING CONDITION 

Parameter Symbol_ Min. Typ. Max. Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 °c 

"L" Input Voltage V,L -0.3 +0.8 V 

"H" Input Voltage V,H 2.2 VCC+O•3 V 
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DC CHARACTERISTICS 

Parameter Symbol 

"L" Output Voltage VOL 

"H" Output Voltage VOH 

Input Leak Current III 

Output Leak Current ILO 

Supply Current (Standby) ICCS 

Average Supply Current 
ICC (active) 

AC CHARACTERISTICS 
(VCC = 4.5 - 5.5V. Ta = -40°C +85°C) 

Conditions 

IOL =4mA 

IOH = -4mA 

O~VIN~VCC VCC = -4.5V 
to 5.5V 

O~VOUT~VCC Ta = -40°C 
VIH ~ VCC - 0.2V to +85°C 
VIL ;;;'0.2V 

f = 1 MHz 

Parameter Symbol Min. Typ. Max. 

Pulse Width tpw 30 

Data to Output Delay tpD 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 

Nota: TYP is measured where VCC = 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 IJA 

-10 10 IJA 

0.1 100 IJA 

1 mA 

Unit Remarks 

ns 

ns 

ns 

ns 
Load 30pF 

ns 

ns 

ns 

ns 

ns Load 20pF + 

ns 1 kO 

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 Value) 

(1) Output "H" voltagll (VQH) ¥s. 

output currant (lOHI 

l ° Ta = -40-+85 C 

Z 5 

J: 
0. 4 > 

VCC = 5.0V .. 
'" 13 3 
0 
:> 

f 2 
~ 

" e 
" 0. 

0 

-

o -1 -2 -3 -4 -5 
Output current IOH (mA) 

(21 Qutput "L" voltagll (VQLI VI. 

output currant (10. L I 

Z 5 

.J 
0. 4 > .. 
en 
13 3 g 

~ 2 
~ 

" VCC = 5.0V e 1 
" Ta = -40-+85°C 0. 

0 
IJI 1 

0 1 2 3 4 
Qutput current IOL (mA) 

Nota: The direction of flow in is taken as positive for output current. 

5 
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OUTPUT CHARACTERISTICS (AC Characteristics Reference Value) 

(1) tpD lIS, load capacitance 

60 60 

50 50 

] 
40 

J: 
oJ 

.! 30 
0 a-

20 

VCC=4.5V 

" 10-' , ~ 
VCC= 5.0V 
VCC= 5.5V 

~ ~ ~~-
P"'" (Ta = 25°C) 

! 40 
-:, 
::J: 

.! 30 
0 a-

20 

. .-: VCC =4.5V 
VCC= 5.0V 

~ ~ 
Vce= 5.5V 

...,:::; 

~ 
.". 

.,.~ 

(Ta = 25°C) 

10 10 

o 200 400 600 o 200 400 600 
Load capacitance CL (pF) Load capacitance CL (pF) 

(2) tpD and twE vs. supply voltage 

40 

~E 
40 

-(OSl' OS2) '1', ..... I 
twE "-_(STB) ...... 

I .... , 
.... -tPo~ ... --

Ta = 25°C 

"' -- - • tpD 

tie 

~tWE-
(OSl ·OS2) 

(STB) 

! 30 ] 30 

-:, 
::J: 

.! 
w 
3: 20 ... 
Q 
a-

10 
CL= 30pF 

10 
Ta = 25°C 
CL = 30pF 

4 5 6 4 5 6 

Supply voltage VCC (V) Supply voltage VCC (V) 
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TIMING CHART 

Data Latch Operation 

01 

STB 
(051·0521 

DO 

--------' 

Gate Buffer Opel'lltion 

01 

DO 

Interrupt Operation 

(051' 052) 

5TB 

1\ 

1/ 
I 
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Clear Operation 

DO 

Output Buffer Enable/Disable (High Impedance Status) Operation 

(051·052) 

DO 
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EXAMPLE OF APPLICATION OF MSM82C12 

Add ... Latah of MSMSOC85A 
Used to separate the time division data bus (8 low 

order bits of the address bus and 8-bit data busl into 

~ 
ADo 

12 

13 
ADI 

14 
AD, 

15 
MSM 

A03 
16 

SOC85A A04 
17 

ADs 
18 

A06 
19 AD, 

ALE 
30 

~ 
~ 

7 

9 
16 

18 
20 
22 

the address bus and data bus by means of the ALE 
(Address Latch Enablel signal. 

~~ 

r:l14 

CLR 

011 001 

01, DO, 

013 003 
014 MSM 004 
0ls82C1200s 

016 006 
01, DO, 

Dis DOs 
ST8 MO OS1 

/11 lJ 
,.1,0 

4 

6 
8 

10 
15 

17 
19 

21 

DO 

0 1 
0 2 
0 3 
0 4 
05 
0 6 
0, 

Data 
8us 

Address 8us 
(8 low order 
bits) 

199 



6 

OKI· samlconductor 

MSM82C37A -5 RS/GS/ JS 
PROGRAMMABLE DMA CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C37 A-5RS/GS/JS, DMA (Direct Memory Access) controller is capable of high-speed data transfer 
vyithout 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 /loA (max.), and power consumption 
is as low as 10 mA (max.) when a 5 MHz clock is generated. 

All items of AC characteristics are compatible with intel 8237 A-5. 

FEATURES 

, Maximum operating frequency of 5 MH;z:(Vcc'" 5 V±10%) 
, H igh·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 independent DMA control 
, OMA request masking and programming 
, OMA request priority function 

PIN CONNECTIONS 

40-pin plaltic DIP (top v'-) 

, DREQ 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) 
, Intel 8237A·5 compatibility 
'TTL Compatible 

44-pin plastic flat·package hop v'-) 

"j"()""fi" 
u I~ I~ I~ I~ " ••• I~ z ~ :::!! _" _ > <{ <t « <[ w 

TOW A6 

MEMi'i 
MF.MW 

N.C fOP 

HLOA 34 A1 

ADSTB 33 

AO 

HAQ Vet "S VI 

1:5 DBO 

2. 
RESET " 082 

" DB< 

DREQ3 

OAr;Kl 

DRijQl DB5 

DREQD " DB6 

GND 

Not.: N.C. (No Connection) 

200. 

REAPY 

HLOA 

A[)SI8 

N.C. 

<OS 
ClK 

RESET 

DACKJ 

• - 0 o • 
> 0 • < < o u u 

< < o 0 

READV 7 

HLDA 8 

ADSTB 9 

HRQ 11 

N.C. 

os 
CLK 

RESET 

DACK2 

DACK3 

AO 

DBO 

DB' 

0", 

44-PIN PLCC PACKAGE 
(top view) 

2 1 44 43 42.1 40 

o A3 

38 A2 

AO 

35 Vee 

33 DBO 

OBI 

08' 

OB3 

18 'iii 20 21 22 23 2425 26 27 28 



'" ~ 

lOR 

lOW 

MEMR 

MEMW 

READY 

.ADSTB 

AEN 

Cs 
ClK 

RESET 

EOP 

HlDA 

HRO 

DREQO-3 

DACKO-3 

Timing 

control 
CI(('uit 

Oecrementer 

~ TC (Terminal Count) I Temporary word 
• COunt register (16) 

Base word Current 

r!:I 

IncrementerlOecremenll!T 

Temporary address 
register (16) 

AO-A3 

OBO-DB7 

OJ 
r­o 
(") ,.. 
C 
l> 
C) 
:;g 
l> s: 

• 
=:::: o 
s: 
(I) 

s: 
011 
1'1) 
(") 
Co) ...., 
:t-
o 
01 
:D 
(I) 
....... 
Ii) 
(I) 
....... 
c.. 
(I) 

• 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions 
Rating 

Unit 
MSM82C37A·5RS I MSM82C37 A5GS I MSM82C37 A·5JS 

Power supply voltage VCC -0.5- +7 V 

Input voltage VIN with respect to -0.5 - V~~ + 0.5 V 
GNO 

Output voltage VOUT -0.5 - V",.. + 0.5 V 

Storage temperature Tstg -55 - + 150 
DC 

Power dissipation Po Ta = 25DC 1.0 I 0.7 I 1.0 W 

OPERATING RANGES 

Parameter Symbol Range Unit 

Power supply voltage Vee 3- 6 V 

Operating temperature TOp -40 - 85 °e 

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 °e 

"l" input voltage Vil ·-0.5 - +0.8 V 

"H" input voltage VIH 2.2 - Vee + 0.5 V 

rI 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 Vee =4.5 V 
- 5.5V 

3.7 - - V 

I nput leak current III o V ~ VIN ~ Vee 
Ta = _40°C 

-10 - 10 IlA 

Output leak current IlO o V ~VOUT~Vee - +85°e -10 - 10 IlA 

I nput frequency 
Average power supply 5 MHz, whenRESET 
current du ring ICC - - 10 mA 
operations VIN = 0 VlVee, 

el = 0 pF 

Power supply current 
HLOA = OV, 

in standby mode Ices Vil = 0 V, - - 10 IlA 
VIH = vee 
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AC CHARACTERISTICS 

DMA (MASTER) MODE 
(Ta = -40 ~ +85°e, Vee = 4.5 ~ 5.5V) 

Symbol Item MIN MAX Unit Comments 

TAEl 
Delay time from C lK fall ing edge 

200 ns -
up to AE N leading edge -

TAET 
Delay time from ClK rising edge - 130 ns -
up to AEN trailing edge 

TAFAB 
Delay time from ClK rising edge 

-up to address floating status 
90 ns --

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 trail ing 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 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 leadi ng 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 valid 

TASS 
Data set·up time to ADSTB 

100 -
trailing edge - ns 

TCH Clock high·level time 6B - ns (Note 6) 
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Symbol Item 
I 

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 reed/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) 
tei write signal trailing edge 

TOO 
Delay time from ClK rising edge - 120 ns -

'to HROvaiid 

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 
to address valid - 170 ns -

TFAC 
Time from ClK rising edge up to - 150 ns -
active read/write signal 

TFADB 
'Delay time from ClK rising edge 
to data val id - 200 ns -

THS 
HlDA valid set-up time to 

75 -ClK rising edge - ns 

TlDH 
Input data hold time to MEMR 

0 -trailing edge - ns 

TlOS 
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 -

TOS 
DREO 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 val id or CS 

50 -
leading edge to lOR leading edge 

ns -

TAW Address valid set-up time to lOW 
130 ns -

trailing edge 
-

TCW 
CS leading edge set-up time to 

130 - ns 
lOW trailing edge 

-

TDW Data valid set-up time to lOW 
130 - ns -

trailing edge 

TRA Address or CS hold time to lOR 
0 ---

trailing edge 
ns -

TRDE Data access time to lOR leading 
-- 140 ns 

edge 
--

TRDF 
Delay time to data floating status 

0 70 ns 
from lOR trailing edge 

-

TRSTD 
Supply power leading edge set-up 

500 - --
time to RESET trailing edge 

ns 

TRSTS 
Time to first active lOR or lOW 

2TCY 
_. 

from RESET trailing edge 
ns -

TRSTW RESET pulse width 300 - ns -

TRW lOR pulse width 200 -- ns --

TWA 
Addre~s hold time to lOW trailing 

20 .- ns -edge 

TWC 
CS trailing edge hold time to lOW 
trailing edge 

20 - ns -

TWD Data hold time to lOW trailing edge 30 - ns -

TWWS lOW pulse width 160 - ns -

Note: 
1 . Output load capacitance of 1 50 (pF). 
2. lOW and MEMW pulse widths of TCY·l00 (ns) for normal writing, and 2TCY·l00 (ns) for extended writing. 

lOR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing. 
3. DR EO and DACK signal active level can be set to either low or high. In the timing chart, the DREO 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 
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TAW - _TWA 

AO-A3 ) I nput val id address 

TOW - I-- TWO 
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DMA TRANSFER TIMING 
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MEMORY TO MEMORY TRANSFER TIMING 

eLK 
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(output) 

TEPW TEPW 
TEPSft TEPSJE-k 

~'~~:t~al EOP -~\\-r~'/,'"r.7/,r-r7-r------r\"T"\ ...... \!~Z"T'7V-r-------

READY TIMING 

elK 
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COMPRESSED TRANSFER TIMING 

elK 

AO-A7 

lOR, MEMR 

lOW, MEMW 

READY 

Internal EOP 
(output) 

External EOP 
(input) 

52 

____ -'-L..J 

54 52 54 

TEPW 10 
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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 MSM82C37A-5 as an I/O 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 I/O 
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. 

DREOO - DRE03 DMA request Input DREO 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. 
DREO must be held until DACK becomes active. 

111 
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-meniory 
transfers. 

lOR I/O read Input/ lOR 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 
I/O device transfer data in writing transfers 
du ring active cycles. 

lOW I/O write Input/ lOW is active-low bidirectional three-stat,e signal 
output used as an input control ,signal for CPU writing 

of MSM82C37A-5 fnternal registers during 
idle cycles, and as an output control signal 
for writing I/O 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 (TCl. 

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, 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 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-A 7 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 (0 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-h igh. 

Note that there is no DACK output signal during 
memory-memory transfers. 

AEN is active-high output signal used to indicate 
ttlat output signals sent from the MSM82C37 A-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. 

211 



• I/O' MSM82C37 A-SRS/GS/ JS • 

Symbol Pin name 
Inputl 

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. 

MeMW 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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Note: Y. . Yes (Active) 

N. No (Inactive) 

Fig. 1 DMA operation state transition diagram 
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OUTLINE OF FUNCTIONS 

The MSM82C37 A-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 DMA 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 DMA operations is outlined in Figure 1. 

IDLE CYCLE 

The idle cycle is entered from the SI state when there is no valid DMA request on any MSM82C37A-5 chan­
nel. During this cycle, DREQ and CS inputs are monitored during each cycle. When a valid DMA 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 lOR or lOW. Programming details are described later. 

ACTIVE CYCLE 

If a DMA request is received in an unmasked channel while the M5M82C37A-5 is in an idle cycle, or if a software 
DREQ 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 50 state must be repeated at least twice.) 

After the HLDA has been changed to high level, the 50 state proceeds to operational states 51 thru 54 during 
I/O-memory transfers, or to operational states 511 thru 514 and 521 thru 524 during memory-memory transfers. 

If the memory or I/O 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 

M5M82C37A-5 transfers between an I/O and memory devices, or transfers between memory devices. The three 
types of transfers between I/O and memory devices are read, write, and verify. 

I/O-MEMORY TRAN5FER5 

The operational states during an I/O-memory transfer are 51,52, 1'3, and 54. 
In the 51 state, an AEN output is changed to high level to indicate that the control signal from the 

M5M82C37A-5 is valid. The eight lower order bits of the transfer address are obtained from AO thru A 7, and the 
eight higher order bits are obtained from DBO thru DB7. The AD5TB 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 DMA request is acknowledged. Where there is no change in the eight higher bit transfer address during 
demand and block mode transfers, however, the 51 state is omitted. 

In the S2 state, the lOR or MEMR output is changed to low level. 
In the 53 state, lOW or MEMW is change(:l to low level. Where compressed timing is used, however, the 53 

state is omitted. 
The 52 and 53 states are I/o.-o-rrn;;mory input/output timing control states. 
In the 54 state, lOR, lOW, 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 DMA transfer 
of one word. 

Note that in I/O-memory transfers, data is transferred directly without being taken in by the M5M82C37A-5. 
The differences in the three types of I/O-memory transfers 'are indicated below. 
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READ TRANSFER 

Data is transferred from memory to the I/O device by changing MEMR and lOW to low level. MEMW and lOR 
are kept at high level during this time. 

WRITE TRANSFER 

Data is transferred from the I/O device to memory by changing MEMW and lOR to low level. MEMR and lOW 
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 I/O 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 (511 

thru 514) for reading from memory, and four states (521 thru 524) for writing into memory. These states are' 
similar to I/O-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 t\lken in the M5M82C37A-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 O. 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 O. 

WORD COUNT REGISTER SETTING 

The ch1nnel 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 HRO is then changed to low level to return the bus control 
to the CPU. If DREO remains active after completion of a transfer, the HRO is changed to low level. After the 
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 MODE 

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 DR EO becomes 
inactive. 

DEMAND TRANSFER MODE 

The DMA transfer is cdntinued 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 DREO becoming inactive before 
TC status is reached, and the DREG for that channel is then made active again, the suspended DMA transfer is 
r~sumed. 

CASCADE TRANSFER MODE 
Wlnln DIiIIA 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 DREG and DACK lines for the first stage 
MSM82C37A-5 channel set to cascade mode are connected to the HRG 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 DREG 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 DREG 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 DREG, do not set a software DREG 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 HRG 
DREG 

DACK 

HLDA 
, 

DREG 

DACK 

Stage 1 
MSM82C37A-5 

Fig. 2 MSM82C37A-5 cascade connection system 
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DREG 
4 

0-3 f-f-
DACK f-,L 0-3 

HRG 

HLDA 

HRG 

HLDA 

DREG -+-0-3 

DACK ~ 0-3 

Stage 2 
MSM82C37A-5 

1/0 

1/0 
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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 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 

Th.e MSM82C37A·5 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 channell, 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 DMA transfer 
has been completed is given lowest priority. This is to prevent anyone 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 CHl CH2 CH3 

Highest CHO CHl CH2 CH3 CHO 

Order of priority 

1 
CHl CH2 CH3 CHO CHl 

for next DMA CH2 CH3 CHO CHl CH2 

Lowest CH3 CHO CHl CH2 CH3 

COMPRESSED TIMING 

Setting the MSM82C37A-5 to compressed timing mode enables the S3 state used in extension of the read pulse 
access time to be omitted (;f permitted by system structure) for two or three clock cycle DMA transfers. If the S3 
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 54. This mode is disregarded if the transfer is a memory-memory transfer. 
transfer. 

EXTENDED WRITING 

When this mode is set, the lOW or MEMW signal which normally appears during the S3 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 I/O 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 ADDRESS REGISTER 

Each channel is equipped with a 16-bit long current address register where the transfer address is held during 
DMA transfers_ The register value is incremented (or decremented) in each DMA cycle_ Although this register is 
16 bits 10.1g, the CPU is accessed by the MSM82C37A-5 eight bits at a time, therefore necessitating two successive 
S-bit (lower and higher order bits) reading or writing operations using internal firstllast 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 DMA transfers. The register value is decremented in each DMA 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 firstllast flip-flops control in the same way as the address 
register. And if autoinitialize 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 l6-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 DMAoperations for all MSMS2C37A-5 channels_ An outline of all bits 
is given in Figure 3. When the controller is disabled by setting DB2, there is no HRQ output even if DMA request is 
active. 

218 

DREO and DACK signals may be active high or active low by setting DB6 and DB7. 

I DB7 I DB6 I DB5 I DB4 I DB3 I DB2 I DBl lOBO I 
L 

Fig_ 3 Command register 

{o : 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: DREO sense active "H" 

1 : DR EO 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. 

·1 
DB7 DB61 DB5 IIDB41 DB3· DB2 1 DB1 1 DBO 1 

p 
. . "---c r ' "'M" 0 ., .... 

01 : Channel 1 selected 
10 : Channel 2 selected 
11 : Channel 3 selected r ' v,,;~ "'",'" 
01 : Write transfer 
10 : Read transfer 
11 : Disabled 

(Invalid when DB6·DB7 = "11 "I 

{O : Auto initialize disabled 
1 : Auto initialize enabled 

{O: Address increment 1+1) selected 
1 : Address decrement 1-1) selected r ' O~'""""'.,, 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 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 outlined in Figure 5. 

I DB7 I DB6 I DB5 I DB4 I DB3 I DB2 I DB1 I DBO I 
. . 

L 100 , C",""" 0 _,,,.., 
01 : Channell selected 
10 : Channel 2 selected 
11 : Channel 3 selected 

{~ : Request bit cleared 
: Request bit set 

Not used 

Fig.5 Request register 
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MASK REGISTER 

This register is used in disabling and enabling of DMA transfers in each channel. Each channel includes a 
corr.esponding 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 
setting/resetting the register for all channels at once is outlined in Figure 6(bl. 

(a) Single mask register (setting/resetting for each channel) 

(b) All mask register (setting/resetting of all channels at once) 

Fig. 6 Mask register 
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1 
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 

g : 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 MSM82C37 A-5 status. The four higher order 
bits indicate the DMA transfer request status for each channel, 'I' 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, 'I' be'ing 
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. 

1 DB7 1 086 1 OB51 OB4 1 OB31 OB21 OBI lOBO 1 

L {O : Channel 0 has not reached TC 
1 : Channel 0 has reached TC 

{O : Channel 1 has not reached TC 
1 : Channell has reached TC 

{O : 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 

{O: Channel 0 is not requesting 
1 : Channel 0 is requesting 

{O : Channell is not requesting 
1 : Channell is requesting 

{ 0 : Channel 2 is not requesting 
1 : Channel 2 is requesting 

{O : Chennel 3 is not requesting 
1 : Channel 3 is requesting , 

Fig.7 StetUI 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 MSM82C37A-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 date bus port control. The fact thet 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, end temporary registers, also clears the firstllast flip-flop, 
'Bnd 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 DMA transfers. 
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PROGRAMMING 

The MSM82C37A·5 is switched to programming status when the H.LDA input and CS are both atlow level. In 
this state, lOR is changed to low level with lOW held at high level to enable reading by the CPU, Or else lOW is 
changed to low level while lOR is held at high level to enable writing by the CPU. 

A list of command codes for reading from the MSM82C3 7 A·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 DMA transfer request is received from an I/O device during MSM82C37A·5 programming, that DMA 
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 

222 

To prevent this. interference, the DMA channel must be l1lasked, or the controller disabled by the command 
register, .or the system set so as to prevent DREQ becoming active during the programming. 

Table 2 List of MSM82C37 A·5 read commands 

Internal 
lOR 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 
Channel 0 

0 0 0 0 1 0 
Current word count 

8 lower order bits 

0 0 0 0 1 1 
register 

8 higher 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 
Cu rrent word cou nt 

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 
Channel 2 

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 
Channel 3 

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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Tabl.3 List of MSM82C37A·5 writ. commands 

Internal 
CS lOW A3 A2 Al 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 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 
Cu rrent 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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MSM82C43RS/GS 
INPUT/OUTPUT PORT EXPANDER 

GENERAL DESCRIPTION 

The MSM82C43 is an input/output port expander device based on 3,. silicon gate CMOS technology and design­
ed to operate at low power consumption levels. 

In systems employing the MSM80C48/49 8-bit l-chip microcomputers, 4-bit data can be expanded by dividing 
between four I/O lines by executing the MOVDPp. A, MOVDA, Pp, AN LDPp, A and ORLDPp, A instrut:tions. 

FEATURES 

.3,. silicon gate CMOS technology for low pOj/V9r 
consumption 

• 2.5 to 6 V single power supply (dependet'lt on 
MSM80C 48/49 operating frequency.) 

• Fully static operation 

• Bidirectional I/O 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 
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MSM82C43RS (Top V"wl 24 Lnd PI.ltie DIP 

PORT4 

PORT 5 

PORT 6 MSM82C43GS (Top Vtew) 24 L.1d PI.stie FI.t PICk .... 

• 50 

.41 

PORT 7 

Vcc 
.51 

.52 

.53 

PeO 

Pel 

.62 

Pe3 

.73 

.72 

.71 

.70 
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ELECTRIC CHARACTERISTICS 

• AblOlute Maximum Ratings 

Parameter Symbol Conditions Rating Unit 

Supply Voltage Vec Ta = 25°C -0.5 - 7 V 

Input Voltage VI Ta = 25°C -0.3 - VCC V 

Storage Temperature Tstg - -S5- +150 °c 

• Operating Conditions 

Parameter Symbol Conditions Rating Unit 

Supply Voltage VCC - 2.5 - S*1 V 

Ambient Temperature TA - -40 - +85 °c 

MOS load 10 -
Fan-out N 

3*2 TTL load -

• DC Characteristics (VCC = 4.0V - S.OV, Ta = -40°C - +85°C) 

·Parameter Symbol Conditions MIN TYP MAX 

"l" Input Voltage Vil -0.5 - p.13Vcc 

"H" Input Voltage VIH 0.4Vcc -

"l" Output Voltage Ports 4·7 VOL1 IOL = 5mA - -
"l" Output Voltage Port 7 VOl2 IOl = 20mA - -
"l" Output Voltage Port 2 VOl3 IOl =0.9mA - -
"l" Total Output Current from Ports 4'7*3 IOl 5mA/1PIN - -
"H" Output Voltage Ports 4·7 VOHI IOH = - 240ItA 0.7SVCO -
"H" Output Voltage Port 2 VOH2 IOH = -1001tA 0.7SVCC -
"H" Output Voltage Ports 4·7 VOHI IOH = -401tA 0.93VCC -
"H" Output Voltage Port 2 VOH2 IOH = -201tA 0.93VCC -
Input leak Current*3 11L1 O;:=;VIN;:=;VCC -10 -
Input leak Current*S IIl2 O;:=; VIN;:=; VCC -10 -

Standby stop 
No accessing - S 

Power Supply Current ICC For continuous 
MSM80C49 access· - 1 

ingat 11 MHz 

NOTE: *1 
*2 
*3 

The supply voltage during operation is dependent on MSM80C49 operating frequency. 
Except P20 thru P23. 

*4 
P40 thru P43, PSO thru P53, PSO thru PS3, P70 thru P73. 
P70 thru P73. 

*S P20 thru P23. 
*6 P20 thru P23, CS, PROG. 

VCC 

0.45 

1 

0.45 

80 

-
-
-
-
20 

10 

100 

2 

Unit 

V 

V 

V 

V 

V 

V 

V 

mA, 

V 

V 

V 

V 

itA 

itA 

itA 

mA 
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• AC Characteristics 

Parameter Symbol Conditions 

Port Control Setting Time (up to PROG Falling Edge) tA 80pF LOAD 

Port Control Holding Time (From PROG Falling Edge) tB 20pF LOAD 

Output Data Setting Time te 80pF LOAD 

Output Data Holding Time· tD 20pF LOAD 

Input Data Holding Time tH 20pF LOAD 

PROG Pulse Width tK -

CS Valid Time (before and after PROG) tcs -
Output Data Valid Time (at Ports 4-7) tpo 100pF LOAD 

Input Data Holding Time (at Ports 4-7) tLPl -
Input Data Valid Time (from PROG Falling Edge) tACC BOpF LOAD 

TIMING CHART 

PROG l~-----------tK------------~ 

P40 thru P43 
I 

OUTPUT DATA 

PREVIOUS OUTPUT DATA 

tpo 

P70 thru P73 
(when writing) 

______________________________ ~--J 

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 
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PIN FUNCTIONS 

Pin Function 

PROG 
Clock input from MSM80C49. When PROG ischanged 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- P23 
4-bit bidirectional I/O ports. When connected to P20 thru P23 of MSM80e49, direct data 
transfer from port to accumu!ator and from accumulator to port is possible. 

P40- P43 
4-blt bidirectional I/O ports. 

P50- P53 
Data is latched statistically when output to ports, but is only valid while PROG is at "L" level 

P60 - P63 
P70 - P73 

when input. 

Vce +5V power supply 

GND GROUND 

FUNCTIONS 

• Write mode 
Execution of MOVDPp, A, ORLDPp, A, ANLDPp, 
and A by MSM80C49 enables direct output of accu­
mulator 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 Multipl,e connection example 

~ 

a: 
a U I-
U 
W 
..J 
w 

PORT I-- '" >-- es 
I...-

.-- PROG 

en 
~ 

P20 ... -P23 u 
0 co 
:; 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 

L-- CS '-- es 

r--- PROG ..-- PROG 

~ 
P20 

r-
P20 

-P23 -P23 
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OUTPUT CHARACTERISTICS 

• Standard DC characteristics 

Output "H" voltage (VOH) vs. output current (fOH) 

5 

6 4 
> 

... 
::J e 

3 

2 

6 0 

-l"-I'-... -----

o -1 -2 -3 -4 -5 
Output current IOH (mA) 

Output "L" voltage (VQL) vs. output current (fOL) 

Ta = -40 - +85°C 

~ 
..J 
0 
> 
& 
!l 
g 
~ 

... 
::J e 
::J 
0 

5 

4 

3 

2 

0 
- -

I-----
o -1 -2 -3 -4 -5 
Output current 'OL (mA) 

Operating frequency vs. power supply voltage (fCC) 
Ta = 2SoC 

< 
.§ 2 
u 
!? .. 
c: 
~ 
::J 
U 

IL_ 

./ 
/ 
Vee = 4.5V - S.SV 

> 
Q. 
Q. 

a 
~ 

/v 
~ 
0 

• Standard AC characteristics 

tpO. tH.and tACC vs. power supply voltage (Vce) 

Ta = 25°C 

700 

600 

.. 
500 E 

: 
6 400 
u 
!- 300 
0 

~ 

\. 

" ~ ~ tAce 
tpo 

e- 200 

100 
tH 

0 

3 5 6 
Power supply voltage (Vee) 

9 ... 0 Note: The direction which the output current flows 
3 6 11 through the device is taken as the positive dirac-

MSM80C49 operating frequency (MHz) tion. 
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GUARANTEED MSM82C43 OPERATING RANGE 

N 
J: Guaranteed operating range 
! 
& 
c: 
I! 
OJ 
c: .'" IV. 

~ 
0> 

g 
~ 3 --------
(I) 

:i! 

6 ----------

11 _______________ ~ ___ __.J 

2 3 4 5 6 

Power supply voltage (Veel 
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MSM82C51ARS/GS 
UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER 

GENERAL DESCRIPTION 

The MSM82C51 A 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,.A (max) of standby currerit 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. 
• .6,~vnchronous communication upto 38.4K baud. 
• Transmitting/receiving operations under double buf­

fered configuration. 

FUNCTIONAL BLOCK DIAGRAM 

RESET 
ClK 

C/O 

RD 

WR 
CS 

DSR 
0'fR MODEM 
ffi CONTROL 

ffi 
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w 
Z 
::i 

'" ::J 
III 

• Error detection (parity. overrun and framing) 

• 28-pin DIP (MSM82C51 ARS) 
• 32-pin flat package (MSM82C51 AGS) 

TRANSMIT 
BUFFER 

IP-S) 

TRANSMIT 
CONTROL 

RECEIVE 
BUFFER 

IS-P) 

RECEIVE 
CONTROL 

TxD 

TxRDY 

TxE 

TxC 

R_D 

R_RDY 

~ 
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PIN CONFIGURATION 

MSM82C51 ARS (Top View) 
28 Lead Plastic 0 I P 

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. 

Teble 1 Operation batween MSM82C51 A end CPU 

CS C/O RD WR 

1 X X X Data bus 3-state 

0 X 1 1 Data bus ~-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. 

o 

MSM82C51 AGS (Top View) 
32 Lead Plastic Flat Package 

by setting a necessary command, reading a status and 
reading/writing data. 

yes 

yes 

Fig. 1 Function-Settinll 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 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 

DS 

I S2 I SI I EP I PEN I L2 I LI I B2 I 

• Stop bit length (asynchronous mode) 
• Character length 
• Parity bit 
• Baud rate factor (asynchronous mode) 
• rnternal/external 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 writ8- 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 

BI 

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 
.1---.-

O. 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 C~mfigur8tion of Mode Instruction (Asynchrnous) 
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D 7 D 6 DS Do 

r SCS I ESD I EP I PEN I L2 I L\ I 0 I 0 I 

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 sharaeters 

0 1 

2 char- 1 char-
acters acter 

Fig. 3 Bit Configuration of Mode Instruction (Synchronousl 

21 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 

• riTR, RTS 

Enable/Disable 

Output of data. 
• Resetting of error flag. 
• Sending of break characters 
• Internal resetting 
• Hunt mode (synchronous model 

The bit configuration of a command is shown 
in Fig.4. 
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0 7 Os 

r EH T IR T RTS I ER 

234 

DO 

I SBRK I RxE I OTR I TxEN 

~ 
l .... Transmit Enable 
O .... Oisable 

OTR 
1 -+OTR = 0 
O-+OTR = 1 

1 .... Receive Enab~e 
O .... Oisable 

l.. .. Send break 
character. 

O .... Normal operation 

1 .... Reset error 
flag. 

O .... Normal operation 

RTS 
1 -+RTS =0 
O-+RTS = 1 

l .... lnternal reset 
O .... Normal operation 

1 .... Hunt mode 
(Note) 

O .... Nomal operation 

(Notel Search mode for synchronous 
characters in synchronous mode. 

Fill. 4 Bit Configuration of Comm .... d 
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Statu. 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. S. 

Os Do 

I OSR ISV/~gETI FE I OE I ~I T~~ Rx I Tx PE MP ROY ROY 

Partly different from 
TXROY terminel. - Refer to "Explane-
tion of TXROY 
Terminel. 

Same as terminel. 
Refer to "Explane-
tion of Terminels. 

, 
1 ••.. Parity error 

1 •••• Overrun error 

1 •.•• Framlng error 

Shows tarminel OSR. 
1. •.. OSR -0 
O .••• OSR -1 

Fig. 5 Bit ConfIguration of Statui Word 

IN_I onlyasyn­
chr~mode_ 

Stop bit" cannot 
be detected. 
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Standby StatllS . 
It is possible to putthe MSM82C51 A in "stand­

by status", 
When thefollowinll conditions have been satIs­

fied the M~82C51A is in "standby.status," 
(1) CS tertninal is fixed at Vcc level. 
(2) Input pins .2ther than CS, DO to 07, RD, 

iNA" and C/D are fixed lit Vcc 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 D7 (I/O 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 terminall 
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 terminall 
ClK signal is used to generate internal davice 

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 "xl" mode, and must be 
greater than 5 times at Asynchronous "x16" and 
"x64" mode. 

WR (Input terminall 
This is the "active low" input terminal which 

receives.a signal for writing transmit data and con­
trol words from the CPU into the ·MSM82C51 A. 

RD (Input terminall 
This is the "active low" input terminal which 

receives a signal for reading receive data and status 
words from the MSM82C51A. 

C/P (Input terminall 
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/O = low, data will be accessed. 
If cio = high, command word or status word 

will be accessed. 

Ci (Input terminall 
This is the "active low" input terminal which 

selects the MSM82C5l A 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 terminall 
This. is an output terminal for transmitting data 

from which serial-converted data is sent out. 
The device is in "mark status" (high levellafter 

reaetting or during a status when transmit is disabled. 
It is also possible to set the device in "break sta­

tus" (low levell by a command. 

TXRDY (Output terminal) 
This is an output terminal which indicates that the 

MSM82C51Ais 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 i.ndicates 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. 

TXEMPTV (Output terminall 
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 longel' 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· terminall 
This is a clock input signal which determines the 

transfer speed of trlilnsmitted 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) 
Thi~ is a terminal which receives serilill 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, !Inover.run error flag status word 
will be set. 
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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. 

SYNOET/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 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. 

OSR (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. 

OTR (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 

Limits 
Parameter Symbol 

MSM82C51ARS I MSM82C51AGS 
Unit Conditions 

Power supply voltage VCC -0.5 - +7 V 

Input voltage VIN -0.5 - Vce+ 0.5 V With respect to GNO 

Output vOltage VOUT -0.5 - VCC + 0:5 V 

Storage temperature Tstg -55 -150 ·C -
Power dissipation Po 0.9 I 0.7 W Ta = 25"C 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Power supply voltage VCC 3-6 V 

Operating temperature TOp -40 - 85 ·C 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power supply voltage Vce 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 VIH 2.2 VCC + 0.3 V 

DC CHARACTERISTICS 
(Vee = 4.5 - 5.5V Ta = -40·C - +85· C) 

Parameter Symbol Min. Typ. Max. Unit Measurement Conditions 

"L" output voltage VOL 0.45 V IOL = 2mA 

"H" output voltage VOH 3.7 V IOH = -400 IIA 
Input leak current ILl -10 10 /loA O~VIN ~VCC 

Output leak current ILO -10 10 /loA O~VOUT~VCC 

Operating supply current ICCO 5 mA 
Asynchronous X64 during 
transmitting/receiving 

Standby supply current ICes 100 /loA 
All input voltage shall be 
fixed at VCC or GNO level. 
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AC CHARACTERISTICS 
(Vcc = 4.5 - 5.5V, Ta = -40 - 85"C) 

CPU Bill Interface Part 

Parameter 

Address stable before RD 

Address hold time for R D 

RD pulse width 

Data delay from R D 

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 Baud 

16X,64X Baud 

Transmitter clock high time 1X Baud 

16X,64X Baud 

Receiver clock frequency 1X Baud 

16X 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 TXROY 

Time from the center of last bit to the rise 
of RXROY , 

Symbol Min. 

tAR 20 

tRA 20 

tRR 250 

tRD 

tDF 10 

tRVR 6 

tAW 20 

tWA 20 

tww 250 

tDW 150 

tWD 20 

tRVW 6 

tRESW 6 

Symbol 

tcy 

tet> 

tet> 

tR, tF 

tDTX 

fTX 

fTX 

fTX 

tTPW 

tTPW 

tTPD 

tTPD 

fRX 

fRX 

fRX 

tRPW 

tRPW 

tRPD 

tRPD 

tTXRDY 

tTXROY CLEAR 

tRXRDY 

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 

121> tCy-90 NS 

20 NS 

1 "S 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 Tcy 

2 Tcy 

15 Tcy 

3 Tcy 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 Tcy 

2 Tcy 

15 TCY 

3 Tcy 

8 TCY 

400 NS 

26 Tcy 

239 



• IIO'MSM82C51ARSIGS .I-~-------'-------'----.,..--

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 .-

SYNDEi setup time for RXC tES 18 
-~ r-~ ------

TXE delay time from the center of last bit 20 tiXEMPTY __ icy -- . "--
MODEM control signal delay time from rising 

twc 8 Tcy edge of WR 
-~------I---

MODEM control signal setup time for falling 
tCR 20 Tcy edge of RD 

.. --,-f--------- f--
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 !laud) 

Caution 1) AC characteristics are measured at 150 pF capacity load as an output load based ort 0.8 V at low 
level and 2.2 V at high level for output and 1.5 V for input. 

2) AddreSSes are CS and cio. 
3) fTX or fRX S; 1/(30 Tcy) 1 x baud 

fTX or fRX ~ 1/(5 Tcy) 16 x, 64 x !laud 

--

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 = I, 

6) 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 

f;CllxMODE) ~ ~
TPW'TPD 

Vc(1.'MODEI ,~ " ' 

_ 1=,. 'OT~ -ll+-tDTX 

T.O ===::x X================x=: 
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Receiver Clock and Data 

IRxBAUC COUNTER STARTS HERE) 

R,D 

RiC(: 11 KMODEi 

INT SAMPI.ING PULSe--------

Write Data Cycle (CPU ~USART) 

neRDY 

tTxRDY CLEAR 

DATAIN _______ ~D~O~N~.~T~C~A~R~E~ ____ ~~~~~~~~.;~--~D~O~N~.T~C~A~R~E ____ _ 
(D. B.I 

c/o 
---------------~~~----~--~----------~-

Read Data Cycle (CPU +- USARTI 

RxRDY 'J. 
I+--!tRXRDY CLEAR 

I 
tRR 

RD ) 
~ io--tRD - .... tDF 

DATA OUT DATA FLOAT 
DATA OUT ACTIVE 

DATAFLOA1 
(D.B.I 

F f--
tRA 

1/ C/O 

cs ~ 9 
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Writ!! Control or Output Port Cycle (CPU ..... USART) 

DON'T CARE DATA IN ____ ..;D;;.;O;;.;N.;;.'..;,T..;C_A_R .. E;;.... ___ ~ 
(DB) "-_..-___ -.T 

c/o 

Reed Control or Input Port (CPU +- USART) 

DSR.CTS x== 
-- I===tCR 

---------------'\.1 '----tRR----i~ , ... ------..... 
RD 

- tRD tDF 

DATA FLOAT DATA OUT ____ -......:D;;;,A:;:..:.,T:;,;A..:,F..:L;,;;O;:;A;,:T:....----+-<r DATA OUT ACTIVE 
(D. B.) "'-______ ~ 

C/O 

Transmitter Control and Flag Timing (ASYNC Mode) 

ffi 
TxEMPTY ~ 

'TxEMPTY ------1L----------L----.;....--¥I---t,----+.-----6 
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TxAOY 
(STATUS BIT! 

TxROY 
(P'NI ___ .....,~ 

CID 

TxC 

Wr SBAK 
«<---+-,..1 41:--__ 1 41:--1----4---.. _--I-

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 
DATA CHAR 4 

(No.) The wave-form chart is based on the case of 1 bit data length + parity bi1 ... 2 stop bit. 



~ 

Receiver Control and Flag Timing (ASVNC Moda) 

BREAK DETECT 

FRAMING ERROR 
(STATUS BITI 

OVERRUN ERROR 
(STATUS BITI 

R.RDY 

C/O 

iNA 

AD 

R.DATA 

J 
Wr RxEn 

.-lIoe:-tRxRDY 

V 
___ a ........... 

CHAR 1 CHAR 2 CHARJ 

'DATA"-
CHAR 2 

LOST 

Rd DATA 

Wr ERROR 

\.J 

V 

Ir--' 

~ 

." BREAK 
In l> 

0-1(1):» 
l>l> .... -
.... llO .... 
>-1,;10( 
tDCDtDCD 
=4~~~ 

,.-

(NoteJ The wave-form. chart is based on the case of 1 data bit length' + parity bit + 2 stop bit. 

~ 

I I--J '----
'i~R'En 

/ 
1 

AxEn Err Res 

::::: 
o 
i!: 
(I) 

i!I: 
00 
~ 
n 
UI .... 
)0 
:IJ 
(I) 
....... 
Ii) 
(I) 
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Transmitter Control and Flag Timing (SYNC Mode) 

CTS 

TxEMPTY 

TxADY 
(STATUS BITI 

TxROV 
(PIN) 

cli) 

WR 

TxD 

~ 'I\. ~ 
~I'-- l\ r-'r'--- ~ 

V--IF 1'--... I' 

\ f\ I \ I \ I I \/ \\ I 
Wr DATA Wr DATA ; WrDATA WrDATA WrCOMMAND WrDATA 
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK CHAR 5 

~ DATA 
'\ 

DATA'\ DATA~AR~G, SYNC 
MARKING STATE CHAR 1 ~ CHAR 2 CHAR 1 SYNC CHAR 2 ~CHAR3 CHAR 4 STATE STATE STATE 

1.011X2X3f4 'loX 1121314 10111213141 011213141 "1011121314) IOAll21314X"I 
PAR PAR PAR PAR PAR 

(Note) The wave-form chart is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 

DATA SYNC 
CHAR 5 CHAR ETC 

\Ofl121314 :TOf112 3 41 011 
PAR PAR 

• 
::::: 
o 
!i!: 
en 
!i!: 
CO 
II.) 

o 
01 ... 
~ 
::D en ....... 
G) 
(I) 
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Receiver Control and Flag Timing (SYNC Mode) 

SYNDET 
(PINI (No'. 11 

SYNDET (S61 

OVERRUN 
ERROR (S61 

RxRDY (PINI 

c/o 

WR 

R5 

RxD 

RxC 

I ~ r,L.NO'".}J ~ 
'IS, I- 'ES- - I 

r -~ -
~l 'It - -

/ CDHAATt2 ~ J 
LOST 

F~iATUS ~:.t~r"- r 1 - -
Rd STATUS r---iW,EH\ 1\ I i\ r-1\ ~ RdSTATUS \... 1\ _ 

WrEHo RxEn Rd DATA Rd DATA Rd SYNC 
CHAR 1 CHAR 3 CHAR 1 

-V \... 

\In 1/ \V \r I\J \J 
DON'T SYNC SYNC DATA DATA DATA SYNC SYNC DATA DATA 
CARE CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 I~At! .. '_ 

CHAR 2 DON'T CARE CHARI .~HAR 2 ETC 

'''' XXXXXXli :XXXXlo11l213141 XollX21314r YollX2X3X4X X0I112X314X XON2J,'ll4J loX'X21314J 10N213141 "'IX :OI'12X314I 101, 3Y41 -YYIIYY 
PAR PAR PAR PAR PAR PAR PAR 

L EXIT HUNT MODE 
SET SYNCDET 

,INS .HARASSY 
BEGINS W Inn. 

I 
EXIT HUNT MODE 

SET SYNDET (STATUS BITI 

(Note I) 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$e of 5 data bit length + parity bit. 

f!:I 

! 
SET SYNDET (STATUS BITI 

• , 
o 
iii: 
UJ 
iii: 
(XI 
I\) 

n 
CII ... 
~ 
~ 
UJ 
....... 
Ci') 
UJ 
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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 ~ 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, itoper­
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 _400 C to 850 C. 

• Synchronous communication upto 64K baud. 
• Asynchronous communication upto 38.4K baud. 
• Transmitting/receiving operations under double buf­
'fered configuration. 

FUNCTIONAL BLOCK DIAGRAM 

RESET 
ClK 

cio 
Ri5 
WR 
cs 

DSR 
DTR MODEM 
CTS CONTROL 

RTS 

w 
Z 
:J 
en 
::J 
III 

• Error detection (parity, overrun and framing) 

e 28-pin OIP (MSM82C51 A-2RS) 
e32-pin flat package (MSM82C51A-2GS) 
e28-pin PlCC (MSM82C51A-2JS) 

TRANSMIT 
BUFFER 

(P-Sl 

TRANSMIT 
CONTROL 

RECEIVE 
BUFFER 

(S-P) 

RECEIVE 
CONTROL 

TxD 

TxRDY 

TxE 

TxC 

RxD 

RxROY 

Axe" 
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PIN CONFIGURATION 

o 

'" Co 
~ Z i;i ::: 8 ;0 0 

'" '" >-, 3 2 1 28 27 26 

D' 5 0 25 RXC 

D5 6 24 DTR 

D6 7 23 RTS 

D7 8 22 DSR 

TXC 9 21 RESET 

WR 10 20 eLK 

os 11 19 TXD 

12 13 
" 

15 16 17 18 

I§ I~ >-
E:i ~\gl~ >-

~ l;: 
~ 
~~ 

~ l-
X 
I-

MSM82C51A-2RS (Top View) 
28 Lead Plastic 0 I P 

MSM82C51A-2GS (Top View) 
32 Lead Plastic Flat Package 

MSM82C51A-2JS (Top View) 
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. 

Tabla 1 Operation batween MSM82C51 A and CPU 

CS C/O 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. 

Chip Carrier 

by setting a necessary command, reading a status and 
reading/writing data. 

I nternal reset 

yes 

yes 

Fig_ 1 Function-Setting Sequence 
(Mode Instruction Sequence) 
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• 1/0'MSM82C51A-2RS/GS/JS .1_-____ -____ ...,._------. 
Control Words 

There are two typas of control word. 
1. Mode instruction (setting of function) 
2. Command (setting of operation) 

1) Mod. Instruction 

Mode instruction is used for setting the func­
tion of the MSM82C51 A. 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 

05 

! 52 I SI I EP I PEN I L2 I L1 I 

I 

B2 I 

• Stop bit length (asynchronous mode) 
• Character length 
• Parity bit 
• Baud rate factor (asynchronous mode) . 
• Internal/external 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 characters. 

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 

L-- 0 1 0 1 

0 0 1 1 

Refer to 
Fig. 3 1x 16x 64)( 
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 MQdelnstruction (Asynchrnous) 
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0 7 0 6 Os 04 03 o 0 2 1 On 

I scs I ESD I EP I PEN I L2 1 LI 1 0 I 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 
synchro- synchro-
nization nization 

No. of synchronous sharacters 

0 1 

2 char- 1 char-
acters acter 

Fig. 3 Bit Configuration of Mode Instruction (Synchronousl 

21 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 model 

The bit configuration of a command is shown 
in Fig. 4. 
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07 05 

I EH 
/ 

IR / RTS I ER 

250 

00 

I SBRK/ RxE 10TR / TxE:N 

~ 
1 .... Transmit Enable 
O .... Oisable 

OTR 
1 -40TR = 0 
o -40TR = 1 

1 .... Receive Enable 
O .... Oisable 

" 

l.. .. Send break 
character. 

O .... Normal operation 

1 .... Reset error 
flag. 

O .... Normal operation 

RTS 
1 -4RTS = 0 
o -4RTS = 1 

1 .... Internal reset 
O .... Normal operation 

1 .... Hunt mode 
(Note) 

O .... Nomal operation' 

(Note' Search mode for synchronous 
characters in synchronous mode. 

Fig. 4 Bit Configuration of Command 
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StatuI 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. 

0, 05 DO 

f OSR 1SY/~gE1 FE I OE I PE ~I TXr~ Rx I Tx MPT ROY ROY 

Partly different from 
TXROY terminal. 

~ Refer to "Explana-
tion of TXROY 
Terminal. 

Same as terminal. 
Refer to "Explana-
tion of Terminals. 

l .... Parity error 

l .... Overrun error 

l .... Framing error 

Shows terminal OSR. 
1 .... 0SR =0 
O .... OSR = 1 

Fig. 5 Bit Configuration of Stetus Word 

INotel onlyaoyn­
chrnous mode. 
Stop bit cannot 
be detected. 
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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) CS terminal is fixed at Vcc level. 
(2) Input pins other than CS, DO to D7, RD, 

WR and C/O are fixed at Vcc 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 D7 (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 mustbe great­

er than 30 times the RXC and TXC at Synchronous 
mode and Asynchronous "xl" 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
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. 

C/O' (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/O' = 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 

MSM82C5l 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 

MSM82C5l A 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 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. 
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AXC (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 AXe. 
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. 

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. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 
Limits Unit Conditions 

MSM82C51A.2RS! MSM82C51A.2GS! MSM82C51A·2JS 

Power supply voltage VCC -0.5 - +7 V 

Input voltage VIN -0.5 - Vee + 0.5 V With respect 
to GNO 

Output voltage VOUT -0.5 - Vee + 0.5 V 

Storage temperature Tstg -55 - + 150 °C -
Power dissipation Po 0.9 I 0.7 I 0.9 W Ta = 25°C 

OPERATING RANGE 

Parameter Symbol Limits Unit 

Power supply voltage VCC 3-6 V 

Operating temperature TOp -40 -85 ·C 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power supply voltage VCC 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 VIH 2.2 VCC+0.3 V 

DC CHARACTERISTICS 
(Vcc = 4.5 - 5.5V Ta = -40·C - +85·C) 

Perameter Symbol Min. Typ. Max. Unit Measurement Conditions 

"L" output voltage VOL 0.45 V IOL = 2.5 mA 

"H" output voltage VOH 3.7 V IOH= -2.5 mA 

Input leak current ILl -10 10 ,.A O~VIN~Vee 

Output leak current ILO -10 10 ,.A O~VOUT$VeC 

Operating supply current ICCO 5 mA 
Asynchronous X64 during 
transmitting/receiving 

Standby supply current ICes 100 p.A 
All input voltage shall be 
fixed at Vee or GND leval. 
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AC CHARACTERISTICS 
(Vee - 4.5 - 5.5V, Ta = -40 - 85· C) 

CPU ala Interf_ Part 

Parameter 

Address stable before R 0 

Address hold time for RD 

RD pulse width 

Data delay from R 0 

RD to deta 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 

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 Saud 

16X, Baud 

64X, Baud 

Transmitter clock low time 1X Baud 

16X,64X Baud 

Transmitter clock high time 1X Baud 

16X,64X Baud 

Receiver clock frequency 1X Baud 

16X 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 

Tima from the center of last bit to the rise 
of RXRDY 

Symbol Min. 

tAR 20 

tRA 20 

tRR 130 

tRD 

tDF 10 

tRVR 6 

tAW 20 

tWA 20 

tww 100 

tow 100 

two a 
tRVW 6 

tRESW 6 

Symbol 

fey 

tl/l 

tl/l 

tR, tF 

tDTl;( 

fTX 

fTX 

fTX 

tTPW 

tTPW 

tTPD 

tTPD 

fRX 

fRX 

fRX 

tRPW 

tRPW 

tRPD 

tRPD 

tTXRDY 

tTXRDY CLEAR 

tRXRDY 

Max. Unit Remarks 

NS Note 2 

NS Note 2 

NS 

100 NS 

75 NS 

Tcy Note 5 

NS Note 2 

NS Note 2 

NS 

NS 

NS 

Tcy Note 4 

Tcy 

Min. Max. Unit Remarks 

160 NS Note 3 

50 NS 

70 tcv -50 NS 

20 NS 

1 ,,5 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 TCY 

2 Tcv 

15 . TCY 

3 Tcy 

DC 64 kHz 

DC 615 kHz Note 3 

DC 615 kHz 

13 Tcv 

2 Tcy 

15 Tcv 

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 

TX E 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 (IX Baud) 

RXD hold time for falling edge of RXC 
(IX Baud) . tRXDH 17 Tcy 

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) Addresses are CS and C/O. 
3) fTX or fRX ::; 1/(30 Tcyr 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 z 1. 

5) This recovery time is Status read only. 
Read Data is allowed only when RXRDY = t. 

6) Status update can have a maximum delay of 28 clock periods from event affecting the status. 

TIMING CHART 
System Clock Input 

elK 

Tl1InsmiUllr Clock and DlItII 
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ReaeI_ Clock end Om 

CRdAUD COUNTER STARTS HEREI 

0.0 

RxCl1xMODEI 

INT SAMPLING PULSE'-------

Write Om Cycle CCPU -+ USARTI 

TxRDY 

DATAIN _________ ~D~O~N~.T~CA~R~E ______ ~~~~~~~!_~p-----~D~O~N~.~T~C~A~R~E~ __ __ 
(D. B.I 

C/O 
----------------------~~~------_4---~------------------ HI 

RNd Om CycleCCPU +- USARTI 

RxRDY 'i 
......jtRXRDY CLEAR 

J tRR 
RD .r 

, 
----t Ioe-tRD - ...... tDF 

DATA OUT DATA FLOAT 
DATA OUT ACTIVE .. 

DATA FLOAT 
CD.B.I 

F I+--
'tRA 

C/O V 

CS ~ ~ 
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• IIO-MSM82C51A-2RSIGS/JS •• ----------------

Writll Control or Output Port Cycle (CPU .... USARTI 

DATAIN ___ ............ _D_O_N_'T_C~A_R~E ............ ~ 
(DB) ""---.. ___ """"';'-T 

c/o 

R .. d Control or Input Port (CPU +- USART) 

DSR.CTS -----JXE 
tCR 

DON'T CARE 

__ ................................................ ~~~----tRR----~~ .................... __ 
RD 

DATA OUT ___________ D.A .. T .. A ... F.;;L;,;;O .. A.T _______ -+-(J DATA OUT ACTIVE 
(D. B.) '11.. .............................. .11 

C/o 

Tl'lllIIIIIittllr Control end Flag Timing (ASVNC Mode) 

thEMPTY 

TxROY 
lSTATUS BIT) 

TxAOV 
(PIN) ----3/J 

C/O 

TxEMPTY 

tDF 

DATA FLOAT 

Wr S8RK _-+--....... 1 _---..1 _--1-----+---...., <r--4--

TxD 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

(Note) The wave·form chtIrt is based on the case of, 7 bit data length + paritY bit + 2 stop bit. 
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Receiver Control and Flag Timing (ASVNC Mode) 

BREAK DETECT 

FRAMING ERROR 
(STATUS BITI 

OVERRUN ERROR 
(STATUS BITI 

RxRDY 

C/O 

WR 

AD 

RxDATA 

-:V,RxEn 

-~tRXRDY 

',J 

. -. ............. ........... 
CHAR 1 CHAR 2 CHAR 3 

~ 
CHAR 2 

LOST 

Rd DATA 
f 

W,ERROR 

\.. 

V 

~ 

.. 
'" > O~(I):C » .... -

-1:00-1 
>-1-0-< 
ClHD (J) tD 
~=i~~ 

!,J 

BREAK 

,.---. 

(Note) The wave-form. chart is based on the case of 7 data bit length + parity bit + 2 stop bit. 

\---1 L--

Y-VRxEn 

/ 
1 

RxEn Err Res 

::::: 
9 
iii: 
(I) 

iii: 
CD 
~ 
n 
Ch .... 
~ • 
~ 
::I) 
(I) 

ji) 
(I) 
....... 
e­
(I) 
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Transmitter Control and Flag Timing (SYNC Mode) 

CTS 

TxEMPTY 

TxRDY 
(STATUS BITI 

TxAOY 
(PINI 

C/O 

WR 

TxD 

r-l\ 
J~ 

, 

IF'L- '\ 
r . 
~ ~ 

.-W- r-' 
'L-. 

\ f\ I \ I \ I I .y.. \\ I 
Wr OATA Wr DATA ; WrDATA WrDATA Wr COMMAND Wr DATA 
CHAR 1 CHAR 2 . CHAR 3 CH.~R 4 SBRK CHAR 5 

~ DATA 

f\ 
D'M\ MARKI~1SPACING MARK~ SYNC DATA 

MARKING STATE CHAR 1 ~ CHAR 2 CHAR 1 SYNC CHAR ~CHAR3 CHAR4 STATE STATE STATE 

\011121314 i 1011121314 10111213141 101121314 "10111213141 AW113l4Tf 
pAR PAR PAR PAR PAR 

INote) The wave-form chart is based on the case of 5 data bit length + parity bit and 2 synchronous characters. 

DATA SYNC 
CHAR 5 CHAR ETC 

\1'11121314 ·10111213141 1011 
PAR PAR 

• 
::::: o 
iii: 
f/) 

iii: 
CO 
I\) 

o 
UI .... 
~ . 
I\) 
:D 
f/) 
'-
G) 
f/) 
'­c.. 
f/) 
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Receiver Control.nd Flag Timing (SYNC Mode) 

SYNDET 
IPIN} INot. I} 

SYN.DET IS8} 

OVERRUN 
ERROR IS8} 

RxRDY IPIN} 

CIO 

WR 

AD 

AxD 

AxC 

I ~ r L N01::J 
tlsl~ 

tES_ t-

~ r - t-----< 
)'I - -

/ DATA 
CHAR 2 J 

LOST 

r~~ATUS I'-::J.~h 
,..-"--

I 
rl\ I 

Rd STATUS 

r---iwrEH\ 1\ I \ Rd STATUS \.. 1\ 
AxEn Rd DATA Rd SYNC 

Wr EHo 
Rd DATA 
CHAR 1 CHAR 3 CHAR 1 

--V \.. 

\lJll \J \T I\J \..V 
DON'T SYNC SYNC DATA DATA DATA SYNC SYNC DATA DATA 

~.":'!!' CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 1 CHAR 2 DON'T CARE CHAR 1 CHAR 2 ETC 

lX~~: IXI \lOl11213MX XOA1X2A3A4I JtlI1I2I3X~ AOX1X2X3X4I XOllX21314I 10111213141 J.OX1l21314HXIX \t11213I41 1011]2314-lllll! 
'~~~-- PAR PAR PAR PAR PAR PAR PAR 

L EXIT HUNT MODE 
SET SYNCDET 

;INS • HARASSY 
BEGINS lIUl 

rut 
/ 

EXIT HUNT MODE 
SET SYNDET ISTATUS BIT} 

(Note 1) 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. 

~ 

t 
SET SYNDET (STATUS BITI 

• 
::::: o 
i: 
en 
i: 
Q) 
~ 
n 
en ... 
:. • 
~ 
:D en ....... 
C) 
en ....... 
c.. 
en 
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OKI semiconductor 

MSM82CS3-SRS/GS/JS 
MSM82CS3-2RS/GS/JS 
CMOS PROGRAMMABLE INTERVAL TIMER 

GENERAL DESCRIPTION 

The MSM82C53-5RS/GS/JS and MSM82t:53-2RS/GS/JS are programmable universal timers designed for 
use in microcomputer systems. 8ased on silicon gate CMOS technology, it requires a standby current of only 
100/LA (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/8C.D 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 achiewd 

through silicon gate CMOS technology. 
• Completely static operation 
• Three independent 16-bit down-<:ounters 
• 3V to 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 
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• Six counter modes available for each counter 
• Binary and decimal counting possible 
• 24-pin DIP (MSM82C53-5RS/MSM82C53-2RS) 
• 32-pin flat package (MSM82C53-5GS/MSM82C53·2GS) 
• 28-pin PLCC Package (MSM82C53·5JS/MSM82C53-2JS) 
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-------. I/O·MSM82C53-5RS/GS/JS MSM82C53-2RS/GS/JS • 

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 

D. 

Os 

N.C 

D. 

0 , 

0, 

0, 

D. 

ClKO 

N.C 

OUTO 

GATEO 

GND 

N.C 

04 5 

03 6 

02 7 

01 8 

DO 9 

ClKO 10 

NC 11 

N.C 

VCC 

WR 

iiD 

N.C 

es 
A, 

A. 

ClK2 

OUT2 

GATE2 

N.C 

ClK1 

GATE1 

OUT1 

(NC denotes "not connected". N.C 

OJ 
OJ 

I~ I~ '" '" ~ OJ 
0 0 0 z > 
4 3 2 1 28 27 26 

0 25 NC 

es 
A1 

AO 

CLK2 

OUT2 

GATE2 

12 13 14 15 16 17 18 

~ 0 0 OJ ;:: iii ;;; ... Z z 
:> ... :> ... ..J 
0 « '" 0 « OJ 

'" '" 
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• I/O·MSM82C53-5RS/GS/JS MSM82C53-2RS/GS/JS ---------,---

ABSOLUTE MAXIMUM RATINGS 

limits 
Parameter Symbol Conditions Unit 

MSM82C53-5RS I MSM82C53-5GS I MSM82C53-5J5 
MSM82C53-2RS MSM82C53-2GS MSM82C53-2JS 

Ssupply Voltage VCC -0.5 to +7 V 

Input Voltage Y,N Respect to GND -0.5 to Vee + 0.5 V 

Output Voltage VOUT -0.5 to Vee + 0.5 V 

Storage Temperature Tstg - 55 to + 150 °C 

Power Dissipation Po Ta = 25°C 0_9 I 0.7 I 0.9 W 

OPERATING RANGES 

Parameter Symbol Limits Conditions Unit 

Supply Voltage VCC 3to6 V,L = 0.2V, V,H = VCC - 0.2V, V 
operating frequency 2.6 MHz 

Operating Temperature TOp -40 to +85 ·C 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 ·C 

"L" Input Voltage V'L -0.3 +0.8 V 

"H" Input Voltage V,H 
\ 

2.2 VCC + 0.3 V 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min. Typ. Max_ Unit 

"L" Output Voltage VOL IOL = 4mA 0.45 V 

IOH = -1mA 3.7 V 
"H" Output Voltage VOH 

Input Leak Current 'll O~ Y,N S. VCC VCC=4.5V to 5.5V -10 10 /JA 

Output Leak Current 'LO 0.$ VOUT S. VCC Ta=-40°C to +85°C -10 10 /JA 

CS;&:; VCC -o.2V 
Standby Supply Current ICCS V,H ~ Vcc - 0.2V 100 /JA 

VIL~0.2V 

Operating Supply Current 'ClK = 200 ns Cl = OpF 5 mA 
ICC 

'ClK = 125 ns Cl =OpF MSM82C53-2 8 mA 
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AC CHARACTERISTICS 
(Vcc = 4.5V - 5.5V, Ta = -40 - +85°C) 

MSM82C53·5 MSM82C53·2 

Parameter Symbol Min. Max. Min. Max. Unit Conditions 

Address Set·up Time before reading TAR 30 30 ns Cl = 150pF 

Address Hold Time after reading TRA 0 0 ns Read 

Read Pulse Width TRR 150 150 ns cycle 

Read Recovery Time TRVR 200 200 ns 

Address Set·up Time before writing TAW 0 0 ns 

Address Hold Time after writing TWA 30 20 ns 

Write Pulse Width TWW 150 150 ns Write 

Data Input Set·up Time before writing TOW 100 100 ns cycle 

Data Input Hold Time after writing TWO 30 20 ns 
------

Write Recovery time TRVW 200 200 ns 

Clock Cycle Time TClK 200 D.C. 125 D.C. ns 

Clock "H" Pulse Width TPWH 60 60 ns 

Clock "l" Pulse Width TPWL 60 60 ns Clock 

"H" Gate Pulse Width TGW 50 50 
and 

ns 
gate 

"L" Gate Pulse Width TGL 50 50 ns timing 

Gate Input Set·up Time before clock TGS 50 50 ns 

Gate Input Hold Time after clock TGH 50 50 ns 

Output Delay Time after reading TRD 120 120 ns 

Output Floating Delay Time after 
TDF 5 90 5 90 ns 

reading 

Output Delay Time after gate :rODG 120 120 ns 
Delay 
time 

Output Delay Time after clock TOO 150 150 ns 

Output Delay Time after address TAD 180 180 ns 

Note: Timing measured at V l = 0.8V and V H = 2.2V for both inputs and outputs. 

TIME CHART 
Write Timillll 

). K 
-TAW- TWA 

). K 
TOW TWD-

\t-TWW1 
I I 
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R .. dTiming 

RD' 

DO-7------------------------------~ 
HIGH IMPEDANCE HIGH IMPEDANCE 

Clock & G_ Timing 

..... --TCLK---I 

CLK 

GATE 

OUT 
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DESCRIPTION OF PIN FUNCTIONS 

Pin Symbol Name Input/output 

07 -DO Bidirectional Input/output 
data bus 

CS Chip select Input 
input 

RD Read input Input 

WR Write input Input 

AO,A1 Address input Input 

CLKO-2 Clock input Input 

GATEO-2 Gate input Input 

OUTO-2 Counter output Output 

SYSTEM INTERFACING 

A1 AO 

COUNTER #0 

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 (Do thru 071 is 
switched to high impedance state where neither writing nor 
reading can be executed. Intemal registers, however, remain 
unchanged. 

Data can be transferred from MSM82C53 to CPU when 
this pin is at low level. 

Data can be transferred from CPU to MSM82C53 when 
ttlis pin is at low level. 

One of the three internal counters or the control word ragis-
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 sig.nals to the three counters incorpo-
rated in MSM82C53. 

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 wewform in accordance with the 
set mode and count value. 

ADDRESS BUS 

CONTROL BUS 

DATA BUS 

82C53-5/82C53-2 

COUNTER #1 

16 bits 
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DESCRIPTION OF BASIC OPERATIONS 

Data transfers between the internal registers and the external date bus is outlined in the following table. 

CS RD WR AI 040 Function 

0 I 0 0 0 Data bus to counter # 0 Writing 

0 I 0 0 I Data bus to counter # I Writing 

0 I 0 I 0 Data bus to counter # 2 Writing 

0 I 0 I I Data bus to control word register Writing 

0 0 I 0 0 Data !;lus from counter # 0 Reading 

0 0 I 0 I Data bus from counter # I Reeding 

0 0 I I 0 Data bus from counter # 2 Reading 

0 0 I 1 1 

1 x X X x } Data bus in high impedance status 

0 1 I 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 axecution 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 befow. 

07 09 05 04 03 02 01 DO I SCllsco I RLll RLOl M2! Ml ! MO lli@ 

Select Read/Load Mode BCD 
Counter 

(CS=O, AO,Al=I,1, RD=I, WR=O) 

• Select Counter (SCO, SC1): Selection of set countar 

SCI SCO Set Contents 

0 0 Counter # 0 selection 

0 1 Counter # 1 selection 

1 0 Counter # 2 selection 

I 1 Illegal combination 

• Rlllld/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 (MSBI 

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 Mode 0 (Interrupt on Terminal Countl 

0 0 1 Mode 1 (Programmable One-5hotl 

x 1 0 Mode 2 (Rate Generator) 

x 1 1 Mode 3 (Square Waw Genarator) 

1 0 0 Mode 4 (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 116-bits Binary) 

1 BCD Count (4-decades Binary Coded 
Decimal) 

After setting Read/Load, Mode, and BCD in each 
counter as outlined 8bow, 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. 

If the two bytes (LSB and MSBI are written at this 
stage (R LO and R L 1 = 1 ,I ), take note of the following 
precaution. 

Although the count values may be set in the th_ 
counters in any sequence after the control word has 
been set in each counter, COunt values must be set 
consecutiwly in the LSB - M$B order in' anyone 
counter. 



------__ I/O.MSM82C53-5RS/GS/JS MSM82C53-2R~/GS/JS -

• Exemple of MfttrOI WOld lIICI_nt ...... ..m ... 

[

Count.r # 0: Read/Loed LSB only. Mode 3. 
Binary count. count value 3H 

Counter # 1: Read/Load MSB only. Mode 5. 
Binary count. count value AAOOH 

Counter # 2: Reed/Load LSB and MSB. Mode O. 
BCD count. count value 1234 

MVI A. 1 EH] Counter #0 control word SItting 
DUTn3 

MVI A.6AH] Counter #1 control word setting 
OUTnS 
MVI A.B1H] 
OUT n3 Counter #2 control word setting 

MVI A.03H] 
OUT nO Counter #0 count value setting 

MVI A. AAHl Counter #1 count value setting 
OUTn1 J 
MVI A.34Hj 
OUT n2 Counter #2 count value setting 
MVI A.12H ILSB then MSBI 
OUTn2 

Note: nO: Counter #0 address 
n 1: Counter #1 address 
n2: Counter #2 address 
n3: Control word register address 

• The minimum end maximum _nt velu. which can 
be coum.d In ..... mode _I!IUd below. 

Mode Min. Max. Remarks 

0 1 0 
o executes 10000H count 
Iditto in other modesl 

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 Ddnltlon 
• Mode 0 Ittnnlnal _ntl 

The counter outPut it set to "L" level by the mode 
seUing. 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 bytesl. the clock input cOunting is started. 
When the terminal count is reachad. the output is 
switched to "H" .leval and is mainteined in this 
stetUi IIntll the control word and count value are set 
egaln. 
Counting is interrupted if the gate input is switched 
to "L" leVel. and restertad' when switched back to 
"'H" level. 
When Count' Values· are written during counting. 
the operation ia 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 Reed/Load.... When byte 1 I LSBI of 
the new count value is written. 
counting is stopped immediately. 
Counting is restarted at the new 
count value when byte 2 IMSBI is 
written. 

• Mode 1 IprognImlMble--.t1 
The counter output is switched to "H" leval 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 this mode by using 
the leading edge of the gate input as a trigger. the 
counter output is switched.to "L" leval 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" leval 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 Inn. generatorl 
The countar output is switched to "H" level by the 
mode setting. When the gata 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" leval output pulse appears at the counter 
output during a single clock duration once 8\!8ry 
n clock inputs where n is the .t 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(squere wweform nn. generatorl 
The counter output is switched to "H" leva I by the 
mode .tting. Counting is started in the seme way as 
described for mode 2 abova. 
The repeated square wava output appearing at the 
counter output. contains half the number of counts 
as the .t count value; If the .t count value Inl is 
an odd number. the repeated square wave output 
consists of only In + 1112 clOCk inputs at "H" level 
and In -1112 clock inputs at "L"leval. 
If'a new count value is written during counting, the 
new count value . is reflected immediataly efter the 
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change ("H" to 'il" 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. 

stopped when the gate input is switched to "l" 
level, and restarted from the set counf value when 
switched back to "H" level. 

• Mode 4 (software trigger strobe) • Mode 5 (hardw_ trl .. r strobe) 
The counter output is switched to "H" level by the 
mode. setting. Counting is started in the same way 
as described for mode O. 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 

~ Mode "l" Level Falling Edge 

0 Counting not possible 

1 

(1) Counting not possible 
2 (2) Counter output forced to "H" level 

3 
(1 ) Counting not possible 
(2) Counter output forced to "H" level 

4 Counting not possible 

5 

Mode 0 

ClK 

[ WR 

3 2 
OUT (GATE = 'H') 

I 
I 

[ 
WR (n=4il , I 

I 
I 

GATE II 
4 4 ... ... 

OUT I 

Mode 1 

ClK 

[ 
WR (n=4il 

GATE • 4 3 2 

OUT I 

The counter output 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 

(11 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 

I 

3 2 0 

I 

0 

I 

[ GATE • LJI 
4 3 2 4 3 2 0 

OUT (n= 4) I r 
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Mode 2 

elK 

[ WR 1 (n-41 • I(n ~ 21 I 
4 3 2 1 4 3· 2 1 2 1 2 

OUT (GATE = 'H'I LJ LJLJ 

[ GATE , , 
4 3 .2 1 4 4 3 2 1 

OUT (n-41 LJ L 

Mode 3 

elK 

[ WR 1 (n=41 , I (n= 31 f 
4 2 4 2 4 2 4 2 3 2 3 3 

OUT (GATE· 'H'I I I I I Lr 

[ GATE f 
5 4 2 5 2 5 4 2 5 2 5 4 

OUT (n.:!U·. L-J I I 

Mode 4 

II elK 

[ WR , , 
4 3 2 0 

OUT (GATE = 'H'I LJ 

[ GATE f 
4 4 3 2 0 

OUT ~ 

ModeS 

elK 

GATE ~ 
4 3 2 0 

OUT (n-41 LJ 
GATE ---I f 

4 3 2 1 4 3 2 0 
OUT (n=4) LJ 

Note: "n" il tbl! value let in the counter. 
Figures in these diagrams refllrto counter values. 
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Reldlng of Counter Vatu. 
All 82C53 counting is down-eounting, the 

Counting being in steps of 2 in mode 3. Counter values 
can be read during counting by (11 direct reading, and 
(2) counter latching ("read on the fly"). 

• Direct reeding 
Counter values can be read by direct reading opera· 
tions. 
Sinca the counter value read according to the timing 
of the Ro and ClK signals is not guaranteed, it is 
necassary 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. 

• Counterletchlng 
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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 c.ounter #1 (Readl 
load 2·byte setting) 

MVI A 01 00 x x x x 
~ Denotes counter latching 

OUT n3 LWrite in control word address 
(n3) 
The counter value at this point 
is latched 

IN n1L Re.ading of the lSB of the 
counter value latched from 
counter #1. 
n 1: 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 

ClKO OUTO 

- ClK1 OUT1 

ClK2 OUT'l 

Use counter #1 and counter #2 
Counter #1: mode 0, 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 232 • 
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MSM82C54-2RS/GS/JS 
CMOS PROGRAMMABLE INTERVAL TIMER 

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 ,.A (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 (VCC=5V) 
• High speed and low power consumption achieved by 

silicon gate CMOS techn·ology. 
• Completely static operation 
• Three independent 16-bit down-counters 
• Status Read Back Commound 

FUNCTIONAL BLOCK DIAGRAM 

J 

•• I I 
UQ 
UZ 
>0 

COUNTER 
#0 

DATA 
BUS 

BUFFER 

78 , 

COUNTER 
#1 

READI 
WRITE 
LOGIC 

• Six counter modes available for each counter 
• 8inary and decimal counting possible 
.24-pin 01 P (MSM82C54-2RS) 
• 32-pin flat package (MSM82C54-2GS) 
• 28-pin PLCC package (MSM82C54-2JS) 

L 

COUNTER 
#2 

• 

CONTROL 
WORD 

REGISTER 

I/) 

::I 
III 
oJ 
c( 
Z 
II: 

~ 
~ 

{ 
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PIN CONFIGURATION 
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MSM82C54·2RS (TOP VIEW) 
24 LEAO PLASTIC DIP 

MSM82C54·2GS (TOP VIEW) 
32 LEAD PLASTIC FLAT PACKAGE 

MSM82C54·2JS (TOP VIEW) 
28 Plastic Leaded Chip Carrier PACKAGE 

N.C 

07 

0, 

Os 

N.C 

D. 

0, 

0, 

0, 

D. 

ClKO 

N.C 

OUTO 

GATEO 

GND 

N.C 

ClKO 10 

NC 11 

N.C 

VCC 

WR 

Ro 
N.C 

Cs 
A, 

A. 

ClK2 

OUT2 

GATE2 

N.C 

ClKl 

GATEI 

Dun 

(NC denote1i "not connected'" N.C 

u 
I~ 1:i1 on '" ~ u u 

c c c z > 

• 3 2 1 28 27 26 

0 25 NC 

2. Cs 
23 Al 

22 AO 

21 ClK2 

20 OUT2 

19 GATE2 

12 13 
" 

15 16 17 18 

0 0 c u ;: w ~ ... w Z Z 
::J ... 

" 
::J ... 

C '" C <! U 

'" '" 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions Limits 
Unit 

MSM82C54-2RS I MSM82C54-2GS I MSM82C54-2JS 

Supply voltage VCC -0.5 to +7 V 

Input Voltage VIN Respect to GND -0.5 to Vee + 0.5 V 

Output Voltage VOUT -0.5 to Vee + 0.5 V 

Storage Temperature Tstg -55 to +150 °C 

Power Dissipation Po Ta = 25°C 0.9 I 0.7 I 0_9 W 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min Typ Max Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 DC 

"L" Input Voltage VIL -0.5 +0.8 V 

"H" Input Voltage VIH 2.2 Vcc+0.5 V 

DC CHARACTERISTICS 

Parameter Symbol Conditions Min Typ Max Unit 

"L" Output Voltage VOL IOL = 2.5mA 0.40 V 

IOH= -2_5mA 1- 3_0 V 
"H" Output Voltage ,VOH 

IOH--100/&A, VcC-o) 

Input Leak Current III 0;:; VIN;:; Vec VCC=4_5V to 5.5V -10 10 ,.A 

Output Leak Current ILO 0::;; VOUT < Vec Ta=-40DC to +85DC -10 10 ,.A 

CS~ VCC -o.2V 
Standby Supply Current ICCS VIH& VCC -0.2V 10 ,.A 

VIL~0.2V 

Operating Supply Current· ICC tCLK=100ns CL=OpF 10 mA 
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AC CHARACTERISTICS 
(Vcc = 4.5V - 5.5V, Ta = -40 - +85°C) 

82C54-2 
Parameter Symbol Unit Conditions 

Min Max 

Address set,up time to falling edge of Ro tAR 30 nS 

Chip select input set-up time to falling edge of Ro tSH 0 nS 

Address hold time from rising edge of Ro tRA 0 nS '" c: 
1m" pulse width tRR 95 nS' 'E 

.;:: 
Data access time from falling edge of Ri5" tRo 94 nS al ., 
Data access time. after address determination tAD 185 nS 'Q:: 

Delay time from rising edge of AD to data floating state toF 5 65 nS 

mr recovery time tRV 165 nS 

Address set-up time to falling edge of WR tAW 0 nS 

Chip select input set-up time to falling edge of WR tSW 0 nS 

Address hold time from rising edge of WR tWA 0 nS '" c: 

WR pulse width 
E 

tWW 95 nS .;:: 

" Data determination set-up time to rising edge of WR tOW 85 nS ·c 
Data hold time after rising edge of\iiiFf 

;: 
tWO 0 nS 

WI1 recovery time tRY 165 nS CL=150pF 

CLK cycle time tCLK 100 D.C. nS 

ClK "H" level width tPWH 30 nS 

ClK"l" level width tPWl 50 nS 

ClK rise time tR 25 nS 

ClK fall time tF 25 nS 

GATE "H" level width tGW 50 nS 

GATE "l" level width tGl 50 nS '" c: 
GATE input set-uptime before rising edge of ClK tGS 40 nS :g 
GATE input hold time before rising edge of ClK tGH 50 nS l!l 
Output delay time after falling edge of ClK tOO 100 nS 

~ 

'" 
OutPut delay time after falling edge of GATE tOoG 100 nS II 

(3 

elK rise delay time after rising edge ofWR for count value loading ~WC 0 55· nS 

GATE sampling delay time after rising adgeof WR for count valueload ing tWG -5 40 nS 

OutPut delay time after falling edge ofWR for mode set tWO 240 nS 

elK fall setoUp time to falling edge of for counter latch command tel -40 40 nS 

Note: Timing measured at V l = O.8V and V H = 2.2V for both inputs and outputs. 

TIME CHART 
Write Timing 

Ao_. ). K 
f-otAW- - -tWA 

CS' / 

tS~ -
D

O
_

7 ) K 
rtDW-f------ tWD 

Wli '\ i 
I-tWw--l 
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Rted Timing 

) K 
!--tAR_ -. J-tRA 

\ II 
tS! -

I--tRR-

~ [) 

- tRD 1--- tDF -
VALID 

-tAD-

Recovery Timing 

Clock a. Gate Timing 

tCL-
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DESCRIPTION OF PIN FUNCTIONS 

Pin Symbol Name Input/output 

07:"" DO Bidirectional Input/output 
data bus 

CS Chip select Input 
input 

RD Read input Input 

WR Write input Input 

AO,A1 Add ress in put Input 

CLKO-2 Clock input Input 

GATEO-2 Gate input Input 

OUTO-2 Counter output Output 

SYSTEM INTERFACING 

A1 AO 

COUNTER #0 
I I 
OUT GATE ClK 
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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 (Do thru 071 is 
switched to high impedance state where neither writing nor 
reading can be executed_ Internal registers, however, remain 
unchanged. 

Data can be transferred from MSM82C54-2 to CPU when 
this pin is at low level. 

Data can be transferred from CPU to MSM82C54-2 when 
ttlis 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 MSM82C54-2. 

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 

82C54-2 

COUNTER #1 COUNTER #2 

16 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 

82C54-2 functions are selected by control words 
from the CPO. In the required program sequence. the 
control word setting is fallowed 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
edbelow. 

07. 09 05 04 03 02 01 DO 

I SCl I SCO I RL} LRLO !i M2 Ml I MO IltiiJ 

Select Read/Load Mode BCD 
Counter 

(CS = 0, AO. A 1 = 1.1, RD = 1, WR = 0) 

• Select Counter (SCO, sct): Selection of set counter 

SCl SCO Set Confents 

0 0 Counter # 0 selection 

0 1 Counter # 1 selection 

1 0 Counter # 2 selection 

1 1 READ BACK COMMAND 

• Reed/Loed (RLt, RLO): Count value Reading/ 
Loading format setting 

RLl 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 

• Mode (M2, Mt, MO): Operation waveform mode 
setting 

M2 Ml MO Set Contents 

0 0 0 Mode 0 (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 Mode 4 (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 116-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, the count value is set 
first. ,In next clock, loading is performed, then 
counting starts.) 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 B2C54-2 is flexible. 
Free sequence programming is possible as long as the 
two following rules are observed: 

(j) Write the control word before writing the initial 
count value in each counter. 

(ij) 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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• Exempli of control word and count valul 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,IEH] 
OUT n3 Counter #0 control word setting 

MVI A,6AH] 
OUT n3 Counter #1 control word setting 

MVI A, B1H] 
OUT n3 Counter #2 control word setting 

MVI A,03H ] 
OUT nO Counter #0 count value setting 

MVI A,AAH] 
OUT nl Counter #1 count value setting 

MVI A,34Hj 
OUT n2 Counter #2 count value setting 
MVI A, 12H (LSB then MSBI 
OUTn2 

INTERNAL BLOCK DIAGRAM OF A COUNTER 

2$0 

CONTROL ~----+--+--------~ 
lOGIC 

ClKn OUTn 
GATEn 

Note: nO: Counter #0 address 
n 1: Counter #1 address 
n2: Counter #2 address 
n3: Control word ragister address 

• Tha minimum and maximum count valu. which can 
be counted in each mode a,alisted below, 

Mode Min Max 

0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

5 1 0 

NOTE CRM Count Register MSB 
CRL Count Register LSB 
CE Counter Element 
OlM Output Latch MSB 
Oll Output Latch LSB 

Remarks 

o executes l0000H count 
(ditto in other modes I 

1 cannot be counted 

1 cannot be counted 
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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 O. 

• 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) Jl(fter 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 O. 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 
pu Ises. The one-shot pu Ise 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" 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: 
A fter 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 counti~g operation cycle. In mod~ 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 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: 
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 CEo 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 
"C" level invalidates counting. The gate signal does 
not affect the output. 

• Count value load timing: 
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A her 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. 

• 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 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 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 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 ¥etriggered. 
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 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. 
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~ Mode "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 

Mode 11 

ClK 

[ WR ~ ~ 
4 3 2 0 2 0 

OUT (GATE = 'H') r--

[ 
WR (n=4)1 , 

GATE 

4 3 2 0 
OUT 

Mode 1 

ClK 

[ 
WR (n=411 

GATE J 
4 3 2 0 

OUT 

[ GATE J LSI 
4 3 2 4 3 2 0 

OUT (n = 4) r 
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Mode 2 

CLK 

[ WR 1 (n= 4) J (n'" 2) I 
4 3 2 4 3 2 1 2 1 2 

OUT (GATE = 'H') LJ ~ 

[ GATE J I 
4 3 2 1 4 4 3 2 1 

OUT (n =4) LJ L 

Mode 3 

CLK 

[ WR 1 (n = 4) J I (n= 3) f 
4 2 4 2 4 2 4 2 3 2 3 3 

OUT (GATE = 'W) L..r 

[ GATE I 
4 2 0 4 2 4 2 0 4 2 4 2 

OUT (n~ L-J 

Mode 4 

II CLK 

[ WR -, J 
4 3 2 0 

OUT (GATE: 'H') LJ 

[ GATE I: f 
4 3 '2 0 

OUT Lr-

Mode 5 

CLK 

GATE ---1 
4 3 2 0 

OUT (n=4) LJ 
GATE ---' f 

4 3 2 4 3 2 0 
OUT In: 4) LJ 

Note: "n" is the value set in the counter. 
Figures in these diagrams refer to counter values. 
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R .... I ... COU .... r Values 
All 82C54-2 counting is down-counting, the 

counting being in steps of 2 in mode 3. Counter values 
can be reed during counting by, (1) direct reading, (2) 
counter latching ("read on the fly"), and (3) read 
back command. 

(1) Direct ,...,1 ... 
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 
nacessary to ItOP the counting by a gate input lignal, 
or to interrupt the clock input tamporarily by an 
external circuit to ensure that the counter value is 
correctly r.ad. 

(2) COUntlr letchlng 
In this method, the counter value is latched by 
writing a counter latch command, thareby enabling 
a stable value to be read without effecting the 
counting in any way at all. The output'!.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 82C54-2 features independent reading and 
writing from and to the sa,me 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) wrjtiflg 

An example of a counter latching program is given 
below. 

Counter latching executed for counter #1 (Reedl 
load 2-byte setting) 

MVI A 0 1 00 x x x x 
""C.- Denotes counter latching 

OUT n3 L Write in control word address 
(n3) 
The counter value at this point 
is latched 

IN n1L Reading of the LSB of the 
counter value latched from 
counter #1. 
n 1: Counter #1 address 

MOVB,A 
IN n1 
MOVC,A 

Reading of MSB from counter 
#1. 

(3) Reed 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 
03.02 and 01. 

00 ~ ~ ~ ~ M ~ w 
I 1 I 1 lwom§'§l eNT2 I CNT! I eNTO I 

(CS = 0, AO, A 1 = 1, R 0 = 1, WR = 0) 

05: 0 = Selected counter latch operation 
04: 0 = Selected counter status latch operation 
03: 1 - Counter #2 selection 
02: 1 = Counter #1 selection 
01: 1 = Cou nter #0 selection 
DO: 0 Fixed 

It is PoiSible to latch multiple counters by using the 
read back command. Latching of a reed counter is 
automatically cancelled but other counters are kept 
latched. If multiple read back commands are written 
for the seme counter, command's 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 05 to DO indicates the mode programmed by 
the most recently written control wo~. 
Bit 07 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. 

04 03 

RlO I M2 

07: 1 = Output pin status is 1. 
0- Output pin status is O. 

06: 1 = Null count 

02 01 DO 

Ml MO BCD I 

0= Count value reading is effective 
05 - 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 (CRI writing Null count = 1 
C. New count loading to Null count = 0 

CE (CR -> eEl 

(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. 

Commend 

0!04 103 
Comems 

0706 0201 DO 

If status latching is carried out multiple times before 
statu~ reading. other than the first status'latch is 
ignored. 
Simultaneous latching of the count and status of 
the selected counter i·s also possible. For this pur­
pose. set bits 04 and 03. crnJlIiIT.and 'STATU§ 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. 

CoumerO Coumer 1 Coumer2 

Count ~tatus Count Status jcoum Status 

1 1 0 0 0 0 1 0 Read back status and count (coumer 01 L L - - - -
1 1 1 0 0 1 0 0 Read back statu, (counter 1 I L L - L - -
1 1 1 0 1 1 0 0 Read back status (coumers 1 and 21 L L - L - L 

(NOTE) 

4 1 0 1 1 0 0 0 Read back count (counter 21 L L - L L L 

1 1 0 0 0 1 0 0 Read back status and count (counter 1 I L L L 
IJ,.El 

L L 

1 1 1 0 0 0 1 0 Read back status (counter 01 L 
INA,El 

L L L L 

L: Latched, -: Not latched 

(Notel The latch command at this time point is ignored. and the first latch commend is.valid. 

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 countlsl of the next one or two reading opera­
tions is or are reael. 

Example of ..... ctical Application 
• 82C54·2 used as a 32-bit counter. 

82C54-2 

CLKO aUTO 

,......,- CLK1 OUTl ... 

CLK2 OUT2 ~ 

Use counter #1 and counter #2 
Counter #1: mode O. upper order l6-bit counter 

value 
Counter #2: mode 2. lower order l6.bit counter 

value 
This SItting enables counting up to. a maximum of 2" . 
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MSM82C55A-5RS/GS 
MSM82C55A-2RS/GS/VJS 
CMOS PROGRAMMABLE PERIPHERAL INTERFACE 

GENERAL DESCRIPTION 

The MSMS2C55A is a programmable universal I/O interface device which operates as high speed and on 
low power consumption due to 3" silicon gate CMOS technology. It is the best fit as an I/O pon in a system 
which employs the S-bit parallel processing MSMSOCS5A CPU. This device has 24-bit I/O pins equivalent to three 
S-bit I/O pons and all inputs/outputs are TTL interface compatible. 

FEATURES 

• High speed and low power consumption due to 3 jJ. • Bit set/reset function (Port CI 
silicon gate CMOS technology • TTL compatible 

• 3 V to 6 V single power supply .4O-pin DIP (MSM82C55A·5RS/MSM82C55A-2RS) 
• Full static operation • 44-pin flat package 
• Programmable 24-bit I/O pons ( MSM82C55A-5GS/MSM82C55A-2GS) 
• Bidirectional bus operation (Pon AI • 44~pin PLCC (!I.1SM82C55A-2JS) 

• Compatible with 8255A-5 

CIRCUIT CONFIGURATION 

VCC--i-

GND--t- PAo -PA" 

PC4 -PC" 

S 
DATA 

Do -0" BUS 
BUFFER 

Pea -PC, 

RD 

WR 
READ/ 
WRIT.E 
CON-

RESET TROL 
LOGIC P80 -P8" 

.CS 

Ao 

Al 
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PIN CONFIGURATION 

cs 
GNO 

AI 
AO 

PC, 
PC6 

PCS 
PC4 
PCO 
PCI 
PC2 
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MSM82C55A·5RS (Top Vi_I 
MSM82C55A·2RS PAS 

PA6 
PA, 

40 Lead Plastic DIP 

10 ~ ~ ~.;8 .( :;:; <Ia: a: ............ > ............. ~ 

0 

7 

8 
9 

MSM82C55A·2VJS (Top View) 
44·pin Plastic Leaded Chip Carrier 

CS 
GNO 

AI 
Ao 

PC, 
PC6 

WR 
RESET 

Do 

0 1 

0 2 

0 3 
0 4 

05 
0 6 
0, 

VCC 
PB, 
PB6 

PBo PBs 

RESET 

Do 

0 1 

PBI PB4 
PB2 -L.-_____ ..J- PB3 

0 2 MSM82C55A-2GS 
0 3 44 Lead Plastic Flat Package 

04 
05 
0 6 

0, 
VCC 
PB, 

lOa: o .... N M U 
~~~~z 
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ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions Unit 

MSM82C55A·&RS I MSM82C&5A·6GS I 
MSM82C55A.2RS MSM82C55A.2GS MSM82C56A·2JS 

Ssupply Voltage VCC Ta = 25°C -0.5 to +7 V 

Input Voltage VIN 
with 
respect -0.5 to Vcc + 0.5 V 

Output Voltage VOUT to GND -0.5 to Vcc + 0.5 V 

Storage Temperature Tstg - -55 to + 150 °C 

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

OPERATING RANGE 

Parameter Symbol Limits Unit 

Supply Voltage VCC 3 to 6 V 

Operating Temperature TOp -40 to 85 ·C 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 ·C HI 
"L" Input Voltage VIL -0.3 +0.8 V 

"H" Input Voltage VIH 2.2 VCC+0.3 V 

DC CHARACTERISTIGS 

MSM82C55A·5 MSM82C55A·2 
Parameter Symbol Conditions Unit 

Min. Typ. Max. Min. Typ. Max. 

"L" Output Voltage VOL IOL = 2.5mA 0.45 0.4 V 

IOH = -400 "A 2.4 V 
- -

"H" Output Voltage VOH IOH = -40 "A 4.2 V 

IOH = -2.5mA - 3.7 V 

Input Leak Current 1 III O~ VIN ~ VCC 
VCC =4.5V to 

-10 10 -1 1 "A 5.5V 
Output Leak Current i ILO O~ VOUT ~ VCC Ta = -40·C to -10 10 -10 10 "A 

CS ~ VCC -0.2V 
+85·C 

Supply Current 
I 

(CL = OpF) 
(standby) ICCS VIM ~ VCC -0.2V 0.1 100 0.1 10 jJ.A 

VIL~ 0.2V 

Average Supply I/O wire cvcle 

ICC s2C55A-S ._ .. 3MHzCPU timing 5 8 mA 
Current (active) 82C55A·2 ... 8MHzCPU timing 
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AC CHARACTERISTICS 
(Vcc = 4.5 to 5.5V. Ta= -40 to +80° C) 

Symbol 
MSM82C55A-5 MSM82C55A-2 

Parameter Unit Remarks 
Min. Max. Min. Max. 

Setup Time of address to the falling edge of RD tAR 20 20 ns 

Hold Time of address to the rising edge of R 0 tRA 20 0 ns 

RD Pulse Width tRR 300 100 ns 

Delay Time from the falling edge of RD to the 
tRD output of defined data 

200 120 ns 

Delay Time from the rising edge of R 0 to the 
tDF 10 100 10 75 ns 

floating of data bus 

Time from the rising edge of R 0 or WR to the next 
tRV 850 200 ns 

fall ing edge of R 0 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 
tlR 20 20 ns 

RD 

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 output of defined data 300 150 ns 

Delay Time from the rising edge of ACK to the 
tKD 20 250 20 250 ns floating of port (Port A in mode 2) 

Delay Time from the rising edge of WR to the falling 
twOB 650 150 ns 

edge of OBF 

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 
tSIB rising edge of IBF 300 150 ns 

Delay Time from the rising edge of RD to the falling 
tRIB 300 150 ns edge of IBF 

Delay Time from the falling edge of RD to the 
tRIT 400 200 ns 

falling edge of INTR 

Delay Time from the rising edge of STB to the 
tSIT 300 150 ns 

rising edge of I NTR 

Delay Time from the rising edge of ACK to the 
tAIT 350 150 ns rising edge of I NTR 

Delay Time from the falling edge of WR to the 
twIT failing 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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88lic Input Opel'lltion (Mode 01 

__________________ r-----tRR----~r------------------

toF 

Basic Output Operation (Mode 01 

tww 
It-

t--tow 
two, 

0, -Do 

tAW twA 

-, 
Port output 

I---tw~ 

Strobe Input Operation (Mode 11 

'BF 

INTR __________________ ~-n 

Port input ---

_L ______________ _ 

tps 
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Strobe Output Operation (Mode 11 

INTR 

Port output 

tWB 

Bidirectional BUI Operation (Mode 21 

INTR 

IBF t 

Port A --------- -ct 
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OUTPUT CHARACTERISTICS (REFERENCE VALUE) 

Output "H" Voltagl (VoHI VI. Output Current IIOHI 

S 

~ 
I 

4 Ta = -40-SSoC 
X 
0 

Vee =S.OV > ., 3 
W 
g 
: 2 
r-
i 
::J 
0 

0 

o -1 -2 -3 -4 -S 

Output current IOH (mAl 

2 Output "L" Voltlgl(VOLI VI. Output Current !lOLl 

S 

~ 4 
..J 
0 
> 

t 3 

g 

~ 2 
VCC=S.OV 

; 
Ta= -40-8Soe 

~ 
0 I 

0 

0 2 3 4 S 

Output current IOL (mAl 

Note: The direction of flowing into the device is takln as positive for the output current. 
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FUNCTIONAL DESCRIPTION OF PIN 

Pin No. Item Input/Output Function 

07 - DO Bidirectional Input and These are three-state 8-bit bidirectional buses used to write and 
data bus output read data upon receipt of the WR and RD signals from CPUand 

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 lewl. At this time, ports are all made 
into the input mode (high impedance status). 

CS Chip select Input When the CS is in low lewl, data transmission is enabled with 
input CPU. When it is in high lewl, the data bus is made into the high 

impedance status Where no write nor read operation is performed. 
Internal registers hold their previous status, howewr. 

RD Read input Input When RD is in low level, 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, A1 Port select Input By combination of AO and A " either one is selected from among 
input port A, port B, port C, and control register. These pins are usually 
(address) connected to low order 2 bits of the address bus. 

PA7 - PAO Port A Input and These are uniwrsal 8-1>it I/O 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 uniwrsal 8-bit I/O 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 8-1>it I/O 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 
i rldependen tly. 

VCC +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 B) 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 (B 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) 

ModaO.1.2 
There are 3 types of modes to be set by grouping 

as follOWS: 
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Mode 0: 

Mode 1: 

Basic input operation/output operation 
(Avaifable for both groups A and B) 
Strobe input operation/output opera-
tion 
(Available for both groups A and B) 

Mode 2: 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 

one 8-bit data input latch 
Port B: One 8-bit data input/output latch/buf­

fer and one 8-bit data input buffer 
Port C: One 8-bit data output latch/buffer and 

one 8-bit data input buffer (no latch 
for input) 

Single bit setI ..... function for port C 
When port C is defined as an output port, it is pos­

sible to set (t() turn to high level) or reset (to turn to 
low level) anyone ()f 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 Al AO CS WR RO 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 l-bit fleg as shown below. 

I 0, 

Group A Control Bits Group B Control Bits 

0 6 05 

L-.J 
I 0 4 I 03 02 I 0\ I 

Control word identification flag 
Be sure to set 1 for the control 
word to define a mode and inputl 
output. 
(When set to 0, it becomes the 
control word for bit set/r_d 

DO 

L Definition of inputl 
output of low order 
4 bits of port C. 

{ o= Output 
1 = Input 

Definition of inputl {O = Output 
output of B bits of 1 = Input 
port B 

Mode definition 
of group B { O= Mode 0 

1 = Mode 1 

Definition of inputl {O = Output 
output of high order 1 = Input 
4 bits of port C 

Definition of inputl .fo = Output 
output of 8 bits of 11 = Input 
portA 

Mode definition of group A 

0 6 05 Mode 

0 0 Mode 0 

0 1 Mode 1 

1 x Mode 2 

Precaution for mode selection Bit SetlR..t Function 
The output registers for ports A and C are cleared 

to .p 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 11 or reset (set output to 01 any 
one of 8 bits without affecting other bits as shown 
next page. 
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f 07 I 06 \ 05 I 04 I 0 3 \ 02 \ 01 I 00 1 

. • 
Don't Care 

- Control word identification flag 
Be sure to set to 0 for bit setl 
reset. 
(When set to 1, it becomes the 
control word to define a mode 
and inputloutputJ 

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 setlreset 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 -+ INTE is raset -+ Interrupt inhibited 

Control Word 
Type 

07 06 05 04 03 O2 01 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 

Note: When used in mode 0 for both groups A and B 
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L Definition of setlreset {O = Reset 
for a desired bit 1 = Set 

bit wanted } .,..".",", Port'C 03 02 01 
to be set or PCo 0 '0 0 
reset 

PCI 0 0 1 

PC2 0 1 0 

PC3 0 1 1 

PC4 1 0 0 

PCs 1 0 1 

PC6 1 1 0 

PC7 1 1 1 

O!Mntiolllll Description by Mode 
1. Mode 0 IBuic 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 Input 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. Made 1 (Strobe Input/output oplnltlonl 

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 (Strobe Input! . 
• 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. 

ISF (Input buffer full flag outputl 
• This is the response signal for the m. This 

signal when turned to high le\l9l 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 requelt output I 

• 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 internallNTE 
flip-flop is set. This signal turns to high level at 
the rising edge of the m (lBF = 1 at this timel 

Mode 1 Input 

(Group A) 

r--, 
IINTEAI 
L _-' 

(Group B) 

r--, 
I I 
IINTEal 
L _oJ 

Noh: Although belonging to group B, PC) o~erates 
as the control signal of group A functionally. 

and low level at the falling edge .of the liD' when 
the INTE is set. 
INTEA of group A is set when the bit for PC4 is 
set, while INTEa of group a is set when the bit 
for PC, is set. 
Following. is a description of the output opera­
tion of mode 1. 

Oil' (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 oJ the ACK. 

ACK (Acknowledge Input I - -

• This signal when turned to low level indicates 
that the terminal has received data. 

INTR (Interrupt reqUeit 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
nallNTE flip-flop is set. This si~ turns to high 
level at the rising edge of the ACK (OaF = !.!! 
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 a is setwhan the 
bit for PCl is set. 

Mode 1 output 

(GrouP ~) 

INTRa 
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Port C Function Allocation in Mode 1 

I\combination of 
Group A: input Group A: Input Group A: Output Group A: Output Input/Output 

Port C \ Group B: Input Group B: Output Group B: Input Group B: Output 

PCo INTRB INTRB INTRB INTRB 

PCI IBFB OBFB IBFB OBFB 

PC2 STBB ACKB STBB ACKB 

PC3 INTRA INTRA INTRA INTRA 

PC4 STBA STBA I/O I/O 

PCs IBFA IBFA I/O I/O 

PC6 I/O I/O ACKA ACKA 

PC7 I/O I/O OBFA OBFA 

Note: I/O is a bit not used as the control signal, but it is available as a port of mode O. 

Examples of the relation between the control words and pins when used in mode 1 is shown below: 
lal When group A is mode 1 output and group B is mode 1 input. 

. 
07 06 Os 04 0 3 02 01 Do 

Control word I 1 I 0 I 1 I 0 I 1/0 I 1 I 1 I iJ "'., .. ""..pc, 
[ ... ~ .. "., "0 bits become a control 

pin in this case, this 
of PC4 and PCs bit is "Don't Care". 
when not defined 
as a control pin. 

{' = Input 
0= Output 

B 
PA7-PAO -+-

WR- PC7 -:-- O.BFA 

PC6 r-- ACKA 

PC3 f-- INTRA 
2 ( G roup A: Mode 1 output ) 

PC4.PCS ~I/O Group B: Mode 1 input 
PB7-PBO ~ 

PC2 f-- STBB 

Ro'- PCI I-- IBFB 

PCo f- INTRB 
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(bl When group A is mode 1 input and group B is mode 1 output. 

05 Do 

o 1/0 o x 

Selection of I/O of PCS 
and PC1 when not de­
fined as a control pin 

{ 1 = Input 
0= Output 

8 

3. Mode 2 (Strobe bidirectional bus I/O opemionl 

STBA 

IBFA 

INTRA 

I/O 

OBFB 

ACKB 

INTRB 

In mode 2, it is possible to transfer data in 2 direc­
tions through a single a-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 time, port A is still in the high im­
pedance status and the data is not yet output 
to the outside. This siQ!!!1 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 IStrobe 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 I 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 Nquest 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 INTE 1 is used to control 
the ,interrupt request for output operation and 
it can be reset by the bit set for PCS. 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 I/O Operation 

WR 
RD 

300 

INTRA 

OBFA 

ACKA 

STBA 

IBFA, 

When group A is set to 
mode 2, this bit is 
treated as "Don't Care". 

PC3 

Port C Function Allocation In Mode 2 

Port C Function 

8 

PCo 
Confirmed to the 

PC l 

PCl 
groupB mode 

PC3 INTRA 

PC4 STBA 

PCs IBFA 

PC6 ACKA 

PC, 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. 

As all of 8 bits of port C be­
come control pins in this 
case, 03 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". 

INTRA 

OBFA 

ACKA 

STBA 

IBFA 

STBB 

IBFB 

INTRa 

I Group A: mode 2 ) 
\ Group B: mode 1 input 
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4. Wh .... Group A is Dittw.nt in Mode from Group B 
Group A and group B -can be used bV setting them 
in different modes each other at the seme time. 
When either group is set to model or mode 2, it is 

IMode combinations that define no control bit at port C) 

Group A Group B 
PC7 PC6 PC s 

1 
Mode 1 

Mode 0 1/0 I/O 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 Mode 0 
Mode 1 
output 

1/0 1/0 1/0 

5 
Model 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 Oth bits of the 
control word. 

Port C 

PC4 PC3 PC2 PCI PCo 

STBA INTRA 1/0 1/0 1/0 

1/0 INTRA 1/0 1/0 1/0 

1/0 1/0 STBB IBFB INTRB 

1/0 1/0 ACKB OBFB INTRB 

STBA INTRA STBB IBFB INTRB 

STBA INTRA ACKB OBFB INTRB 

I/O INTRA STBB IBFB INTRB 

1/0 INTRA ACKB OBFB INTRB 

STBA INTRA 1/0 1/0 1/0 

H I • 
Controlled at the 3rd bit 1031 

of the control word 
Controlled at the Oth bit 1001 

of the con trot word 

When the I/O bit is set to input in this case, it is pos­
sible to access data bV the normal port C read 
operation. 
When set to output, PC7 - PC4 bits can be ac­
cessed bV the bit setlreset function onlv. 
Meanwhile, 3 bits from PC2 to PCO can be accessed 
bV normal write operation. 

The bit setlreset 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 

Mode 0 I/O I/O 
inpul 

2 
Mode 1 
output 

Mode 0 OBFA INTEA 

3 Mode 0 
Mode 1 

I/O I/O 
input 

4 Mode 0 
Mode 1 

I/O I/O 
output 

5 
Mode 1 Mode 1 

I/O I/O 
input input 

6 
Mode 1 Mode 1 

I/O I/O 
input output 

7 
Mode 1 Mode 1 

OBFA INTEA 
output input 

S 
Mode 1 Mode 1 

OBFA INTEA 
output output 

9 Mode 2 Mode 0 OBFA INTEl 

10 Mode 2 
Mode 1 

OBFA INTEl 
input 

11 Mode 2 
Mode 1 
output 

OBFA INTEl 

6. Rewt of MSM82C55A 
Be sure to keep the RESET signal at power ON in 
the high level at least for 50 /'S. 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 

05 

IBFA 

I/O 

I/O 

I/O 

IBFA 

IBFA 

I/O 

I/O 

IBFA 

IBFA 

IBFA 

04 03 02 01 Do 

INTEA INTRA I/O I/O I/O 

I/O INTRA I/O I/O I/O 

I/O I/O INTEB IBFB INTRB 

I/O I/O INTEB OBFB INTRB 

INTEA INTRA INTEB IBFB INTRB 

INTEA INTRA INTEB OBFB INTRB 

I/O INTRA INTEB IBFB INTRB 

I/O INTRA INTEB OBFB INTRB 

INTE2 INTRA I/O I/O I/O 

INTE2 INTRA INTEB IBFB INTRB 

INTE2 INTRA INTEB OBFB INTRB 

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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·OKI semiconductor 

MSM82C59A-2RS/GS/JS 
PROGRAMMABLE INTERRUPT CONTROL'ER 

GENERAL DESCRIPTION 

The MSM82C59A-2 is a programmable interrupt controller for use in MSMS0C85AI A-2 and MSMS0C86/88 
microcomputer systems. 

Based on CMOS silicon gate technology, this device features an extremely low standby current of 100 p.A 
(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 de vic liS. 

FEATURES 

• Silicon gate CMOS technology for high speed and low • Programmable interrupt mode 
po_r consumption. • Maskable interrupt 

• 3 V to 6 V single po_r supply • Automatically generated CALL code i85 mode) 
• SOC85A system compatibility (MAX5MHz) 
• SOC86/88 system compatibility (MAXSMHz) 

• 'TTL compatible 
• 28-pi,; plastic DIP (MSM82C59A-2RS) 

• 8-1_1 priority interrupt control • 32-pin plastic flat package (MSM82C59A-2GS) 
• Interrupt levels expandable up to 64 levels • 28-pin PLCC Package (MSM82C59A-2JS) 

CIRCUIT CONFIGURATION 

AD IR, 
ViR IR, 

A, IR, 
IR, 
IR, 

es IR, 
IR, 
IR, 

INTERRUPT MASK REGISTER IIMR) 

INTERNAL BUS f8 bid 

MSM82C59A-2 tnterna! block diagram 
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PIN CONNECTIONS 

MSM82C59A·2AS hop view) 
28-pin lead plastic DIP 

MSM82C59A.2 GS (top viewl 
32-pin lead plastic flat package 

MSM82C59A-2JS (top viewl 
28-pin plastic leaded chip carrier 

.... I~ I~ 
u 

0 j~ C§' vcc . B" vcc I~ u 
0 > <{ 

WFl AO WR AO 

1l'lTA R5 iNi'A 4 3 2 1 28 27 26 
I'il5 

IR, N.C. N.C. 0 
IR, 0, IR, 

0, IR, 0, IR, 

IR, 0, IR, 

IR, D. IR, 

0, IR, OJ IR, 

0, IR, 0, IR, 

0, IR, 0, IR, 01 

CAS, INT 0, IR, DO 
CAS, SP/EN N.C. N.C. 

GND CAS:a INT 12 13 14 15 16 17 18 

!W/m 0 Vi 0 &ll~ >- 0 
CAS1 

:{/ <{ z ~85w~ !1: u u C> 

NC: Not C~nnected 

ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Conditions 

Power supply voltage VCC 

Input voltage VIN Respect to GNO 

Output voltege VOUT 

Storage temperature Tstg -
Power dissipation Po Ta == 25°C 

Operating Ranges 

Parameter Symbol 

Power supply voltage Vee 

Operating temperatute 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 VIH 2.2 

Limits 

MSM82C59A-2RS I MSM82C59A-2GS I MSM82C59A-2JS 

-0.5 - +7 

-0.5 - Vee + 0.5 

-0.5 - Vl'.C + 0.5 

-55 - + 150 

0.9 I 0.7 I 0.9 

Range 

3-6 

-40- +85 

Typ. Min. 

5 5.5 

+25 +85 

+0.8 

Vee +0.5 

25 IR7 

IRS 

IR5 

IR4 

IR3 

IR2 

19 IRl 

Unit 

V 

V 

V 

°c 

W 

Unit 

V 

'e 

Unit 

V 

'e· 

V 

V 
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DC Characteristics , 
Parameter Symbol Conditions Min. Typ. Max. Unit 

"L" level output voltage VOL IOL = 2.5 mA 

IOH = -2.5 mA 
"H" level output voltage VOH 

IOH = -100 IlA 

Input leak current III -- OV-a; VIN~VCC 
IR Input leak current ILiR 

Output leak current ILO OV-a;VOUT-a;VCC 

Standby power supply 
ICCS 

CS=VCC. IR = VCC 

current VIL =OV. VIH=VCC 

Average operation power 
ICC 

VIN=OV/VCC 
supply current CL = 0 pF 

AC Characteristics 
Ta = -40·C - +85°C. VCC = 5V ± 10% 

Parameter Symbol Min. 

Address setup time (to RD) TAHRL 10 

Address hold time (after R D) TRHAX 5 

AD/iliii'A pulse width TRLRH 160 

Address setup time (to WR) TAHWL 0 

• Address hold time (afterWR) TWHAX 0 

WR pulse width TWLWH. 190 

Data setup time (to WR) TDVWH 160 

Data hold time (after WR) TWHDX 0 

IR input width (Low) TJLJH 100 

CAS input setup time (to INTA) (slave) TCVIAL 40 

End of RD to Next RD 
TRHRL 160 

End of INTA to Next INTA 

End of WR to Next WR TWHWL 190 

End of Command to Next command TCHCL 400 

Data valid following RD/INTA TRLDV 

Data floating following RD/INTA TRHDZ 10 

INT output delay time TJHIH 

CAS valid following lst. INTA (masted TIALCV 

EN active following RD/INTA TRLEL 

EN inactive following RD/INTA TRHEH 

Data valid after address TAHDV 

Data valid after CAS TCVDV 

AC TEST CIRCUITS 

VI 

OUTPUT ~' FROM TEST POINT 
DEVICE UNDER TEST 

'INCLUOES STRAY AND R2r CI' 
JIG CAPACITANCE 

': o::F 

TEST CONDITION VI RI R2 Cl 

I 1.7V 5230 OPEN 10001 
2 4.11V 1.8dl I.8XO 30pf 

TEST CONDITION DEFINITION TABLE 

0.4 V 

3.0 
V 

vee - 0.4 

VCC=4.5V-5.5V -1 1. IlA 

Ta=-4cfC-+85"C -300 10 IlA 

-10 10 IlA 

0.1 100 ,.A 

5 mA 

Max. Unit TEST Conditions 

nS 

nS Read INTA timing 

nS 

nS 

nS 

nS Write timing 

nS 

nS 

nS 
INTA sequence 

nS 

nS 

nS 
Other timing 

nS 

120 nS 1 

85 nS 2 

300 nS 1 

360 nS 
Delay times 

1 

100 nS 1 

150 nS 1 

200 nS 1 

200 nS 1 

A.C. TESTING INPUT. OUTPUT WAVEFORM 

INPUT 
VIH + {).4V ~, V ~ ~TPUT 
VIL-O.4V ~ ____ ~ 

VOL 

A.C. Tilting: All Input IignaIt must ... Itch between VIL-4.4V WId 
VIH+O.4V. TR .-I TF mud be ... th .... or equal to 
15 RI. 
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TIME CHART 

Write Timing 

Address Bus 

AO 

--
) 

\ r--- -lWLWH ,) 

!+-TAHWL -I-

TDVWH __ 

Data Bus \ 1::= 
-~ 

Read/INTA Timing 

Fm/INTA 

\ ~ TRLRH 

- f4- TRLEL -EN 

\ 

- -TAHRL -cs 
) Address Bus 

AO 

~mW'1 -
Data Bus ______ .!:=.:A:O.:_~ 

Other Timil'g 

Fm/INTA 

\ {:mH"~ 
WR 

\ tm_'~ 
RD/lNTAiWR 

{"H"~ \ 
RDIINTAiWR 
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_lWHAX 

K 
TWHDX K-

_TRHEH 

/ 

:-- TRHAX 

K 
}:~: 

I 
I 
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INTA Sequence (85 model 

IR 

INT------' 

lliiTA ------_ 

Data Bus--------- ----0---

CAS Address Bus 

TIALCV 

INTA Sequence (86 model 

IR\J 

INT ----...,.,/ \~----
INTA--------~~ 

'Data Bus ------------------0-----------

CAS Address Bus / \ 
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PIN FUNCTION DESCRIPTION 

Pin Symbol Name Input/output Function 

07- DO Bidirectional Input/output This 3-state 8-bit bidirectional data bus is used in read.!!!s !!!:: 
data bus tus registers and writing command words thro!Jgh the RO/wR 

signal from the CPU, and also in reading the CALL instruc-
tion code by the INTA signal from the CPU. 

CS Chip select Input Data transfer with the CPU is enabled by RDIWR when this pin is 
input at low level. The data bus (DO thru 07) is switched to high impe-

dance when the pin is at high level. Note that CS does 'not effect 
INTA. 

RO Read input Input Date is transferred from the 82C59A 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 
selec.ted by OCW3 and AO. 

m Write input Input Commands are transferred from the CPU to the 82C59A. when 
this pin is at low level. 

AO Address input Input This pin is used together with the CS, WR, and RO 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 addreSf 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 outputs 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 iii Buffered mode, and as an input for deciding whether 
buffer output the 82C59A is to be master (SP/EN = 1) or a slave (SJi/EN = 0) 

during Non-buffered mode. 

INT Interrupt Output When an interrupt request is made to the 82C59A, the INT 

output output is switched to high level, and INT interrupt is sent to 
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, INT A is sent to the 

82C59A. (Interrupt acknowledge sequence). 

IRO-7 Interrupt Input These interrupt request input pins for the 82C59A can be set 

requast 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 levellR 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 

Cascade { 
Address bus 

CS 

.... --..-.1 CASO 

.... --..-.1 CAS1 

.... --..-.1 CAS2 

SP/EN 

Slave 

AO 

Program I 
Enable Buffer 

Address bus 

Control bus 

Data bus 

07-00 RO WR INT INTA 

MSM82C59A·2 

IR IR IR IR IR IR IR IR 
01234567 

Interrupt Requests 

BASIC OPERATION DESCRIPTION 

Data transfers between the 82C59A internal registers and the data bu.s are listed below. 

AO 04 03 RO WR CS Function 

0 X X 0 1 0 IRR, ISR, or Poll word .... Oata 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 .... OCW3 

0 1 X 1 0 0 Data bus .... ICWI 

'1 X X 1 0 0 Data bus .... OCW1, ICW2. ICW3, 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 

\ 

\ 

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 110 

(11 Functional Description of Each Block 

'Block name Description of function 

IRR,ISR IR input line interrupts are processed by a cascaded interrupt request register 
(lRR) and the in-service register (lSR). 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 ISR bit is set during 
INTA pulses. 

Readlwrite logic This block is capable of receiving commands from the CPU. These command 
words (lCW) 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 Th is functional block is involved in the output and comparison of all 82C59A 
IDs used in the system. These three 110 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 10 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 INTA pulses from the CPU. 

(2) I nterrupt 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/8OC85A) 
is outlined below. 

(i) One or more interrupt requests (lRO thru 
IR7) becomes high, and the corresponding 
IRR bit is set. 

(i;) The 82C59A evaluates' these requests, and 
sends an I NT signal to the CPU if the request 
is judged to be suitable. 

(iii) The CPU issues an INTA output pulse upon 
reception of the INT signal. 

(iv) Upon reception of the INTA signal from the 
CPU, the 82C59A releases the CALL instruc­
tion code (11001101) 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. 

(vi;) 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 ISR 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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(vI The CPU generates a second I NTA output 
pulse, resulting in an 8-bit pointer to the 
data bus by the 82C59A. 
The Falling Edge of the INTA signal sets the 
ISA bit with the highest priority. and the 
Aising Edge of it resets the IAA bit. 

(vii This completes the interrupt cycle. In AEOI 
mode, the ISA bit is reset at the end of the 
second INTA pulse. In other cases, the ISA 
bit remains set until reception of 3 su itable 
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 82C59A 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 has been 
requested. 

(3) Interrupt Sequence Output 
85 Mode (80C85A) 
The sequence in this case consists of three INTA 
pulses. A CALL operation code is released to the 
data bus by the first I NTA pulse. 

07 

CALL code 1 

Contents of the first interrupt 
vector byte 

06 05 04 03 02 01 

1 0 0 1 1 0 

00 

1 

The lower address of the interrupt service routine 
is released to the data bus by the second I NTA 
pulse. If A5 - A7 is programmed with an address 
interval of 4, AO - A4, is automatically inserted. 
And if A6 arid A 7 are programmed at an address 
interval of 8, AO - A5 is automatically inserted. 

Contents of the second interrupt vector byte 

IA Interval = 4 

07 06 05 04 03 02 01 00 

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 '0 0 0 0 0 

IA Interval = 8 

07 06 05 04 03 02 01 00 

7 A7 A6 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 sen/ice routine 
programmed by the second byte (A8 - A 15) of 
the initialization sequence is released to the data 
bus. 

07 

A15 

Contents of the third interrupt 
vector byte 

06 05 04 03 02 01 00 

A14 A13 A12 All Al0 A9 A8 

86 Mode (80C86/88) 
Apart from the two interrupt acknowledge cycles 
and the absence of a CA L L operation code, the 86 
mode is the same as the'85 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. Ouring this first cycle, the data bus 
buffer is kept at high impedance without any data 
to the CPU. Ouring,.the second I NT A cycle, the 
82C59A sends a byte of interrupt code to the CPU. 
Note that in 86 mode, the Address Interval (AOI) 
control status is ignored and A5 - A lOis not used. 
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IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IRl 

IRO 

Contents of interrupt vector byte in 
86 system mode 

07 06 OS 04 03 02 01 

T7 T6 TS T4 T3 1 1 

T7 T6 TS T4 T3 1 1 

T7 T6 TS T4 T3 1 0 

T7 T6 TS T4 T3 1 0 

T7 T6 TS T4 T3 0 1 

T7 T6 TS T4 T3 0 1 

T7 T6 TS T4 T3 0 0 

T7 T6 TS T4 T3 0 0 

DO 

1 

0 

1 

0 

1 

0 

1 

0 

(4) Programming the 82C59A 
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The 82C59A receives two types of command 
words generaed by the CPU. 
(i) Initialization Command Words (lCWl thru 

ICW4) 
Before commencing ·normal· operations, each 
82C59A in the system must be initialized by 
tiNa to four iiVR pulse sequence. 

NO (SINGL=l)) 

NO (lC4=0) 

I nterrupt request re­
ception preparations 
completed 

Initialization sequence 

(ij) Operation Command Words (OCWl thru 
OCW3) 
These commands are used in operating the 
82CS9A 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 (lCW1 thru ICW4) 
When a command is issued with 04 = 1 and AO 
= 0, it is always regarded as an Initialization Com­
mand Word 1 (lCW1). Starting of the initialization 
sequence by ICW1 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 IR7 input is assigned priority 7 liowest 

priority) 
d. Slave mode address is set to 7. 
e. The Special Mask Mode is cleared, and the 

Status Read is set to IRR. 
f. All ICW4 functions are cleared if 1C4 = 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. 

(i) Initialization Command Words 1 and 2 
(lCW1 and ICW2) 
A4 thru (Starting address. of interrupt 
A 15: service routines) 

In 8S 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. ( .... ADD Hence, 
either 32 or 64 bytes/page re: 
spectively are used in the 8 
routines. 
The address format is 2 bytes long 
(AO thru A 1S). When the routine 
interval is 4, AO thru A4 is inserted 
automatically by the 82CS9A, and 
AS thru A 15 is programmed extern­
ally. When the interval is 8, on the 
other hand, AO thru AS are inserted 
automatically by the 82C59A, and 
A6 thru A 15 are programmed ex­
t!lrnally. In 86 mode, T3 thru T7 
are 'inserted in the S 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 Al0 are ignored, and 
the AD I (address interval) has no 
e~ect. 
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LTIM: The 82C59A il opere18d in level 
triggered mode when LTIM • 1. 
and the interrupt input edge cir· 
cuit becomes disabled. 

ADI: D .. ignation of the CALL add"" 
interval. Interval" 4 when ADI .. 1. 
and interval" 8 when ADI .. O. 

SNGL: SNGL.'" 1 indicates the existence of 
only one 82C59A in the system. 
ICW3. is not required when SNGL 
.. 1. 

1C4: ICW4 is required when this bit is 
set. but not required when 1C4" O. 

liil Initialization Command Word 3 IICW31 
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 
&-bit ,1_ regilter. The functions of this sl_ 
register are Iis18d below. 
a. In a master mode system (BUF .. 1 and MI 

S .. 1 in ICW4 or SlS/Elif" 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 sl_ mode (BUF .. 1 end MIS - 0 in 
ICW4 or Sli/IN' - 01. Bits 0 thru 2 identi· 
fy the sI_. The sl_ compares these 
bits with the cascade input. and releases 
bytes 2 and 3 of the CALL sequEince (only 
byte 2 in 86 model if a matching result is 
obtained. 

(iill Initielization Command Word 4 IICW41 
SFNM: Speciel Fully Nes18d Mode is pro· 

gremmed when SFNM .. 1. 
BUF: Buffered mode is programmed 

when BUF = 1. In Buffered mode. 
SJilm is an outpUt. and Masterl 
51_ is selec18d by the MIS bit. 

MIS: If buffered mOde is selected. the 
B2C59A is programmed as the 
master when MIS - 1. and as a sl_ 
when MIS - O. MIS is ignored. how­
ever. when BUF = O. 

AEOI: Automatic End Of Interrupt mode 
is programmed by AEOI- 1. 

"PM: (Microproc8llOr model 
The B2C59A is set to 85 system 
operation when "PM = O. and to B6 
system operation when" PM .. 1. 
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I AO I 07 I 06 I 05 I 04 03 02 I 01 I DO 1 
ICWI 

I o 1 A7 1 A6 1 1 15NGL 1 IC4 I A5 1 LTiM AOI 

l I Lj': ICW4 required 
0: ICW4 not required 

1 : Single 
10: Cascade 

CALL address interval I 1: Interval = 4 
0: Interval = S 

I 1: Level triggered mode 
0: Edge triggered mode 

r Interrupt vector address A5 thru A7 
(Valid only in S5 model 

I AO 107106105104 03 02 1 01 1 DO I 
ICW2 

I !AI5/T7IAI41T6IAI3/T5IAI21T4 All/T3 Al0 I 1 AS I 1 A9 

I I I Interrupt vector address AS thru A 15 
(S5model 
Interrupt vector address T3 thru T7 
(86 model 

ICW3 I AO I 
07 I 06 I 05 I 04 03 02 I 01 I DO I 

(maste .. 1 1 I 57 I 56 I 55 I 54 53 52 I 51 I SO I 

I I I j 1: I R input holds slave 
10: I R input does not hold slave 

I AO I 07 I 06 I 05 I 04 03 02 I 01 1 DO 1 
ICW3 
(slavel l 1 I 0 I 0 I 0 I 0 0 1D2 I 101 I 100 I 

L Slave 10 

0 1 2 3 4 5 6 7 

0 1 0 1 0 1 0 1 

0 0 1 1 0 0 1 1 

0 0 0 0 1 1 1 1 

Note: Slave 10 indicates the I R input of the correspond-
ing master. 

I AO I 07 I 06 I 05 I 04 03 02 1 01 1 DO I 
ICW4 

I 1 I 0 I 0 I 0 ISFNM SUF MIS IAEOI I jlPM 1 

I 
y': 86 mode 

0: S5 mode 

1 : Automatic EOI mode 
0: Normal EOI mode 

0 x Non-buffered mode Note: X denotes not specified 

1 0 Suffered mode (slavel 

1 1 Buffered mode (masterl 

1: Special Fully Nested mode , I 
10: Not Special Fully Nested mode 

Initialization Command Words (lCWl thru ICW41 
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161 Opentlon Command Word. {OCW1 thru OCW31 
When Initialization Command Words (lCWI are 
programmed in the 82C59A, the interrupt input 
line is ready to receive interrupt requests. The 
Operation Command Words (OCWsl enable the 
82C59A to be operated in various modes while the 
device is in operation. 
iiI Operation Command Word 1 (OCW 11 

OCW 1 sets and resets the mask bits of the 
Interrupt Mask Register (lMR). MO thru M7 
represent 8 mask bits. The channel is 
masked when M = 1, but is enabled when 
M = O. 

(iiI Operation Command Word 2 (OCW2) 
R,SL, The Priority Rotation and the End 
EOI: of Interrupt mode plus combina­

tions of the two are controlled by 
combinations of these 3 bits. These 

(iiil 

combinations are listed in the 
operation command word format 
table. 

L2, L 1, These bits indicate the specified 
LO: interrupt level when SL = 1. 
Operation Command Word 3 (OCW3) 
ESMM: This enables the Special Mask 

Mode. The special mask mode can 
be set and reset by the SMM bit 
when ESMM = 1. The SMM bit is 

SMM: 
ignored when ESMM = O. 
(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 = 
O. SMM is ignored when ESMM = O. 

Interrupt Mask 
L-__ ~ __ ~ ____ L-__ ~ __ ~ ____ L-__ ~ __ -4 1; M.tHt 

0: Mask Mlltt . 
I AO I 07 06 I 05 I 04 I 03 I 02 I 01 I DO I 

OCW2 I 0 TR SL I EOI I 0 I 0 I L2 I Ll I LO 1 

I L Active IA level 

0 1 2 3 4 5 6 7 

0 1 0 1 0 1 .0 1 

0 0 1 1 0 0 1 1 

0 0 0 0 1 1 1 1 

0 0 1 Non-Specific EOI command 
End of Interrupt l. 

0 1 1 Specific EOI commanp INotel 
1 0 1 Rotate on Non-Specific eOI command 

1 0 0 Rotate in Automatic EOI mode (set) Automatic Rotation 

0 0 0 Rotate in Automatic EDt mode (clear! 

1 1 1 Rotate on Specific EOI command INotel 
1 1 0 Set Priority command (Notel 

Specific Rotation 

0 1 0 No operation 

Note: LO thru L2 used, 

r~l~I~lool04lrol~I~lool 
OCW3 I o I o leSMM I SMM I o I 1 I p I RR I R'S J 

I 
~ Read register command 

01 1 0 1 

0 0 1 1 

Read Read 

No operation 
IRRby ISA bV 
next next 
RJj. Ill! 

Polling 
1: Poll command 
0: No-poll command 

Special Mask mode 

0 T, 0 1 

0 0 1 1 

Reset Set 

No operation special spaci.1 
mask """k 
mad. m .... 

Operation Commlll'ld Words COCW1 thru OCW3) 
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(7) 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 
o 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 USR) 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 rising 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 IF 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. 

(8) End of Interrupt (EOII 
When the AEOI bit in ICW4 is set, the in-urvice 
(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 fo~ 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 
EOL 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 rllset by the Non-Specific EOL 

(9) Automatic End of Interrupt (AEOII Mode 

316 

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 (Devi_ with Equal Priority) 
I n 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 (lA4 the highest priority request­
ing service) 

IS status 

5 4 3 2 o Pri,ority status 7 6 

L...y-I-f ~~....1....r-'f 

Lowest Highest 

After Rotation (lR4 was serviced, all other priori­
ties rotated correspoAdingly) 

IS status 

Priority status 

Lowest 

(11) Specific Rotetlon (Specific Priority) 
All priority levels can be changed by programming 
the lowest priority level (Set Priority Command in 
OCW2). For example, if IA5 is programmed as the 
device of lowest priority, I A6 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 Aotate On Specific EOI command. 

(12) Interrupt Mask 
Interrupt inputs can be masked individually by 
Interrupt Mask Registers liMA) programmed 
through the OCW 1. Each interrupt channel is 
masked (disabled) when the respective IMA bit is 
set to "1". IRO is masked by bit 0, and IR1 is 
maskell by bit 1. Masking Clf any particular channel 
has no effect on other channels. 
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1131 Special M_ Mode 
In sonie 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 certein 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 haa 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 OCW 1 in this mode, the 
corresponding interrupt level requests ara disabled. 
And all other unmasked level requasts (at both 
higher and lower priority levels) are enabled. In­
terrupts can thus be enabled selectively by load­
ing the mask re.gister. 
In this mode, the specific EOI Command should 
be used. 
This Spacial Mask mode is set by OCW3 ESMM = 1 
and SMM = 1, and reset by ESMM = 1 and SMM = 
O. 

1141 POLL Commllnd 
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 ItO device is executed by software using 
the Poll command. 

The Poll command is issued by setting P in OCW3 
to "1". The S2C59A regards the next 'IfD 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. I nterrupts are frozen between WA and 
'IfD. 

Poll word 

WO tl\ru W2: Binary coded highest priority level of 
service being requested. 

, : Set to "'" when there is an interrupt. 

This mode is useful when' there is a common 
routine for a number of levels, and· the I NTA 
sequence is not required. RbM space can thus be 
saved. 

1161 Andi", 82CHA StdUl 
The stetus of a number of internal registars can be 
reed out for updating user information on' the 
system. The following registers can .be read by 
means of OCW3 (lRR and ISRI and OCW, (lMRI. 
a. IRR: (Interrupt Request Register) S-bit 

register for storing interrupt requesting 
levels. 

b. ISR: (In.seniice Registerl .S-bit register for 
storing priority levels being serviced. 

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 Corn­
mll!nd is issued with OCW3 IRR ~ 1 and RIS - 0) 
prior to the ltl) pulse, and the ISR can be read 
when a Read Register Command is issued with 
OCW3 IRR = , and RIS = 11 prior to the ;m pulse. 
And as long as the read stetus does not change, 
OCW3 is not required eech time before the stetus is 
read. This is because the S2CHA remembers 
whether IRR or ISR was selected by the previous 
OCW3. But this is not true when poll is used. 
The S2CHA is set to I RR after initialization. 
OCW3 is not required to read IMR. IMR is issued 
to the data bus if ltl) = 0 and AO - 1 (OCW'). 
Reading stetus is disabled by polling when P = 1 
and RR - 1 in OCW3. 

1161 Edge lind Level Trigger Mode 
This mode is programmed by using bit 3 IL TIM) 
in ICW1. When LTIM - 0, the interrupt request is 
recognized by the I R 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 LTIM = 1, edge detection is not required. 

The interrupt re(juest must be cancelled before 
output of the EOI command, and before the inter­
rupt is anabled in order to prevent the generation 
of a second interrupt by the CPU. 
The I R input must be held at High level until the 
falling edge of the first INTA pulse, irrespective of 
whether edge sense or level sense is employed. If 
the I R input is switched to Low level before the 
first iiiiTA pulse, the default I R7 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 teke 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 ISR bit, the 
default IRi is not set. 

NO 

(fR noise 
detection) 
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(171 Special Fully Nasted Mode 
This mode is used in large systems where the cas­
cade mode is used end 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 the master by using 
ICW4_ This mode is practically identical to the 
normal Fully Nasted 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 I R 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 IISRI to see whether 
that register has become all '0'. A Non-5pecific 
EOI is sent to the master too if the ISR is 
empty, and if not no EOI should be sent. 

1181 Buffered Mode 

318 

Control for buffer enabling is required when the 
82C59A is used in a large system where a data bus 
drive buffer is neaded and cascade mode is used. 
When buffered mode is selected, the 82C59A sends 
an enable signal on theSP/EN pin to enable the 
buffer. In this mode, the ID>/EN output always ba­
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 programined by bit 2 in ICW4. 

(191 C8ICIIde 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 INTAsequence. 
In cascade configuration, slave interrupt outputs 
IINTI are connected to master interrupt request 
inputs (I RI. When a slave I R 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 line is normally kept at low lev­
el, and holds the slave address during the period 
from the riSing edge of the first INT A pulse up to 
the rising edge of the third INTA 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 (CSI 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 bean connected to 
the other IRs. 
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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"A (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) 

• 8uilt-in synchronized circuit for MSM8OC86 and 
MSM80C88 READY and RESET 

.3" silicon gate CMOS technology for low power con- • TTL comp.atible 
sumption • 8uilt-in Schmitt trigger circuit (RES input) 

• 8uilt-in crystal oscillator circuit • 18-pin DIP (MSM82C84ARS) 
• 3V - 6V single power supply • 24-pin flat package (MSM82C84AGS) 

FUNCTIONAL BLOCK DIAGRAM 

RES4---------------------------~ 
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Xl CRYSTAL 
X2 OSCillATOR 

EFI4-------------~-J 

CSYNC~----------------------------~--~~~--~ 

RDY1~----------_, 

AEN1~--------------d-J 

AEN2~--------------q-~ 

RDY24-----------~ 

ASYNC~--------------------------------~ 

READY 



-------------------- I/O·MSM82C84ARS/GS -

PIN CONFIGURATION 

24 Lead Pla~ic Flat Peck. 
CSYNC 

PClK 

N·C 

ROY 1 

READY 

N'C 7 

RDY2 8 

AEN2 9 

N·C 10 

ClK 

GNP 

(N·C not connected) 

VCC 

Xl 

X2 

N'C 

ASYNC 

EFI 

N'C 

FIC 

OSC 

N'C 

F!ES 

RESET 

321 



• I/O·MSM82C84ARS/GS ... --~--------------

ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol 

MSM82C84ARS I MSM82C84AGS 
Unit Conditions 

Supply Voltage Vce -0.5 - +7 V 

Input Voltage VIN -0.5 - Vce +0.5 V .Respect to GND 

Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperature Tstg -55 - +150 °c -
Power Dissipation Po 0.8 I 0.7 W Ta = 25°e 

OPERATING RANGES 

Parameter Symtlol Limits Unit 

Supply Voltage Vce 3-6 V 

Operating Temperature TOp -40 - +85 °e 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN TYP MAX Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 °e 

"L" Level Input Voltage VIL -0.3 +0.8 V 

"H" Level Input Voltage (except RES) 2.2 
VIH VCC +0.3 V 

"H" Level Input Voltage (RES) 3.0 

DC CHARACTERISTICS 

Parameter Symbol MIN MAX Unit Conditions 

"L" Level Output Voltage VOL - 0.45 V IOL = 5mA 

"H" Level Output Voltage VOH 3.7 - V IOH =-1mA 

FiES Input Hysteresis VIHR 
-VILR 

0.25 - V -

Input Leak Current III -10 10 ,.A O~ VIN~ Vce 
VCC=4.5V 

X1 ~ Vec -0.2V - 5.5V 
X2 ~ 0.2V 

Standtly Supply Current Ices - 100 ,.A FIe ~ Vcc -0.2V Ta = -40°C 

VIH ~ Vee -O.2V 
- +85°C 

VIL ~ 0.2V 

Input frequency 

Operating Supply Current ICC 10 mA 
15MHz - Output load capacitance· 

eL = OpF 
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AC CHARACTERISTICS 
(Vcc = 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 ROYl or ROY2 to 
CLK Falling Edge (Active) 

Set Up Time of ROYl or ROY2 to 
CLK Rising Edge (Active) 

Set Up Time of ROYl or ROY2 to 
CLK Falling Edge (Inactive) 

Hold Time of ROYl or ROY2 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 AENl (AEN2) to 
ROYl (ROY2) Rising Edge 

Hold Time of AENl (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 

tYHEH 

tEHYL 

tYHYL 

tllHCL 

tCLllH 

tlLIH 

tlHIL 

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 = l00pF 

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.SV 
for both inputs and outputs. 
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AC CHARACTERISTICS 
(Vcc = 5V ±10%, "fa = -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 Width 

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 C lK Falling Edge to 
~lK 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 

telcH 

tCH1CH2 
tCl2Cll 

tpHPl 

tplPH 

tRYlCl 

tRYHCH 

tCLIl 

tClPH 

tClPl 

tOlCH 

tOlCl 

tOlOH 

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 
capac i tance 

114 ns 
ClK output 

40 
Cl = 100pF 

ns 
Others 30'pF 

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 botn inputs and outputs. 
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PIN DESCRIPTION 

Pin symbol Name 
Inputl Function 
output 

CSYNC Clock Input Synchronizipg 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 C lK 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. 

AENl Address enable Input The AENl signal enables ROY1, and the AEN2 signal enables ROY2. 

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 RDY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

RDYl Bus ready signals Input Completion of data bus reading and writing by the device connected 

ROY2 
to the system data bus is indicated when one of these signals is 
switched to high level. 
The relevant ROY 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 ROY 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 E F I 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. 

FIC Clock select signal Input This signal selects the fundamental signal for generation of the eLK 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 FIC is at high level. The frequency of the input signal needs to be 

three times greater than the desired ClK frequency. 

Xl, 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 X 1 and X2 

pins. As long as a Xtal oscillator is connected to the Xl and X2 pins, 
this output signal can be obtained independently even if Fie is set to 
high level to enable the EFI input to be used for elK generation 

purposes. 
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Pin symbol Name Inputl Function output 

ASYNC 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 gendrated by double synchronization. And when at high 
level, the READY signal is generated by single synchronization. 
Since this pin has not been equipped with internal pull-up resistance, 
this pin must not be opened. 

VCC +5V power supply 

GND GND 

TIMING CHART 

elK' PClK • OSC waveforms 

EFI 

OSC 

CSYNC 

ClK 

PClK 

tClPH 

RESET waveform 

ClK---..F\~---'rt'-----J1 nr----Jr 
RES _________ ..,\-L. ______ .---}....,~tCLllH I-tll HCL 

RESET __________ --J~-------------=1-·-+~~tClIL 
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READY weveform (ASYNC - LI 

CLK 

RDY1-2-------~ 

AEN1-2------~ 

ASYNC-----------~ 

READY----------~ 

READY waveform (ASYNC - HI 

CLK 

RDY1-2----------...JI 

AEN1-2'--------~ 

READY------------~ 

tRYHCH 
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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 Xl 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 1 appears at 
the OSC pin, independent use of this output is also 
possible. 

Recommended Oscillator Circuit 
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Crystal oscillator 

r--...... +-iXl OSCI---

MSM82C84A 

--1I'---fX2 

When input frequency is 6 to 15 MHz, 

C, = C, = 33 pF 

CCK~ 
RDY 1\ 

I , 
I 

I 
I 

READY I. 

(21 Clock Ganerator Circuit 
This circuit generates two clockoutputs-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 EF I pin when Fie is at 
high level, and are generated from the crystal oscillator 
circuit when at low level. 

(3) R ... t 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 I.east 50 
P.s after V CC reaches the 4.5V level. 

(41 Reedy Circuit 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 
iii 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 II ip­
flop (Fl 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)' 

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 ot a low-level READY 
output signal (see diagram below). 

c\ 1\ r--L-

\ 
I I 
I I , 

I 
I I 

I r 
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(ii) When ASYNC is at high level 

The ROY input is output as the READY signal by 
single synchronization: 

o Both low-level and high-level ROY inputs are 

""~\ 1\ ROY I 
I 

I I 
I I 

I 1 

READY I r 

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 

ng 0 a 0 

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). 

~\ =t ~ • I 
I I 
I I 
I I 
I I , , 

switched to low level, ClK is output from the next 
input c,lock rising edge, and is divided by 3, 

If CSYNC has not been synchron ized with the 
input clock, use the following circuit to achieve the 
required synchronization. 

MSM82C84A 

a CSYNC 
External 
synchronizi 
signal 
External 
clock signal 
(EFI) -~ 

[ 
CKt CK. 

- EFI ClK 

When an external clock E F I is used as the cloek source 

MSM82C84A 

Xl 
r----iCSYNC 

X2 
External -----------~~--_C~------~~---C~----~ synchronizing 0 a 0 a 
signal 

CKt 

ClK 

.t---........ ClK 

When the crystal oscillator i. used as the clock source 
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OKI _",Iconductor 

MSM82C84A-5RS/GS 
CLOCK GENERATOR AND DRIVER 

GENERAL DESCRIPTION 

The MSM82C84A·5RS/GS is a clock generator designed to generate MSM80C86 and MSM80C88 system clocks. 
Due to the use of siiicon gate CMOS technology. standby current is only 40 JJ.A (MAX.I. 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) 

• 3JJ. Silicon gate CMOS technology for low power con· 
sumption 

• Built·in crystal oscillator circuit 
·3V - 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 

ReS 

Xl 

X2 

FIC 

EFI 

CSYNC 

RDYl 

AENl 

AEN2 

RDY2 

AsYN 
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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 (MSMB2C84A·5RS) 
• 24-pin flat package (MSMB2C84A·5GS) 

-~ 

0 RESET 

° cJ. 

OSC 

1 
3 '2 

PClK 

S S 
Y Y 
N N 
C C 

lK 

c.j, 

o (F2)O READY 

~ 
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PIN CONFIGURATION 

18 Lead Ptastlc DIP • Vct 

PCLK Xl 

AEN1 3 16 X2 

RDY1 4 15 ASYNC 

READY 5 14 EFI 

RDY2 6 13 Fie 

AEN2 7 12 OSC 

CLK 8 11 RES 

GND 9 10 RESET 

24 Lead Plastic Flat Package CSYNC 10 VCC 

PCLK 2 Xl 

N'C 3 X2 

AEN1 4 N'C 

ROY1 5 ASYNC 

READY 6 EFI 

N·e 7 18 N·C 

RDY2 8 17 FIC 

AEN2 9 16 ose 

N'C 10 N·e 

eLK 11 14 REs 

GND 12 13 RESET 

(N·C not connected) 
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ABSOLUTE MAXIMUM RATINGS . 
Parameter Symbol Limits Unit Conditions 

MSM82C84A-5RS I MSM82C84A-5GS 

Supply Voltage VCC -0.5 - +7 V 

Input Voltage VIN -0.5 - VCC +0.5 V Respect to GND 

Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperature Tstg -55 - +150 °c -
Power Dissipation Po 0.8 I 0.7 W Ta = 25°C 

OPERATING RANGES 
-

Parameter Symbol limits Unit 

Supply Voltage VCC 3 ~ S V 

Operating Temperature TOp -40 - +85 °c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN TYP MAX Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 °c 

"l" Level Input Voltage Vil -0.5 +0.8 V 

"H" level Input Voltage (except RES) I 2.2 
VIH VCC+0.5 V 

"H" level Input Voltage (RES) O.S"VCC 

DC CHARACTERISTICS (VCC = 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 VIHR 
- VllR 

Input leak Current (EXCEPT ASYNC ) III 

Input Current ( ASyNC ) ILIA 

Standby Supply Current ICCS 

Operating Supply Current ICC 

I nput Capac i tance Cin 

NOTE 1: Xl ~ VCC - 0.2V, X2 ::ii. O,2V 
F/C ~ VCC- 0.2V, ASYNC'= Vccor open 
VIH ~ VCC - 0.2V, Vil .;:;; O,2V 
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MIN 

-
-

VCC-0.4 

VCC-0.4 

0.2' VCC 

-1 

-100 

MAX Unit Conditions 

0.4 V IOL~4 rnA 

0.4 V IOl =2.5mA 

- V IOH = -4rnA 

V IOH = -lmA 

V 

+1 JlA o ~ Vin s: VCC 

+10 JlA o ~ Vin s: VCC 

+40 JlA NOTE 1 

10 mA f = 15MHz: Cl = OpF 

7 pF f = 1 MHz 
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AC CHARACTERISTICS 
(Vcc = 5V t 10%, Ta = -40 - a5·C) 

(1 ) 

Parameter 

EFI "H" Pulse Width 

EFI "l" Pulse Width 

EFI Cycle Time 

Crystal Oscillator Frequency 

Set Up Time of ROY1 or ROY2 to 
ClK Falling Edge (Active) 

Set Up Time of ROY1 or ROY2 to 
ClK Rising Edge (Active) 

Set Up Time of ROY1 or ROY2 to 
ClK Falling Edge (Inactive) 

Hold Time of ROY1 or ROY2 to 
ClK Falling Edge 

Set Up Time of ASYNC to ClK 
Falling Edge 

Hold Time of ASYNC to elK 
Falling Edge 

Set Up Time of AEN1 (AEN2) to 
ROY1 (ROY2) 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 

tA1.R1V 

tClA1X 

tYHEH 

tEHYl 

tYHYl 

tl1HCl 

tCLl1H 

tlLlH 

tlHll 

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 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 
(Vcc = 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 C lK R ising Edge 

Delay from ClK Falling Edge 
to RESET Falling Edge 

Delay from ClK Falling Edge 
to PC lK R ising Edge 

Delay from ClK Falling Edge 
to PC lK Falling Edge 

Delay from OSC Falling Edge 
to ClK Rising Edge 

Delay from OSC Falling Edge 
to ClK Falling Edge 

Output R ising Edge Time 
(Except ClK) 

Output Falling Edge Time 
(Except ClK) 

Symbol 

tClCl 

tCHCl 

tClCH 

tCH1CH2 

tCl2CL1 

tpHPl 

tplPH 

tRYlCl 

tRYHCH 

tCLll 

tClPH 

tClPl 

tOlCH 

tOlCl 

tOlOH 

tOHOl 

MIN MAX Unit Conditions 

200 ns 

1 
"3 TClCl + 2 ns 

2TClCl -15 
3 

ns 

10 ns 1.0V-3.5V 

TClCl - 20 ns 

TClCl - 20 ns 

-8 ns 
Output load 

2 capacitance 
"3 TClCl - 15 ns 

ClK output 
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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PIN DESCRIPTION 

Pin symbol Name 
Inputl 

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, and 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 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 ROY1, and the AEN2 signal enables ROY2. 

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 ROY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

ROY1 Bus ready signals Input Completion of data bus reading and writing by the device connected 

ROY2 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 ROY 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 113 the oscillating frequency 
of the crystal oscillator connected to the XI 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 Cloc k select Signal Input This signal selects the fundamental signal for generation ot'the elK 
signal. The elK 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 eLK signal when 
signal FIe is at high level. The frequency of the input signal needs to be 

three times greater than the desired CLK frequency. 

Xl,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 fr.llquency of the oscillator connected to the Xl and X2 

pins. As long as a Xtal oscillator is connected to the Xl and X2 pins, 
this output signal can be obtained independently even if F/C is set to 
high level to enable the E F I input to be used for CLK generation 
purposes. 
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Pin symbol Name 
Inputt 
output 

Function 

ASYNe Ready Input Signal for se!ection 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 i"nternal pull-up resister. 

Vee +5V power supply 

GND . GND 

TIMING CHART 
elK· PClK • ose waveforms 

/E FI 

cse 

eSYNC 

telPH 

RESET waveform 

1}~",~l-~-1-1H-e~L ...Jr 

::1 r-tCLIL 

RESE1=J-__ ....... _---.....;...,.Jlr----------,-+-Ji: " 
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READY waveform (ASYNC = LI 

ClK 

RDYl-2------__ 

~--------; 
r-tA1R1V 

ASYNC---------~ 
tAYIICl 

READY-----------~ 

tRYHCH 

READY waveform (ASYNC = H) 

tR1VCl tR1VCl 

ClK 

RDYl-2-----------"'I 

AENl-2--------f 
tClA1X 

tAYVCl 

ASYNC----------~ 

tRYHCH 

READY""--------------1 
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DESCRIPTION OF OPERATION. 

(1) Oscillator Circuit 
The MSM82C84A-5 internal oscillator circuit can 

be driven by connecting a crystal oscillator to the Xl 
and X2 pins. 

The frequency of the crystal oscillator in this case 
needs to be three times greater than the desired ClK 
fo"equency. 

~ince 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 

) 
Xl OSC 

F rJj 
c, 1 MSM82C84A-5 

X2 

When input frequency is 6 to 15 MHz. 

C, =C, =33pF 

Cl'~ 
ROY 1\ 

I 
I 
I 

I 
; 

READY • 
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(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 FIC 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 
J.<s after VCC reaches the 4.5V level. 

(4) Ready Circuit 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 
iii 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 (Fl 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 
sig nal Isee diagram below). 

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\ IL.... 

\ 
I I I I I , 

f ( + 
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liil When ASYNC is at high level 
Tha ROY input is output as the READY signal by 

single synchronization. 
Both low·level and high-level ROY inputs are 

CL"=J\ J\ ROY .\ 
I 
I I 
I I , I 

READY f ( 

EXAMPLE OF USE (CSYNC) 

The \l2CB4A-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 
synchronizi 0 a 0 
signal 
External 

synchronized by the felling edge of the CLK of the 
next stage flip-flop, resulting in output of respec­
tive low-level and high-level READY output signals 
Isee diagram belowl. 

'J\ J\ I""l-

i 
I , I 

I 
I I 

.J • f 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-5 

a CSYNC 

clock ligna CK-t CK4 
IEFIl EFI CL CLK 

When an external clock EFI is used as the clock source 

MSM82CI!4A-5 

.,.............11, 
SC FI 

External -----------in~--~~----~~--~~------J synchronizinCI 0 a 0 a 
signal 

CKt 

I----CLK 
'----....I 

When the crystal oscillator is used as the clock source 

~ 
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MSM82C84A-2RS/GS/JS 
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 JlA (MAX.I. 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) 

• 3Jl silicon gate CMOS technology for low power con­
sumption 

• Built-in crystal oscillator circuit 
• 3V - 6V single power supply 

FUNCTIONAL BLOCK DIAGRAM 

ReS 

Xl 

X2 

FIC 

EFI 

CSYNC 

RDYl 

AENl 

AEiii2 

RDY2 

""As'YN 
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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 (MSM82C84A-2RS) 
• 24-pin flat package (MSM82C84A-2GS) 

• 20-pin PLCC (MSM82C84A-2JS) 

-----, 
0 RESET 0 

OSC 

1 1 

3 2" 
PClK 

S S 
Y Y 
N N 
C C 

lK 

c'" 
o (F210 READY 

-~ 



----------------.1/0· MSM82C84A-2RS/GS/JS • 

PIN CONFIGURATION 

18 lead Plastic DIP 

AENl 3 

RDYl 4 

GND 9 

24 lead Plastic Flat Package 

20 Lead PLCC 

I~ 
o 

loll: Z 
..J >-o (J) 
0.. 0 

a 

... 
x 

• 

eSYNe 

PClK 

N·e 

AENl 

RDYl 

READY 

N'C 

RDY2 

AEN2 

N·e 

ClK 

GND 

18 X2 

ASYNC 

EF1 

Fie 

N.C. 

Vee 

Xl 

16 X2 

15 ASYNe 

14 EFI 

13 Fie 

12 ose 

11 RES 

10 RESET 

10 Vee 

2 Xl 

3 X2 

4 N·e 

5 ASYNe 

6 EFI 

7 N'C 

8 FIG 

9 ose 

N·C 

14 RES 

13 RESET 

(N·C not connected) 
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• 1/0· MSM82C84A-2RS/GS/JS .------------------

ABSOLUTE MAXiMUM RATINGS 

Parameter Symbol Limits Unit Conditions 
MSM82C84A·2RS/JS I MSM82C84A·2GS 

Supply Voltage VCC -0.5 - +7 V 

Input Voltage VIN -0.5 - VCC +0.5 V Respect to GND 

Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperatu re Tstg -55 - +150 °c -
Power Dissipation Po 0.8 I 0.7 W Ta = 25°C 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Supply Voltage VCC 3-6 V 

Operating Temperature TOp -40 - +85 °c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol MIN TYP MAX Uriit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 °c 

"L" Level Input Voltage VIL -0.5 +0.8 V 

"H" Level Input Voltage (except RES) 2.2 
VIH VCC+0.5 V 

"H" Level Input Voltage (RES) 0.6*VCC 

DC CHAR-ACTERISTICS (VCC = 5V ± 10%, Ta = -40 - 8S0C) 

Parameter Symbol 

"L" Level Output Voltage (CLK) VOL 

"L" Level Output Voltage (OTHERS) VOL 

"H" Level Output Voltage (CLK) VOH 

"H" Level Output Voltage (OTHERSi VOH 

RES I nput Hysteresis VIHR 
-VILR 

Input Leak Current (EXCEPT ASYNC ) III 

Input Current ( ASYNC ) ILIA 

Standby Supply Cu rrent ICCS 

Operating Supply Current ICC 

Input Capacitance Cin 

NOTE 1: Xl ;;:. VCC - 0.2V,X~,2V 

F/C ;;:. VCC - 0.2V, ASYNC = Vccoropen 
VIH ;;:. VCC -0.2V, \IlL ~ 0,2V 
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MIN 

-
-

VCC-O.4 

VCC-O.4 

0.2 * VCC 

-1 

-100 

MAX Unit Conditions 

0.4 V IOL =4 mA 

0.4 V IOL =2.5mA 

- V IOH =-4mA 

V IOH = -lmA 

V 

+1 IJ-A o ~ Vin ~ VCC 

+10 IJ-A o ~ Vin ~ VCC 

40 IJ-A NOTE 1 

16 mA f = 24M Hz, CL = OpF 

7 pF' f = 1 MHz 



----------------. 1/0- MSM82C84A-2RS/GS/JS • 

AC CHARACTERISTICS 
(Vcc = 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 ROY1 or ROY2 to 
ClK Falling Edge (Active) 

Set Up Time of ROY1 or ROY2 to 
ClK Rising Edge (Active) 

Set Up Time of ROY1 or ROY2 to 
ClK Falling Edge (Inactive) 

Hold Time of ROY1 or ROY2 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 
ROY1 (ROY2) Rising Edge 

Hold Time of AEN 1 (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 

tAlR1V 

tClA1X 

tYHEH 

tEHYl 

tYHYl 

tl1HCl 

tCll1H 

tlLlH 

tlHll 

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. 

343 



I 

.. I/O' MSM82C84A-2RSIGS1JS, .-----------------~ 

AC CHARACTER ISTICS 
(Vcc = 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 C LK R ising Edge 

Delay from CLK Falling Edge 
to RESET Falling Edge 

Delay from C.LK 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 R ising Edge Time 
(Except CLK) 

Output Falling Edge Time 
(Except CLK) 

Symbol 

tCLCL 

tCHCL 

tCLCH 

tCH1CH2 

tCL2CL1 

tPHPL 

tpLPH 

tRYLCL 

tRYHCH 

tCLIL 

tCLPH 

tCLPL 

tOLCH 

tOLCL 

tOLOH 

tOHOL 

MIN MAX Unit Conditions 

125 ns 

1 
"3 TCLCL +2 ns 

2TCLCL - 15 
3 

ns 

10 ns 1.0V-3.5V 

TCLCL - 20 ns 

TCLCL - 20 ns 

-8 ns 
Output load 

~TCLCL - 15 
capacitance 

ns , 
3 CLK output 

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 indica.ted 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 
Inputl 

output 
Function 

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 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 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 cloc k signal. 

AENl Address enable Input The AENl signal enables ROY1, and the AEN2 signal enables ROY2. 

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 ROY input to be used is to be switched 
to low level in the case of not using multi-master systems. 

ROYl 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 ROY 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 Xl and X2 pins, or at a 
frequency 1/3 the EFI input frequency. 

RES Reset iR 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 appl ied 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 elK 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 Ie is at high level. The frequency of the input signal needs to be 

three times greater than the desired ClK frequency. 

Xl.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 Xl and X2 

pins. As long as a Xtal oscillator is connected to the Xl and X2 pins, 
this output signal can be obtained independently even if FIC 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 

ASYNC 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. 

Vce +5V power supply 

GND GND 

TIMING CHART 
elK· PClK • OSC waveforms 

EFI 

ose 

CSYNC 

II ClK 

tPHPl 

PClK 

tC;lPH 

RESET waveform 

ClK~i....---....I~ 
RESi--------------____ ~~ ___ 

~ I--tClll 

~ ____________ ~/r--------------~~ 
RESET- ..... ____ _ 
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READY waveform IASvNc = U 

CLK 

RDY1·2-------...... 

AEN1·2-----------~ 

ASYNC---------~ 

READY-----------~ 

READY waveform IASYNC = H) 

CLK 

RDY1·2----------.JI 

AEN1·2-....,.-----~ 

ASYNC'----------~ 

READY---------------------~ 

tR1VCL 

347 



• I/O'MSM82C84A-2RS/GS/JS •• ---------------_ 

DESCRIPTION OF OPERATION 

111 Oscillator Circuit 
The MSM82C84A-5 internal oscillator circuit can 

be driven by connecting a crystal oscillator to the Xl, 
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 

.---~~-;Xl OSCr-----

MSM82C84A-2 

--~"-'---i X2 

When input frequency is 6 to 24 MHz. 

C, = C, = 33 pF . 

CCK~ 
ROY 1\ 

I , 
I 

I 

READY 
, 

12) 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 le.vel, and are generated from the crystal oscillator 
circuit when at low level. 

13) R_t Circuit 
Since a Schmitt trigger circuit is used ill the RES 

input, the MSM82C84A-2 can be reset by "power on" 
by connection to a simple RC circuit. If the SOC86 or 
SOCSS is used as the CPU in this case, it is neces­
sary to keep the RES input at low level for at least 50 
1'8 after VCC reaches the 4.5V level. 

14) Reedy Circuit 
The READY signal generator circuit can be set to 

synchronization mode by ASYNC. 
iii 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 (Fl in the circuit diagrem), 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, rllsulting in output of a low-level READY 
output Signal (see diagram below). 

c\ 1\ ~ , 
I I , 

I I I 
f J 
~. , 



---------------._._ 1/0' MSM82C84A-2RS/GSlJS _ 

liil When AS'YNC lsat high level 
The ROY input Iii output al the READY signal by 
single synchroniZation. 

• Both low-Ieval and high-Ieval ROY inputs are 

synchronized by the fallinll edge of the ClK of tha 
next Itage flip-flop, resulting in output of rlllPec­
tive low-Ieval and high-Ieval READY output sillnals 
(see diagram belowl. 

CLK~\ 1\ J\ 1\ r--L-

ROY \. I • 
I 
I I 
I I , r. READY f 

EXAMPLE OF USE (CSYNC) 

The ~2C84A-2 1/3 frequency divider counter is 
unsettled when the power is switched on. Therefore, the 
CSYNC pin hes been included to synchronize ClK with 
enother signal. When CSYNC is at high level, both elK 
and PClK are high-level outputs. If CSYNC is then 

External 
Iyncllroniz; 
signal 

0 a 0 

External 
clock ligna CK' CK. 
IEFII 

I 
I 
I I , 
I I 

J 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 

a CSYNC 

FI Cl ClK 

When an external clock EFI is used as the clock source 

External rt-----.fi):--Ol----r;:;---;;~--J Iynchronizin 0 a 0 a 
signal 

CKf "';---+<:K+ 

When the crystal OSCIllator is used as the clock source 

MSM82C84A-2 

SC 

: ..... ---ClK 
'----I 
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OKI 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 

So 
STATUS S. 
INPUT 5, 

• Advanced write control output 
• Three-state command output driver 
• System bus mode & 1/0 bus mode 
• 20-pin DIP (MSM82C88AS) 
• 24·pin flat package (MSM82C88GS) 

MRDC 

MWfC 
COM· 

AMWC MAND 
SIGNAL 10RC 

COMMAND 

350 

CONTROL 
INPUT 

ClK 
AEN 

CEN 
lOB 

GENER· 
ATOR 

1-------1 CONTRO l 
CONTROL SIGNAL 

lOGIC GENER· 
ATOR 

I 
VCC (+5V) GND (oV) 

10WC 

AIOWC 

INTA 

DT/A" 

DEN 
MCE/PDEN 

ALE 

OUTPUT 

CONTROL 
OUTPUT 



h'. tttrt't Mit t 

-------------.-------. I/O'MSM82C88AS/GS • 

PIN CONFIGURATION 

MSM82C88AS (top view) 

2O-lead DIP lOB VCC 

ClK 50 

~ S, 

DTiFf MCE/PDEN 

ALE DEN 

AEN CEN 

MRDC INTA 

AMWC 10RC 

MWTC AIOWC 

GND 10WC 

MSM82C88GS (top view) 

24-lead plastic flat package lOB 1 0 24 VCC 

ClK 2 23 So 
NC 3 22 NC 

~ 4 21 s: 
DT/R 5 20 MCE/PDEN 

ALE 6 19 DEN 

A"EN 7 18 CEN 

MRDC 8 17 INTA 

AMWC 9 16 10RC 

NC 10 15 NC 

MWTC 11 14 AIOWC 

GND 12 13 10WC 

Note: NC pin must not be connected. 
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• I/O'MSM82C88AS/GS .----~------------~-----------------

ABSOLUTE MAXIMUM RATINGS 

Limits 
Parameter Symbol Conditions 

MSM82C88AS I MSM82C88GS 
Unit 

Power Supply Voltage Vce -0.5 - +7 V 

Input Voltage VIN 
With respect 

-0.5 - VCC +0.5 V toGND 
Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperature Tstg - -55 - 150 'c 

Power Dissipation Po Ta = 25°C 1.1 I 0.7 W 

OPERATING RANGES 

Parameter Symbol Limits Unit 

Power Supply Voltage Vce 3-6 V 

Operating Temperature TOp -40 - 85 °c 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Min. Typ. Max. Unit 

Power Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 °c 

"l" Input Voltage VILl -0.3 - +0.8 V 

"H" Input Voltage VIH1 3.0 - VCC +0.3 V 

"l" Input Voltage VIl2 -0.3 - +0.8 V 

"H" Input Voltage VIH2 2.2 - VCC +0.3 V 

Note: VIl1 and VIH1 are input voltages for ClK, S;;, 5,", and s,. 
VIl2 and VIH2 are input voltages for AEiii, CEN, and lOB. 
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------------------. I/O'MSM82C88AS/GS • 

DC CHARACTERISTICS 
(Vcc ; 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 
IOL; 12mA 

Control output - - 0.45 V 
tOL ;8mA 

Command output 
3.7 - - V 

"H" Output Voltage VOH 
IOH; -5mA 

Control output 
3.7 - - V 

IOH = -lmA 

Input Leak Current III O~VIN~VCC -10 - 10 IlA 

Output Leak Current ILO o ~ VOUT ~ VCC -10 - 10 IlA 

Status Input Current IllS O~VIN~VCC -100 - 10 IlA 

Operation Power Supply Current ICCO 
CL- OpF - - 10 mA 

tc LC L ; 200ns 

Standby Power Supply Cu rrent ICCS Note 3 - - 100 IlA 

Note 1. This input leak current is the leak current on input pins except status inputs fso , S; , and S, ). 
Note 2. The status input leak current is the leak current at the statl's inputs (s., S; , and S, ). 

Remarks 

Note 1 

Note 2 

Note 3. The measuring condi'tions for the standby power supply current include the 50, S; , and S, status inputs being 
at VCC potential, and the other inputs being at VCC or GND. All output pins are left open. . 

AC CHARACTERISTICS 
(VCC; 4.5V to 5.5V, Ta; -40·C to +85"C) 

Timing conditions 

Parameter Symbol Min. Max. Unit 

Clock Cycle tCLCL 200 - nS 

Clock Low Time tClCH 118 - nS 

Clock High Time tCHCl 65 - nS 

Status Active Setup Time tSVCH 35 - nS 

Status Inactive Hold Time tCHSV 10 - nS 

Status Inactive Setup Time tSHCl 35 - nS 

Status Active Hold Time tClSH 10 - nS 
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• 1/0' MSM82C88AS/GS. ------------------'----

Timing response 

Parameter Symbol Min. Max. Unit Test Circuit 

Delay from CLK Leading Edge to DEN, 
tCVNV 5 45 nS 4 i>l5EN 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 
35 nS 4 

to MCE Active tSVMCH -

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 Inactive 

Delay from C LK Leading Edge to 
tCHDTL - 50 nS 4 

DTIR Active 

Delay from C LK Leading Edge to 
tCHDTH - 35 nS 4 

DTIR Inactive 

Delay from Ani! Leading Edge to 
tAELCH - 45 nS 2 Command Enable 

Delay from AEN Trailing Edge to 
tAEHCZ 40 nS 1 

Command Disable -

Delay from AEJii Leading Edge to 
tAELCV 90 250 nS 3 Command Output Active 

Delay from AEN to DEN tAEVNV - 35 nS 4 

Delay from CEN to DEN, I515m tCEVNV - 35 nS 4 

Delay from CEN to Command Output tCELRH - tCLML +20 nS 3 

Output Rise Time tOLOH - 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 "0". 
Input rise and fall times are 

5 t 2 nS between 0.8V and 2.2V for AEN, CEN and lOB. 
8 t 2 nS between 0.8V and 3.0V for SO, ii, il 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 0.8V to 2.2V 

From 2.2V to 0.8V 

R(U) C(PF) 

180 50 

300 150 

190 150 
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------------------. I/O·MSM82C88AS/GS • 

TIME CHARTS 

State 

CLK 

ADDRESS/DATA 

ALE 

MRDC, IDRC, INTA 
AMWC, AIOWC 

DEN (WRITE! 

T . 
----.:I' 

tc HSV_ r-
1-

tCLLH_ 

I 

I 

I 
I 

I 

I 

T . T : .T, T, 

tCLCL tCLCH 

LP~r ~ ~ I\--tCHC~ - -1- I-tSVCH 

j=-tc SH_ 

Ai3i5R DA~:~T:LlD CD VALID 

I- t-tCHLL 

I-~LH' 

r<t¥ I 
I tCLMH- -

tCJML_ - !--tCLML 

I 

I 
I 
I , 

tdVNV- I- - I-tCVNX 

K- It. 

1- _ tCVNV' . tCVNX _ 
I-

PDeiii IWRITE! 

: I 

Ir--
1 i 

I DTH-I rl: 'CH 

---
II \ .,",,"- t ---
I '_ ~ 'CHDTL 

Ii @ 

'CLMCH-IJ: __ ~tCVNX 
l-'sVMCH 

MCE 

Note 1. The ADDRESS/DATA bus signal is shown for reference purposes. 
Note 2. The ALE and MCe"feadlOg edges are synchronized with the falling edge of elK or status gOing active, 

whichever occurs last. 

Note 3. All tlmi".9 measurements are made at 1.SV unless specified otherwise. 
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• 110' MSM82C88AS/GS • ------------------

DEN. PDEN Timing 

CEN 

OEN 

AEN Timing 

All command .outputs 
when in system bus 
mode, MROC, MWTC, 
and AMWC when in 
110 bus mode. 

CEN 

"'lV 

,[/ 
1\ 

tAEVNV 

'-'I 
ICEVNV 

i/ 
~ 

tAELCV 

1.SV 1.SV 

Ir-~~~------~--_d--~VOH 

----------------~ 

ICELRH 
-j r 

Note: To control the command and control signal outputs, CEN must be switched to low level before T, 
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-------------------------------------. I/O'MSM82C88AS/QS • 

PIN DESCRIPTION 

Pin Name Input/output Function 

50 ',5, • 52 Input These pins are input pins for status signals (S.' 5" and 5,), output from 
the CPU (MSM80C86, 8OC881. The MSM82C88 generates commands and 
control signals after decoding these status signals. Since these pins are 
connected to an internal pull-up resistor, they ate 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. 
D EN is switched to low when the CEN input is low. 

DT/R Output Control of the direction of data flow in the ciata bus transceiver. When the 
CPU is switched to write mode, thii signal is high, and when switched to 
read mode, this signal is low. 

AEN Input Address enable signal. 
• lOB = L (SYSTEM BUS MODE) 

When the AEiif input is switched to high level, a" command outputs are 
switched to high impedance status . 

• lOB = H (I/O 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 AEiiI 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 lOB input status. 

CEN Input Command enable signal. 
A" command outputs, DEN and PDENoutputs are switched to inactive 
status when a low level input is applied to CEN. A" command outputs, DEN 
and PDEN outputs are switched to active status when a high level input is 
applied to CEN. 

lOB Input I/O bus mode signal. 
The MSM82C88 is switched to I/O bus mode when a high level input is 
applied to lOB, and to system bus mode when a low level input is applied. 

10WC 3-state This pin is active-low, and three-state output. This signal is for writing data 
output into the I/O device. 

AIOWC 3-state This pin is active-low and three-state output. Although this signal is also 
output used for writing into I/O devices like the I/O write command (lOWCl, it is 

made active one clock earlier than 10WC. 

10RC 3-state This p,in is active-low and three-state output. This signal is for reading data 
output from I/O 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 t~ory write command (MWTCI. 

it is made active one cycle earlier than MWTC. 

MRDC 3-state This pin is active~ow and. three-stat. 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. 
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• I/O·MSM82C88AS/GS .--------------------------~----------

Pin Name Input/output Function 

MCE/PDEN Output This pin has two functions. 
MCE (lOB = 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 (lOB = High) peripheral data enable function. 
This is a lin active-low signal and is used to enable the data bus transceiver 
on the I/O bus. 

FUNCTION 
Command LCJllic 

The command output is decided by decoding 
status signals (s., 5, , 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 1 110 read 10RC 

0 1 0 I/O write 10WC,AIOWC 

0 1 1 Hal.t -
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 BUI Mode (lOB - High) 
When an I/O access status signal is received from 

the CPU in I/O bus mode, one of the !l0 commands 
(lORC, 10WC, AIOWC, INTA) corresponding to the 
status signal becomes active irrespective of the AE N 
status. At the same time, the PDEN and DT/A 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 
level. 

System Bus MOde (lOB - Low) 
When the bus is usable, the MSM82C88 is ena­

!lIed by the AEN signal from the bus arbiter. Conse­
quently, no command output becomes active unless 
the AEN 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 I/O, memory, 
etc. are used in common. 

Command Outputs 
The advanced write commands (AIOWC and 

AMWC) become active one cvcle earlier .than normal 
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write commands (iOWC and MWTCI. Th is 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 
I/O read command 
I/O write command 

AMWC . Advanced memory write command 
~ - Advanced I/O write command 

Interrupt acknowledge 

Control Ou tput 
The control output signals are DEN (Data Enable), 

DT/A (Transmit/Receivel. and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enable I. 

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 lOB. The PDEN function is selected in I/O 
bus moqe (lOB = high) to provide the I/O or peripheral/ 
system bus dllta enable signal. When the MCE function 
is selected in 'system bus mode (lOB = lowl. the MCE 
signal is active (high) level at an interrupt acknowledge 
status. 

The MCE signal is used wilen a master and slave 
interrupt controller exists in the system. 

ALE (Addr_ Latch Enable) 
ALE is generated in each machine cycle to latch 

the current address ~o the address latch. 

CEN (Command Enabla) 
Th is signal is used to enable command outputs. All 

command outputs become inactive if a low level input is 
applied to the CEN pin. 



OKI semiconductor 

MSM82C88-2RS/GS/JS 
BUS CONTROLLER 

GENERAL DESCRIPTION 

The MSM82C88 is a bus controller for the MSM8OC86 and the MSM80C88 CPUs. 8ased on silicon gate 
CMOS technology. a low-power l6-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 

STATUS 
INPUT 

Sa 
S; 
5, 

• Advanced write control output 
• Three-state command output driver 
• System bus mode & 1/0 bus mode 
• 2O·pin DIP IMSM82C88-2RS) 
• 24-pin flat package (MSM82C88-2GS) 

• 20-pin PLCC (MSM82CC88-2JS) 

MR5C 
MWTC 

COM-
AMWC MAND 

SIGNAL 10RC 
COMMAND 

CONTROL 
INPUT 

eLK 
AEN 

CEN 
lOB 

GENER-
ATOR 

1-----1 CONTROL 
CONTROL SIGNAL 

LOGIC GENER-
ATOR 

VCC (+5V) GND(OV) 

10WC 

AiOWC 
INTA 

DT/R 
DEN 
MCE/PDEN 

ALE 

OUTPUT 

CONTROL 
OUTPUT 
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• 1/0- MSM82C88-2RS/GS/JS 

PIN CONFIGURATION 

MSM82C88·2RS (Top View) 

2O·le.d DIP 

MSM82C88·2GS (Top View) 

24·lead plastic flat package 

MSM82C88·2JS (Top View) 
20 Pin PLCC PACKAGE 

o 

M'Ri5C 7 

360 

---

CLK 

S. 

ALE 

AEN 

MRDC 

AMWC 

MWTC 

GND 

lOB 10 

CLK 2 

NC 3 

S. 4 

DT/R 5 

ALE 6 

AEN 7 

MRDC 8 

AMWC 9 

NC 10 

MWTC 11 

GND 12 

17 MCE/Pi5Eii/ 

VCC 

S~ 

S, 

MCE/PDEN 

DEN 

CEN 

INTA 

10RC 

AIOWC 

10WC 

24 VCC 

23 S;; 
22 NC 

21 S, 
20 MCE/PDEN 

19 DEN 

18 CEN 

17 INTA 

16 IORC 

15 NC 

14 AIOWC 

13 IOWC 

Note: NC pin must not be connected. 



----------------,--. I/O' MSM82C88-2RS/GS/JS, • 

ABSOLUTE MAXIMUM RATING,S 

limits 
Parameter Symbol Conditions 

MSM82C88-2RS/JS I MSM82C88-2GS 
Unit 

Power Supply Voltage VCC -0,5 - +7 V 

Input Voltage VIN 
With respect 

-0.5 - VCC +0.5 V to GNO --
Output Voltage VOUT -0.5 - VCC +0.5 V 

Storage Temperature Tstg -. -55 - 150 °e 

Power Dissipation Po Ta; 25°e 0.7 I 0.7 W 

OPERATING RANGES 

Parameter Symbol limits Unit 

Power Supply Voltage Vee 4.5 - 5.5 V 

Operating Temperature TOp -40 - 85 °e 

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 °e -,-_. 
"l" Input Voltage VIL1 -0.3 - +0.8 '!-.-

"H" Input Voltage VIHI 3.0 - Vce +0.3 V 

"l" Input Voltage VIl2 -0.3 - +0.8 V 
---

"H" Input Voltage VIH2 2.2 - Vee +0.3 V 

Note: VIL1 and VIHI are input voltages for elK, S;, S;, and S;. 
VIl2 and VIH2 are input voltages for AEN, eEN, and lOB. 

361 



• I/O· MSM82C88-2RS/GS/JS ... -----------------

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

Parame.ter Symbol Conditions Min. Typ. Max. Unit 

Command output - - 0.5 V 

"L" Output Voltage VOL 
IOL = 20mA 

Control output - - 0.45 V 
IOL "8mA 

Command output 
3.7 - - V 

"H" Output Voltage VOH 
IOH "-8mA 

Control output 
3.7 - - V 

IOH = -4mA 

Input Leak Current III O~ VIN~ VCC -10 - 10 J.lA 

O,Hput Leak Current ILO O~VOUT~VCC -10 - 10 J.lA 

Status Input Current IllS O~VIN~VCC -100 - 10 ,.A 

Operation Power Supply Current ICCO 
CL = OpF - - 10 mA 

tCLCL = 200ns 

Standby Power Supply Current ICCS Note 3 - - 100 J.lA 

Note 1. This input leak current is the leak current on input pins except status inputs !S., S; , and S, ), 
Note 2. The status input leak current is the leak current at the status inputs (s;" Sj , and S; ), 

Remarks 

Note 1 

Note 2 

Note 3. The measuring conditions for the standby power supply current include the 50, S; ,and S; status inputs being 
at VCC potential, and the other inputs being at VCC or GND. All output pins are left open. 

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

Timing conditions 

Parameter Symbol Min. Max. Unit 

Clock Cycle tCLCL 125 - nS 
-

Clock Low Time tCLCH 66 - nS 

Clock High Time tCHCL 40 - nS 

Status Active Setup Time tSVCH 35 - nS 

Status Inactive Hold Time tCHSV 10 - nS 

Status I nactive Setup Time tSHCL 35 - nS 

Status Active Hold Time tCLSH 10 - nS 
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-----------------. 1/0· MSM82C88-2RS/GS/JS • 

Timing response 

Parameter Symbol Min. Max. Unit Tast Circuit 

Delay from ClK leading Edge to DEN, 
tCVNV 5 45 nS 4 POEN Active 

Delay from ClK Trailing Edge to DEN, 
tCVNX 5 45 nS 4 POEN Inactive 

Delay from ClK Trailing to ALE 
tCLlH - 25 nS 4 Active 

Delay from ClK Trailin9 Edge to 
tClMCH - 25 nS 4 MCE Active 

Delay from Status Input Falling Edge 
25 nS 4 to ALE Active tSVlH -

Delay from Status Input Falling Edge 
tSVMCH - 30 nS 4 to MCE Active 

Delay from ClK leading Edge to 
tCHll 4 25 nS 4 A lE Inactive 

Delay from ClK Trailing Edge to 
tClMl 5 35 nS 3 

Command Output Active 

Delay from ClK Trailing Edge to 
5 45 nS 3 Command Output Inactive tClMH 

Delay from ClK leading Edge to 
tCHDTl 50 nS 4 DTtR Active -

Delay from ClK leading Edge to 
DTtR Inactive tCHDTH - 30 nS 4 

Delay from Am leading Edge to 
tAElCH - 40 nS 2 Command Enable 

Delay from AEN Trailing Edge to 
tAEHCZ 40 nS 1 Command Disable -

Delay from AEN leading Edge to 
100 250 nS 3 Command Output Active tAElCV 

Delay from AEN to DEN tAEVNV - 35 nS 4 

Delay from CEN to DEN, ~ tCEVNV - 35 nS 4 

Delay from CEN to Command Output tCElRH - tClMl +10 nS 3 

Output Rise Time tOlOH - 15 nS 3,4 

Output Fall Time tOHOl - 15 nS 3,4 

Note: AC timing measurements are made at 1.5V for both logic "1" and "0". 
Input rise and fall times are 

5 ± 2 nS between O.SV and 2.2V for Am, CEN and lOS. 
8 ± 2 nS between 0.8V and 3.0V for So, 51, Sz and CLI~. 

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 O.SV to 2.2V 

From 2.2V to O.SV 

R(ll) C(PF) 

187 50 

187 150 

91 150 

220 SO 
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• I/O·MSM82C88;.2RS/GSlJS •• -.:........;-~----------.:........;--

TIME CHARTS 

364 

State 

CLK 

ADDRESS/DATA 

ALE 

MRDC, IORC, TNTA 
AMWC,AIOWC 

DEN (WRITE) 

T . 
'"' ---' 

tc HSV_ r-
1-

tCLLH_ 

T . T , 
tCLCL tCLCH 

~r\L..J 
tCHCL 

I - 10- tSVCH .-:..::,. 
tc 

I.....-
ADDR 
VALID 

~ .WHLL 

WRH 

tCLML_ I-

tCVNV-

T 3 

h Lr 8' ~ 1----
SH_ y: 

DA~:~T':LID <D 

tCLMH- -
- I-tCLML 

~ 

I- - I-tCVNX 

- I-tCVNV tCVNX_ i-
I-

plfEN (WRITE) 

DTH-. r--
"\ I ---

- ~ tCHDTL tCHDTH-':" 

Ii @ i 
tCLMCH_ It - .PCVNX 

i-tsVMCH 

MCE 

NO.te 1. The ADDRESS/DATA bus signal is shown for reference J)urposes. 
Note 2. The ALE and MCE 1eading edges. are synchronized with the falling edge of eLK or status going active, 

whichever occurs last. 
Note 3. All timing measurements are made at 1.5V unless specified otherwIse. 
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DEN. 'DEN Timing 

CEN " 

K 
tAEVNV 

DEN 

tCEVNV 

AEN Timing 

tAELCV 

1.5V 1.5V 

All command outputs 
when in system bus ,.....;:;~l-----_-....+-..L. VOH 

mode,MRDC, MWTC, ---------------~ 
and AMWC when in 
1/0 bus mode. 

CEN 

Note: To control the command and control signal outputs, CEN must be switched to low level before T, 
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PIN DESCRIPTION 

Pin Name Input/output Function 

50 ,5, , 52 Input These pins are input pins for status signals (SO, s" and s,), output from 
the CPU (MSM80C86, 80C881. The MSM82C88 generates commands and 
control signals atter 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. 
• lOB = l (SYSTEM BUS MODE) 

When the AEN input is switched to high level, all command outputs are 
switched to high impedance status . 

• lOB = H (I/O BUS MODE) 
When the AEN input is switched to high level,only the MRDe, 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 lOB 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 
app.lied to CEN. 

lOB Input I/O bus mode signal. 
The MSM82C88 is switched to I/O bus mode when a high level input is 
applied to lOB, and to system bus mode when a low level input is applied. 

10WC 3-state This pin is active-low, and three-state output. This signal is for writing data 
output into the I/O 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 110 write command (lOWC), it is 

made active one clock earlier than 10WC. 

10RC 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. 
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Pin Name Input/output Function 

MCE/PDEN Output This pin has two functions. 
MCE (tOB = Low) master cascade enable function. 

This is an active-high signal and is used to enable a slave PIC (priority in-
terrupt controllerl to read the cascade address output on the data bus by 
the master PIC during an interrupt sequence. 
PDEN (lOB - Highl peripheral data enable function. 
This is an active-low signal and is used to enable the data bus transceiver 
on the I/O bus. 

FUNCTION 

Command Logic 
The command output is decided by decoding 

status signals (s.. S; . S; I output from the CPU. 
These status signals have the following meanings. 

- s, Sa CPU status Command 
s. output 

0 0 0 Interrupt ecknowledge INTA 

0 0 1 I/O read 10AC 

0 1 0 I/O write 10WC.AIOWC 

0 1 1 Halt -
1 0 0 Instruction ,fetch MADC 

1 0 1 Memory read MADC 

1 1 0 Memory write MWTC.AMWC 

1 1 1 Passive -

I/O Bus Mode (tOB - High) 
When an I/O access status signal is received from 

the CPU in I/O bus mode. one of the I/O commands 
(tOAC. 10WC. AIOWC. INTA) corresponding to the 
status signal becomes active irrespective of the Am 
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 
(MADC. MWTC. and AMWCI are not switched to low 
level for at least 90 ns after AEN is switched to low 
level. 

Syst8l'll BUI Mode (tOB • 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 toa single bus. and the bus I/O. memory, 
etc. are used in common. 

Comm.nd Outputs 
The advanced write commands (AIOWC and 

AMWCI become active one cycle earlier than normal 

write commands (IOWC and MWTCI. This prevents the 
CPU from being switched to an additional period of 
wait status. 

INTA (interrupt acknowledge I 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 
I/O read command 
I/O write command 

AMWC Advanced memory write command 
AiOWC - Advanced I/O write command 

Interrupt acknowledge 

ConttolOutput 
The control output signals are DEN (Data Enable). 

DTiR' (Transmit/Aeceivel. and MCE/PDEN (Master 
Cascade Enable/Peripheral Data Enablel. 

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 lOB. The PDEN function is selected in I/O 
bus mode (tOB = highl to provide the I/O or peripheral/ 
system bus data enable signal. When the MCE function 
is selected in system bus mode (tOB = low). the MCE 
signal is active (highl'level at an interrupt acknowledge 
status. 

The MCE signal is used when a master and slave 
interrupt controller exists 'in the system. 

ALE (Add .... 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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II 

OKI semiconductor 

MSM83C55-XXRS/GS~S 
2048 x 8 BIT MASK ROM WITH I/O 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 p.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 

CIRCUIT CONFIGURATION 

ClK 

READY 

ADo-7 

As- 1O 

CE2 

101M 

ALE 

FIl) 

rnw 
RESET 

TOR 

CET 
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2K x 8 

ROM 

• Ind;v;sual I/O 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 MSM80C85A (3MHz) 

D 
PORTA 

PAO-7 

D PBO-7 

VCC 

GND 
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PIN CONFIGURATION 

N.C 

PSo 
PB, 
PB. 
PB, 
Vee 
«i 
CE. 

ClK 
RESET 

READY 

0 

aj 

MMI'~xxRS (Top V_I CEo 

VCC 

PB, 

Pito 
PB, 

PSo 

PBs 

PI, 
PB, 

Plo 

40 lAed PI ..... DIP ClK 
RESET 

N.C 

READY 
IDIiII 
TlIII" 

lOW PA, 
ALE PA. 
ADo PAs 

AD, PA,o 
AD, PAs 

A03 PA2 

AD. PA, 
AD, PAe 
AD, AIO 

AD., A, 
GND -,'--____ ....1 .... A. 

PA,MSM83CIIIi-XXGS (Top Vlewl 
N,C 44 Lead PI ...... Flat ....... 
PA. 
A,. 
A. 
A. 
GND 
AD, 
AD. 
AD, 
N.C 

~ ~ N I~ yU ~ ~ y ~ ~ 
~ d ~ ~ ~ ~ f f ~ f f. 
6 5 4 3 2 1 4443 42 41 40 

MSM83C55-XXJS (Top Viewl 
44-pin Plastic Laadec! Chip Carrier 

READY ·7 

101M 8 

i01i 9 

1m 10 

iOi1Ii 11 

ALE 12 

ADO 13 

ADI 14 

AD2 15 

AD3 16 

o 39 PB3 
3B PB2 

37 PBl 

36. PBO 
35 PA7 

34 PA6 

33 PAS 

32 PA4 

31 PA3 

30 PA2 

29 PAl AD4 17 

18 19 20 2122 23 24 25 26 27 28 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions Limits 
Unit 

MSM83C55RS I MSM83C55GS J. MSM83C55JS 

Supply Voltage VCC -0.5 to +7 V 

Input Voltage VIN With r~spect to -0.5 to V,.,. + 0.5 V 
GND 

Output Voltage VOUT -0.5 to V"" + 0.5 V 

Storage Temperature Tstg -55 to + 150 °C 

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

OPERATING RANGE 

Parameter Symbol Limits Unit 

Supply Voltage VCC 3 to 6 V 

Operating Temperature TOp -40 to +85 ·C 

RECOMMENDED OPERATING RANGE 

Parameter Symbol Min. Typ. Max. Unit 

Supply Voltage VCC 4.5 5 5.5 V 

Operating Temperature TOp -40 +25 +85 ·C 
-

"L" Input Voltage VIL .(l.3 +0.8 V 

"H" Input Voltage VIH 2.2 VCC +0.3 V 

DC CHARACTERISTICS 

Paramllter Symbol Conditions Min. Typ. Max. Unit 

"L" Output Voltage VOL IOL=2mA 0.45 V 

IOW-400jiA 2.4 V 
"H" Output Voltage VOH 

IOW-40jiA 4.2 V 

Input Leak Current III O~VlliI~VCC VCC=4.5V to 5.5V -10 10 jiA 

Output Leak Current ILO O.:S VOUT':s VCC Ta=-40·C to +85·C -10 10 jiA 

Supply Current 
CEl tl:, VCC.(l.2V 

ICCS CE2~0.2V 0.1 100 jiA 
(standby) 

VIH ~ VCC.(l·2V 

VIL ~O.2V 

10 write 
Average Supply 

ICC cycle time: 5 mA 
Current (active) 

ljiS 
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AC CHARACTERISTICS 
(VCC=4.5V to 5.5V. Ta-40·C to +85· C) 

Paramater Symbol 

Clock Cycle Time tCYC 

Clock Pulse Width TI 

Clock Pulse Width Tl 

Clock Rise and Fall Time tf. tr 

Address to Latch Setup Time 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 Bus Float after READ tRDF 

READ/WRITE Control to Latch Enable tCL 

READ/WRITE Control Width tcc 

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 

N_: Timing is measured at VL = 0.8 V and VH = 2.2 V for both input and output 
Load condition: CL = 150 pF 

Fig. 1 Clock Signal for MSM83C56 

Min. Max. Unit 

320 n' 

80 ns 

120 n. 

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 rts 

160 ns 

300 ns 

10 ns 

350 ns 
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37,2 

AS-to ADDRess 
=:::E==3;JF~;_=_:~.f::::D~A~T.;.;A:_: _: _~~-----<--: ADDRess >-

ALE 

CEI 

CE2 

10RRD 
lOW 

i----tcc-----t 

Fig. 2 Timing for ROM Rl8din. end for I/O RNding end Writing 

A. Input mode 

RDOR lOR 
Port inPUt 

"Data bus -------" 
---~--_./\_--------

B. Output mode 

Port output ----~----~--------------:~ 
"Data bus -----:x _____. X~ __ _ 

"See Figure 2 for the timing of data bu •. 

Fig. 3 1/0 Port Timing 

Fig. 4 WaitStltl nminglREADV ·0) 
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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, 101M, m, and CE2 signals to their 
respective latch circuits at the fall of the ALE (Address Latch Enablel signal. 

ffi, CE2 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. 

ADO-7 Three-stake bidirectional addressldata 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 lOR is low level 
and it is fetched from bus to chip if lOW is low level. 

A8-10 These are high order bits of ROM address and have no relation to 1/0 operation. 

101M When RD is low level, this pin sl!lects the I/O port if the 101M in hold is high level 
or ROM if it is low level. 

RD If RD is low leilel, 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 I/O cycle 
is selected. 

lOR The port data selected at low level is output to AD 0-7. When turned to the low level, 
the lOR becomes the same function as that when 101M is turned to the high level and 
RD to the low level. When both RD and i<5R become high level, the outPUt of ADO-7 
is made into the floating state. 

lOW At the· low level, the AD 0-7 data is writtan to the selected port. 

CLK 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 CEl and CE2 are ective. 
It becomes high level at the rise of CLK after the fall of the ALE. 

PAO-7 These are universal 1/0 pins and the inputloutput is determined by the content of the data 
direction register. When writing data to port A, make the chip enable active and turn the 
lOW to low level after selecting AD 0, 1 to 0, O. When reading it, turn the lOR to low 
level instead of lOW and 101M to high level. 

I'BO-7 Same as the operation of PAO-7, excepting that ADO is selected to 1 and AD1 to O. 

VCC +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 l1-bit address. Upon the fall of 
the ALE signal, the address and chip enable are fetched 
in the address latch circuit. When the chip enable is 
active and 101M 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. 

I/O Block 
The I/O 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 (DDR) 
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 DDR from outside, however. 

Writing "0" 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 
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AD! ADo Selection 

0 0 Port A 

0 1 Port B 

1 0 Port A data direction register (DORA) 

1 1 Port B data direction register (DDRBr 

Upon the fall of lOW when the chip ena.ble 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 I/O bits are all sub­
ject to its influence irrespective of the I/O status 
and 101M status. The output level remains un­
changed until the lOW returns to high level. The 
data can be read from the ports when the chip ena-. 
ble in holding is active and 101M is high level and 
yet the RD or lOR 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 I/O ports and DDR 
(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 DDR. Likewise, 
it is also possible to read the data once set to those 
ports. 
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OK:!: semiconductor 

MSM5832RS 
REAL TIME CLOCK/CALEND~R 

GENERAL DESCRIPTION 

The MSM5832RS is a metalllate CMOS Real Time Clock/Calendar for use in bus-oriented microprocessor 
applications. The on-chip 32.768Hz crystal controlled oscillator time base is divided to provide eddressable 4-bit 
I/O data of SECONDS, MINUTES, HOURS, DAY-OF-WEEK, DATE, MONTH, and YEAR. Data access is 
controlled by 4-bit address, chip select, read, write 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 power is off. The MSM5832RS is offered in an 18-lead dual-in-line plastiC 
(RS suffix) package. 

FEATURES 

• 7 Function - SECOND, MINUTE, HOUR, DAY, 
DAY-OF-WEEK, MONTH, YEAR 

• Autom~ic leap year calendar 
• 12 or 24 hour format 
• ±30 second error corraction 
• 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 lIN Max. at VDD = 3V 
2.5 mW Max. at VDD = 5V 

• 18 pin plastic DIP package 
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PIN CONFIGURATION 

AOto A3 Address Inputs VOO HOLD 

WRITE Write Enable WRITE Xi" 
READ Read Enable 

READ XT 
HOLD Count Hold 
CS Chip Select Ao ±30AOJ 
DO to 03 Data Input Output A, TEST 
TEST Test Input 
±30AOJ ±30 Second Correction Input A. GNO 

XT&XT xtal oscillator connections A, 0, 
VOO +5V Supply 

CS O. 
GNO Ground 

O. 0 , 

REGISTER TABLE 

Address Data Input/Output 
Input Register - Data Remarks 

Name Limit 
Ao A, A2 A, O. 0, O. O. 

0 0 0 0 Sl " " " * 0-9 Sl or Sl 0 are reset to zero irrespective 
of input data 00-03 when write 
instruction is executed with address 

1 0 0 0 S10 * " " 0-5 selection, 

0 1 0 0 Mil * . * * 0-9 

1 1 0 0 MilO * * " 0-5 

0 0 1 0 Hl * * " " 0-9 

02 = "1" for PM 03 = "1 " for :i 24 hour format 
1 0 1 0 Hl0 " . t t 02 = "0" for AM 03 = "0" for 

0-2 12 hou r format 

0 1 1 0 W . * " 0-6 

1 1 1 0 01 * * * * 0-9 

0 0 0 1 010 * * t 0-3 
02 = "1" for 29 days in month 2 (2) 
02 = "0" for 28 days in month 2 

1 0 0 1 MOl * * * * 0-9 

0 1 0 1 MOlO * 0-1 

1 1 0 1 Yl * * * * 0-9 

0 0 1 1 Yl0 * " " * 0-9 

(1) "data valid as "0" or "1", 
Blank does not exist (unrecognized dUring a write and held at "0" during a read) 
tdata bits used for AM/PM, 12/24 HOUR and leap yeer. 

(2) If 02 previously set to "1", upon completion of month 2 day 29, 02 will be internally reset to "0", 

Table 1 
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OSCILLATOR FREQUENCY DEVIATIONS 

Frequency Deviation vs Temperature 

Ta = 25°C 
(ppm) 

VCC= 3V: T = 1000000.0 JJS 
(0 ppm) 

VCC= 5V: T = 999999.7 JJS 
(0 ppm) 

+6.0 
~ 

+4.0 "./ 
~ 

+2.0 ~ 
/.,.c; 

./ 
-20 0/ ~ +25 +40 +60 +80 

./"'/ Ta(OC) 
V ./ V =3V -4.0 

V = 5V 
V -6.0 

Figure 1 

Frequency Deviation VI Supply Voltage 

(ppm) 

+3.0 ~ Sample #1 : T = l000000.8~S 
(Oppml 

r\ Sample #2 : T = 1000000.2 ~S 
\ (Oppml 

\ +2.0 

~ ,,,",, 
~ ~ I 

-.........:: 
+1.0 

'" "'" ~ 
~~ 
~ 

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 

I '\'\ VCC(V) 

I 'i~ 

-1.0 '\: 
1 '\. 

I " I 
.......... "'" Sample #1 

"" -2.0 Sample #2 
I J I 

Figure 2 
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ABSOLUTE MAXIMUM RATINGS 

Rating Symbol 

Supply voltage V.OD 

Input voltage VI 

Data I/O voltage Vel 

Storage Temperature Tstg 

OPERATING CONDITIONS 

Parameter Symbol 

Supply Voltage VOO 

Standby Supply Voltage VOH 

VIH 
Input Signal level 

Vil 

Crystal Oscillator Freq. f(XT) 

Operating Temperature TOp 

DC CHARACTERISTICS 
(VCC=5V±5%;TA=-30to +85°C) 

Parameter Symbol 

IIH 
I nput Current (.) 

til 

Data I/O leakage 
IlO Current 

Output low Voltage VOL 

Output low Current 10l 

IOOS 
Operating Supply Current 

100 

(1) XT, >rr and O. - O. excluded. 

/ 

Min. 

4.5 

2.2 

3.6 

-0;3 

-
-30 

Min. 

10 

-

·10 

-

1.6 

-
-

Value Unit 

-0.3 - 7.0 V 

-0.3 - VOO + 0.3 V 

-0.3- Voo+0.3 V 

-55 - 150 °c 

Typ. Max. Unit Conditions 

5 7 V 

- 7 V 

- VOO V VOO = 5V ± 5% 
- 0.8 V flespect to GNO 

32.768 - kHz 

- +85 °c 

Typ. Max. Unit Conditions 

25 50 p.A VIN=5V, VOO=5V 

- ·1 p.A VIN=OV 

- 10 p.A 
VI/O = 0 to VDD 
CS= UOH 

- 0.4 V 
10 = 1.6 mA, CS = "1", 
READ = "1" 

- - mA 
VO=0.4V,CS- "1", 
READ· "1" 

15 30 p.A VCC = 3V, Ta = 25°C 

100 500 p.A VCC = 5V, Ta = 25°C 
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SWITCHING CHARACTERISTICS 

(1) READ mode 

Parameter Symbol 

HOLD Set-up Time tHS 

HOLD Hold Time tHH 

HOLD Pulse Width tHW 

HOLD "L" Hold Time tHL 

READ Hold Time tRH 

READ Set-up Time tRS 

READ Access Time tRA 

ADDRESS Set-up Time tAS 

ADDRESS Hold Time tAH 

READ Pulse Width tRW 

DARA Access Time tAC 

OUTPUT Disable Time tOFF 

CS Enable Delay Time tCS1 

CS Disable Delay Time tCS2 

READ CYCLE 

HOLD 

READ 

On-D) 

(DATA O..:;U..;,T.;..I __ -f-iI--f'I 

Condition 

--
--
--
--
--
--

RpULL-UP; 5KSl 
CL;15pF 

--
--

RpULL-UP; 5KSl 
CL; 15pF 

RpULL-UP; 5KSl 
CL; 15pF 

RpULL-UP; 5KSl 
CL;15pF 

--
--

'HW 

Figure 3 Reed 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 

- - JJS 

- - I'S 

- 990 ms 

- - I'S 

- - I'S 

- - JJS 

- 6 JJS 

- - JJS 

- - I'S 

- - I'S 

- 0.6 I'S 

- 0.6 I'S 

- 0.6 I'S 

- 0;6 JJS 

HIGH IMPED.ANCE 
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SWITCHING CHARACTERISTICS 

(2) WRITE mode 
(Voo ~ 5V +5% Ta = 25°CI -

Par.meter Symbol Condition MIN TYP MAX 

HOLD 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 low -- 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 tesl -- - -
CS Disoble Delay Time tCS2 -- - -

'HW 

HOLD 50~ 

~ tAW 

~ V 50% 
) 

'OW 

'I ~ 50% 
INI 

~ ~ 

WRITE ~ ~ J 
'ww 

F .... 4 Write Cycle 

Not .. : 1. A WR ITE occurs during the overlap of a high CS.a high HOLD and·a high WR ITE. 
2. CS may be permanent "1". or m.av be coincident with HOLD put ... 

-
-

990 

-
-
-
-
-
-

0.6 

0.6 

1\ 50% 

'HH 

50% 

V 
)1\ 

50% 

~ 

Unit 

I'S 

I'S 

ms 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 

I'S 
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PIN DESCRIPTION 

Name Pin No. Description 

VDD 1 Power supplV pin. Application circuits for power supplV are described in 
Figure 9. 

WRITE 2 Data write pin. Date write cvcle is described in Figure 4. 

READ 3 Data read ~in. Data read cvcle is described in Figure 3. 

Ao -AI 4-7 Address input pins used to select internal counters for read/write operations. 
The address is specified bV 4-bit binary code as shown in Table 1. 

C S 8 Chip slect pin which is required to interface with the external circuit. HOLD, 
WRITE, READ, ±30ADJ, TEST, D. - D. and A. - A. pins are activated if 
CS is set at H level, while all of these pins are disabled if CS is set at L level. 

0.- D. 9-12 Date input/output pins (bidirectional bus). 
As shown in Fi9ure 5, external pull-up registers of 4.7 kG - 10 kG are 
required bv the open-<irain NMOS output. D. is the MSB, while D. is the LSB 

+5V 

"~ ~re: 
~o. 

I 
I 

D. 
I 
I 

I I J / I 
I I I I I I 

+5V I I r-

~KJ= 
I 

"~ 
I I 
I I DD, 

I I I I 
D, I 

Oil 

t-LJ 
C.S. 

READ 

MSM5832RS 

Figure 5 
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'. 
Name Pin No. Description 

GND 13 Ground pin. 

TEST 14 Test pin. Normally this pin should be left open or should be set at ground level. 
With CS at V DO, pulses to V DO on the TEST input will directly clock the SI , 
Milo, W, 0, and Y I counters, depending on which counter is addressed (Wand 
0, are selected by Di address in this mode only). Roll-over to next counter is 
enabled in this mode. 

±30ADJ 15 This pin is used to adjust the time ';'ithin 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 O. 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. 

XT 16 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. 

Xl' 17 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. 

XT 
~ 

~'~ 
---

CI ~ ~ i'· -
GNDOrVDD~ t RS 

-'VV'V-
C. XT 

MSM5832RS 

Figure 6 

HOLD 18 Switching this input to VDD inhibits the internal 1 Hz clock to the S1 coun-
ter. After the specified HOLD set-up time (150 J'S), 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 

Condition Output Reference Frequencv Pulse Width 

HOLD - L D. (,) 1024 Hz duty 50% 

READ - H 0, 1 Hz 122.11./S 

CS - H D. 1/60 Hz 122.1115 

A.-A.-H 0 1 1/3600 Hz 122.11./S 

(1) 1024 Hz signal at Do not dependent on HOLD input level. 

APPLICATION EXAMPLE 

MICROCOMPUTER 
SYSTEM BUS 

8255 PPI 

+5V 

MSM5832RS 

PA. 1---+ ...... --10. MICROCOMPUTER INTERRUPT 

rl----+- 122 /J.S pulse each second 
PA, 1---4 ............ -10, (A. - A, and READ ~ V DO) 

PA,I---+ .... --IO, 

PA,I---+ ...... --IO. 

PB. 1---+4--1 

PB, 

PB, 

PB, 

PC. 

PC. 

32.76BkHz 

....... >-I-u:.~30 pf 

33pf 

CS from power failure 
detection circu it 

TEST 

GNO 

2200 
L_--,:P:C:'J--i-+:--rRITE VDD 1-.................... _-"111""-- +12V 

+5V 
"3~ sec Adjust 
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• PERIPHERALS'MSM5832RS .1-----------------
APPLICATION CIRCUIT - POWER SUPPLY CIRCUIT 

Open or ground unused pins (pins other than the XT, XT, 00-03, and"SUSV pinsl. 

VCE (Satl = 0.1 V Ripple 

Operating state 20mV p.p 

51K + 4.711-

bl. VOO Backup OmV 

10K 
... 

GNO 

.",. .".. MSM5832RS 

1.2x3 = 3.6V 
N i ·Cd batte ry 

RL 
+5V lOOn 

cl. + 4.711-
VOO 

MSM5832RS 
GNO 

1.5x2 = 3V 
Dry cell 

dl. (Recommended circuitl 

+V 

. (Power voltage 
02 

approximately 
1.5V higher than R2 
5VI 

lOOn 4.711- VOO 
Peripheral 

{~+ circuit power) MSM5832RS 

l-
3.6V -= 

Ni·Cd 
battery 

Note:, Use the same diodes for 01 and 02 to reduce the level difference between +5V and VOO of the MSM5832RS. 
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OKI semiconductor 

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 I/O, ADDRESS WRITE, READ, and lIUSV; it is written with 4-bit DATA 
1/0, ADDRESS WRITE, WRITE, and BUSY. 

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 

TEST 

0' 
Q.. ___ +-I CONTROL 

ADDRESS o-~ __ ...:[y-.J 
WAITE 

• 32.768kHz crystal controlled operation 
• Single 5V power supply 
• Back-up battery operation to VDD = 2.2V 
• Low power dissipation 

901HV max. at VDD = 3V 
2.5mW max. at V DD = 5V 

• 16 pin plastic DIP packqge 

Rp ~ 200 KO TVP 
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PIN CONFIGURATION 

CS. VDD 

WRITE 15 XT 

READ 3 14 XT 

D. 4 CS, 

0, 5 TEST 

D. STOP 

0, BUSY 

GND ADDRESS WRITE 

REGISTER TABLE 

Addres. input 

o o 

o 

0 

6 

0 

9 

A 0 

1 0 

C 0 

0 

E-F 0/1 1, 

Register 
Nam. 

s, 

s" 
MI, 

MIlO 

H, 

H .. 

W 

0, 

0 .. 

MO, 

MOlo 

Y, 

Y .. 

Data input! 
output 

r--.-,--,--i Count value 

o 0-1 or 0-2 

e e 0 

o 

RemerkS 

02· 1 specifi .. PM, 02 - 0 speclf!" AM, 03·' speclfle.24-hour timer, and 
D3 - 0 specifiei 1 2-hour timer. 
When 03 • 1 is written, the 02 bit i. reset inside the IC. 

The D2 and D3 bits in 010 are used to select a leap year. 

Showa 3 
2 

A salec::tor to reset 5 PGStstages In the 1/21 ' frequency divider and the BUSY 
circuit. They are retet when this code Is latched with ADDRESS LATCH 
and the WR.ITE input goes to 1. 

A selector to obtain reference signal output. Reference stsnais are output to 
00 - D3 when thi. code is latched with ADDRESS LATCH and READ input 
goes to 1. 

No ... : (11 There are no bits in blank fiekjs for data input/output. 0 signals are output by reeding and uta Is not stored by writing beceuse there are no biu, 
(21 The bit with marked 0 is used to select the 12124-hour timer and the bits merked C9 are utad to select e leap year, These three bits can be read or 

written. 
t3) When .ig.,." are input to bus llnet 00 - 03 and ADDRESS WRITE goet to 1 for address input. ADDRESS information is latched with AODAESS LATCH. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Rating Unit 

Power voltage VDD Ta z 25·C -0.3 -7 V 

Input voltage VI Ta = 25"C GND-O.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·C) 

Parameter Symbol 

H input voltage VIH' 
VIH. 

L input voltage VIL 

L output voltage VOL 

L output current 10L 

H input current IIH' 
IIH. 

L input current IlL 

Input capacity CI 

Current consumption 100 

Condition Min. 

- Note 1 3.6 

- Note 2 VDD-0.5 

- -
10 = l.6 mA -
VO=0.4V 1.6 

Vl = VDDV Note 3 10 

Vl = VDDV Note 4 -
VI =OV -
f= 1 MHz -

f = 32.768 kHz 
VDD = 5VIVDD z 3V -

Note: 1. Cs" WRITE, READ, ADDRESS WRITE, STOP, TEST, D. - D. 
2. CS, 
3. CS" Cs" WRITE, READ, ADDRESS WRITE, STOP, TEST 
4. Do - D. 

Typ. Max. Unit 

- -
V - -

- 0.8 V 

- 0.4 V 

- - mA 

30 80 

- 1 IJA 

- -1 IJA 
5 - pF 

100115 500/30 IJA 
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SWITCHING CHARACTERISTICS 

(1) WRITE mode 
(VDD - 5 V ±5%. Ta - 25°CI 

Parametar Symbol 

CS setup time tcs 

CS Hold time tCH 

Address setup time tAS 

Address write pulse width tAW 

Address hold time tAH 

Data letup time tDS 

Writa pulse width tww 

Deta hold time tDH 

H 
CS1 

CS2 L 

DO - 03 
(ADDRESS/DATAl 

ADDRESS WRITE 

WRITE 

Ie internal 
ADDRESS 

Ie internal DATA 

Condition 

-
-
-
-
-
-
-
-

ADDRESS DATA 

Write Cycle 

Min. -; Typ. 

0 -
0 -
0 -

0.6 -
0.1 -
0 .. -
2 -
0 -

N0t8: ADDRESS WRITE and WRITE inpu~ ara activated by the level. not by the edge. 

390 

Max. Unit 

- '" , -- '" - '" - lAs 

- -/.II 

- /.Is 
,".' .' 

'/.Is -
- /.Is 
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(2) READ mode 
(VDD - s. V is''. Ta - 2SoCI 

Parameter Symbol Condition 

CS letUp time tcs -
CS Hold time tCH -
Addra" letup time tAS -
Address write pulse width tAW -
Address hold time tAH -
Reed IICCI" time tRA -
Reed dalay tim. too -
Read inhibit time tRI -

Note 1. tRA - 1 III + CR In ( VDD . I 
VDD-VIH min 

CSI 

CS2 

00- 03 
IADDREss/DATAI 

ADDRESS WRITE 

READ 

ADDRESS DATA 

R .... Cvel. 

Min. Typ. 

0 -
0 -
0 -

O.S -
0.1 -
- -
- -
0 -

Note: ADDRESS WRITE and READ inputs ere activ.eted by the I_I. not by the edge. 

Max. Unit 

- III 

- III 

- p's 

- III 

- III 
.ee Note 1 III 

1 P.I 
- III 
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(3) WRITE & READ mode 

Parameter Symbol Condition 

CS setup time tcs -
cs hold time tCH -
Address Setup time tAS -
Address write pulse width tAW -
Address hold time tAH -
Data setup time tos -
Write pulse width tww -
Data hold time tOH -
Read access tima tRA -
Flead delay time too -
Read inhibit time tRI -

Note 1. tRA - 1115 + CR In ( VOO ) 
VOO-VIH min 

, 
H --

CSl 

CS2 L - tCS tAS tAW tAH tDS 

DO - D3 
(ADDRESS/DATAl ~ I-' 

~ 
ADDRESS WRITE 

WRITE 

READ 

Ie internal D< 
ADDRESS 

Ie internal DATA 

I--
ADDRESS 

Min. Typ. Max. Unit 

0 - - - 1.15 

0 - - I.Is 

0 - - I.Is 

0.5 - - 1.1' 

0.1 - - j.Is 

0 - - I.Is 

2 - - 1.1' 

0 - - I.Is 

- - see Note 1 1.15 

- - 1 1.15 

0 - - I.Is 

DATA INVALID 

/ / 

,tRI ( 

tWW tD~), tRAJ /~ .. 
~ 

])( 

~ .- -
DATA 

WRITE 

DATA READ 

DATA VALID 

, 
.... - ... -

~t CH 

~ 

H igh Impedance 

Reed " Write Cycle 
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PIN DESCRIPTION 

Name Pin No. Description 

es. 1 Chip select pins. These pins enable the interface with the external circuit when 
both of these pins are set at H level simultanuously. 

eSt 13 If one of these pins is set at L lewl, STOP, TEST, WRITE, READ, ADDRESS 
WRITE pins and D. - D. pins are inactivated. 
Since the threshold voltage VT for the eSt pin is higher than that for other pins, 
it should be connected to the detector of power circuit and peripherals and es. 
is to be connected to the microcontroller. 

WRITE 2 WR ITE pin is used to writa data; it is activated when it is at the H level. Data bus 
data inside the Ie is loaded to the object digit while this WRITE pin is at the H 
level. not at the WRITE input edge. Refer to Figure 2 beiow. 

151 digitI 

~-------
03 

'Ci 

rro ~ 
WRITE 

...J ---
DO 

~~~} DATA BUS 
01 

02 

03 

51 

r- _n CS1- CS2- "H" 
DO 

H 

51 

- r---l r---l .... h 
WRITE 

F/F Do./! - r-

Figur.2 
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Name Pin No. 

READ 3 

394 

Descrip' 

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 tha IC at the DO - 03 and, 
ADDRESS WRITE pins to select the object digit, then an H-Ievel 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, read 
operation must 'be performed, in prinCiple, while the BUSY output is at the H 

, level. While the "BUSY' 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 BUSY output, 1 Hz 
signal inside the IC, and READ input. 
A read operation is stopped temporarily within a period of 244 Ils from the SUSV 
output trailing edge and it is restarted when the BUSY output goes to the H level 
again. 

Reael-enabled 
period 

- ----,--1--+---
Re.o-Inhiblled period 

Rnd operation is eMblitd in this period: 
however, It is used for progr~ SWitching. 

iUSY~ F 1 "'('",""'CI (1II.u....L..1--__ - _----j_++_---rr-IIII -

READ input 1-________ , ... 

Figura 3 

If the counter operation is stopped by setting the STOP input to the H level, read 
operations are enabled regardless of the BUSY output. 
A read operation is enabled by microcomputer software regardless of the SUSV 
output during the counter operation by setting the STOP input to the L level. 
In this mathod, read operations are performed two or more times continuously 
and data that match8\! t,wice is used as guaranteed data. 
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Name 

Do - D, 

GND 

ADDRESS 
WRITE 

Pin No. 

8 

9 

10 

Description 

Data input/output pins. (Bidirectional busl. The output is a open-drain type and 
4.7 kG - 10 kG 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 
I/O 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. Figurl4 shows 
the relationships between the DO address input, ADDRESS WRITE input, and 
ADDRESS LATCH input/output. 

Do input 
I L-___ ----Jr---L-

ADDAESS WRITE 

ADDRESS LATCH 
Ion.,d~ lei 

~,-__ ~I 
LATCH output 

Figure 4 

BUSY pin outputs the IC operation state. It is N-channel MOSFET open-drain 
output. An external pull-up resistor of 4.7 kilor more must be connected (see 
Figure 51 to use the BUSY 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 CSI and CS2 unless the D output of the ADDRESS DECODER inside the IC 
is H (CODE = H·L·H·HI and CSI = CS2 = WRITE = H. 
Figure 6 shows the BUSY output time chart. 

Ipenphera! cirCUit power) 

1 Hz !InSide Ie) 1 I 
244jl5 1'22/l5 ~'Ii 

r--- 427j.15 -

r-S-
Read/write-Inhibited period 

11---- , .eo 

Figure 6 

The counter inSide the Ie 
starts counting at the . 
1 Hz Signal Inding edge. 
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Name Pin No. 

STOP 11 

TEST 12 

396 

Description 

The STOP pin is used to input onloff 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 S 1 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 safeguard against malfunctions from 
noise. 
The TEST pulse can be input to the following nine digits: 
Sl, S10, MilO, Hl, 01 (WI, MOl, Yl and Yl0 
When a TEST pulse is input to the 01 digit, the W·digit is alse counted up 
simultaneously. 

I nput a TEST pulse as follows: 
Set the address to either digit explained above, then input a pulse to the TEST pin 
while CSl - CS2 = STOP = H and WRITE - L. The specified and succeeding digits 
are coUhted up. (See Figure 71 

0-. 0-' 0-. 

1 H, Cl,.,- l 
Cl+ 

1-" 
~ 51 Cl0r 'l..)<>- . OJ 0 ~Il 

Cl0 --

J1J1J"U'1... .~ 0 ~ 
TEST "1, FLJ 

TEST·P 
I 

C·S 
51 S10 Mil 

0-. 0-' 

---- ~01 CO Cl I Cl I W 01. 

~ 
01 Rp" 200 kG TVP 

Figure 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 TEST pin input at VDO = 5 V ±5% is 
described in Figure 8 below. 

tH = 10~S MIN 

tL =10~S MIN 

Figure 8 
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Name Pin No. 

XT 14 
XT 15 

Voo 16 

O"scription 

Oscillator pin. A 32.768kHz crystal oscillator, capacitor and trim capacitor for 
frequency adjustment are to be connected 85 shown in Figure 8 below. 

GND or VOD 

1 
MSM58321RS 

RFB = 10 MO typ 

RS • 200 Kn tvp 

X-TAL 32.768 kHz, The crystal impedance is 30 knor Ie". 

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 )(T should be left open. Refer to the 
Figure 9 below. 

CMOS 

s 
,fT ~ J-l'x>--

or +5V /1 
L /0---0 rXT ~ [:;>ol-1 MSM58321 RS 

~ '-------
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 - 03 pins under the following conditions: 

Conditions 

WRITE = L 

READ= H 

CSl = CS2 = H 

ADDRESS = E or F 

398 

1024 Hz 

1 Hz 

1/60 Hz 

1/3600 Hz 

1 Hz 
(inside Ie) 

BUSY 

Output 
pin 

D. 

0, 

D. 

D. 

R"ference signal 
frequency 

1024 Hz 

1 Hz 

1/60 Hz 

1/3600 Hz 

I--- 488.3~S 

I--

I--

I--

~ 

244~S 122/.1S 

Figure 10 

Pulse width Output logic 

488.3 ~s Positive logic 

122.1 ~s Negative logic 

122.1 ~s Negative logic 

122.1 ~s Negative logic 

4as.3~S ---i 

61~ S 

122.1~S 
10-' 

= 32.768 x 4 

4~8.3~S 
10-' 

= 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 {tSHI between the STOP input leading edge and WRITE 
input trailing edge for each digit is limited to the minimum value. (See Figure 111 

atVoo=5V±5% 

STOP .J 
WRITE 

tSHSIO 

--- tSHYIO 

Write-inhibited period 

Figure 11 

tSHSl ~ 11'5, tSHS10 = 21'S, tSHMIl = 31'S, tSHM10 - 41's, tSHHl = 51's 
tSHH10 = 61'S, tSHDl = 71's, tSHW'= 71's, tSHD10 - 81's, tSHMOl = 91'S 
tSHM010 = 101'5, tSHYl = 111'5, tSHY10 = 121'5. 
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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 SUSV output is at the H level. While the 1fO'SV 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 p's from' 
the ausv output trailing edge. If the ausv output goes to the L level during a write operation, the write operation 
is stopped temporarily within 244 p's and it is restarted when the BUSY output goes to the H level again. Figure 12 
shows a time chart of BUSY output, 1 Hz signal inside the IC, and WRITE)nput. ' 

- J 

1 Hz (inside Ie) II I I II 

WRITE input 
1 sec 

Figure 12 

• Frequency divider and MmV circuit reset 

If AO-A3 = H·L·H·H is input to ADDRESS DECODER, the DECODER output (01 goes to the H level. If 
CS1 = CS2 = H and WRITE - H in this state, the 5 post~teges in the 15-5tage frequency divider and the SlJ!V circuit 
are resat. 

In this period, the SUSV 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 BUSY ol,ltput 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 steges in the 15-stege frequency divider are not reset. (See 

Figure 131 

400 

oH ,--_~.r--., 

32.768 kHz ....,.----"1-_-' 

0" 

lin$ide Ie) 

1 Hz 
(inside leI 

RESET (inside lei 

Figure 13 

cs 

1S-stage 
frequency 
tUvider 

t3 -'000:1: 31.25 ms 
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--------------...--____ PERIPHERALS· MSM58321 RS _ 

• 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 010 digit (CODE 

• L'L·L~HI. (See Table 1 for the functions.! 
Gregorian calendar, Japan_ Showa, or other calendars can be set arbitrarily in the V1 and V2 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 O. 
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) (87) (91) (95) (99) 
2 Showe 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 

+5.7V 

al 
or 

C372 I 

VF = O.69V 

lS1588 

1.2x3 = 3;6V 
Ni-Cd battery 

Ripple 

Operating state 20mV p.p 

Backup OmV 

MSM58321RS 

VCE(Satl = O.lV Ripple 

51K 

bl. 

10K 

+5V 

cl. 

dl . (Recommended circuitl 

+V 

• (Power voltage 
approximately 
1 .5 V higher than 
5VI 

1.2x3 = 3.6V 
Ni-Cd battery 

RL 
lOOn 

1.5x2 = 3V 
Dry cell 

3.6V 
Ni-Cd 
battery 

+ 

Operating state 20mV Pop 

VOO Backup OmV 

GNO 

.,.., MSM58321RS 

4.71J. 
VOO 

MSM58321RS 
GNO 

02 

lOOn 4.7U VOO 

MSM58321RS 
GNO 

Nota: Use the same diodes for 01 and 02 to reduce the leval difference batween +5V and VOO of the MSM58321 RS. 
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OKI aarnlconcluctor 

MSM6242BRS/GS-VK/ JS 
DIRECT BUS CONNECTED CMOS REAL TIME CLOCK/CALENDAR 

GENERAL DESCRIPTION 

The MSM8242B is a silicon gate CMOS Real Time Clock/Calendar for use in direct bus-connection Micro­
processor/Microcomputer applications. An on-chip 32.788KHz crystal oscillator tiine base is divided to provide 
addressable 4-bit I/O dete for SECONDS, MINUTES, HOURS, DAY OF WEEK, DATE, MONTH and YEAR. Data 
access is controllad bY' 4-bit address, chip selects (CSO, CS1), WRITE, READ. and ALE. Control Registers 0, 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, Tl and the ITRPT/STND (INTERRUPT/STANDARD). 
Masking of the interrupt output (STD.P) can be accomplished via the MASK bit. The MSM8242B can operate in a 
12/24 hour format and Leap Year timing is automatic. 

The MSM8242B 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 MSM6242B is offered in a 18-pin plastic 
DIP, a 24-pin FLAT package, and a 18-pin PLCC package. 

FEATURES 
DIRECT MICROPROCESSOR/MICROCONTROLLER BUS CONNECTION 

TIME MONTH 

23:59:59 12 

, 4-bit data bus 
, 4-bit address bus 
, lfEAl>,~, ALE and CHIP SELECT 

INPUTS 
, Status registers - I RQ and BUSY 

DATE 

31 

, Selectable interrupt outputs - 1/64 second, 
t second, t minute, t hour 

, I nterrupt masking 
, 32.768KHz crystal controlled operation 

FUNCTIONAL BLOCK DIAGRAM 

0, 

0, 

0, 

0, 

WR ~.,.."rt II .. 

lIli 

A, 

A, 
A, 

A, 

ALE 

YEAR DAY OFWEEK 

80 7 

, 12/24 hour format 
, Auto leap year 
, :1:30 second error correction 
, Single 5V supply 
, Battery backup down to VDD = 2JJV 
, Low power dissipation: 

20 J.NV max at VDD = 2V 
150 J.NV max at VDD = 5V 

'l8-pin plastic DIP, 24-pin FLAT 
and 18-pin PLCC package 

cs, • s. -W-y •• are time counter ngister 
• C. -CF are control regilt.r 
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• PERIPHERALS' MSM6242BRS/G$-VK/JS •• -----~---------

PIN CONFIGURATION 

STO.P VDO AO-A3: Address input 
-os; lIT 

00-03: Data input/output 

Ne 
~,~ CHIP SELECTS 0,1 

XT Fm": READ enable 
ALE Ne WR": WRITE enable 

" co, ALE: Address latch enable A, 
Ne D, STD.P: Standard pulse outpu, 

A. NC 
XT, rr: XTAL osCillator inputYoutput 
VDD:. +5Vsupply 

Ne NC 
VSS: ground 

A, D. 

A, D, 

"" D, 

GND ... 

18 pin Plastic DIP Package 24 pin Plastic Flat Package 

REGISTER TABLE 

Address Input Register Data Count Description 

Address Name value 
Input A. A. A, A. D. D. -0, D. 

0 0 0 0 0 5, S. So S. 5, 0"- 9 1-second digit register 

1 0 0 0 1 5,. * 5 •• s.. 5,. 0-5 10-second digit register 

2 0 0 1 0 MI, mi. mi. mi2 mit 0-9 1-minute digit register 

3 0 0 1 1 MI .. * mi.o mi,o mit 0 0-5 10-minute digit register 

4 0 1 0 0 H, hI h. h. h, 0-9 1-hour digit register 

5 0 1 0 . PM/ 
h .. hlO 

0"'2 PM/AM, 10-hour digit 
1 H,. 

AM or 0'" 1 register 

6 0 1 1 0 0, d. d. d. d, 0 -9 1-day digit register 

7 0 1 1 1 0,. * * d .. d,. 0 - 3 10-day digit register 

8 1 0 0 0 MO, mo. mo. mo. mo, 0-9 1-month digit register 

9 1 0 0 1 1\110,. * . . MO,. 0-, 10-month digit register 

A 1 0 1 0 V, Ya Y. Y. y, 0-9 1-year digit register 

B 1 0 ,. 1 V,. Ya. Y •• Y •• Y .. 0-9 10-year digit register 

C 1 1 0 0 W . w. w. w, 0-6 Week register 

30 IRQ 
0 1 1 0 1 Co sec. 

FLAG 
BUSY HOLD - Control Register 0 

ADJ 

E 1 1 1 0 CE 
ITRPT 

MASK Control Register E t, t. 
/STND -

F 1 1 1 1 CF TEST 24/12 STOP REST - Control Register F 

REST = RESET 
ITRPT/STND = INTERRUPT/STANDARD 

Note 11 - Bit * dOt!$ not exist (unrecognized during a write and held at "0" during a read I. 
Note 21- Be sure to mask the AM/PM bit when processing 10's01 hour's data. 
Note 31 - BUSV bit is read only. The IRQ FLAG bit can only be set to a "0". Setting the IRQ FLAG to a "1" is 

dQne by hardware. 

404 Figure 1. Register Table 



--------------11. PERIPHERALS' MSM8242BRS/GS·VK/JS ill 

OSCILLATOR FREQUENCY DEVIATIONS 

0 

0 

i i -1 Q. 
Q. !!; !!; -50 !!:. ;S ~ -2 
<I 

-3 

-100 -4 
-60 -40 -20 0 20 40 60 80 0 2 3 4 5 

Ta('C) VOO(V) 

Figur.2. FNqu.ncy Deviation (PPM) va TMlperature Figure 3. Frequ.ncy Deviation (PPM) va Volt .... 

Not.: 1. The graphs above shOwing frequency deviation vs temperature/voltage are primarily charecteristic of the 
MSM62428 with the oscillation circuit described below. 

N 
CGT 1 Co 

Voo 

Crystal: Type N •• p. by kinseki (32.768 KHz) 

CG. CD: 22pF (Temperature Characteristics: 0) 
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.PERIPHERALS·MSM6242BRS/GS .. VK/JS •• ------'""'--.......... -------

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition 

Power Supply Voltage VOO 

I nput Voltage VI Ta = 25"C 

Output Voltage Vo 

Storage Temperature TSTG 

OPERATING CONDITIONS 

Parameter Symbol Condition 

Power Supply Voltage VOO -
Standby Supply Voltage VBAK -
Crystal Frequency f(XT) -
Operating Temperature TOp -

D.C. CHARACTERISTICS 
VOO = 5V ± 10%, TA = -30 - +85 

Parameter Symbol Condition Min. 

"H" Input Voltage VIHl - 2.2 

" L" I nput Voltage VILl - -

Input Leak Current ILKl -
VI = VOO/OV 

I nput Leak Current ILK2 -
"L" Output Voltage VOLl IOL = 2.5mA -
"H" Output Voltage VOH IOH = -400/J.A 2.4 

"L" Output Voltage VOL2. IOL = 2.5mA -
OFF Leak Current IOFFLK V= VOO/OV -
I nput Capacitance CI 

I nput frequency -lMHz 

Current Con-
1001 

f(xtl = VOO= 
sumption 32.768 5V -

Current Con- KHz 
VOO= 

sumPtion 1002 Ta=25·C 2V -

"H" Input Voltage VIH2 4/5VOO 

"L" Input Voltage VIL2 VOO= 2-5.5V -

406 

Rating Unit 

-0.3-7 V 

GNO - 0.3-VOO + 0.3 V 

GNO - 0.3-VOO + 0.3 V 

-55- +150 ·C 

Rating Unit 

4-6 

2-6 V 

32.768 kHz 

--'30-+85 ·C 

Typ. Max. Unit 
Applicable 
Terminal 

- - All input term in-
V als except CS, - 0.8 

Input terminals 
- 1/-1 other than 

/J.A O. - 0, 

- 10/-10 b. - D. 

- 0.4 
V O. - D. - -

- 0.4 V 

10 /J.A 
STO.P -

5 - PF 
All input 
terminals 

- 30 

/J.A VOO 
- 10 

- -
- 1/5VoO 

V CS, 



______________ PERIPHERALS· MSM6242BRS/OS·VKlJS _ 

SWITCHING CHARACTERISTICS 

(1) WRITE mode (ALE = VOO) 
(Voo - 5V :I: 10'16 - Ta - -30 - +a5·CI 

Parameter 

CS, Set up Time 

CS, Hold Time 

Address Steble Before 
WRITE 

Address Stable After 
WRITE 

WRITE Pulse Width 

Data Set up Time 

Data Hold Time 

CS, 

D. - 0, 

(INPUT) 

Symbol 

tC1S 

tC1H 

tAW 

twA 

tww 

tos 

tOH 

Figure 4. Write Cycle - (ALE - VDDI 

(2) WRITE mode (With use of ALE) 

(VOO = 5 V:I: 10%, Ta = -3CI 

Parameter Symbol 

CS, Set up Time tCIS 

Address Set up Time tAS 

Address Hold Time tAH 

ALE Pulse Width tAW 

ALE Before WRITE tALW 

WR ITE Pulse Width tww 

ALE After WRITE tWAL 

DATA Set up Time tos 

DATA Hold Time tOH 

CS, Hold Time tC1H 

Condition Min. 

- 1000 

- 1000 

- 20 

- 10 

- 120 

- 100 

- 10 

Condition Min. 

- 1000 

- 25 

- 25 

- 40 

- 10 

- 120 

- 20 

- 100 

- 10 

- 1000 

Max. 

-
-

-

-

-
-
-

Max. 

-
-
-
-
-
-
-
-
-
-

Unit 

ns 

VIH1- 2.2V 

VILI -O.8V 

VIH2 ~ 4/5VOO 

VIL2 = 1/5VOO 

Unit 

ns 
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• PERIPHERALS • MSM8242BRS/GS·VKlJS •• -------------

es, 

A • .... A, 

cs. 
ALE 

VIHI 

VILI 

WR VIHI 

VILI 

D. - D, VIHI 
(INPUT) VILI 

Figure 5. Write Cycle - (With Use of ALE) 

(3) READ mode (ALE = VDD) 
(VOO = 5V ± 10%, Ta = -30 - +85·C) 

----~~-----____ .X-l...- ___ --

VIHI - 2.2V 
VILI = a.BV 

VIH2 • 4/5Voo 
VIL2 - 1/5Voo 

---- .--.----- .-- r--------r-----
Parameter Symbol Condition Min_ Max. Unit 

CS, Set up Time tC1S - 1000 -
CS, Hold Time tC1H - 1000 -
Address Stable Before 

20 
READ tAR - - ns 

-
Address Stable After 

0 
READ tRA - -
FfD'to Data tRO CL = 150pF - 120 

Data Hold tOR - 0 ,-

es, VIH2 - d b'C1H VIHI - 2.2V 

Ao -A3 VIHI _ VILI -O.8V 

es. VILI _ VIH2 = 4/5VOO 
VIL2' 1I6VOO 

AD 
vlHl - VOH =2.2V 

VILI -
VOL -O.BV 

00 - 0, VOH -
(OUTPUT) VOL -

"Z" 

Figure 6. Rlted Cycle - (ALE - VDD) 
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-------------..... PERIPHERALS' MSM8242BRS/GS-VKlJS • 

(4) READ mode (\'"Jith use of ALE) 
(VPD. 6V :t10'16. Ta· -3O-+86°C) 

Paramatar Symbol 

CS, Sat up Tima tC1S 

Addrass Sat up Time tAS 

Addre .. Hold Time tAH 

ALE Pulie Width tAW 

ALE Before READ tALR 

ALE after READ tRAL 

RDto Data tRD 

DATA Hold tOR 

CS, Hold Time tC1H 

CS, VIH2-

Ao .... As vlHl _ 

cs. VILI -
VIHI _ 

ALE VILI -

VIHI -
lIl5 

VILI -

Do -os VOH -
(OUTPUT) VOL -

Figure 7. Read Cycle - (With U .. of ALE) 

Condition Mi,n. Max. Unit 

- 1000 -
- 26 -
- 26 -
- 40 -
- 10 ...., 

- 10 - nl 

CL -16OpF - 120 

- 0 -' 
- 1000 -

VIHI z2.2V 

VILI -O.8V 

VIH2 - 4/6VOO 
VIL2 • 1I6VOD 

VOH - 2.2V 
VOL =o.sv 

.. z·· 
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• PERIPHERALS· MSMe242BRS/GS~VK/JS •• ------,-----------

PIN DESCRIPTION 

N~me 
Pin No. 

DescriPtion 
RS GS 

D. 14 19 

0, 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 03 = MSB. 

D. 11 14 

A. 4 5 

A, 5 7 Address input pin for use by a microcomputer to select internal clock/calendar's 
registers and control registers for ReadIWrlte operations (See Function Table 

A. 6 9 Figure 1). Address input pins A()'A3 are used in combination with iA LE for 

A. 7 10 addressing registers. 

ALE 3 4 Address Latch Enable pin. This pin enables writing of address data when ALE = 1 
and ~ = 0; 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 cs;-= 0, D. - D. data is written into the register at the rising 
edge ofWFf. 

Fm 8 11 Reading of register data is accomplished using this pin. When CS, = 1, CS; = 0 
and An = 0, the data of the register is output to D. - D •• If both An and WR are 
set at 0 simaltanuously, FlO" is to be in hibited. 

Cs. 2 2 Chip Select Pins. These pins enable/disable ALE, Rtf andWR operation. ~ 

CS, 15 20 and A LE work in combination with one another. while CS, work independent 
with ALE. CS, must be connected to power failure detection as shown in Figure 

I 
18. 

STD.P 1 1 Output pin of N-CH OPEN DRAIN type. The output data is controlled by the 
0, 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. 

rr 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 
XT should be left open. 

VDD 18 24 Power supply pin. +2 - +6V power is to be applied to this pin. 

GND 9 12 Ground pin. 

voo 

XT r.:"'l ~-t>- --~ ,~~'t.'k ~~.~ c, !Of. 32.76!';HZ I 
N-CH 

GNOOR Voo 
Cs XT 

C1 .. C, '* 15-3OpF 

'The impedance of the crystal should be less thin 30kn 

figu,.S. OlCila.torCfrcuit Figure'. 
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--------------- PERIPHERALS· MSM8242BRS/QS-VKlJS _ 

FUNCTIONAL DESCRIPTION OF REGISTERS 

• Sl,S10,Mll,Mll0·Hl·Hl0·Dl·Dl0·M01·M01~'Yl'Y10'W 
al These are abbreviations for SECOND1, SECOND10, MINUTE1, MINUTE10, HOUR1, HOUR10, DAY1, 

DAY10, MONTH1, MONTH10, YEAR1, YEAR10, and WEEK. These values are in BCD notation. 
bl All registers are logically positive. For example, (SS, 54,52, S1 I • 1001 which means 9 seconds. 
cl If lIata is written which is out of the clock regist~r data limits, it can result in erroneous clock data being read 

back. 
dl PM/AM, h2O. hi. 

In the mode setting of 24-hour mode, PM/AM bit is ignored, while in the setting of 12-hour mode h20 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 O. In reeding out h .. bit in the 12-hour mode,O Is written Into this bit first, then It Is continuously read 
out as 0 unless 1 is being written Into this bit. " 

el Registers Y1, Y10, and Leap Year. The MSM6242B 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· Match 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). 

w. 

0 

0 

0 

0 

1 

1 

1 

Using HOLD Bit 

I 
I 

w. 

0 

0 

1 

1 

0, 

0 

1 

TABLE 1 

w, 

0 

1 

0 

1 

0 

1 

0 -

Figur. 10. RllK'lina and Writino of Registe,. 5, -19 

Day of Week 

Sunday 

Monday 

Tuesday 

Wednesday 

Thursdey 

Friday 

Saturday 

Not Using HOLD Bit 
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• PERIPHERALS' MSM8242BRS/OS-VKlJS •• -------------

Reading Method 2 when Not using HOLD Bit 

See Note 
below 

I Initialization only at power ON 
tl _ ., •• , and ·2 represent the minimum required 
1._*2 
ITRPT/STNT ... , 
MASK -0 

Normal read 

time unit. 
For e)fampfe:' 

tl .. 0 and to .. 1 when required to a 
unit of second; 
II '" 1 and to WI 0 when required to a 
unit of minute; and 
II '" 1 and to ;; 1 when required to a 
unit of hour 

Retried the reading, since a 
carry occurred during the 
operation. 

Do this process.within the following 
time requirements by combination 
between t. and til: 

t I := 0 and to := 1. . Less than 1 second 
• 1 an~ to .. 0 ... Less than 1 minute 
= 1 and to '" 1. . Less than 1 hour 

I : 12 HOUR MODE. 36,.S 
24 HOUR MODE... 3,.5 

• CO REGISTER (Control 0 Register) 

Reading Method .3 when Not Using HOLD Bit 

I Initialization only at power ON 
...-__ ..J. __ ..., ... , and" 2 represent the minimum required 

1, _., 

to_*2 
ITAPT/STND_l 
MASK -0 

timeumt. 

T 
,S ;::~rr~~:7;nt~e 
I 
I 
I 

For example: 
I, ;; 0 and t ... 1 wilen required to a 
unit of second; 
II ;; 1 and t ... 0 when required to a 
unit of minute; and 
tl ., 1 and to .. 1 when required to a 
unit of hOur 

The other Ie CBU6es 
I the interruption . 

.-__ .J..._Y_E_S ..,- ... - _I .... The interruption is caused by 

END 

this Ie due to the occ;:urrence 
of a carry. 

The IRQ FLAG is cleared to 
read the next time data. 

a) HOLD (00) - Setting this bit to a "I" inhibits the 1 Hz clock to the SI counter, at which time the Busy status 
bit can be read. When Busy = 0, register's 5, - W can be read or written. During this 
procedure if a carry occurs the SI "Counter will be incremented by 1 second after HOLD - 0 
(this condition is guaranteed as long as HOLD = 1 does not exceed 1 second in duration). If 
CSI - 0 then HO LO = 0 irrespective of any condition. 

b) BUSY (01) - Status bit which shows the interface condition with microcontroller/microprocessors. As for 
the method of writing into and reading from S, - 'II (address IP - C), refer to the flow chart 
described in Figure 10. 

c) IRQ FLAG (02) - This status bit corresponds to the output level of the STO.P output. When STO.P = 1>, then 
IRQ· 1; when STO.P =1, then IRQ -: O. The IRQ FLAG indicates that an interrupt has occurred 
to the microcomputer if IRQ = 1. When DO of register CE (MASK) = 0, then the STO.P output 
changes accOrding to the timing set by 03 h,l and 02 (to I of r-egister E. When 01 of register E 
(lTRPT/STNO) = 1 linterrupt mode), the STO.P output remains low until the IRQ FLAG is 
written to a "0". When IRQ = 1 and timing for a new interrupt occurs, the new interrupt is 
ignored. When ITRPT/STND = 0 (Standard Pulse Output mode) the STO.P output remains low 
until either "0" is written to the IRQ FLAG; otherwise, the IRQ FLAG automatically goes to 
"0" after 7.8125 ms. 

When writing the HOLD or 30 second adjust bits of register 0, it is necessary to write the IRQ 
FLAG bit to a "I". 

d) ±30 AOJ (03) - When 3D'second adjustment is necessary, a "I" is written to bit 03 during which time the 
internal clock registers should not be read from or written to 1251-15 after bit 03 = 1 it will 
automatically return to a "0", and at that time reading or writing of registers can occur. 
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----------------PERIPHERALS' MSM6242BRS/GS·YK/JS _ 

(B) 

(A) 

Figure 11. Writing 3O-Second Adj. bit (Two Ways A. B) 

• CE REGISTER (Control E Register) 

a) MASK (DO) - This bit controls the STO.P output. When MA.SK = 1. then STO.P = 1 (open); when MASK = O. 
then STO.P = output mode. The relationship between the MASK bit and STO.P output is shown 
Figure 12. 

b) INTRPT/STNO (OU - The INTRPT/STNO input is used to switch the STO.P output between its two modes 
of operation. interrupt and Standard timing waveforms. When INtRPT/STNO 0 a fixed cycle 
waveform with a ,1ow.Jevel pulse width of 7.8125 ms is present at the STO.P output. At this time 
the MASk bit must equal O. while the period in either mode is determined by TO(02) and T1 (03) 
of Register E. 

c) TO (02). T1 (03) - These two bits determine the period of the STO.P output in both Interrupt and Fixed timing 
waveform modes. The tables below show the timing associated with the TO. T1 inputs as well as 
their relationship to INTRPT/STNO and STO.P. 

"'" "1" OUTPUT OOES NOT OCCUR 
MASK BIT "0" n "0" r AT LOW LEveL BECAuse 
~~(~ITIS"1" 

oYTf.~t:p:{ t' ! OPEN 
•••• LOW LEVEL 

"INTERRUPT" TIMING OUTPUT TIMING 

~---...>...--- AUTOMATIC RETURN 

MASK BIT ''0'' 

INTRT/STNO BIT· "0" 

Figure 12. 

t, t. Period Duty CYCLE of "0" level when 
ITRPT/STNO bit is "0". 

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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• PERIPHERALS, . MSM6242BRSIGS-.YK/.JS •• ---------"-----

The timing of the STO.P output de$ignated by T1 and TO occurs the moment that a carry occurs to a clock digit. 

(EXAMPLE) WHEN t, = 1, to = 1 and MASK = O. 

I,PM12:00 I, PM1:00 

WHEN ITRPT/STNO'~ ------..... L1 
---OPEN 

BITis"1" L..~__ ----LOW LEVEL 
STO.P OUTPUTI I 

WHEN ITRPT/STN~ 
BIT IS "0" -'-, I i.- -- OPEN 

U U_ - ___ LOW LEVEL 

d} The low-level pulse width of the fixed cycle waveform (lTRPT/STNO = O) is 7.8125 ms independent of TO/Tl 
inputs. 

e) The fixed cycle waveform mode can be used for adjustment of the oscillator frequency time base. (See Figure 14l. 

f) During ±30 second "adjustment a carry can occur that will cause the STO.P output to go low when TO/Tl = 1,0 
or 1",1. However, when Tl/TO = 0, 0 and ITRPT/STNO = 0, carry does not occur and the STO.P output resumes 
normal operation. 

g) The STO.P output is held (frozen) at the point at which STOP = 1 while ITRPT /STNO = o. 
h) No STO.P output change occurs as a result of writing data to registers Sl' ~ Hl . 

• 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 "0" must be written to the REST bit. If CSI = 0 then REST = 0 a,;,tomatically. 

b) STOP (01) - The STOP F LAG Only inhibits carries into the 8192Hz divider stage. There may be up to 122JJ.s 
delay before timing starts or stops after changing this flag; 1 = STOP/O = RUN. 

Figure 13 

c) 24/12"(D2}-

"24 HOUR/ 
12 HOUR" 

"1" "1" "1" 

STOP BIT ~ "0" n "0" n "0" 

TIMING OF 
"CARRY" 
T08192Hz--~-----~--~----~-----~--------~--

"CARRY" EXECUTEot 

"CARRY" NOT EXECUTED t 
I 

This bit is for selection of 24/12 hour time modes. If 02 = 1-24 hour mode is selected and the 
PM/AM bit is invalid. If 02 = 0-12 hour mode is selected and the PM/AM bit is valid. 

Setting of the 24/12 hour bit is as follows: 
1) RESTbit=1 
2} 24/12 hour bit = 0 or 1 
3) REST bit = 0 
* R EST bit must = 1 to write to the 24/12 hour bit. 

d} TEST (d3J - 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 = 11 internal counting is inhibited; however, 
when the HOLD FLAG goes inactive (Hold = Ol counter updating is not guaranteed. 
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-------------. PERIPHERALS' MSM6242BRS/GS·VK/JS • 

TYPICAL APPLICATION INTERFACE WITH MSM6242B AND 
MICROCONTROLLERS 

8085 MSM62428 8085 

AID 
J ) 

AD, 0, 

AD, 0, 

AD, 0, A. - Au 

ADo Do 
~ 

L- A, 

A. -A" - a:. '-- A, Al2 - A15 

S, 

So 
101M 

w 
. S, - 0 '-- A, 

0 
So r-- u - A. w 

10iM r-- 0 cs. -ALE ALE 

RD RD RD 

WR WR WR 
J 

MEMORY MAPPED 1/0 MAPPED 

Figure 15. 

Z80 MSM62428 MCS48 
J 

0, 0, 

0, 0, 
0, 0, 

Do Do 

BUS, 

BUS, 

BUS, 

BUSo 

'--
A, A, 

'---
A, A, 

A, A, 

A. DECODER A. D~ER 

cs. BUS 4-7 -
A. - A,. 

~ 

MREa 
ALE 

ALE 

RD RD AD 
WR W1f WR 

G2 , 

Figure 16. Figure 17. 

MSM62428 

0, 
0, 

0, 

Do 
A, 

A, 

A, 

Ao 

CSo 

ALE 

RD 

WR 

MSM62428 

J 
0, 
0, 

0, 

Do 

A, 
A, 

A, 

Ao 

CSo 

ALE 

Frn 
WR 

J 
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• PERIPHERALS, MSMf524~BRS(GS~VK("'.S •• ----,...---...---....,--------

TYPICAL APPLICATIONS - INTERFACE WITH MSM80C49 

416 

loplif 

~.9V* '~~"'''»-_'' _ 4.7 IJP (tantalum) 
_ LlTHIUM"'" ---=.. ..... ~ 
- BATTERY :i: 

*.... * (VFWD • < 0.3VI 
..., Le. GERMANIUM 

26 t1SK ~DIODE_ 
2~~1 2 VDD 6 1 r--:"'V:-LD-D-"17 1~~1. til :l x, ~::[1)1":'-----<~--~3 ::~.P xT ::b Ir-' 

4553 MHz Cl AD OS::-_-:-___ ::..S a AD i TCl32.76S KHz 

T 3 10 10 - 16 -1--__ 4X' wRD--------';;;.a ..... WR XT " .... 
MSM MSM /11 

_ 22pl SOC49RS 12 4/14 6242BRS 5 -35p! 

F--------iA/D, DB, 
1-_____ -.::;51:..:.143 AID, 40 13 

VCC DB, 
14 

DB, 
1-_____ ....::6/...;.':...j2 AID, 

15 
DB, 

1-_____ --.;7/_1-/1 AID, 

,-----!. T, DB, 
19 2cs.; 

RS232 
DB25 
CONNECTOR 

~ P" 

P" 
34 

ve:,.lE. CS, 

F-'-_-~ TR 1 10K VSS 

Vss S20 

~O -::.. 
-

r-~--

I 1.SK < 

I TR2 
~_~l~.SK~.-~r *~ 

I I.J:. ...... 
220 

2 'f v 

3 I 

:~ ~ 
I 

20M 
I 

I 220 

I ~b I f52V 

l,SK 1.BK 

* .... ---< ...... , 
+1 10111 

f- --h 

l,SK 
~ 

TR3 

RS232 

I I TR1" 2N2907 I TR2' 2N2907 
TR3 ·2N2222 I *. lN4148 

I 
I 
I 
I 
I 
I 

INTERFACE 

I 

I L ________ ...J 

Figure 18. 



-'---------------. PERIPHERALS· MSM8242BRS/GS-VK/JS • 

APPLICATION NOTE 

1. Power Supply 

2. Adjustment of Frequency 

Voo--~---r--~--

VOD 

TEST Bit +-0 
REST Bit +-1 
24/12 Bit +-1* 

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 osci'llation can not be obtained. 

1. Check the waveform of Xi 
2. Check Co - CF content 
3. Check the noise. 

Voo = 5V 

---STO.P 
Output = undefined 

1 *=2* 
(1 orO) 

I 

00@: 

~ 
I 

H 
0.1 INCH 

I 

I > I Q, - 0.3 INCH 

Q2 ~ 0.2 INCH 
INHIBIT 
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• PERIPHERALS· MSM6242BRS/G$.-VK/ ... S ..•• -'---------------

3. CH1 (Chip Select) 

VIH and VIL of CHI has 3 functions. 

a) To accomplish the interface with a microcontroller/microprocessor. 
b) To Inhibit the control bus, data bus and address bus and to reduce input gate pass current in the stand-by mode. 
c) To protect internal data when the mode is moved to and from standby mode. 

To realize the above functions: 

a) More than 4/5 VOO should be applied to the MSM6242B for the interface with a microcon­
troller/microprocessor in 5V operation. 

b) In moving to the standby mode, 1/5 VOO should be applied so that all data buses should be 
disabled. In the standby mode, approx. OV should be applied. 

c)· To and from the standby mode, obey following Timing chart. 

To Standby Mode 

VOO 

CS, 

l:S;:H 
or WI'!": H 

4. Set STO.P at arlarm mode 

418 

Set alarm at 9:00 

MASK BIT --- 0 
ITRPT ISTNO BIT ... 1 

Read H,o and 
HI COntent 

From Standby Mode 

- - - -- ---",..----

Start interruption 
CPU Act ivat ion 

or 
CPU STAND BY 

Repeat 



-'--....;....-----------. PERIPHERALS· MSM6242BRS/GS-VK/JS • 

TYPICAL APPLICATION - POWER SUPPLY CIRCUIT 

veE (SAT.) 'O.lV 

+5V 

+ 
-=- 1.2 X 3' 3.6V 
-=-Ni-Cd -1 

10K -::-

Figure 19. 

MSM 
62428 

VSS 

+5V---4~-':'; 

lOOn 

+~ 
-=- 1.5X 2 ,3V 

= 

-i DRY CELLS -::-

Figure 20. 

no!) 
r--~--..... -Kl-t~"'VII\r- ~6.5V 

lOOn 
D, 

+ 4.7J.lf RL +5V I + = 1.2X3 '3.6V 

-..l NI-Cd 

Figure21. 

VDD 

MSM 
62428 

VSS 

4.7 I'F: tantalum 

SUPPLEMENTARY DESCRIPTION 
o When "0" is written to the IRQ FLAG bit, the IRQ FLAG bit is cleared. However, if "0" is assigned to the 

IRQ FLAG bit when written to the other bits, the 30-sep ADJ bit and the HOLD bit, the 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 "0" 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 tt, to, or ITRPT/STND bit 
of register CE, be sure to write "0" to the IRQ FLAG bit after writing to make valid the IRQ FLAG = 1 to 
be generated after it. 

o The relationship between SDT. P OUT and IRQ F LAG bit is shown below: 

STD. POUT 
IRQ FLAG bit 

---v.=-= ~:~,n 
H,---_-_ ~ - * approx. 1.95 ms 
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