DATA BOOK | OKI1

MICROPROCESSOR

THIRD EDITION
ISSUE DATE: MAR, 1988



"MICROPROCESSOR ™
DATA BOOK
1988

CMOS
MICROPROCESSOR
LINE-UP

SYSTEM CONFIGURATION E
PACKAGING E

RELIABILITY INFORMATION E

DATA SHEETS E




B . . .
a ‘ . .
‘ ) i




a » ON =

MSM6242 RS/GS

CONTENTS

CMOS MICROPROCESSORLINE-UP ... ... 1

SYSTEM CONFIGURATION (PERSONAL COMPUTER/WORD PROCESSOR) ........... 5
PACKAGING ... . 9
RELIABILITY INFORMATION . ... o 21
DATA SHEETS ... 31
O CPUS .o 33
MSMB80C85A RS/GS/JS 8-BITMICROPROCESSOR ................ooiiat. 35
MSMB80C85A-2RS/GS/JS 8-BIT MICROPROCESSOR ........................ 52
MSM80C86A RS/GS/JS 16-BIT MICROPROCESSOR
MSM80C86A-2RS/GS/JS 16-BIT MICROPROCESSOR ..o, 71
MSM80C86A-10 RS/GS/JS 16-BIT MICROPROCESSOR .............. ..o 08
MSM80C88A RS/GS/JS 8-BIT MICROPROCESSOR
MSMB80C88A-2RS/GS/JS 8-BIT MICROPROCESSOR ....................o.. 125
MSMB80C88A-10 RS/GS/JS 8-BIT MICROPROCESSOR . ...................... 151
D 177
MSM81C55 RS/GS/JS 2048 BIT SRAM WITH I/0, TIMER
MSM81C55-5 RS/GS/JS 2048 BIT SRAMWITHI/O, TIMER ................. 179
MSM82C12  RS/GS 8-BIT INPUT/OUTPUTPORT ....................0. 192
MSM82C37A-5RS/GS/JS PROGRAMMABLE DMA CONTROLLER ............ 200
MSM82C43  RS/GS INPUT/OUTPUT PORT EXPANDER ................ 224
MSM82C51A RS/GS PROGRAMMABLE COMMUNICATIONS
' INTERFACE . ... .. e 230
MSM82C51A-2RS/GS/JS PROGRAMMABLE COMMUNICATIONS
INTERFACE ... ... 246
MSM82C53-5 RS/GS/JS PROGRAMMABLE INTERVAL TIMER
MSM82C53-2 RS/GS/JS PROGRAMMABLE INTERVALTIMER .............. 262
MSM82C54-2 RS/GS/JS PROGRAMMABLE INTERVALTIMER .............. 273
MSM82C55A-5RS/GS PROGRAMMABLE PERIPHERAL INTERFACE
MSM82C55A-2RS/GS/JS PROGRAMMABLE PERIPHERAL INTERFACE ...... 287
MSM82C59A-2RS/GS/JS PROGRAMMABLE INTERRUPT CONTROLLER ..... 303
MSM82C84A RS/GS CLOCK GENERATOR ANDDRIVER ................ 320
MSM82C84A-5RS/GS CLOCK GENERATOR ANDDRIVER ................ 330
MSM82C84A-2RS/GS CLOCK GENERATOR ANDDRIVER ................ 340
"MSM82C88  AS/GS BUSCONTROLLER ... 350
MS8M82C88-2 RS/GS BUSCONTROLLER ... 359
MSMB83C55-XXRS/GS/JS 16384 BITROMWITHI/O ...l 368
PERIPHERALS ... 375
MSM5832 RS REAL TIME CLOCK/CALENDAR ................... 377
MSM58321 RS REAL TIME CLOCK/CALENDAR ................... 387

REAL TIME CLOCK/CALANDAR
(BUSINTERFACE) ... ..ot 403







CMOS |
' MICROPROCESSOR
LINE - UP







CMOS MICROPROCESSOR LINE-UP

POWER SUPPLY COMPATIBILITY
T A K.
PRODUCTS| PARTNAME [ """ T CURRENT | PACKAGE REMARKS sorrien | Tvee
(MAX)
400IP
MSMBOC85A sV 22mA | 44 FLAT g ;'JZM'CROPROCESSOR Intel | 8085A
44 PLCC
8BIT CPU
4001P 8 BIT MICROPROCESSOR
MSMBOC85A-2 5v 20mA | 44 FLAT o Intel | 8085A-2
44 PLCC
MSMB0C86A 55mA 16 BIT MICROPROCESSOR Intel | 8086
5 MHz
40 DIP
16 BIT CPU| MSMB0C86A-2 sV 80mA 56 FLAT 8 MHz Intel 8086-2
4apLCC
MSMB80C86A-10 100mA 10 MH2
MSMBOCESA 5EmA 8 BIT MICROPROCESSOR el | 8088
5 MHz
40 DIP
8BIT CPU | MSMBOCS8A-2 sv 80mA | 56 FLAT 8 MHz Intel | 8088-2
40 PLCC
MSMB8O0C88A-10 100mA 10 MH2
40 DIP .
MSM81C55.5 5V 5mA 44 FLAT 2°;‘;rml‘;:mw with 1/0 Intel | 8355
44 PLCC an
MSM82C12 5V 1ma ¢ | 240 8 BIT INPUT/OUTPUT PORT Intel | 8212
24 FLAT nte
40 DIP
MSM82C37A-5 sV 10mA | 44 FLAT zggg:gr&‘;ﬂs DMA intel | 8237A
aapLCC
MSM82C43 5V 1mA 24DIP INPUT/OUTPUT PORT EXPANDER
m 24 FLAT
MSM82C51A sy sma gg E'LPAT PROGRAMMABLE COMMUNICA— el | 82514
MSMB2C51A-2 TIONS INTERFACE
28 PLCC
24 DIP
MSM82C53-5 5mA PR
sV 32 FLAT OGRAMMABLE INTERVAL Intel 8253
MSM82C53-2 8mA 28 PLCC TIMER
24 DIP
P
MSMB82C54-2 sv 10mA |32 FLAT Cgﬁﬁs::mus Intel | 8254
28 PLCC
MSM82C55A-5 5mA 40 0IP
0 sV 44 FLAT PROGRAMMABLE PERIPHERAL Intel 8255
MSMB2C55A-2 8mA a4 pLOC *1 INTERFACE
28 DIP
MSM82C59A-2 sv 5mA 32 FLAT zgﬁgzgt‘&?“ INTERRUPT intel | 8250A-2
28 PLCC
MSM82C84A sv 10mA ;f 2’&1, CLOCK GENERATOR and DRIVER Intel | 8284A
MSM82C84A-5 10mA CLOCK GENERATOR and DRIVER
18 DIP (5 MHz)
v 24 FLAT K GENERATOR and DRIVER Intel | 8284A
MSM82C84A-2 16mA CLOCK GEN and
(8MHz)
MSM82C88 . 20 DIP
MaMB288.2 sv 1ma | 2000 BUS CONTROLLER Intel | 8288
40 DIP
MSMB83C55 sv 5mA 44 FLAT 16384 BIT ROM with 1/0 intel | 83855
44 pLCC
MSM5832 sV 0.1mA | 18DIP REAL TIME CLOCK
PERI- MSMS8321 Y 0imA | 16DIP REAL TIME CLOCK
PHERALS SM6242 . roun | 180 REAL TIME CLOCK
v g 24 FLAT DIRECT BUS CONNECTED

*1 44PLCC is only available for 82C55A-2.
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MPD101
MROM MPD200
MSM83C55 DRAM MPD640
MSM3864 SM3764
MSM38128A M @
MSM38256 MSM41256 D MSM58292
MSM53256 MSM41464° MSM5219
MSM531000 MSM41000° {} MSM5838
EPROM SRAM MSM5238
MSM2764 MSM81C55/MSM81C55-5 LCD . MSM5839
MSM27128 MSM2114 MSM82C53-2 DRIVER MSM5260
MSM27256 MSM2128 MSM82C53-5
MSM27C64* MSM5114 MSM6242 MSM6240
£2PROM MSM5128 MSM5832 MSM6255
MSM2816A T Moes. MSM58321 MSM6265
TIMER/ LCD CRT VIDEO
ROM RAM CLOCK CONTROLLER | | CONTROLLER [« ] RaM
MSMB82C59A-2 -
INTERRUPT ﬁ ﬁ E ﬁ
CONT. C
P
CLOCK GEN. v
DRIVER
MSMB2C84A MSMB0CB5A _ :
MSM82C84A5  MSMB0C85A-2| KEYBOARD gg%%ﬁm FDD 1/0 PORT PERIPHERAL DMA
MSMB2C84A 2 MSMBOCSS | ENCODER CONTROLLER INTERFACE CONTROLLER
MSM80C88 INTERFACE
MSM80C86-
MgMg?)CSg-g MSM3914 MSM82C51A MSM82C12 H MSM82C55A 5 MSMB2C37A-5
MSM5840 MSMB82C51A-2 MSMB82C55A 2
MSM5842
MSMB0C49

KEYBOARD

MODEM

CgMMUNI-
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PACKAGING

PRO- PART NAME PACKAGE/PIN COUNT
DUCTS DIP | FLAT | PLCC
MB80OC85A (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
M81C55/81C55-5 40 44 44
M82C12 24 24 -
M82C37A-5 40 44 44
M82C43 24 24 —
1/0 M82C51A 28 32 -
.M82C51A-2 28 32 28
M82C53-5/82C53-2 24 32 28
M82C54-2 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
PERI- | M5832 18 — -
PHER- | M58321 16 — -
ALS M6242 18 24 -
Note: 1. Model numbers suffixed by RS denote plastic DIP, while GS denotes plastic FLAT.
Ex. MSMB0C85ARS . .. ..... plastic DIP
MSMB80C85AGS . . . ... .. plastic FLAT

Note: 2. M82C55A-5 has no PLCC Package.
Note: 3. MB82C84A-5 has no PLCC Package.
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® 28 PIN PLASTIC DIP

38.0MAX

s I e O s 1 e O e Y e O e O e O e O s O e Y e |

(unit: mm)

7.
14.2MAX

Il S ) Sy S g SIS gy SES g S gy g Sch gy S gy Sw gy S )
© 1 pin INDEX MARK
15,24+0.30
: 3
1=
Sl 6
Z
s
- 0.65MAX ”_ 3 26707 M-
N
2.54t0.25 0°~15°
éeating Plane
® 40 PIN PLASTIC DIP
52.8MAX
@ (unit: mm)
x
<
s
N
¥
| U9 [ W g SN gy | B SN Jy NN g SN ) R Ry SNV g SUD g) SEN g SN G GNS g SN ) SN Ry S
/ © ; pin INDEX MARK
‘ X 15.24%0.30
<
s
o
B
N

0°~15°

Seating Plane




= PACKAGING =
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RELIABILITY INFORMATION

1. INTRODUCTION

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

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

We, 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 LS| memories.

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

3) Production prototype stage

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

4) Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the’'manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process (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 Atests: appearance, labels, dimen-
sions and electrical charac-
teristics inspection

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

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

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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s RELIABILITY INFORMATION =

l Material ® Acceptance Inspection
Producti @ Production Process Quality Control
Pro uction Lot Control
rv%c:ss P Equipment Conditions
a sr&rocm In-Process Inspection
A b Thermal Screening
ssembly Seal Test
1st Sorting
g:r'e"e‘:i‘ng e Early Removal of Defective Devices

L

. ® Electrical Test
2nd Sorting ® Regular Check of Measuring
A

e Group A Test
o Group B Test
® Group C Test

Outgoing
Inspection

Storage

l

Shipping

Figure 2 Manufacturing Process

Devices which pass these lot guaranteé 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.

Failure
report

Sales
_— Department

Analysis
report

Failure report
delivery

Report of
investigation

Request for

technical
improvement X
Engineering
[__';__t_.___@nment
eport on
| results of [
investigation
& improvement =
Quality 2_g| |38
Assurance Dol 1ED
Department Scol |6 ¢
. g5alles
Report on c2E
results of .
investigation _—
& improvement
———————— Manufacturing

Request for
manufacturing
improvement

@nmem

Figure 3 Failure report process
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® Service
® . Failure Analysis
® Customer Information Analysis

l 1 Target buality

Quality Assurance
&
Quality Control

Use Quality
® Transportation Control
® Stock Control
® Packaging

Reliability Test

S o Quality and Reliability Information

® Product Test P e Quality Evaluation e ®  Marketing

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

Acceptance Inspection

b

Operation Standard
Technical Standard
Quality Standard
Design Review
Prototype Review

. . Design Quality
Production Quality

3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the quality assurance
system and the underlying concepts employed
by Oki. Now, we will give a few examples of the
reliability tests performed during the 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 LS| elements and
their analysis are described on next page.
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MICROPROCESSOR LIFE TEST RESULTS

a RELIABILITY INFORMATION »

Part name MSMB80C85A-2RS MSM81C55RS MSM82C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE | Referred
MICROPROCESSOR | STATIC RAM WITH INTERRUPT standard
. /0 PORTS & TIMER CONTROLLER
Test Test Sample| Test |Failures|Sample| Test |Failures|Sample| Test [Failures
item condition size |hours size |hours size |hours
(pcs) | or (pcs) | & (pcs) | &
cycles| cycles cycles )
Operating Ta=125°C 88 (2000 O 22 |2000( O 88 |2000( O MIL-
life test Vee =6V H) H) H) STD-883C
METHOD
1006
Temperature Ta=85°C 100 {2000 O 25 (2000 O 100 |2000f O
humidity test RH =85% (H) (H) (H)
Vee=6V
Temperature|_ssocRT=150°¢c| 100 | 500 0 §0 | 300 0 100 | 500 O |MIL-STD-
cycling test (30 min) 1 (30 min) (cy) (cy) (cy) 883C
(5 min) METHOD
1010
Pressure Ta=121°C 50 | 200 O '50 | 200{ © 50 200 O
cooker test RH = 100% (H) H (H)
2 atm
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| O 88 | 1000 0 MiL-
life test Vce=6V (H) (H) ISTD-883C|
METHOD
1005
Temperature Ta=85°C 100 | 2000 0 100 | 1000 0
‘humidity test RH=85% (H) H)
Vee=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 | 200 0
cooker test 2RH =100% (H) H)
atm
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MICROPROCESSOR ENVIRONMENTAL TEST RESULTS
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Part name - MSM80C85A-2RS MSM81C55RS MSM82C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE Referred
MICROPROCESSOR | STATIC RAM WITH INTERRUPT standard
1/O PORTS & TIMER CONTROLLER
Test Test Sample | Failures Sample | Failures Sample | Failures
item condition size (pcs) size (pcs) size (pcs)
PRE-Bake Bake 22 [¢] 22 [ 22 o J—
. (125°C, 6 hrs)
v 260°C 2 0 22 0 22 ) MIL-
Soldering 10 SEC STD-883C
Heat Test METHOD
2003
¥ -
-55°C=RT=150°C 22 0 22 0 22 0 MiL-
Temperature |(30min) (Smin) (30min) STD-883C
Cycling Test 20 cycles METHOD
. 1010
v
100°C=0°C 22 0 22 0 22 0 MIL-
Thermal (5min)  (5min) STD-883C
Shock 10 cycles METHOD
Test 1011
Lead Tensile 500g 10SEC MiL-
Integrity 1 0 11 0 11 0 STD883C
| 250g 90° BEND METHOD
Bending 3 TIMES 2004
230°C 5 SEC 22 0 22 0 22 0 MIL c
ili STD883!
Solderability METHOD
2003
Part name MSM80C86/88JS MSMB80C86A/88AJS
Function 16 BIT 16 BIT Rg:;fr‘é
MICROPROCESSOR | MICROPROCESSOR s
(DYNAMIC VERSION)| (STATIC VERSION)
Test Test Sample Failures Sample | Failures
item condition size (pcs) size (pcs)
Bake —_
g | PRE-Bake | (3550, 6 hrs)
= ¥
ol Soldering Vapor Phase Reflow
s Heat Test  |(215£2°C,90+ 10, - Osec)
1 2 times
c
£ +
2 -58°C=RT=150°C MIL-
& | Temperature |(3omin) (smin) (30min)| 22 0 22 0 STD-883C
® Cycling Test 20 cycles METHOD
£ 1010
Q i
£ v
= 100°C=0°C MIL-
Thermal (5min)  (5min) STD-883C
Shock 10 cycles METHOD
Test 1011
E’; Bake (125°C, 24hrs) 22 0 22 [}
; Solderability § Immerse ‘tnto Flux
2 Immerse into Solder
6 (215%2°C 10* 1sec)
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4. SEMICONDUCTOR MEMORY
FAILURES

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

Sami duectar El

Failure Rate Curve

1 Initial SHIPPING Wear-out
o | failure Random failure
© failure

o | 1
[ m>
3| /
S \ General /

\\ electronic /
devices
m<1.
~——e——

Debugging by burn-in  Semiconductor
screening elements

1) Surge Destruction

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

Example of surge destruction

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

¥ ?I S Input section
Aluminum %~ I/Zl[/{?]lé

wire Iy Poly Si
Destruction
position

2) Oxide Film Insulation Destruction (Pin Holes)

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

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

4) Photolithographic Defects

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

LYy cover

Silicon oxide
film

Substrate silicon

o a-particle
lonization along

the a-particle path

7) Degradation in Performance Characteristics
Due to Hot Electrons

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

Drain
+Vp
+VG )
—'l |
Gat 1
ae Source Hot electrons

+Vag

Silicon oxide © © /]

Source

Substrate silicon

Characteristic deterioration caused
by hot electrons

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

MSM80C85A RS/GS/JS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMBOCBS5A is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology.
It.isdesigned with the same processing speed and lower power consumption compared with MSM8085A, thereby

offering a high level of system integration.

The MSMB80C85A uses a multiplexed address/data bus. The address is split between the 8-bit address bus and
the 8-bit data bus. The on-chip address latches of MSM81C55/MSM83C55 memory products allow a direct interface

with the MSM80C85A.

FEATURES

e Low Power Dissipation: 50 mW Typ

e Single +4 to +6 V Power Supply

® -40 to +85°C, Operating Temperature

® 1.3U Instruction Cycle

® On-Chip Clock Generator (with External Crystal)

©® On-Chip System Controller; Advanced Cycle Status
Information Available for Large System Control

o TTL Compatible

FUNCTIONAL BLOCK DIAGRAM

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

® Serial In/Serial Out Port )

e Decimal, Binary and Double Precision Arithmetic

® Addressing Capability to 64K Bytes of Memory

© 40-pin Plastic DIP (MSM80C85ARS)

® 44-pin Plastic Flat Package (MSM80C85AGS)

® 44-pin PLCC Package (MSM80OC85AJS) *

INTA

RST6.5 TRAP
INI'RI Rs‘r.sl RSI’IS l SID  SOD
[SERIAL 1/
INTERRUPT CONTROL CONTROL

@.

8-BIT INTERNAL

DATA BUS

— x )
INSTRUCTION
l qccumun.noul I TEMP REG (8) I REGISTER (8)
@ FLAG (5)
FLIP FLOPS
J INSTRUCTION B REG (8) C REG (8)
DECODER
S{ariTameric) AN DREG(8) | EREG(8)
LOGIC MACHINE
UNIT CYCLE H REG (8) L REG (8)
{ALU) {8) ENCODING REGISTER
STACK POINTER (16) ARRAY
pover {2 e
Supply |~ GND DECREMENTER
ADDH| TCH
TIMING AND CONTROL M
Xy —=fCLK o RESET ADDRESS DATA/ADDRESS
X2 —={GEN CONTROL STATUS  DMA —t— BUFFER (8) BUFFER (8)
gbx ] RD WR ALE S, S, 10/M ] HLDA ] gsss'r u @
- uT Ajs—Ag AD;—ADg
READY HOLD  RESETIN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION

0] Voo
MSMBS8O0C85ARS (Top View) [39) HOLD
. 40 Lead Plastic DIP [38 HLDA
I77) CLK (OUT).
[36] RESET IN
78] READY
[34) 10/M
E S
132 RD
131 WR
30) ALE
E Se:
E Ajs
E A
58] Aus
28] An
[= _ 23) A
3 § z 23 Aw
[ -
o & o, 38y 22 A,
ﬁgg;iﬁﬁﬁﬁﬁﬁ g
44 43 42 414039 38 37 36 3534
TRAPC—/——] 1 O 33— READY MSMB8OCB5AGS (Top View)
RST7.50— 2 32——310/m 44 Lead Plastic Flat Package
RST6.5 3 31—,
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INTRC—] 5 29— WR
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MSMB80C85A FUNCTIONAL PIN DEFINITION

The following doscri‘bes the function of each pin:

(Input/Output)
3-state

Symbol - Function
Ag—Axs Address Bus: The most significant 8-bits of the memory address or the 8-bits of the 1/0
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET.
ADo—AD, Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or 1/0 address)

appear on the bus during the first clock cycle (T state) of a machine cycle. It then

becomes the data bus during the second and third clock cycles.

{Output, 3-state)

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. S1.10/M Machine cycle status: _ N
_ (Output) 10/M S; So States 10/M S, Sp States
0 0 1 Memory write 1 1 1 Interrupt Acknowledge
0 1 0 Memoryread 0 0 ' Halt -=3state
1 0 1 1/Owrite x x Hold - (high impedance)
1 1 0 1/Oread x x Reset x = unspecified
0 1 1 Opcode fetch
S; can be used as an advanced R/W status. 10/M, Sp and S; become valid at the begmnmg
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may
be used to latch the state of these lines.
RD READ control: A low level on RD indicates the selected memory or 1/O device is to be

read and that the Data Bus is available for the data transfer, 3-stated during Hold and Halt
modes and during RESET.

WR WRITE control: A low level on WR indicates the data on the Data Bus is to be written

(Output, 3-state) into the selected memory or 1/0 location. Data is set up at the trailing edge of WR,
3-stated during Hold and Halt modes and during RESET.

READY 1f 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 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) that it will relinquish the bus in the next clock cycle. HLDA goes low after the Hold
request is removed. The cpu takes the bus one half clock cycle after HLDA goes low.

INTR INTERRUPT REQUEST: Is used as a general purpose interrupt. |t is sampled only during

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

INTA INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) RD

(Output) during the instruction cycle after an INTR is accepted.

RST5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except they

RST65 * cause an internal RESTART to be automatically inserted.

RST 7.5 The priority of these interrupts is ordered as shown in Table 1. These interrupts have a

(Input) higher priority than INTR. In addition, they may be individually masked out using the
SIM instruction.

TRAP Trap interrupt is a nonmaskable RESTART interrupt. |t is recognized at the same timing

(Input) as INTR or RST 5.56—7.5. It is unaffected by any mask or Interrupt Disable. It has the

highest priority of any interrupt. (See Table 1.) R
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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
of the asynchronous nature of RESET, the processor’s internal registers and flags may be
altered by RESET with unpredictable results. RESET IN is a Schmitt-triggered input,
allowing 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
(Output) the processor clock and lasts an integral number of clock periods.
X, Xo X1 -and X, are connected to a crystal to drive the internal clock generator. Xy 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 X3, X5 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)
Vce +5 volt supply.
GND Ground Reference.
Table 1 Interrupt Priority, Restart Address, and Sensitivity
- Address Branched To (1) .
Name Priority When Interrupt Occurs ) Type Trigger
TRAP 1 24H Rising edge and high level until
sampled.
RST 7.5 2 3CH Rising edge (latched).
RST 6.5 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 MSMB0C85A is a complete 8-bit parallel
central prqcessor. It is designed with silicon gate
C-MOS technology and requires a single +5 volt supply.
Its basic clock speed is 3MHz, thus improving on the
present 8080A's performance with higher system speed.
Also it is designed to fit into a minimum system of three
IC’s: The cpu (MSM80C85A), a RAM/IO (MSM81C55),
and a ROM/IO chip (MSM83C55). :

The MSMS0CS85A. has twelve addressable 8-bit
registers. Four of them can function only as two 16-bit
register pairs. Six others can be used interchangeably
as 8-bit registers or a 16-bit register pairs. The MSM-
80C85A register set is as follows:

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

There are two different types of inputs in the
restart interrupts. RST 6.5 and RST 6.5 are high
level-sensitive like INTR (and INT on the 8080A) 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 serviced. Then it is reset automatically.
This flip-flop may also be reset by using the SIM instruc-
tion or by issuing a RESET IN to the MSM80CS5A.
The RST 7.5 internal flip-flop will be set by a pulss on
the RST 7.5 pin even when the RST 7.5 interrupt is

Mnemonic Register Contents
ACCor A |A lator 8-bits
PC Program Counter | 16-bit address
BC, DE, HL | General-Purpose |8-bit x 6 or
Registers; 16-bits x 3
data pointer (HL)
SP Stack Pointer 16-bit address
Flags or F | Flag Register 5 flags (8-bit space)

The MSMBOC85A uses a multiplexed Data Bus.
The address is split between the higher 8-bit Address

Bus and the lower 8-bit Address/Data Bus. During _

the first T state (clock cycle) of a machine cycle the low
order address is sent out on the Address/Data Bus.
These lower 8-bits may be latched externally by the
Address Latch Enable signal (ALE). During the rest of
the machine cycle the data bus is used for memory or
1/0 data. o

_The MSMBOC85A provides RD, WR, So, S; and
10/M signals for bus control. An Interrupt Acknow-

ledge signal (INTA) is also provided. Hold and all

Interrupts are synchronized with the processor’s internal
clock. The MSM8B0OCS85A also provides Serial input Data
(SID) and Serial Output Data (SOD) lines for a simple
serial interface.

In addition to these features, the MSMBOC85A has
three maskable, vector interrupt pins and one nonmask-
able TRAP interrupt.

INTERRUPT AND SERIAL 1/0

The MSMB80C85A has 5 interrupt inputs: INTR,
RST 5.5, RST 6.5, RST 7.5, and TRAP, INTR is identi-
cal in functi~~ o the 8080A INT. Each of the three
RESTART inputs, 5.5, 6.5, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nonmaskable.

The three maskable interrupts cause the internal

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

The TRAP interrupt is useful for catastrophic
events such as power failure or bus error. The TRAP
input is recognized just as any other interrupt but has
the highest priority, It is not affected by any flag or
mask. The TRAP input is both edge and level sensitive.
The TRAP input must go high and remain high until
it is acknowledged. it will not be recognized again
until it goes low, then high again. This awoids any false
triggering due to noise or logic glitches. Figure 3 illus-
trates the TRAP interrupt request circuitry within the
MSMB80C85A. Note that the servicing of any interrupt
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all
future interrupts (except TRAPs) until an El instruction
is executed.

The TRAP interrupt is special .in that it disables
interrupts, but preserves the previous interrupt 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 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/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 [ 'NSIDE THE MsMgocasA A '
TRAP
INTERRUPT
REQUEST = |TRAP
RESET IN| lscumiTT
TRIGGER
G RESE TRAP
INTERRUPT
+5vV—D CLK REQUEST
Q -
D
FIF
CLEAR ‘
INTERNAL  TRAPF.F
L TRAP
ACKNOWLEDGE

Figure 3 Trap and RESET IN Circuit

DRIVING THE X, and X, INPUTS

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 MHz, and must be
twice the desired internal clock frequency; hence, the
MSMB80C865A 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

C_ (load capacitance) < 30 pF

CS (shunt capacitance) < 7 pF

Rg (equivalent shunt resistance) < 76 ohms

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 B that a pullup resistor is required to
assure that the high level voitage of the input is at least
4vV.

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X; and leave X,
open-circuited (Figure 4B). To prevent self-oscillation
of the MSM80CS85A, be sure that X, is not coupled
back to X3 through the driving circuit.

A. Quartz Crystal Clock Driver

B. 1-6 MHz Input Frequency External Clock

Drive Circuit
VIH > 0.8Vce

High time > 60ns

—) .Z( === 80C8SA Low time > 60ns
: Cy 1 |

ZRCINT = 15pF
I
Xa |
——— -
-_— C, 2

100pF Capacitor required for crystal frequency < 4MHz.
S50pF Capacitor required for crystal frequency = 4 MHz.

* X, Left floating

Figure 4 Clock Driver Circuits
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BASIC SYSTEM TIMING

\ ‘The MSMS80C85A has a multiplexed Data Bus.
ALE is used as.a strobe to sample the lower 8-bits of
address on the Data Bus. Figure 5 shows an instruction
fetch, memory read and 1/O write cycle (as would occur
during processing of the OUT instruction). Note .that
during the 1/O write and read cycle that the 1/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 the
status of the three status lines (I0/M, S, Sg) and the

-8 CPU-MSM80C85ARS/GS/JS =

three control signals (RD, WR, and TNTA). (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 MSMB0C85A Machine Cycle Chart

‘Status Control
Machine Cycle — — — pr—
10/M S, So RD WR INTA
Opcode Fetch (OF) [4] 1 1 4] 1 1
Memory Read (MR) 0 1 0 (V] 1 1
Memory Write (Mw) 0 0 1 1 (o] 1
1/0 Read (IOR) 1 1 0 (V] 1 1
1/O Write (low) 1 0 1 1 0 1
Acknowledge of INTR (INA) 1 1 1 1 1 0
Bus Idle (81):DAD 0 1 0 1 1 1
RST, TRAP
HALT 1 1 1 1 1 1
. TS 0 0. TS TS 1
Table 3 MSMB0C85A Machine State Chart
Status & Buses Control
- Machine State — pR——
1,50 10/m Ag—A;s | ADo—AD, RD, WR INTA ALE
T X X X X 1 1 10
Ty X X X X X X (1]
TWAIT X X X X X X )
Ts X X X X X X 0
Ta 1 o2 X TS 1 1 0
Ts 1 o (2 X TS 1 1 0
Te . 1 o2 X Ts 1 1 ()
TRESET X TS TS TS TS 1 0
THALT 1] TS TS TS TS 1 (o]
THOLD X TS Ts TS Ts 1 0
0 = Logic “0"" .
1= Logic 1"
TS = High Impedance
X = Unspecified

Notes: (1) ALE not generated during 2nd and 3rd machine cycles of DAD instruction.

(2) 10/M= 1 during T4~T¢ of INA machine cycle.
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My M, Mj
CLK Ty T2 T3 Ta Ty T2 T3 Ty Ts T3 ~ T ,
PCu
As~As HIGH ORDE A ADDRESS_X (PC+ 1)y 10 PORT
1
’ f 1
(LOW ORDER
ADDRESS) B oRY (/0 PORT ADDRESS) " ORPERIPLERAL ¥
(INSTRUCTION)
ALE .

® /] )
WA | \ T
om |\ " /——_— \

STATUS X $1So (FETCH) 10 (READ) X 01 WRITE X 1

Figure 5- MSMB0CS5A Basic System Timing

Table 4 Absolute Maximum Ratings

Ambient Temperature under Bias

.................................. -40°C to + 85°C
StOrage TOMPBratUIE . . . . . v v o v v vt e et e e ot e e s teeeee e -55°C to + 150°C
Supply Voltage Respect to Ground . . . . .. . .. ..t i ittt v it ieennnseeenn -0.3V to + 7.0V
Input Voltage Respect to Ground . . . . . . . ottt e v v v s e oot e nnnennenas -0.3V to Vcc +0.3V
Power Dissipation . . . ... ... ...ttt ittt e et e e 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.
This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.
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D.C. CHARACTERISTICS
(TA =-40°C to + 85°C; Vg = 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 Vce +0.3 v
Output Low Voltage VoL 0.45 v loL =2mA
) 24 v IoH = -400uA
Output High Voltage VOH OH
4.2 \ IoH = -40uA
Input Leak I |-10 10 pA | Oov<V|INSVce
Output Leak Ito |-10 10 A 0V <Voyr<Vcec
Input Low Level, RESET | VjLR | -0.3 +0.8 v
Input High Level, RESET | V|4R 3.0 Vec +0.3 v
Hysteresis, RESET VHY 0.25 v
Vcc =45V to 5.5V -
10 z ™A | Ta=-40°C 0 +85°C | I5XC.
Power Supply Current lcc Reset
10 17 mA | Vcc =475V to 5.25v| Reset
Ta =0°C to +85°C CL=0pF
Power Supply Voltage Vece 4 5 6 v

A.C. CHARACTERISTICS
(Ta = -40°C t0 85°C; Vg = 5V £10%)

Parameter Symbol 8ocesA Units
' Min. Max.
CLK Cycle Period tcvye 320 2000 ns
CLK Low Time t 80 ns
CLK High Time t2 120 ns
CLK Rise and Fall Time tr, tf 30 ns
X, Rising to CLK Rising tXKR 30 120 ns
X Rising to CLK Falling tXKF 30 150 ns
Ag~1s Valid to Leading Edge of Control (1) tAC 270 ns
Ag~7 Valid to Leading Edge of Control : tACL 240 ‘ns
Ag~1s Valid to Valid Data In tAD 575 ns
Address Float After Leading Edge of RD (INTA) tAFR 0 ns
Ag~1s Valid Before Trailing Edge of ALEN) tAL 116 ns
Ag~7 Valid Before Trailing Edge of ALE tALL 90 ns
READY Valid from Address Valid tARY 220 ns
Address (Ag—A;s) Valid After Control tCA 120 ns
Width of Control Low (RD, WR, INTA) tce 400 ns
Trailing Edge of Control to Leading Edge of ALE tcL 50 . ns
Data Valid to Trailing Edge of WR tDW 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 80C85A Units
. Min. Max.

HLDA Valid to Trailing Edge of CLK tHACK 110 ns
HOLD Hold Time tHDH 0 ns
HOLD Setup Time to Trailing Edge of CLK tHDS 170 ns
INTR Hold Time tINH 0 ns
INTR, RST, and TRAP Setup Time to Falling Edge tINS 160 ns
of CLK

Address Hold Time After ALE tLA 100 ns
Trailing Edge of ALE to Leading Edge of Control tLe 130 ns
ALE Low During CLK High ' tLeK 100 ns
ALE to Valid Data During Read tLDR 460 ns
ALE to Valid Data During Write tLDW 200 ns
ALE Width L . 140 ns
ALE to READY Stable tLRY 110 ns
Trailing Edge of RDto Re-Enabling of Address tRAE 150 ns
RD (or INTA) to Valid Data tRD 300 ns
Control Trailing Edge to Leading Edge of Next Control tRv 400 ns
Data Hold Time After RD INTA (7) tRDH 0 ns
READY Hold Time tRYH 0 ns
READY Setup Time to Leading Edge of CLK tRYS 110 ns
Data Valid After Trailing Edge of WR twD " 100 ns
LEADING Edge of WR to Data Valid twoL 40 ns

Notes: (1) Ag—Ays address Specs apply to I0/M, S, and S; except Ag—A ;5 are undefined during T4—Tg of OF
. cycle whereas IO/ﬁ Sp, and S are stable.
(2) Test.conditions: tcyc = 320ns C|_ = 150pF
(3) Forall output timing where C_ = 150pF use the following correction factors
25pF < C_ < 150pF: -0.10ns/pF
150pF < C_ < 300pF: +0.30ns/pF
(4) -Output timings are measured with purely capacitive load.
(5)  All timings are measured at output voltage V|_= 0.8V, V|4 = 2.2V, and 1.5V with 10ns rise and fall time
on inputs,
(6) To calculate timing specifications at other values of tcyC use Table 7.
(7) Data hold time is guaranteed under all loading conditions.

Input Waveform for A.C. Tests:

24

< test 2?2
0.8~ POINTS ~~0.8
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Table 7 Bus Timing Specification as a Tcyc Dependent

MSM80C85A
taL - (1/2)T - a5 MIN
LA - (1/2)T - 60 MIN
L - (1/2)T - 20 MIN
CtLeK - (1/2)T - 60 MIN
e - (1/2)T - 30 MIN
tAD - (5/2 + N)T — 225 MAX
tRD - (3/2+ N)T - 180 MAX
tRAE - (1/2)T - 10 MIN
tcA - (1/2)T — 40 MIN
tow - (3/2+ N)T — 60 MIN
wbD - (1/2)T - 60 MIN
tce - (3/2+N)T - 80 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
itHABE - (1/2)T + 50 MAX
tAC - (2/2)T - 50 MIN
t - (1/2)T - 80 MIN
ty - (1/2)T - 40 MIN
tRYV - (3/2)T - 80 MIN
tLDR - (2+N)T - 180 MAX

Note: N is equal to the total WAIT states.
T=1tcvc

tr t
— i‘ 1y
CLK h f
OUTPUT
tXKR ty ] ’
tcye
IXKF

Figure 6 Clock Timing Waveform
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READ OPERATION

T T, T3 T
' =-tLCK ' =—tCA-=
Ag~Ass ADDRESS
) la—tR A E o]
tAD ~= tRDH e |en—
ADo~AD, ADDRESS : . , DATA IN|,
—tL - et A\ e
tAFR— . .
R o
ALE LDR CLY
=tAL tRD
—_——— \ tce |
RDANTA tLe—=N Y
f—————t A~

WRITE OPERATION

T T2 T3 T1
o fe-tick |
Ag~Ass ‘ ADDRESS '
|=—tLow—= f=tca
ADo~AD; ADDRESS : DATA OUT
bt -——‘LA—-I ‘-———'—tow————‘ |==-twD
ALE twpL
tAL '
- tce
WR \ yi
S =-tCL
h-—-—-—tAc——-
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Read operation with Wait Cycle (Typical)—
same READY timing applies to WRITE operation

T T2 Twait T3 T
tLek | N—
| =tCA=]
Ag~Ass )f ADDRESS 1(.1
tAD f1. 'RDH-——‘EAE—‘
ADo~AD; X' ADDRESS Y ? DATA IN
il [=-tLA toL
t -
ALE /f K| _AFR tLDR
A - 4
RD

- tec T
RD/INTA -tCL~\ ~ I;

=—t| RYT—* i

tAC tRYS|tRYH

TARY -

READY \ / I
Note: READY must remain stable during setup and hold times.
Figure 7 MSMB0CSS5A Bus Timing, With and Without Wait
HOLD OPERATION
T2 T3 THOLD THOLD
«N\__ /" N_/ N\
HOLD

Ty

S\ L/
) ‘

tHACK it
IHDH—- ";
HLDA //
tHABF P
B ™~y
tHABE | |
BUS (ADDRESS, ——
> CONTROLS) 7

Figure 8 MSMB80C85A Hold Timing
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VaVaVa

LB Ta

Ag~1s x

ALE -/_\

C

ALL

Te

THoLD T

T2

BUS FLOATING (1)

INTR 7//?
tING =1

e\ /

Ak

tHABE

Note: (1)

al4

b

~

N
HOLD ﬁ ./
|\t
tHDS THDH
HLDA
tHACK

10/M is also floating during this time.

tHABF
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Table 8 Instruction Set Summary
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Instructiun Code (1)

Clock (2)

Mnemonic Description D, Ds Ds Ds Ds ’Dz 0, Do Cycles
MOVE, LOAD, AND STORE
MOVr1 r2 Move register to register 0O 1 D D D S8 s s 4
MOV Mr Movwe register to memory 0. 1 1 1 0O S § 'S 7
MOV rM Move memory to register 0o *+ D bpbp 1 1 o0 7
MVir Move immediate register 0O 0O D D D 1 1 V] 7
MVIM Move immediate memory 0o o 1 1 0 1 1 0 10
Lxi8 Load immediate register Pair B & C 0O 0 0 0 0 O O 1 10
LX!I D Load immediate register Pair D & E ‘o 0 0 1t O o0 o0 1 10
LXIH Load immediate register Pair H & L o o0 1 0 O O O 1 10
LXI SP Load immediate stack pointer o o0 1 1 0 0 O 1 10
STAX B Store A indirect 0o o o o o o 1 O 7
STAX D Store A indirect o o 0 1 0o o0 1 O 7
LDAX B Load A indirect o o o o 1 0 1 O 7
LDAX D Load A indirect oo o 1 1 0 1 0 7
STA Store A direct o o 1 1 0 0 1 O 13
LDA Load A direct 0o o 1 1 1 0 1 0 13
SHLD Store H & L direct o o 1 o0 O 0o 1 O 16
LHLD Load H & L direct 0 0 1 0 1 0 1 0 16
XCHG Exchange D & E H & L registers 1 1 1 0 1 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 o 0O o0 1 o 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 Flags on stack 11 1 1 0 1 0 1 12
POP B Pop register Pair B & C off stack 1 1 0O 0 O O o0 1 10
POP D Pop register Pair D & E off stack 1 1 0o 1 0O 0 o0 1 10
POP H Pop register Pair H & L off stack 101 1 0 0 0o o0 1 10
POP PSW Pop A and Flags off stack 1 1 1 1 0O 0 o 1 10
XTHL Exchange top of stack H & L 11 1 o 0 0 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 (o] 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 0o 1 0o o 1 (1] 7/10
Jz Jump on zero t 1 0 o 1 0 1 O 7/10
JNZ Jump on no zero 1 1 o 0 0 o0 1 V] 7/10
JP Jump on positive 1 1 1 1 0o 0 1 1] 7/10
M Jump on minus 1 1 1 1 1 0 10 7/10
JPE Jump on parity even 1 1 1 (] 1 o 1 V] 7/10
JPO Jump on parity odd 1 1 1 o o o 1 O 7/10
PCHL H & L to program counter 1 1 1 0 1 0 O 1 6
CALL N .
CALL Call unconditional 1 1 o 0 1 1 0 1 18
CcC Call on carry 1 1 0 1 1 1 o O 9/18
CNC Call on no carry 1 1 o 1t 0 1 0 O 9/18
cz Call on zero t 10 0 1 1 0 O 9/18
CNZ Call on no zero 1 1 o0 0 O 1 0 O 9/18
cP Call on positive 1 1 1 01 o 1 0 O 9/18
CM Call on minus 1 1 1 1 1 1.0 O 9/18
CPE Call on parity even 1 1 1 0 1 1 o o0 9/18
CcPO 1 1 1 0 O 1 0 O 9/18

Call on parity odd
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Table 8 Instruction Set Summary cont’d
Mnemonic Description Instruction Code(1) C(I:ocl'((2)
D, D¢ Ds Dg D3 Dy Dy Dy ycles
RETURN
RET Return 1 1 0 0 1 O 0 1 10
RC Return on carry 11 0 1 1 0 0 O 6/12
RNC Return on no carry 1 1 0 1 0 O O O 6/12
RZ Return on zero 1 1 o 0 1 0 o0 O 6/12
RNZ ’ Return on no zero 1 1.0 0 0 0 O O 6/12
RP Return on positive 1 1 1 1 0 0 O O 6/12
RM Return on minus 1 1 1 1 1 0 0 O 6/12
RPE Return on parity even 1 1 1 o 1 0 o0 O 6/12
RPO Return on parity odd 1 1 1 0 0 O O O 6/12
RESTART
RST Restart 1 1 A A A 1 1 1 12
INPUT/OUTPUT
IN Input 1 1 0 1 (o] 1 1 10
ouT Output 1 1 0 o 0 1 1 10
INCREMENT AND DECREMENT
INRr Increment register 0o o bbb D 1 0 O 4
DCRr Decrement register 0O o0 b bbb 1 o 1 4
INRM Increment memory 0o o0 1 1 0 1 0o o0 10
DCR M Decrement memory 0o 0 1 1 o 1 0 1 10
INX B Increment B & C registers 0O 0 O O O o 1 1 6
INX D Increment D & E registers 0o 0 0 1 0o o0 1 1 6
INX H Increment H & L registers o o0 1 0 O O 1 1 6
INX SP Increment stack pointer o o0 1 1 o 0 1 1 6
DCx B Decrement B & C o 0 O o0 1 o0 1 1 6
DCX D Decrement D & E 0O 0 0 1 1 0 1 1 6
DCX H Decrement H & L o o 1 o 1 o0 1 1 6
DCX SP Decrement stack pointer 0o 0 1 1 1 0 1 1 6
ADD
ADDTr Add register to A 1 0.0 O O S s s 4
ADC r Add register to A with carry 1 0 0 O 1 S8 Ss8 S§ 4
ADD M Add memory to A 1 o 0 0 o0 1 1 0 7
ADCM Add memory to A with carry 1 0o 0 o 1 1 1 (4] 7
ADI Add immediate to A 1 1.0 0 0 1 1 O 7
ACI Add immediate to A with carry 1 1 0 o 1 1 1 O 7
DAD B AddB&CtoH & L o o0 o o 1 0 O 1 10
DAD D AddD&EtoH &L 1] 0 (o] 1 1 o o0 1 10
DAD H AddH& LtoH& L o o 1t o0 1 O o0 1 10
DAD SP Add stagk pointer to H & L o o 1 1 1 0 0 1 10
SUBTRACT
SUBr Subtract register from A 1 0o 0 1 0 8§ S§ S 4
SBBr Subtract register from A with borrow | 1 o o0 1 1 8§ § § 4
SUB M Subtract memory from A 1t 0o 0O 10 1 1 O 7
SBB M Subtract memory from A with borrow | 1 o 0 1 1 1 1 0 7
SuUl Subtract immediate from A 1 1" 0 1 o 1 1 0 7
SBI Subtract immediate from A with 1 1 o 1 1 1 1 0 7
borrow
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Mnemonic Description Instruction Code (1) C(I:ocl:(2)
D; D¢ Ds Dy D3 Dz Dy Do yeles

LOGICAL
ANAr And register with A 1 0 1 0 0O s s s 4
XRAr Exclusive Or register with A 1. 0 1 0 1 § s s 4
ORATr Or register with A 1 0 1 1 0 § § S 4
CMP r Compare register with A 1 0 1 1 1 8§ § S8 4
ANA M And memory with A 1 0 1 0o o 1 1 [s] 7
XRA M 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
CMP M Compare memory with A 1 o 1 1 1 1 1 1] 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 0 1 1 O 7
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7
ROTATE
RLC. Rotate A left o o0 o o o 1 1 1 4
RRC Rotate A right 0o 0 o 0 1 1 1 1 4
RAL Rotate A left through carry o 0 o0 1 0o 1 1 1 4
RAR Rotate A right through carry 0O 0 o 1 1 1 1 1 4
SPECIALS
CMA Complement A o 0 1 o0 1 11 1 4
STC Set carry o o0 1 1 o 1 1 1 4
CcMC Complement carry o o 1 1 1 1 1 1 4
DAA Decimal adjust A o o 1t o o0 1 1 1 4
CONTROL
El Enable Interrupts 1 1 1 1 1- 0 1 1 4
DI Disable Interrupt 1 1 1 1 o o0 1 1 4
NOP No-operation o 0 o o O O o O 4
HLT Halt o 1 1 1 0 1 1 O 5
RIM Read Interrupt Mask o 0 1 o O O O O 4
SIM Set Interrupt Mask 0o o 1 1 0O 0O O o 4

Notes: (1) DDD or SSS. B 000. C 001. D 010. E 011. H 100. L 101. Memory 110. A 111,

(2) Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags.
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MSMB80C85A-2RSGSJS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C85A-2 is a complete 8-bit parallel central processor implemented in silicon gate C-MQS technology

and compatible with MSM80C85A.

It is designed with higher processing speed (max. 5 MHz) and lower power consumption compared with
MSMB8OC85A and power down mode is provided, thereby offering a high level of system integration.

The MSMB80C85A-2 uses a multiplexed address/data bus. The address is split between the 8-bit address bus and
the 8-bit data bus. The on-chip address latche of a MSM81C55-56 memory product allows a direct

interface with the MSM80C85A-2.

FEATURES

* Power down mode (HALT-HOLD)

* Low Power Dissipation: 50mW Typ -

* Single +3 to +6 V Power Supply

* —40 to +85 C, Operating Temperature

+ Compatible with MSM80C85A

*0.8u Instruction Cycle (Ve = 5V)

* On-Chip Clock Generator (with External Crystal)

* On-Chip System Controller; Advanced Cycle Status
Information Available for Large System Control

FUNCTIONAL BLOCK DIAGRAM

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

* Serial In/Serial Out Port )

* Decimal, Binary and Double Precision Arithmetic

* Addressing Capability to 64K Bytes of Memory

*TTL Compatible

* 40 pin Plastic DIP (MSM80C85A-2RS)

* 44 pin Plastic Flat Package (MSM80C85A-2GS)

* 44 pin PLCC Package (MSM80C85A-2JS)

RST6.5 TRAP
lNTR 1 RST5.! Sl RST7. 51

SID - SOD

INTERRUPT CONTROL

8-BIT INTERNAL
DATA BUS

C

i

[’*CCU"'};’)'-‘mj |1ew REG (8) ]

FLAG (5)
LIP FLOPS

INSTRUCTION
REGISTER (8)

8 REG (8) C REG (8)
~ INSTRUCTION
DECODER D REG (8) E REG (8)
ARITHMETIC
e maciine
UniT cvel H REG (8) L REG (8)
1ALUY (8) ENCODING REGISTER .
- . STACK POINTER (16) ARRAY
Power [ e 16V Pnocrxxcm COUNTER (16) |
Supply | —=GND DECREMENTER
POWER DOWN  1yp1inG AND CONTROL - Y.
X, —=fCLK RESET ADDRESS DATA/ADDRESS
X3 ~—={ GEN CONTROL  STATUS ~ DMA  —A— BUFFER (8) BUFFER (8)
CLK I RD WR ALE S, S, I0/M | HLDA 1 RESET U’A 20,7 A0
out : ouT A —A, 5=
READY HOLD  RESETIN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION

0] vee

MSMB80C85A-2RS (Top View) [39) HOLD

—]
—]
—]
AD, ]

AD,

v o
[a]y=]
< <

MSMB80C85A-2JS (Top View)
44 Plastic Leaded Chip Carrier

» 1] RES-OUT

o
»
6

o [} SOD

TRAPQ7
RST7.508
RST6.50Q9
RST5.5(10

INTRQ 11
N.C.[Q12
INTAQ 13
ADO(Q 14
AD1 Q15
AD2([]16
AD3[17

] vCC
] HOLD
1 HLDA

O -hne.

40 Lead Plastic DIP [38) HLDA
IT7) CLK (OUT)
[36] RESET IN
[35) READY
[33) 10/M
33 s,
32 RD
31 WR
30) ALE
29 S
28] A
27] Au
' 28] Aus
E Ap
[ _ E Ay
8 52 23 Aw
- o < Q= A
a8# . 8933xf 2
0L
44 4342 414039 38 37 36 3534
TRAP ! O 33[——"JREADY MSMB80C85A-2GS (Top View)
ol 32E==2310/ 44| gad Plastic Flat Package
RST6.5C——] 3 315, h
RST5.5C— 4 30— "D
INTRC—] 5 29— WR e
INTACTT 6 28— ALE
AD,C——] 7 27—,
AD,C—]8 26— A
AD,C—] 9 25— A,
AD, C—]10 20— A,
NecC——n 2B A,
121314151617 18 19 20 21 22

JCLK OUT
[l RESET-IN

»
N

39[JREADY

. 38pIO/M
37ps1
36 JRD
35 WR
34fIN.C
33fJALE
32f1S0
31[1A15
30 A14
29f) A13

5988 g
«Zz2 L < <
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MSM80C85A-2 FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol Function-
Ag—A;s Address Bus: The most significant 8-bits of the memory address or the 8-bits of the 1/O
(Output, 3-state) address, 3-stated during Hold and Halt modes and during RESET.
ADy —-AD, Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or 1/O address)

(Input/Output)
3-state

appear on the bus during the first clock cycle (T state) of a machine cycle. It then
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,S1, IO/M Machine cycle status: _
(Output) IO/MS; So States 10/M S; So States
0 0 1 Memory write 1 11 Interrupt Acknowledge
0 1 0 Memory read . 0 0 Halt =3-state
1 0 1 /O write x x Hold {high impedance)
1 1 0 1/Oread x x Reset x= unspecified
0 1 1 Opcode fetch
S, can be used as an advanced R/W status. IO/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 RD indicates the selected memory or 1/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
(Output, 3-state)

WRITE control: A low level on WR indicates the data on the Data Bus is to be written
into the selected memory or 1/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 complgting 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 HLDA goes low.

INTR INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled on during

(Input) the next to the last clock cycle of an instruction and during Hold and Halt states. If it is
active, the Program Counter (PC) will be inhibited from incrementing and an INTA will
be issued. During this cycle a RESTART or CALL instruction can be 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-fiops
(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
internal registers.and flags may be altered by RESET with unpredictable results. RESET
IN is a Schmitt-triggered input, allowing connection to an R-C network for power-on
RESET delay. The cpu is held in the reset condition as long as RESET IN is applied.
RESET OUT Indicated cpu is being reset. Can be used as a system reset. The signal is synchronized to
(Output) the processor clock and lasts an integral number of clock periods.
X, Xz 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 accumulator bit 7 whenever '
(Input) a RIM instruction is executed.
SOD Serial output data line. The output SOD is set or reset ds specified by the SIM instruction.
(Output)
Vee +5 volt supply.
GND Ground Reference.
.
Table 1 Interrupt Priority, Restart Address, and Sensitivity
. Address Branched To (1) . .
Name Priority When Interrupt Occurs Type Trigger
Rising edge and high level until
TRAP 1 24H sampled.
RST 7.5 2 3CH 3 Rising edge (latched).
RST 6.5 3 34H ) High level until sampled.
RST 5.5 4 2CH High level until sampled.
INTR (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 MSMB80C85A-2 is a complete 8-bit parallel
central processor. - It - is designed with silicon gate
C-MOS technology and requires a single +5 volt supply.
Its basic clock speed is 5MHz, ‘thus improving on_the
present MSMBOCB85A’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 epu
(MSM80C85A-2), and a RAM/IO (MSM81C55-5)

The MSMB0C85A-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- .

80CB85A -2 register set is as follows:

Mnemonic Register Contents

ACCor A | Accumulator 8-bits

PC Program Counter | 16-bit address

BC, DE, HL |General-Purpose | 8-bit x 6 or
Registers; ) 16-bits x 3
data pointer (HL)

SP Stack Pointer 16-bit address

Flags or F | Flag Register

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

The MSM80C85A-2 provides RD, WR, So, S; and
10/M signals for bus control. An Interrupt Acknow-
ledge signal (INTA) is also provided. Hold and all
Interrupts are sy nchronized 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 these features, the MSM80C85A-2

- has three maskable, vector interrupt pins, one. nonmask-
able TRAP interrupt and power down mode with HALT
and HOLD.

INTERRUPT AND SERIAL 1/0

The MSM80C85A-2 has 5 interrupt inputs: 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 inputs, 5.5, 6.5, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nonmaskable.

The three maskable interrupts cause the internal

6

5 flags (8-bit space)|

" execution of RESTART (saving the program counter

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

y There are two different types of inputs in.the
restart interrupts, RST 5.5 and RST 6.5 are high
level-sensitive like INTR (and INT on the 8080A) and
are recognized with the same -timing as 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 serviced. Then it is reset automatically.
This flip-flop may also be reset by using the SIM instruc-

. tion or by issuing a RESET IN to the MSM80C85A.

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

The TRAP interrupt is useful for catastrophic
events such as power failure or bus error. The TRAP
input is -recognized just as any other interrupt but has
the highest priority. It is not affected by any flag or
mask. The TRAP input is both edge and level sensitive.

. The TRAP input must go high and remain high until

it. is acknowledged. It will not be recognized again
until it goes low, then high again. This avoids any false
triggering due to noise or logic glitches. Figure 3 illus-
trates the TRAP interrupt request circuitry within the
MSMB80C85A-2. Note that the servicing of any interrupt
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all
future interrupts (except TRAPs) until an El instruction
is executed. - :

The TRAP interrupt is special in that it disables
interrupts, but preserves the previous interrupt 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 RIM instruction fol-
lowing INTR or RST 5.6—7.5 will provide current
Interrupt Enable status, revealing that Interrupts are
disabled.

- The serial 1/0 system is also controlied by the RIM
and SIM instructions. SID is read by RIM, and SIM

sets the SOD data.
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EXTERNAL —— INSIDE THE MSM80C85A-2
TRAP
INTERRUPT
REQUEST |TRAP .
RESET IN| |scumiTT
TRIGGER| RESET TrAP
:[::: INTERRUPT
+5v {0 CLK REQUEST
Q—
D
FIF
CLEAR
TRAP F.F
INTERNAL
TRAP
ACKNOWLEDGE

Figure 3 Trap and RESET IN Circuit

DRIVING THE X; and X, 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
MSMBOC85A-2 is operated with a 6 MHz crystal (for
3 MHz clockd. If a crystal is used, it must have the fol-
lowing characteristics:

Parallel resonance at twice the clock frequency

desired -

C\_(load capacitance) < 30 pF

Cg (shunt capacitance) < 7 pF

Rg (equivalent shunt resistance) < 75 ohms

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 B that a pullup resistor is required to
assure that the high level voltage of the input is at least
4v.

For driving frequencies up to and including 6 MHz
you may supply the driving signal to X, and leave X,
open<ircuited (Figure 4B). To prevent self-oscillation
of the MSM80C85A-2, be sure that X, is not coupled
back to X; through the driving circuit. '

A. Quartz Crystal Clock Driver

VIH >0.8Vce
< High time > 40ns
_."_._.E,_’___ 1 80C85A-2 Low time > 40ns
c EL ; !
} #CINT = 15pF
|
|
__4FJ;___cﬁL__4
= C, 2

33pF Capacitor required for crystal frequency 10 to 6.25 MHz.
50pF Capacitor required for crystal frequency 6.25 to 4 MHz.
100pF Capacitor required for crystal frequency <4 MHz.

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

* X, Left floating

Figure 4 Clock Driver Circuits
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BASIC SYSTEM TIMING

The MSMB80C85A-2 has a multiplexed Data Bus.
ALE is used as a strobe to sample the lower 8-bits of
address on the Data Bus. Figure 5 shows an instruction
fetch, memory read and 1/0 write cycle (as would occur
during processing of the OUT instruction). Note that
during the 1/O write and read cycle that the 1/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 the
status of the three status lines (IO/M; 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 MSM80CB85A-2 Machine Cycle Chart

Status Control
Machine Cycle — — — —
10/M S, Sy RD WR INTA
Opcode Fetch. (OF) 0 1 1 0 1 1
Memory Read (MR) 0 0 0 1 1
Memory Write (MW) 0 [ 1 1 0 1
1/0 Read (IOR) - 1 1 (V] 0 1 1
1/0 Write (low) 1 0 1 1 0 1
Acknowledge of INTR (INA) 1 1 1 1 1 0
Bus ldle (B1): DAD 0 1 0 1 1 1
ACK. OF
RST, TRAP 1 1 1 1 1 1
HALT TS 0 TS TS 1
Table 3 MSMBOC85A-2 Machine State Chart
Status & Buses Control
Machine State — —
$1.S0 10/M Ag—A;s AD, —AD, RD, WR INTA ALE
T, X X X X 1 1 1(1)
T2 X X X X X X
TWAIT X X X X X X 0
Ts X X X X X X 0
Ts 1 o2 X TS 1 1 0
Ts 1 of2 X TS 1 1 0
Ts 1 o (2) X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT 0 TS TS TS TS 1 0
THOLD X TS TS TS TS 1 0
0 = Logic “0”
1 = Logic “1”

TS= High Impedance
X = Unspecified

Notes: (1) ALE_not generated during 2nd and 3rd machine cycles of DAD instruction.
(2) 10/M =1 during T4 ~ T¢ of INA machine cycle.
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CLK

Ag ~ Ays

ADo ~ 7

ALE

10/M

STATUS

M; Mz M3
T, T, T, Ta T T2 Ts T T, Ts \ T ’
PC
(HIGH ORDEH ADDRESS), (PC+ 1)y 10 PORT

liJ

(LOW ORDER i

ADDRESS) DATA FROM
MEMORY
(INSTRUCTION)

R X

DATA FROM MEMORY
(1/0 PORT ADDRESS)

"

.{o PORX ;

DATA TO MEMORY
OR PERIPHERAL

/

/

N\

L/

/

X

S, S, (FETCH)

X 10 (READ)

X 01 WRITE

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

The MSMB0C85A-2 is compatible with the
MSMB80C85A in function and POWER DOWN mode.
This reduces power consumption further.

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

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

Table 4 POWER DOWN Mode Releasing Method

Released by using pins RESET
and INTERRUPT (not by pin
HOLD)

Released by using RESET and
HOLD pins (not by interrupt
pins)

Start by means of
HALT command

Start by means of
HOLD pin

(1)

(2)

" Start by

of HALT d )

(See Figures 6 and 7.) :
The POWER DOWN mode can be started by exe:
cuting the HALT command.

At this time, the system is put into the HOLD
status and therefore the POWER DOWN mode
cannot be released even when the HOLD is released
later.

In this case, the POWER DOWN mode can be re-
leased by means of the RESET or interrupt.

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

w |

TI'

THLT

TRESET

-

Address Address ?dnm\s
ADO.7 76H als -\ )
POWER
CPU RUN DOWN RUN
MODE
2}
RESET IN

Figure 6. Started by HALT and Released by RESET IN

M, M2 L THLT | M,
T, T, Ts Ta T | 1 T T,
ouT
ALE _| | | (P ﬂ
¢
——d )
RST5.5 roweR &
cPU RUN DOWN RUN
MODE
Figure 7. Started by HALT and Released by RST5.5
I M, I | l THOLD ' l M,
Ty | T} T3l Te B LT BLEY
CLK
ouT

ALE -_]

b
Al

11

HOLD l
HLDA I

CPU

b)Y

W

b))

RUN

W

POWER
DOWN

L

MODE

| RUN
I

Figure 8. Started and Released by HOLD
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | Condition Unit
MSMB80C85A-2RS LMSMBOCBSA-ZGS MSMBO0C85A- 2JS
»Power Supply Volitage | Voo —-0.5~+7 v
With respect
| t Volt. v : —0.5~
nput Voltage IN to GND 0.5~ Vcc +0.5 \
Output Voltage VouT —0.5~Vcc +0.5 \'28
.| Storage Temperature Tstg —55~ +150 °c
Power Dissipation Pp | Ta=25°C 10 | 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Power Supply Voltage Vee 3~6 \"
Operating Temperature Top —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol ‘ Min. Typ. Max. Unit
Power Supply Voltage Vee 4.5 5 55 v
Operating Temperature Top —40 +25 +85 °c
’L" Input Voltage ViL -0.3 +0.8 \%
*H’’ Output Voltage ViH 22 Vee+0.3 \Y
v o RESET.IN
Input Voltage VILR . 03 +0.8 v
vy RESET IN
Input Voltage VIHR 3.0 Vee+0.3 \"
D.C. CHARACTERISTICS -
Parameter Symbol Conditions Min. | Typ.| Max.| Unit
“’L" Output Voltage VoL loL =2mA 0.45 \"
| = —4004A 24 v
““H’* Output Voltage VOH oH K
I0H = —40uA 42 Y
Ve =4.5V ~ 5.5V
Input Leak Current I 0<Vin<Vcc Ta = —40°C ~ +85°C | —10 10 MA
Output Leak Current Lo 0<VouT<Vcec -10 10 | uA
Tcyc = 200ns 10 | 20 mA
Operating Supply . Cp = OpF at reset
Current cc Teyc = 200ns
Cy = OpF at power 3 7 mA
down mode
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A.C. CHARACTERISTICS

(Ta=—40°C ~ 85°C, Vg = 4.5V ~ 5.5V)

Parameter Symbol Condition Min. | Max. | Unit
CLK Cycle Period tcye 200 | 2000 ns
CLK Low Time 4 40 ns
CLK High Time - 1, 70 ns
CLK Rise and Fall Time ., tg 30 ns
X, Rising to CLK Rising tXKR 25 120 ns
X, Rising to CKK Falling XKF 30 [ 150 | ns
Ag ~ 15 Valid to Leading Edge of Control (1) tAC 115 ns
Ao ~ , Valid to Leading Edge of Control tacL 115 ns
Ay ~1s Valid Data In tAD 330 ns
Address Float After Leading Edge of RD INTA tAFR ) 1] ns
As ~, s Valid Before Trailing Edge of ALE (1) tAL 50 ns
Ay ~, Valid Before Trailing Edge of ALE TALL 50 ns
READY Valid from Address Valid tARY 100 ns
Address (Ag ~35) Valid After Control 1CA 60 ns
Width of Control Law (RD, WR, INTA) e 230 ns
Trailing Edge of Control to Leading Edge of ALE tcL 25 ns
Data Valid to Trailing Edge of WR tpw 230 ns
HLDA to Bus Enable tHABE 150 ns
Bus Float After HLDA tHABF toyc = 200ns 150 ns
HLDA Valid to Trailing Edge of CLK THACK Cy = 150pF 40 ns
HOLD Hold Time tHDH 0 ns
HOLD Step Up Time to Trailing Edge of CLK tHDS . 120 ns
INTR Hold Time tNH 0 ns
INTR, RST and TRAP Setup Time to Falling Edge of CLK NS 150 ns
Address Hold Time After ALE LA 50 ns
Trailing Edge of ALE to Leading Edge of Control e 60 ns
ALE Low During CLK High ek 50 ns
ALE to Valid Data During Read 1L DR : 250 ns
ALE to Valid Data During Write 1ILow 140 ns
ALE Width Wy 80 ns
ALE to READY Stable tLRY 30 | ns
Trailing Edge of RD to Re-enabling of Address tRAE 90 ns
RD (or INTA) to Valid Data tRD 150 | ns
Control Trailing Edge to Leading Edge of Next Control RV 220 ns
" Data Hold Time After RD INTA (7) tRDH [ ns
READY Hold Time tRYH 0 ns
READY Setup Time to Leading Edge of CLK tﬁys' 100 ns
Data Valid After Trailing Edge of WR WD 60 ns
LEADING Edge of WR to Data Valid WoL 20 ns

Notes: {1) Ag~A,s address Specs apply to 10/M, So, and S, except Ag™~A; s are undefined during T4~Tg of OF
cycle whereas 10/M, Sg, and S, are stable. .
(2) Test conditions: tcyC = 200ns C = 150pF
(3) For all output timing where C(_ = 150pF use the following correction factors:
25pF < C) < 150pF: —0.10ns/pF
150pF < Cp < 300pF: +0.30ns/pF
(4) Output timings are measured with purely capacitive load.
(5) AIl timings are measured at output voltage V= 0.8V, VH = 2.2V, and 1.5V with 10ns rise and fall time
on inputs.
(8) To calculate timing specifications at other values of tcy ¢ use Table 7.
(7) Data hold time is guaranteed under all loading conditions.

m CPU:MSMB0CB85A-2RS/GS/JSH

Input Waveform for A.C. Tests:

24

22, 1gsT =22

0.45 0.8 POINTS ™~gg.

63




«

m CPU-MSM80C85A-2RS/GS/JS®

Table 7 Bus Timing Specification as a Tcyc Dependent

(Ta=—-40°C ~+85°C, Vcc = 4.5V ~ 6.5V, C_ = 150pF)

MSMB80C85A-2
tAL - (1/2)T - 50 MIN
tLA - (1/2)T — 50 MIN
L - (1/2)T - 20 MIN
tLek - /2T-80 MIN
tL e - (1/2)T - 40 MIN
tAD - (5/2+ N)T — 170 MAX
tRD - (3/2+N)T — 150 MAX
tRAE - (1/2)T - 10 - MIN
tcA - (1/2)T — 40 MIN
tpw - (3/2+N)T =70 MIN
twD - (1/2)T — 40 MIN
tcc - (3/2+N)T - 70 MIN
tcL - (1/2)T - 75 MIN
tARY _ (3/2)T — 200 MAX
tHACK - (1/2)T — 60 MIN
tHABF - (1/2)T + 50 MAX
tHABE - (1/2)T + 50 MAX
tAC - (2/2)T - 85 MIN
ty - (1/2)T - 60 + MIN
t2 - (1/2)T - 30 MIN
tRY _ (3/2)T — 80 MIN
tLDR - (2¢N)T — 150 i ‘MAX

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

X, INPUT W
4 ty tf
—] f— t2
CLK } Y
QUTPUT )

tXKR 1, ————a

-1 tcyc
IXKF

Figure 6 Clock Timing Waveform
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READ OPERATION

T, T Ts T,
CLK
==t CK e—1CA
Ag~Ays ADDRESS 3F
~—tRAE—"
tAD =~ tRpH—=] [*—
-
AD,~AD, ADDRESS DATA IN| p—-
=t L f—ti A
tAFR—=
ALE DR "“CL‘Y
[ tAl tRD
—_ —\ t |
RD/INTA 1o —e ]\ ce s
tac

WRITE OPERATION

T, T, Ts T,

CLK

. b= rc

Ag~Ays ADDRESS
fe—tLow — f=-tca
AD,~AD, ADDRESS | DATA OUT
FtLL —tLA tow l—twD
ALE ): twoL T
tAL
_ tcc :
WR ‘ e /(}._, CL_.‘
tAC |
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READY

FtL L
ALE \
b,

Read operation with Wait Cycle (Typical) —
same READY timing applies to WRITE operation

T, TwAIT T
CLK \_/_’\_f—\__/—\_/_\_/
1 CK
. le-tCA
Ag~A; s y ADDRESS XK 3‘/\
tAD ] tRDH_o [ IRAE™]
AD, ~AD v v/ R
o 7 ADDRESS DATA IN
N_ k. ,f

cL

tALL

tCL—.

|e———tAC MMQRYS

tRYH

tARY

b

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

Figure 7 MSMBOCB5A-2 Bus Timing, With and Without Wait

HOLD OPERATION

w\_ /N

Ts

THOLD

THOLD

HOLD T\
— [£i08 THACK i
tHDH ™ (L
HLDA // it

tHABF T
{
t
{ADDRESS, . HABE Iy
BUS CONTROLS) T N
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Figure 8 MSM80C85A-2 Hold Timing
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N/ -

tHABE
/,
INTR ;//,1 \ \ B
R 24
tins tINH L
Ar—op———r 4
oo TR \
-
tHDS oK {
HLDA N
~atte- tHABF k——

tHACK

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

Figure 9 MSMBOC85A-2 Interrupt and Hold Timing
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Table 8 Instruction Set Summary

Mnemonic Bescription Instruction Code (1) Clock (2)
D, D¢ Dy Dy, D; D, D, D, Cycles
MOVE, LOAD, AND STORE
MOVrt r2 Move register to register 0 1 D D D S S S 4
MOV M r Move register to memory ] 1 1 1 0 S S S 7
MOV rM Move memory to register 0O 1 D D D 1 1 0 7
MVIr Move immediate register 0 0O D D D 1 1 1] 7
MVIM Move immediate memory 0o o0 1 1 0 1 1 0 10
LXI B Load immediate register Pair B & C o o 0 O o o0 o0 1 10
LXI D Load immediate register Pair D & E 0o 0 0 1 0 0 O 1 10
LXIH Load immediate register Pair H & L 0o 0 1 o 0 o0 O 1 10
LX!I SP Load immediate stack pointer o o0 1 1 0o o0 O 1 10
STAX B Store A indirect 0O 0 O o o0 o 1 0 7
STAX D Store A indirect o o o 1 0 O0O 1 O 7
LDAX B Load A indirect o o o o 1t o0 1 O 7
LDAX D Load A indirect 0o 0 O 1 1 [}] 1 0 7
STA Store A direct 0 1] 1 1 0 V] 1 (o] 13
LDA Load A direct 0o o0 1 1 1 V] 1 0 13
SHLD Store H & L direct 0o o 1 0O 0 O 1 ] 16
LHLD Load H & L direct 0 0 1 V] 1 0 1 0 16
XCHG Exchange D & E H & L registers 1 1 1 o 1 V] 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 0O 0 o 1 (4] 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 o 0 1 0 1 12
PUSH PSW Push A and Flags on stack 1 1 1 1 0 1 0 1 12
POP B Pop register Pair B & C off stack 1 1 o o o o o 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 o 0 o0 o 1 10
POP PSW Pop A and Flags off stack 1 1 1 1 0o 0 O 1 10
XTHL Exchange top of stack H & L 1 1 1 0o o 0 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 0o o0 1 6
JUMP
JMP Jump unconditional 1 1 0O 0 0 o 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 o o 1 0 7/10
Jz Jump on zero 1 1 0o o0 1 0 1 0 7/10
INZ Jump on no zero 1 1 0 o 0 O 1 O 7/10
JP Jump on positive 1 1 1 1 0 0 1 O 7/10
JM Jump on minus 1 1 1 1 1 0 1 0 7/10
JPE Jump on parity even 11 1 0 1 0 1 0 7/10
JPO Jump on parity odd 1 1 1 0o 0 o 1 0 7/10
PCHL H & L to program counter 1 1 1 o 1t o0 0 1 6
CALL w
CALL Call unconditional 1 1 0o o 1 1 0 1 18
(o] Call on carry 1 1 0o 1 1 1 [V ] 9/18
CNC Call on no carry 1 1 0 1 0 1 O O 9/18
cz Call on zero 1 1 0 0 1 1 0 O 9/18
CNZz Call on no zero 1 1t 0 0 O 1 0 O 9/18
CP Call on positive 1 1 1 1 0 1 0o o 9/18
CM Call on minus 1 1 1 1 1 1 0 O 9/18
CPE Call on parity even 1 1 1 0o 1 1 0o 0 9/18
CcPO Call on parity odd 101 1 0 0 1 0 O 9/18
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Table 8 Instruction Set Summary cont’d

Mnemonic Descrigtion Instruction Code(1) Clock(2)
D, D¢ D; Dy, D; D, D, D, Cycles
RETURN
RET Return 1 1 0o o0 1 0o o 1 10
RC Return on carry 1 1 0 1 1 0 0 O 6/12
RNC Return on no carry 1 1 0 1 0 O O O 6/12
RZ Return on zero 1 1 0 0 1 0 0 o 6/12
RNZ Return on no zero 1 1 0 0 0O O O O 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 O 6/12
RPE Return on parity even 1 1 1 o 1 0o 0 o0 6/12
RPO Return on parity odd 1 1 1 0 0 0 O O 6/12
RESTART
RST Restart 1 1 A A A 1 1 1 12
INPUT/OUTPUT
IN Input 1 1 V] 1 1 0 1 1 10
ouTt Output 1 1 (V] 1 0 0 1 1 10
INCREMENT AND DECREMENT
INRr Increment register 0O 0O D D D 1 0o 0 4
DCR r Decrement register O o0 D D D 1 0 1 4
INRM Increment memory o o0 1 1 0 1 0o 0 10
DCR M Decrement memory o 0 1 1 0 1 0 1 10
INX B Ir 1t B & C registers 0O o0 o o o o0 1 1 6
INX D Increment D & E registers o o o 1 0 0 1 1 6
INX H Increment H & L registers 0o 0 1 o 0 o0 1 1 6
INX SP Increment stack pointer o o 1+ 1 0 0 1 1 6
pcx B Decrement B & C 0O O o0 o 1 0 1 1 6
DCX D Decrement D & E 0o o0 o0 1 1 0 1 1 6
DCX H Decrement H & L o 0 1t o 1 o0 1 1 6
DCX SP Decrement stack pointer 0o o0 1 1 1 0 1 1 6
ADD .
ADD r Add register to A 1 0 0 O O S s § 4
ADCr Add register to A with carry 1 0 o o 1 S S S 4
ADDM Add memory to A 1 0O 0 o0 o 1 1 0 7
ADC M Add memory to A with carry 1 0o 0 o0 1 1 1 0 7
ADI Add immediate to A 1 1 0 0 o0 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 o o o O 1 0 o0 1 10
DAD D AddD& EtoH& L 0o 0 0 1 1t 0 0 1 10
DAD H AddH& LtoH& L (V] (V] 1 0 1 0 0 1 10
DAD sP Add stack pointer to H & L 0o 0 1 1 1 o o0 1 10
SUBTRACT
SUB r Subtract register from A 1 0o 0 1 0 S §s S 4
SBB r Subtract register from A with borrow | 1 0o o 1 1 S S S 4
SUB M Subtract memory from A 1 0o O 1 0 1 1 0 7
SBB M Subtract memory from A with borrow| 1 o o0 1 1 1 1 0 7
Sul Subtract immediate from A 1 1 0 1 0 1 1 0 7
SBI Subtract immediate from A with 1 1 0 1 1 1 1 0 7
borrow
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Table 8 Instruction Sef Summary cont'd

Instruction Code(1)

Mnemonic Description Clock(2)
D, Ds Ds Dy Dy D, D; D, Cycles

LOGICAL

ANAr And register with A 1 0 1 0o o0 S S S 4
XRA r Exclusive Or register with A t o 1 0 1 S S8 S 4
ORATr Or register with A 1 0 1 1 0 S S -8 4
CMP r Compare register with A - 1 0 1 1 1 S S S 4
ANA M And memory with A 1 0 1 o0 O 1 1 0 7
XRA M Exclusive Or Memory with A 1 o 1 o 1 1 1 (V] 7
ORA M Or memory with A 1 o 1 1 0 1 1 0 7
CMP M Compare memory with A 1 0 1 1 1 1 1T 0 7
ANI And immediate with A 1 1 1 0o o 1 1 (V] 7
XRI Exclusive Or immediate with A 1 1 1 o 1 1 1 0 7
ORI Or immediate with A 1 1 1 1 o 1 1 (o] 7
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7
ROTATE

RLC Rotate A left 0 0 0 o o 1 1 1 4
RRC Rotate A right 0O 0 o0 o0 1 1 1 1 4
RAL Rotate A left through carry 0o 0 O 1 0 1 1 1 4
RAR Rotate A right through carry 0o 0 o 1 1 1 1 1 4
SPECIALS

CMA Complement A 0 [\] 1 0 1 1 1 1 4
STC Set carry (s ¢] 1 1 0 1 1 1 4
cMmC Complement carry o o0 1 1 1 1 1 1. 4
DAA Decimal adjust A 0o O 1m0 0 1 1 1 4
CONTROL

El Enable Interrupts 1 1 1 1 1 o 1 1 4
Dt Disable Interrupts 1 1 1 1 0 O 1 1 4
NOP No-operation 0O 0 0 O O o o0 o 4
HLT Hait (Power down) o 1 1 1 0o 1 1 (1] 5
RIM Read Interrupt Mask 0 0 1 0O 0 0O O O 4
SiM Set Interrupt Mask 0 0 1 1 0O 0 O 0 4

Notes: (1) DDD or SSS. B 000. C001. D 010. E 011. H 100. L 101. Memory 110. A 111.

(2) Two possible cycle times, (6/12) indicate instruction cycles dependent on condition flags.
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OKI semlconducior

MSM80C86ARS/GS/JS
MSM80C86A-2RS/GSIUS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C86A/MSMB0OCB86A-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 MSM80OCS85A/
MSMB8O0C85A-2 hardware and peripherals.

FEATURES

® 1 Mbyte Direct Addressable Memory Space @ 8 and 16-bit Signed and Unsigned Arithmetic Operation
® Internal 14 Word by 16-bit Register Set o From DC to 5 MHz Clock Rate (MSM80C86A)

® 24 Operand Addressing Modes ® From DC to 8 MHz Clock Rate (MSM80CS86A-2)
® Bit, Byte, Word and String Operations o Low Power Dissipation 10 mA/MHz

@ Bus Hold Circuitry Eliminates Pull-Up Resistors

CIRCUIT CONFIGURATION

EXECUTION UNIT BUS INTERFACE UNIT
[ 1T 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
’ (5 WORDS)
— BHE/S7
A19/56
1681T ALU 34 R
BUS A16/53
INTERFACE <:>ADIS ADO
FLAGS UNIT o
4 ) INTA, RD, WR, M/IO
3 ) DT/R DEN,ALE
6BYTE
INSTRUCTION
] ouEeuE
1\/7
TEST — ] > OCK
INTR  ———]
[N CONTROL & ———2—> 050.051
o () TIMING
HOLD ~——— E3 §3.51.50
HLDA —
CLK RESET READY MN/MX GND
Vee
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PIN CONFIGURATION

’ ono O 40 [J Ve
MSMBOCB6ARS (Top View) ap14[d 2 39 [JAo15
MSMB0CB6A-2RS ap13Q3 38 [ A16/3
40 Load Plastic DIP Ap12[}4 37 QY aise
ao11ds 36 [J A18/55
an10[] 6 35 [ A19:56 .
an9 7 34 [J BHE/S?
o8 (8 33 I mn/Mx
an7 Q9 32 [JRD
abe ] 10 31 [ RQ/GTO (HOLD)
ADS E 1 30 :]ﬁ_oé“mmm
ADa @ 12 29 [ TOCK WR)
AD3 [ 13 28 [352 (M/10)
aD2 [ 14 27 %1 (0TR)
a0t [ s 26 [} 50 IDEN)
apo [ 16 25 [J QS0 (ALE)
v 17 24 [JQs1(INTA)
INTR [ 18 23 [JTEST
ck o 22 READY
a < anD [ 20 21 [ RESET
o Q
g 7 g
= “EpeEz Fig. 22 MSM80C86ARS/MSM80C86A-2RS
sok B Exssh
- . . S o
o2 Zloog Q99 @ ~ - o
Z(éE‘I’gZZZEJﬁb}ﬁ
A18/S5 [} 43 42 41 40 39 38 37 36 3534 33 32 31 30 29 ,g QS0 (ALE) MSMB80C86AGS (Top View)
A17/s4 ] 44 27 Q81 {INTA) - MSM80C86A-2GS
A16/S3 [ 45 26 [ TEST 56 Lead Plastic Flat Package
ADIS []46 25 ) READY
NC. Q47 24 ) RESET
Vee [CJas 23 INC
Vee 449 22 FNC
NC.  ]s0 21 Vee
GND [Is1 20 FJGND
NC.  [3s52 19 [CQNC
AD14 [s3 18 FNC.
AD13 [Js4 Q 173 ek
AD12 58 16 3 INTR
AD1T 86 1 2 3 4 5 6 7 8 9 10 11 12 1314 15 [INMI
e @D m w
©co&a8a8uvudvdddasgid
2<<<‘((ZZ(<<<<< ™ <« o
. - oo w O DD
Fig. 2b MSMB0C86AGS/MSM80C86A-2GS 588082083 ¢erRQ
L0 z2> T
6 5 4 3 2
AD10 NC
. AD9 A19/56
MSM80C86AJS (Top Vlew) AD8 BHE/S7
MSMB80C86A-2JS AD7 MN/MX
44-pin Plastic Leaded Chip Carrier  ADs RD
ADS RQ/GTO (HOLD)
AD4 RQ/GTT (HLDA)
AD3 LOCK (WR)
AD2 $2 (M/i0)
AD1 ST (oT/R)
ADO SO (DEN)
18 19 20 21 22 23 24 25 26 27 28
L= BR = EE = R~ EE =~ N = = gy == gy =g
QST ax¥x 0 OFr > =9
ZEE3§°§3jEas
X - c ¥ <o
=
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol MSM8OCBEARS [MSMBOCS6AGS |MSM80C86AJS | Unit | Conditions
MSM80C86A-2RS|MSM80C86A-2GS| MSMB80C86A-2JS
Power Supply Voltage Vce -0.5 ~ +7 v
With respect
Input Voltage VIN -0.5 ~ Ve +0.5 \ to GND
Output Voltage VouT -0.5 ~ Vcc 0.5 \
Storage Temperature Tstg -65 ~ +150 °C -
Power Dissipation PD 1.0 ] 0.7 W | Ta=25°C
OPERATING RANGE
Limits
Parameter Symbol Unit
) MSM80C86A MSMB80C86A-2
Power Supply Voltage Vee 3~6 4.75 ~ 5.25 \%
Operating Temperature Top ' -40 ~ +85 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
, MSM80C86A MSM80C86A-2
Parameter Symbol Unit
: MIN TYP MAX MIN TYP MAX
Power Supply Voltage Vce 4.5 5.0 5.5 4.75 5.0 5.25 Y
_ Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \
(*1) | Vee-0. Vee +0.5 | Vee-0. Ve +0.5 \%
“H” Input Voltage ViH cc08 cc cc-08 cc
(*2) 2.0 Vee +0.5 2.0 Vce +0.5 \

*1 Only CLK, *2 Except CLK.

73




“m CPU-MSMBOC86ARS/GS/JS MSM8OCS86A-2RS/GS/JS &

DC CHARACTERISTICS

(MSMB0C86A: Ve = 4.5V to 5.5V, Ta = —40° to +85°C)
(MSMBO0C86A-2: V¢ = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol “"MIN TYP MAX Unit Conditions
‘L Output Voltage VoL 0.4 v 1oL =2.5mA
"H" Output Voltage VOH 30 v 'OH=-2.5 mA
vVee-0.4 IOH = -100 uA
Input Leak Current [IN] -1.0 +1.0 uA 0<Vi<Vce
Output Leak Current Lo -10 +10 (MA Vo= Vgcor GND
s | e 50 wo [ ua | VN0V
I oo | a | VINZROY
Bus Hold Low Overdrive IBHLO 600 MA *5
Bus Hold High Overdrive IBHHO -600 MA *6
Stoo Coram. 0 |mame) e U
2::)";:";‘::’5]: lccs 500 My Ou;/)sss uiii;/ded
VIN = Vcce or GND
Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
1/0 Capacitance C1/0 20 pF *7

74

*3
4
*5
6
*7

An external driver must source at least Ig|4|_O to switch this node from LOW to HIGH.
An external driver must sink at least Ig{HQ to switch this node from HIGH to LOW.

Test Conditions: a) Freq =1 MHz.

b) Ummeasured Pins at GND.
c) ViNat5.0Vor GND.

Test condition is to lower VN to GND and then raise V|| to 0.8V on pins 2—16, and 35—39
Test condition is to raise Vi to V¢ and then lower V|N to 3.0V on pins 2—16, 26—32, and 34—39.
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A.C. CHARACTERISTICS
(MSM80C86A: V(¢ = 4.5V to 5.5V, Ta=-40°C to +85°C)
(MSMB0C86A-2: V¢ = 4.75V to 6.25V, Ta=0°C to 70°C)

Minimum Mode System
Timing Requirements

Parameter Symbol MswaocseA MSMBoc8eA-2 Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 DC 126 DC ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 69 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX 10 10 ns
gz:;:::::gg;e into MSM 82C84A TRIVCL 35 35 ns
rtsIZ:NI:::: ;r:r;;x into MSM 82C84A TCLR1X 0 o ns
READY Setup Time into MSM80C86A | TRYHCH 118 68 ns
READY Hold Time into MSM80C86A-2 | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:;l;R’\;c:\:zll;,)TEST Setup Time TINVCH 30 15 ns
ot s B s 5 |
T e | : E
Timing Responses
Parameter Symbol MSMBOC8A MSMI80C8EA 2 Unit
. Min. Max. Min. Max.
| Address Valid Delay TCLAV 10 110 10 60 ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 ns
ALE Width TLHLL TCLCH-20 TCLCH-10 ns
ALE Active Delay TCLLH 80 50 ns
ALE Inactive Delay TCHLL 85 55 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 TCHCL-10 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
Data Hold Time after WR TWHDX | TCLCH-30 TCLCH-30 ns
Control Active Delay 1 TCVCTV 10 110 10 70 ns
Control Active Delay 2 TCHCTV 10 110 10 60 ns
Control Inactive Delay TCVCTX 10 110 10 70 ns
Address Float to RD Active TAZRL 0 0 ns
RD Active Delay ) TCLRL 10 165 10 100 ns
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CPU-MSMBOC86ARS/GS/JS MSMBOCBGA-2RS/ GS/JS®

[ ]
Parometer Symbol MSM80C86A MSMB80C86A-2 Unit
Min. Max. Min. Max.
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV. | TCLCL-45 TCLCL-40 ns
HLDA Valid Delay TCLHAV 10 160 10 100 ns
RD Width ‘ TRLRH |2TCLCL-75 ~ [2TCLCL-50 ns
WR Width TWLWH  [2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL | TCLCH-60 TCLCH-40 ns
Output Rise Time (From 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.
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3. Applies only to T2 state. (8 ns into T3)
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Maximum Mode System (Using MSM 82C88 Bus Controller)
Timing Requirements

Parameter Symbol ___MS M8ocasA MSMB0C86A-2 Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 DC 125 DC ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 69 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CLY 10 - 10 ns
Data in Setup Time TDVCL 30 20 ns
‘Data in Hold Time TCLDX 10 10 ns
:‘Rsl::'\;s:::::i;;e into MSM 82C84A TRIVCL 35 35 ns
::F::N}:‘:L‘: '1l'|r121)e into MSM 82C84A TCLR1X o 0 ns
READY Setup Time into MSM 80C86A | TRYHCH 118 68 ns
READY Hold Time into MSM 80C86A | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
e T e MM e | ao s .
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C86A TCHGX 40 30 ns
(From 08 10 20%1 TILIH s 5|
v I s 5 |
Timing Responses
Parameter S MSMBOC86A MSMB80CB86A-2 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
:’!Sié\g;ft:\:;ive to Status Passive TRYHSH 110 65 ns
Status Active Delay TCHSV 10 110 10 "] 60 ns
Status Inactive Delay TCLSH 10 130 10 70 ns
Address Valid Delay TCLAV 10 110 10 60 ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX v 50 ns
Status Valid to ALE High (See Note 1) TSVLH 35 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 35 25 ns
CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 ' 25 ns
Data Valid Delay TCLDV 10 110 10 60 ns
‘ Data Hold Time TCHDX 10 10 ns
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Parameter Symbol MSMBOC8eA MSMB0C8eA-2 » Unit
Min. Max. Min. Max.
Control Active Delay (See Note 1) - TCVNV 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 45 10 45 ns
Address Float to RD Active TAZRL 0 ns
RD Active Detay TCLRL 10 165 10 100 ns
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV | TCLCL-45 TCLCL-40 ns
I(Jsi;:c;i::e C;:;mtrol Active De‘lay TCHDT!. 50 50 ns
I()sier:c':i:; (ic)mtrol Inactive Delay TCHDTH 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.

D WN =
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. Setup requirement for asynchronous signal only to guarantee recagnition at next CLK.
. Applies only to T2 state (8 ns into T3)
. Applies only to T3 and wait states.
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TIMING CHART

Input/Output A.C. Testing Load Circuit
24 DEVICE
UNDER
.5 «—— TEST POINTS 1.5
15 - TEST

0.45 = CL=

I 100pF

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" CL INCLUDES JIG CAPACITANCE
Minimum Mode
T 12 T3 Ta
. TCH1CH2 TCL2CL1
Telel—| TS Tw ;
ViH {.;9_\
CLK (MSM 82C84A Output) }F \ J . i/_\_
ViL?TeHeTv { '
— TCHCL| TCLCH
M/10 ‘ X
=~ [~ TcLDV
TCLAV —™ TCLAX CLD TCHDX —
BHE/S7,A19/56-A16/53 BHE, A19-A1 $7-S3

d
TCLLH—] foclitL TLLAX
——
ALE TAVALN_ /

|
TC;T',L"I T v - TRIVCL
RDY (MSM 82C84A Input) lH@: \m \ \\\\\\\\\\\\\\\\\\\

SEE NOTE 5 ViL -

TRYLCLQF [ [-TeRix
READY (MSM 80C86A Input) - k-TcHRYX
TAVAL
READ CYCLE TCLAV Tlraxl_| TCLDX
r
AD15-AD0 AD15-ADO
t FLOAT|
TAZRL~ o+ TCLRH— TRHAV.
— /
RD
(NOTE 1) .
iy < - TCHCTV ]
WR,INTA=V0p) - —y TRLRH | TCHCTV
DT/R
TCVCTV —+ TCVCTX
DEN
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Mirniimum Mode (Continued)

DT/R = INDETERMINATE

T T2 T3 T4
TCLCL TCHICH2,  TcL2cLt W
. VIH "L N\
CLK (MSM 82C84A Output) Y \ /
ViL / N\ AN ) )
L
“lrcHerv TCHC TCLCH
M/i0 x x
s ~TCLDV -
TCLAV-» _, TCLAX TCHDX —
BHE/S7,A19/56 ~ A16/S3 BHE, A19-A16 $7-83
TCLLH—=| |4TLHLL LLAX
ALE ,f'
TAVAL Jeo
TCHLL™] TCLDV
WRITE CYCLE . TGLAV. TCLAX TCHDX | o
t -
AD15-ADO AD15-AD0 pataout | )—C
TAV
T(‘VCTV"I L’_\L TWHDX - TCVCTX
(NOTE 1) - TLLAX
(RD, INTA, DEN
DT/R =VOH) Teverv—] -
| \ TWLWH
WR /
. T TCVCTX+
INTACYCLE = = J’TC"AZ ToVCL == "LDX ,
_AD15-ADO X POINTE ———C
FLOAT FLOAT
| Jet—TCHCTV TCHCTV
DT/R /
(NOTES 1&3) ¢ 4
(RD, WR = VOH TCVCTV
BHE = vOL) R (
. INTA
TCVCTV- |t  TCVCTX
~ -E—N
' D15 ~ AD 3
SOFTWARE HALT. A 0 INVALID ADDRESS SOFTWARE HALT
RD,WR,TNTA = VOH TCLAV — —
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Maximum Mode

T

T2 T3 T4
TCHICH2 —jje— —sffe—TCL2CL1
v L——-TCLCL——' l— T™W
IH
CLK (MSM 82C84A output) X f ) F ] = 1! \
ViL
TCLAV—= | TCHCL TCLCH
Qs0.as1 X X X X x
1
TCHSV —| |+ TCLSH
{ (SEE NOTE 8) \ -
§2,51,S0 (EXCEPT HALT) —— TV /l/// // | ox | W,
—f H — fo—
| ﬂTCLAX TC
—— . — Y -
BHE/S7.A19/56 ~ A16/S3 } BHE A19-{*16X §7-83 }(
TSVLHTH I o+ e TeHLL
ALE (MSM  TCLLH®] [= ~—
82C88 OUTPUT) | 3 /
y)
SEE NOTE 5 —~ pfTRIVCL
RDY (MSM 82C84A ViH :
INPUT) mm mmmm\
ViL
TRYLCL je—321 TCLR1X .
d{—
READY (MSM 80C86A ! - L TCHRYX
INPUT) TRYHSH
'1|’CLAX— y %
' TRYHCH"! |
READ CYCLE TCLAV— [—TCLAZ ¢ TOVCL TCLDX
AD15-ADO X Apis-ano ) DATA IN )
it FLOAT, FLOAT
TAZRL — l— TRHAV
_ TCLRH
AD
TCHDTL —] TRLRH - TCHDTH
[ NU——
oT/E TCLRL ;[—
MSM 82C88
OUTPUTS MRDC OR TCLML—] | TCLMH —
SEE NOTES 5,6 JORC *
TCVNV — ‘._
DEN {
TCVNX—| |

a CPU-MSMB0CB86ARS/GS/JS MSM80OC86A-2RS/GS/JSH
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Maximum Mode (Continued)
T T2
ViH
CLK (MSM 82C84A output) K f !L ]f &‘
ViL
C#TCHSV - | TCLSH
§2, 51,50 (EXCEPT HALT) ' 2/ / (See note 8)\___
WRITE CYCLE TCLAV 3 TELDY T(‘HDX-.
' AD15 ~ ADO { DATA ;——C
TCVNV+ TCVNX -~
DEN )F \I
MSM 82C88 . WTCLML TCLMH
OUTPUTS, —_—
SEE NOTES 5,6 AMWC OR ATOWC

~ _jeTCLMLS| TCLMH
MWTC OR 1OWC '

INTA.CYCLE
v FLOAT| /= \ /
AD15 ~ ADO /F OAT © el FLOAT \—
SEE NOTE 3,4 -4 TCLAZ - TCLDX
i:*— POINTER —-C
(ch N FLOAT
TSVMCH -H NX —
(MCE/ Y
PDEN ———— - —
TCLMCH = -~ TCHDTL - TCHDTH
DTR
MSM 82C88
OUTPUTS ToLML -
SEE NOTES 5, 6 j INTA
- TCVNV TCLMH
DEN '
~

SOFTWARE HALT —

(DEN=Vg_; RD, MRDC, IORC, MWTC,

AMWC, TOWC, ATOWC, INTA,=Von)
AD15 ~ ADO &INVAL!D ADDRESS

TCVNX-+

TCLAV =

Notes:

82

1. Ail signals switch between Vg and VoL unless otherwise specified.

2. RDY is sampled near the end of T2,T3,Tyy to determine if Tyy machines states are to be inserted.

3. Cascade address is valid between first and second INTA cycle.

4. Two INTA cycles run back-to-back. The MSM 80C86A LOCAL ADDR/DATA BUS is floating during
_both INTA cycles. Control for pointer address is shown for second INTA cycle.
Signals at MSM 82CB4A or MSM 82C88 are shown for reference only.,
The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,IORC,IOWC,AIOWC,
INTA and DEN}) lags the active high MSM 82C88 CEN.

7. All timing measurements are made at 1.5V unless otherwise noted.

8. Status inactive in state just prior to T4.
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Asynch Signal Recog
CLK \ t \
pur -
M1 TINVCH (SEE NOTE 1)
INTR p SIGNAL 5
TEST 4
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK
Bus Lock Signal Timing (Maximum Mode Only) Reset Timing

ANY CLK CYCLE y
. ANY CLK CYCLE }—2 50 useC —f

Vee /
CLK

: : CLK
TCLAV TCLAV TCLDX

TOVCL

RESET —

24 CLK CYCLES

LOCK

[ |

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle

> 0 CLK Cycle

CLK
K > TCLCL
TCLGH TCLGL ;
— TCLGH
[ PULSE 2
RQ/GT QUCBBAGT
AD15 ~ ADO COPROCESSOR
A19/S6~ A16/S3 Ra —| -TCLAZ
§2,51,50, ' <
RD, LOCK MSM 80CB6A COPROCESSOR 80C86A
BHE/S? ' ' ' (SEE NOTE 1)
Note : 1.

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

Hold/Hold Acknowledge Timing (Minimum Mode Only)

21CLK CYCLE 10or2 CYCLES
ok '_/_\
THVCH 2!
HOLD
— TCLHAV ]
HLDA
i . ] = TCLAZ
! s F
AD15~ ADO,
p MSM 80C86
A19/S6~ A16/S3, A - COPROCESSOR
RD, F —f
BHE/S7, M/10,
DT/R,WR, DEN
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PIN DESCRIPTION

ADO - AD15
ADDRESS DATA BUS: input/Output

These lines are the multiplexed address and data
bus.

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

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

A16/83. A17/S4, A18/S5, A19/S6
ADDRESS/STATUS: Output

Tses are the four most significant addresses, at
the T1 cycle. Accessing 1/O port address, these are low
at T1 cycles. These lines are Status linesat T2, T3, TW
and T4 cycles. S3 and S4 are encoded as shown.

S3 S4 Characteristics

¢ 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 T1 cycles.

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

RD
READ: Output

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

This line is the read strobe signal when CPU read
data from memory or 1/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 1/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 triggeréd 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
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.

NMI
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. ‘

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 Ve is connected, the CPU operates in
Minimum mode.

Whin GND is connected, the CPU orerates
Maximum mode.
Vee
Vee: +3 — +6V supplied.

GND
GROUND

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

$0,81,52
STATUS: Output

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

These lines are high impedance during ho!d
acknowledge. .

These status lines are encoded as shown,



s2 S1|s0 Characteristics
0 (LOW) 0 | 0 | Interrupt acknowledge
0 0 1 Read 1/0 Port
0 1 | 0 | Write 1/O Port
0 1 1 Halt
1 (HIGH) 0|0 Co&e Access
1 0 1 Read Memory
1 1 4] Wri.t”e Memory
1 1 1 | Passive
RG/GTS
,RQ/GTT

REQUEST/GRANT: Input/Output
These lines are used for Bus Request from other
devices and Bus GRANT to other deivces.
’ These lines are bidirectional and active low.

LOCK
LOCK: Output

This line is active low.

When this line is low, other devices can not gain
control of the bus.

This line is high impedance during hold acknow-
ledge.

Qso/as1
QUEUE STATUS: Output

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

Qs1 Qso Characteristics
0 (LOW) 0 No Operation
0 1 First Byte of Op Code from
Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

The following pin function descriptions are mini-+

mum mode only. Other pin functions are already
described.

Mm/i0
STATUS: Output

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

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

This line 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 1/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.

# CPU-MSM80CB86ARS/GS/JS MSM80OC86A-2RS/GS/JS®m

This line is high impedance during hold acknow- '

ledge.

DEN
DATA ENABLE: Output .
This line is used to control the output enable o
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 MSMB8OC86A circuitry is of static design.
Internal registers, counters and latches are static and
require no refresh as with dynamic circuit design. This
eliminates the minimum operating frequency restriction
placed on other microprocessors. The MSM80C86A can
operate from DC to the appropriate upper frequency
limit. The processor clock may be stopped in either
state (high/low) and held there indefinitely. This type of
operation is especially useful for system debug or power
critical applications.

The MSM80CS86A 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
MSMB80C86A 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 uA 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

“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 memory.
Each address has an 8-bit data width. Memory is
organized 00000H 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 — D7 and byte data of odd ad-
dress is transfered on the D8 — D15.

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

Memory location FFFFOH is the start address after
reset, and 00000H through OO3FFH 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

) FFFFFH
64 KB CODE
SEGMENT
p T XXXXOH
TACK
+OFFSET SEGMENT
SEGMENT t - 1
REGISTER FILE 1
cs DATA
ss SEGMENT
DS 4
ES [
EXTRA DATA
SEGMENT
1T 0000H

RESET BOOTSTRAP | [/ (1 1
PROGRAM JUMP
FFFFOH
1 T
_ 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
Ll
J . J
L]
7H
INTERRUPT POINTER
FOR TYPE 1 4H
INTERRUPT POINTER | 3H
FOR TYPE O oH
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Memory Segment Register Segment
Reference Need Used Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) All stack pushes and pops. Memory references relative to
BP base register except data references.

Local Data DATA (DS) Data references when relative to stack destination of str-
ing operation, or explicitly overridden.

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected us-
ing a segment overriden.

MINIMUM AND MAXIMUM MODES

The MSMB80C86A has two system modes: mini-
mum and maximum. When using maximum mode, it is
easy to organize @ multi-CPU system with a 82C88 Bus
Controller which generate the bus control signal.

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

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

BUS OPERATION

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

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

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

When a bus cycle is not needed, T1 cycles are
inserted between the bus cycles for internal execution.
During the T1 cyclé, 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, S1 and S2 are used in the maxi-

mum mode by the bus controller to recognize the type
of bus operation according to the following table.

S2 BREY Characteristics
0 (LOW) 0 | O | Interrupt acknowledge
0 0 | 1 | Read /O
0 1 0 | Write I/O
0 1 1 Halt
1 (HIGH) 0 | O | Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (no bus cycle)

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

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

sS4 S3 Characteristics
0 (LOW) 0 Alternate Data (Extra segment)
0 1 Stack
1 (HIGH) [¢] Code or None
1 1 Data

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

The MSM80CB86A has 64 Kbyte of I/0 or as 32
Kwords 1/0. When the CPU accesses an I/0 device, ad-
dresses A0 ~ A15 are in the same format as a memory
address, and A16 ~ A19 are low.

The 1/0 ports addresses are same as memory, so

it is necessary to be careful when using 8-bit
peripherals.
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Basic System Timing

(
{

CLK

—(4 + N*WAIT) = TCY — (4 + N*WAIT) = TCY
o |12 | 13 pwan| v | 1| 2 | T3 frwarr] T4 I

GOES INACTIVE IN THE STATE
JUST PRIOR TO T4

R

s | i} { Ji L
BHE, A19—A16 BHE, A19-A16
ADDR X 66
STAleS §7-S3 $7-S3 x
BUS RESERVED D15-DO
A15—-A0 . FQR DATA IN VALID
ADDR/DATA - i DATA OUT
: (D15—DO)
RD,INTA | } V
READY

READY “N! , “m , -

READY

WAIT

. DEN

—]
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 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
OO03FFH 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 (NMI)

The MSM80C86A has a Non-maskable Interrupt
(NMI) which is of higher priority than the maskable
interrupt request (INTR).

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

The MSMB8O0C86A provides another interrupt
request (INTR) which can be masked by software.
INTR is level triggered, so it must be held until the
interrupt request is acknowledged.

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

| TV ] T2 | T3 T4l ™M

| T2 | 13 | T4 |

ALE
LOCK —'—'\ /_ -
INTA . \ ’
T\ FLOAT
ADO-AD15 > ds TY&’ECTOR

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. (INTR only)

The Interrupt Return (IRET) 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 MSM80CB86A out of the Halt state.

SYSTEM TIMING — MINIMUM MODE

A bus cycle begins T1 with an ALE signal. The
trailing edge of ALE is used to latch the address. From
T1 to T4 the M/IO signal indicates a memory or 1/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 (INTA) signals causes the addressed device
to enable data bus. These signal becomes active at the
beginning of T2 and inactive at the beginning of T4.

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 Controlier. Bus timing signals are gene-
rated by Bus Controller. Bus timing is almost the same
as in the minimum mode.

s CPU-MSM8OC86ARS/GS/JS MSM80C86A-2RS/GS/JS®
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by float- “bus hold’ circuits, an external driver must be capa-
ing inputs to CMOS devices and to eliminate the need ble of supplying approximately 600 uA minimum sink
for pull-up/down resistors, ‘‘bus-hold’’ circuitry has been or source current at valid input voltage levels. Since
used on MSMB80C86A pins 2—16, 26—32, and 34— this “bus hold” circuitry is active and not a “resis-
39 (Figures 6a, 6b). These circuits will maintain the tive"” type element, the associated power supply current
last valid logic state if no- driving source is present is negligible and power dissipation is significantly
(i.e. an unconnected pin or a driving source which reduced when compared to the use of passive pull-up
goes to a high impedance state). To overdrive the resistors.

“PULL-UP/PULL-DOWN"

OuUTPUT

ORIVER BOND | EXTERNAL

PAD PIN

| . L

T INPUT
BUFFER PROTECTION
CIRCUITRY |

Input Buffer exists only on 1/0O pins

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

“PULL-UP”
OUTPUT BOND EXTERNAL
DRIVER 2~~~ T a0 [ PN
Vee ! ]
cc ] P '
] '
! '
! '
I '
] ]
- 4|  npUT
'B'\:JPI-}JF.I-ER PROTECTION =
. CIRCUITRY
- Input Buffer exists-only on_1/O pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

MOV = Move:

Register/memory to/from register
Immediate to register/memory
Immediate to register

Memory to accumulator
Accumulator to memory
Register/memory to segment register
Segment register to register/memory

PUSH = Push:

Register/memory
Register
Segment register

POP = Pop:

Register/memory
Register
Segment register

XCHG = Exchange:

Register/memory with register
Register with accumulator

IN.= Input from:

Fixed bort
Variable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into fiags
PUSHF = Push flags

POPF = Pop flags

PN N ]

-

- e o o ed e e e e

coocoo=00

-

OO0 OO0 = a O = = =

OO = ==00W0

-

CO0OO0O0OO0O0O0O ==

CO0OO0O0O=00H

(==

- _m e, w000 =00

“a0c0sO0=w

- O

N e N = I = I i o ]

[ N I

- OoN
=
@©
«

- 00

-
s

O = =0

oo
g3

OO = = OO0 = = -

s ©

ocos s

-~ 00=20===535s

7 6 5 43 2

mod
mod

mod
mod

mod

mod

mod

mod
mod
mod

000

reg

data

addr-low
addr-low

o]
0

0

reg
reg

00

reg

port

port

reg
reg
reg

1
r/m
r/m

r/m
r/m

r/m

r/m

r/m

r/m
r/m
r/m

0

76 5 43 21

data

dataif w=1
addr-high
addr-high

0

765 43210

dataif w=1
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ARITHMETIC

ADD = Add:

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

ADC = Add with carry:

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

INC = Increment:

Register/memory

Register

AAA = ASC!! adjust for add
DAA = Decimal adjust for add

suB = St.xbtract:

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

SBB = Subtract with borfow:

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

DEC = Decrement:

Register/memory
Register
NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory

Immediate with accumulator
AAS = ASCII adjust for subtract

0 00 =

-

co-o

[=} OO = = (ol eNeol [eNeNe)

o

o oo

[=NelelNe]

o oo

(==

- - -

o

-

-— O -

[=NeNe]

O = O =

o oo

-

-

-

-

- —_O -

ooo o oo

o0 O =

O -

-——O -

- 00

L= =]

- OO0

- 00

P X =)

o v a
2 8¢

o v

o v o

o v a

- 0ov a

-85 3

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

1

reg
00
data

reg

data

reg
0o 1
data

reg
11
data

reg

data

r/m
r/m

r/m
r/m

r/m

r/m
r/m

r/m
r/m

r/m

r/m

r/m
r/m

data
data if w=1

data
dataif w=1

data
dataif w=1

data
data if w=1

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
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)

IMUL = Integer multiply (signed)
AAM = ASCII adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)

AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

[ )

OO = it @ =D

OO O = = O = = =

-t e o m = O

- == 000000 =

O O = =ttt a

OO0 = =0 ===

~o-3ss0s535~

mod
mod
00
mod
mod
o0

O m = O

O = =2000

P R -]

rim
r/m
01
r/m
r/m
o1

0

0
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LOGIC

NOT = Invert 111101 1 wmod 01 O r/m

SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 00 r/m

SHR = Shift logical right 1101 00v wimod 1 0 1 r/m

SAR = Shift arithmetic right 1101 00v wmod 1 1 1 r/m

ROL = Rotate left 1101 00v wmod 00 O r/m

ROR = Rotate right 1101 00v wmod 0 0 1 r/m

RCL = Rotate left through carry 1101 00v wmod 010 r/m

RCR = Rotate right through carry 1101 0O0v wmod 0 1 1 r/m

AND = And:

Reg./memory and register to either 001000 d w/mod reg r/m

Immediate to register/memory 1 000O0O0O wimod 1t 00 r/m data dataifw=1
Immediate to accumulator 001 0010w data - dataif w=1
TEST = And function to flags, no result:

Register/memory and register 10000 1 0 w|mod reg r/m

Immediate data-and register/memory 1111011 wmod 00O r/m data dataif w=1
Immediate data and accumulator 10101 00w data data if w=1

OR =0r:

Reg./memory and register to either 0 0001 0d w|mod reg r/m

Immediate to register/memory 10 000O0O wmod 00 1, r/m data dataif w=1
Immediate to accumulator 00001 10w data data if w=1

XOR = Exclusive or:

Reg./memory and register to either . 001100 d w|mod reg r/m

Immediate to register/memory 1 0000OO0OwWMmMMdT11T 10 r/m data dataif w=1
Immediate to accumulator 0011010 w data data if w =1

STRING MANIPULATION

REP = Repeat 1111001 2z

MOVS = Move byte/word 10100 10w

CMPS = Compare byte/word 101001 1w

SCAS = Scan byte/word 101011 1w

LODS = Load byte/word to AL/AX 10101 10w

STOS = Store byte/word from AL/AX 101010 1w
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CJMP = Conditional JMP

JE/JZ = Jump on equal/zero 01110100 disp

JZ/INGE = Jump on less/not greater or equal ot1r111100 disp

JLE/ING = Jump on less or equal/not greater 01111110 disp

JB/JNAE = Jump on below/not above or equal 01110010 disp

JBE/JNA = Jump on below or equal/not above 01110110 disp

JP/JPE = Jump on parity/parity even 01111010 disp

JO = Jump on over flow 01110000 disp

JS = Jump on sign 01111000 disp

JNE/INZ = Jump on not equal/not zero 01110101 disp

JNL/JGE = Jump on not less/greater or equal o111 1101 disp

JNLE/JG = Jump on not less or equal/greater 01111111 disp

JNB/JAE = Jump on not below/above or equal 01110011 disp

JNBE/JA = Jump on not below or equal/above 01110111 disp

JNP/JPO = Jump on not parity/parity odd 01111011 disp

JNO = Jump on not overfiow 0111000 1 disp

JNS = Jump on not sign 01111001 disp

LOOP = Loop CX times ) 11100010 disp

LOOPZ/LOOPE = Loop while zero/equal 1110000 1 disp

LOOPNZ/LOOPNE = Loop while not zero/equal 171100000 disp

JCXZ = Jump on CX zero 1110001 1 disp

INT = lnterrupt':

Type specified 11001101 type

Type 3 11001100

INTO = Interrupt on overflow 11001110

IRET = Interrupt return 11001111
PROCESSOR CONTROL

CLC = Clear carry 11111000

CMC = Complement carry 11110101

STC = Set carry 11111001

CLD = Clear direction 11111100

STD = Set direction 11111101

CL! = Clear interrupt 11111010

STI = Set interrupt 11111011

HLT = Halt 11110100

WAIT = Wait 10011011

ESC = Escape (to external device) 11701 1 x x x|mod x x x r/m

LOCK = Bus lock prefix 11110000
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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 intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within seg. adding immediate to SP
Intersegment

Intersegment adding immediate to SP
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Footnotes:

AL = 8-bit accumulator

AX = 18-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 = O then ““from’’ reg.

If w = 1 then word instruction: If w = 0 then byte instruction

If mod = 11 then r/m is treated as a REG field

If mod = 00 then DISP = 0*, disp-low and disp-high are absent

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
If mod = 10 then DISP = disp-high: disp-low

If r/m = 000 then EA = (BX) + (SI) + DISP

If r/m = 001 then EA = (BX) + (DI) + DISP

If r/m = 010 then EA = (BP) + (SI) + DISP

If r/m =011 then EA = (BP) + (DI) + DISP

1f r/m = 100 then EA = (SI) + DISP

1f r/m = 101 then EA = (DI) + DISP

If r/m = 110 then EA = (BP) + DISP*

1f r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low

If s:w = 01 then 16 bits of immediate data form the operand

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v=0 then ‘“count’” = 1: If v= 1 then “‘count” in (CL)

x = don't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 reg 110
REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 B8X 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 SI 110 DH
111 o] 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):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)
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MSM80C86A-10RS/GSIUS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80CB6A-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 MSMB80C88A-10 software and MSM80C85A/
MSMB80C85A-2 hardware and peripherals.

FEATURES

® 1 Mbyte Direct Addressable Memory Space e 8 and 16-bit Signed and Unsigned Arithmetic Operation
@ Internal 14 Word by 16-bit Register Set ® From DC to 10 MHz Clock Rate

® 24 Operand Addressing Modes o Low Power Dissipation 10 mA/MHz

® Bit, Byte, Word and String Operations o Bus Hold Circuitry Eliminates Pull-Up Resistors

CIRCUIT CONFIGURATION

EXECUTION UNIT BUS INTERFACE UNIT

1 r 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
|—— BHE/S7
i A19/56
1681T ALU ::4::> .
BUS A16/S3
INTERFACE AD15 ~ ADO
FLAGS uNIT Pt
Z> INTA, RD, WR, M/iO
3 ) DT/R DENALE
6BYTE |
INSTRUCTION
—]  oueue
14
TEST > & TOCK
INTR —
NMI ] CONTROL & E Q50,081
RGiIGT6.1 (:1"> TIMING
HoLD ——af E 52.5150
HLDA E—q

P T 110

CLK RESET READY MN/MX GND
Vee

98



a CPU-MSM80C86A-10RS /GS/JS =

PIN CONFIGURATION

B ono 20 [ Vee
MSMBOCS6A-10RS (Top View) Aoug 2 39 [Jaois
40 Lead Plastic DIP = M 38 [ areisa
ap12[ 4 37 L} At7/s4
a0 Qs 36 [J ar8/55
aoiof]e 35 [J A19/56
ap9 Q7 34 [} BHE/ST
aos s 33 ) MN/MX
ao7 @9 32 (RO
AD6 ] 10 31 | RQ/GTO0 (HOLD!
, aps [ 30 [JRA/GTT (HLDA
ADa []12 29 [ TOCK WR)
aD3 [J13 28 [ 52 Moy
ap2 Qs ' 27 [3§1 (OT/R)
a0t s 26 [ 50 (DEN)
aoo [ 16 25 [ QSO (ALE),
nvie 17 24 []as1 (INTA)
INTR ] 18 23 [JTEST
_ _ c e 22 [JReADY
a g GND [ 20 21 [JRESET
2 g
e = tEkge Fig. 22 MSMBOCB6A-10RS
82k B Brsik
& Zog @Yo ~ e o
z<|§ RRZZZEPRELE
A18/S5 [—]43 42 41 40 3938 37 36 3534 33 32 31 30 29 »g =] QSO (ALE) MSMB80C86A-10GS (Top View)
A7/ L 44 ‘ 27081 (NTAl 56 Lead Plastic Flat Package
A16/S3 ] 45 : 26 [ TEST
AD15 []46 25 Y READY
NC. [Ja7 24 [T RESET
Vee [J48 2BENC
Vee 4o 2N
NC. s 21 vee
GND [ 51 20 FGND
NC. [Js2 ' 19 CNC.
AD14 []s3 ’ 1 EaNc.
AD13 []54 O 173 cLk
AD12 385 . 16 3 INTR
AD1Y CJs6 1 2 3 4°5 6 7 8 910 11 12 1314 15 I NMI
; 2 o0
0 58858uvu8383858
Z << g z2z2IIICIL o < o
H 0w v v
Fig. 2b MSMB80CB86A-10GS 8 Z2era
>

o JAD11
o [JAD12
~[]AD13
w{]AD14

~ [JGND

O -fInc

I
N
Iy

39PNC
ADI[I8 38[1A19/56

. 9 37 P BHE/S7
MSMBOCS86A-10JS (Top View) apy 36 ) MN/MX
44-pin Plastic Leaded Chip Carrier Aps 35D RD
ADS

341 RQ/GTO (HOLD)

Ap4 13 33[I RA/GT1 (HLDA)
AD3[14 321 LOCK (WR)
AD2 15 3182 (wrio)

AD1 Q16" 30[ 51 (DT/R)
ADO[j17 291 50 (DEN)

N
N

(ALE) QSO [

(INTA)Qs1
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | \SMB0CB6A- | MSMBOC8B6A- | MSM8OC86A- | Unit | Conditions
10RS 10GS 1048
Power Supply Voltage Vce -0.5 ~ +7 Vv
With respect

Input Voltage VIN -0.5 ~ Ve +0.5 \% to GND
Output Voltage VouTr -0.5 ~ Vgc +0.5 \% '
Storage Temperature Tstg -65 ~ +150 °C -
Power Dissipation Pp 1.0 L 0.7 w Ta=25°C

OPERATING RANGE

Limits
Parameter Symbol Unit
MSM80C86A-10
Power Supply Voltage Vee 4.75 ~ 5.25 \Z
Operating Temperature Tor 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
MSM80C86A-10
Parameter Symbol Unit
MIN TYP MAX
Power Supply Voltage Vce 4.75 5.0 5.25 \Z
Operating Temperature Top 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 Vv
(*1) | Vee-o0. Vce +0.5 \"
“H" Input Voltage ViH cc 08 ce
*2)| 20 . Vcc+05 | Vv

*1 Only CLK,

100
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DC CHARACTERISTICS
(MSMB0C86A-10: Ve = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions

“L" Output Voltage VoL 0.4 v oL =2.5mA
3.0 IOH = -2.5 mA
“H"" Output Voltage VOH \ OH
vVce-0.4 I0H = - 100 kA

Input Leak Current [N} -1.0 : +1.0 MA 0<V|<Vge
Output Leak Current Lo -10 ] +10 sA Vo= Vccor GND
Input Leakage Current VN = 0.8V
(Bus Hold Low) 'BHL 50 400 | uA 3
Input Leakage Current ViN = 3.0V
(Bus Hold High) IBHH -50 -400 KA 4
Bus Hold Low Overdrive IBHLO 600 KA *5
Bus Hold High Overdrive IBHHO -600 A *6

i Vi =GND
Operating Power Icc 10 mA/MHz 1L
Supply Current ViH=Vce

Vce = 5.5V
Standb
Sui:)“plyyczg:ev:: Iccs 500 MA Outputs Unloaded
VIN = Vce or GND

Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
1/0 Capacitance Ci/o 20 pF *7

*3 Test condition is to lower VN to GND and then raise VN to 0.8V on pins 2—16, and 35—39
*4  Test condition is to raise V| to VCC and then lower VN to 3.0V on pins 2—16, 26—32, and 34—39.
*5  An external driver must source at least IgH|_Q to switch this node from LOW to HIGH.
*6  An external driver must sink at least IgqHOQ to switch this node from HIGH to LOW.
*7  Test Conditions: a) Freq =1 MHz. ’
b) Ummeasured Pins at GND.
c) VN at 5.0V or GND.
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A.C. CHARACTERISTICS

(MSMBOC86A-10: V(= 4.75V t0 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

TCLRL

Parameter Symbdl MSMBOCEEA-10 Unit
Min. Max. o
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) - TCL2CL1 10 ns
Data in Setup Time TDVCL 20 ns
Data in Hold Time TCLDX 10 ns
:RSIZQY Ns:tt:::;r;e into MSM 82C84A TRIVCL 35 ns
O e TR MONMSIHA | i | g .
READY Setup Time into MSM80C86A | TRYHCH 46 ns
READY Hold Time into MSM80C86A-2 | TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
HOLD Setup Time THVCH 20 ns
:QI;R'\]:::/I;,) TEST Setup Time TINVCH 15 ns
(From 08V o200y TILIH | s
oy e N
Timing Responses .
Parameter Symbol MSWB0C86A-10 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-10 ns
ALE Active Delay TCLLH ‘ 40 ns
ALE Inactive Delay TCHLL 45 ns
Address Hold Time to ALE Inactive TLLAX "TCHCL-10 ns
Data Valid Delay TCLDV - 10 60 ns
Data Hold Time TCHDX 10 ns
Data Hold Time after WR TWHDX | TCLCH-25 ns
Control Active Delay 1 TCVCTV 10 55 ns
Control Active Delay 2 TCHCTV 10 50 ns
Control Inactive Delay TCVCTX 10 55 ns
Address Float to RD Active TAZRL 0 ns
D Active Delay ) 10 70 ns

102




# CPU-MSMB80C86A-10RS /GS/JS =

Parameter Symbol MSM80C86A-10 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
RD Width 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 2.0V) | 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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Maximum Mode System (Using MSM 82C88 Bus Controller)

Timing Requirements

Parameter Symbol HsmMB0CBsA19 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) TCL2CL1 10 ns
Data in Setup Time TDVCL 15 ns
Data in Hold Time TCLDX 10 ns
:Rsl:eYNS:tt:splT;?e into MSM 82C84A TRIVCL 35 s
:'-lsl::Nl-::Iec: ':’;r;)e into MSM 82C84A TCLR1X 0 ns
READY Setup Time into MSM 80C86A | TRYHCH 46 ns
READY Hold Time into MSM 80C86A | TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
INTR,TEST) (see Nowe | TNveR |18 ns
RQ/GT Setup Time TGVCH 15 ns
RQ Hold Time into MSM 80C86A TCHGX 20 ns
T SO | 5w
ot 5 | .
Timing Responses
Parameter Symbol MSMBOCBSA-10 Unit
Min. Max.
Command Active Delay (See Note 1) TCLML 5 35 ns
Command Inactive Delay (See Note 1) TCLMH 5 45 ns
:‘«‘Sli:(;:‘:\:;ive to Status Passive TRYHSH 45 ns
Status Active Delay TCHSV 10 45 ns
Status Inactive 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
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Parameter Symbol MSM80C8sA19 Unit
Min. Max.
Control Active Delay (See Note 1) TCVNV 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 10 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
:)sier:c:‘i:tne (it))ntrol Active Delay TCHDTL 50 ns
:)si;:c;ig‘ne (it))ntrol Inactive Delay TCHDTH 30 ns
GT Active Delay TCLGL 0 45 ns
GT Inactive Delay TCLGH 1] 45 ns
RD Width 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: Signal at MSM 82C84A or MSM 82C88 are shown for reference only.

1.
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

A.C. Testing Load Circuit

Input/Output
24 DEVICE
UNDER
P TS— 1.5
1.5 «— TEST POINTS TEST
0.45 - CL =

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"

100pF

I

CL INCLUDES JIG CAPACITANCE

Minimum Mode

T T2 T3 T4
TCHICH2 TCL2CL1 T,
Vin TCLCL—] . W
CLK (MSM 82C84A Output) 1 % }f‘"\\ / \
ViL“TcHeTv 1
— TCHCL TCLCH
M/i0
. X
TCLAV TCLAX < TCLDV TCHDX —
HE/S7,A19/S6-A16/S3 BHflf. A19-A1 S7-S3
TCLLH=] ottt TLLAX .
ALE TavaL /
Tomii-l E } L TRIVCL
IH
RDY (MSM 82C84A Input) \“ \ \ \
TRYLCL~}e- |
READY (MSM 80C86A Input) - TCHRYX
TAVAL T.R-m;f_
, : L ”
READ CYCLE TCLAV—] TEEAX~ ] TCLAZ cLo
= TCLAX
AD15.AD0| AD15-ADO N —
' LOAT,
TAZRL TCLRH—] TRHAV.
J RD
(NOTE 1) R TCHETV :
WRINTA=Von) I . TRLRH | TCHCTV
DT/R
TCVCTV — TCVCTX —f
| DEN
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Mini Mode (Continued)

T T2 ' T3 T4
TCLCL TCH1CH2 TcL2CcLl }W
ViH
CLK (MSM 82C84A Output) Y\ I jgl Iaia'
V|LJ / N\ \ /
© TlycHety TCHCL TeLeH
M/iG X X
TCLAV- ] {gtﬁ\,( TCHDX —
BHE/S7,A19/S6 ~ A16/S3 BHE, A19-A16 $7-S3
TCLLH—| [TLHLL LLAX
ALE e
TAVAL ;
TCHLL™ TCLDV
WRITECYCLE TQave et TCLAX TCHDX o] o
T
AD15-ADO AD15-AD0 DATAOUT | )—C
TAVAL
Toverv -l .rT fom TWHDXF TCVCTX
__ _INOTE 1) TLLAX
(RD, INTA, j DEN
DT/R =VOH) Toverv—| |-
\ TWLWH /
. WR . /
TCVCTX+ b
INTA CYCLE ] \"TC"AZ TOVCL|—=x CLDX
. POINT —C
AD15-ADO ). — TLOAT
—] H—TcHCTV TCHCTV
DTR /]
(NOTES 1&3) ¢ 4
(RD, WR = VOH TCVCTV
BHE = VOL)
NTA
: TCVCTV— |  TCVCTX—
L DEN
AD15 ~ ADO INVALID ADDRESS SOFTWARE HALT

SOFTWARE HALT-
RD,WR, INTA = VOH TCLAV — —
DT/R = INDETERMINATE
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. Maximum Mode

T T2 - T4
TCH1CH2 —jfe-TCL2CL1
Vine ~—TCLCL— ™
CLK (MSM 82C84A output) 1“ [ ][_”_\ ][_'\
TCHCL TCLEH

ViL JI .
TCLAV —
Qs0,as1

X X

=+ |*= TCLSH

§2,51,50 (EXCEPT HALT)

3

/I//// / (SEIE NOTE 8) \

| ""D'_CLDV
i TCLAX

TCHD X~ jo—

TRYLC_L{:: TCLR1X

o BHE A19-A16 783 )
BHE/S7,A19/S6 ~ A16/S3 A /
TSVLHH 1+ _] FCHLI
ALE (MSM  TCLLH®] [= [~ TCHLL ——
82C88 OUTPUT) { - ]
4.
SEE NOTE 5 le+- TR1VCL
RDY (MSM 82C84A VIH +
INPUT) M\\“\.\
ViL

READY (MSM 80C86A —TCHRYX
INPUT) TRYHSH
“lI'CLAX— y *
TRYHCH™ i
READ CYCLE TCLAV—  [—TCLAZ~ M roved rowox
A
AD15-ADO X AD15-ADO } DATA IN
— FLOAT FLOAT
TAZRL — le—TRHAV
— TCLRH
RD
TCHDTL —vf TRLRH™ - TCHDTH
oT/A TCLRL
MSM 82C88
OUTPUTS WMRDC OR TCLML—={ |+ TCLMH —|
SEE NOTES 5, 6 ORC ]K
TOVNV—] |-
DEN } ,
TCVNX —|
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Maxi Mode (Continued)
T T2 T3 Ta
ViH w
CLK (MSM 82C84A output) _*—Y j{—\ /'“'\
vie , TCHSV «|  |eTCLSH

$2. 51, SO (EXCEPT HALT)

(See note 8) \
A

4

< TGLOV TCHDX
DATA

WRITE CYCLE TCLAV
AD15 ~ ADO
DEN
MSM 82C88
OUTPUTS.

SEE NOTES 5, 6 AMWC OR AIOWC

B

MWTC OR IOWC

INTA CYCLE
FLOAT

AD15 ~ ADO
SEE NOTE 3,4 —

TSVMCH

MSM 82C88
OUTPUTS

TCLML| TCLMH
= [TCLM L+t TCLMH
b C
FLOAT FLOAT
Vv
JovCL TCLDX
POINTER ———C

-

Y TCHDTH

T\

TCLML -

SEENOTES5,6 9 INTA

DEN

\

TCLMH

- !ETCVNV -

SOFTWARE HALT —
(DEN=VQq_; RD, MRDC, IORC, MWTC,
AMWC, IOWC, AIOWC, INTA,=VgH)

TCVNX-+

AD15 ~ ADO

TCLAV -+

2,51,8

{» INVALID ADDRESS

o/ \
s o o

Notes:

swnN =

All signals switch between Vo and Vo unless otherwise specified.
RDY is sampled near the end of T2,T3,Tyy to determine if Tyy machines states are to be inserted.
Cascade address is valid between first and second INTA cycle.

Two INTA cycles run back-to-back. The MSM 80C86A LOCAL ADDR/DATA BUS is floating during

both INTA cycles. Control for pointer address is shown for second INTA cycle.

o

Signals at MSM 82CB4A or MSM 82C88 are shown for reference only.

6. The issuance of the MSM 82C88 command and control signals (WMRDC,MWTC,AMWC,IORC,IOWC,AIOWC,

INTA and DEN) lags the active high MSM 82C88 CEN.

7. All timing measurements are made at 1.5V unless otherwise noted.

8. Status inactive in state just prior to T4.
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Asynchronous Signal Recognition

CLK \ t \
NMI —] TINVCH (SEE NOTE 1)

INTR SIGNAL
TEST R 4

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION

AT NEXT CLK
Bus Lock Signal Timing (Maximum Mode Only) Reset Timing
ANY CLK CYCLE
£ ANY CLK CYCLE Je—2 50 useC —f
——— . vee _—/____._
CLK
CLK ‘_\.__
TCLAV TCLAV TCLDX
PR TovCL
Lock RESET '_Y"
24 CLK CYCLES

Req /Grant Seq Timing (Maximum Mode Only)

Any CLK Cycle

> 0 CLK Cycle

cLK
TeLeH TCLGL
—.
—aET PULSE 2
RaseT QOCBEAGT)
AD15 ~ ADO COPROCESSOR ,
A19/S6~A16/S3 Ra - TCLAZ
§2,51,50, T P = MSM
RD, LOCK MSM BOCBEA COPROCESSOR 20C86A
BHE/S? ' ) (SEE NOTE 1)
Note : 1.

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

Hold/Hold Acknowledge Timing (Minimum Mode Only)

21 CLK CYCLE 10r 2 CYCLES
o _/‘\
THVCH
HOLD
—] TCLHAV TOLNAY d
HLDA
' . - ] e TCLAZ
¢ < ¢
AD15~ ADO
§ MSM 80C86 %
A19/S6~ A16/S3, ", COPROCESSOR MSM 80CB6 A
RD ! 1 ' —
BHE/S7, M/10,
DT/R,WR, DEN
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PIN DESCRIPTION

ADO - AD15
ADDRESS DATA BUS: Input/Output

These lines are the multiplexed address and data
bus.

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

At the T1 cycle, ADO low indicates Data Bus Low

(DO — D7) Enable. These lines are high impedance:

during interrupt acknowledge and hold acknowledge.

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

Tses are the four most significant addresses, at
the T1 cycle. Accessing 1/O port address, these are low
at T1 cycles. These lines are Status linesat T2, T3, TW
and T4 cycles. S3 and S4 are encoded as shown.

S3 | sS4 Characteristics
¢ 0 Alternate Data
0 Stack
0 1 Code or None
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 T1 cycles. }

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

RD
READ: Output

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

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

1t can be internally masked by software.

This signal is active high and internally synchro-
nized.

TEST

TEST: Input
This line is examined by the WAIT iinstruction.
When TEST is high, the CPU enters idle cycle.
When TEST is low, the CPU exits the idle cycle.

NMI
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.

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 Ve 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.

§0,51,52
STATUS: Output . -~ .

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

These lines are high impedance during hold
acknowledge. o

These status lines are encoded as shown.
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2 HREY Characteristics
0 (LOW) 0 | O | Interrupt acknowledge
0 0 | 1 | Read 1/0O Port
0 1 | 0 | Write /0 Port
(1] 1 1| Halt -
1(HIGH) | 0| 0 | Code Access
1 0 1 Read Memory
1 1 | 0| Write Memory
1 1 1 | Passive
RG/GTS
RQ/GT1

REQUEST/GRANT: Input/Output

These lines are used for Bus Request from other
devices and Bus GRANT to other deivces.

These lines are bidirectional and active low.

LOCK
‘LOCK : Output

This line is active low.

When this line is low, other devices can not gain
control of the bus.

This line is high impedance during hold acknow-
ledge.

Qso/Qs1
QUEUE STATUS: Output

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

Qs1 QSso Characteristics
0 (LOW) 0 No Operation
0 1 First Byte of Op Code from
Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

The following pin function descriptions are mini-.

mum mode only. Other pin functions are already
described.

m/io
STATUS: Output

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

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

This line is high impedance during hold acknow-
ledge. '
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WR

WRITE: Output

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

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

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:



FUNCTIONAL DESCRIPTION

STATIC OPERATION

All MSMB80CB86A circuitry is of static design.
Internal registers, counters and latches are static and’
require no refresh as with dynamic circuit design. This
eliminates the minimum operating frequency restriction
placed on other microprocessors. The MSM80C86A can
operate from DC to the appropriate upper frequency
limit. The processor clock may be stopped in either
state (high/low) and held there indefinitely. This type of
operation is especially useful for system debug or power
critical applications.

The MSM80CS86A 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
MSMB80C86A 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 uA 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

# CPU-MSM80C86A-10RS /GS/JS =

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 MSM80C86A has a 20-bit address to memory.
Each address has an 8-bit data width. Memory is
organized 00000H 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 — D7 and byte data of odd ad-
dress is transfered on the D8 — D15.

The CPU prevides two enable signals BHE and A0
to access either an odd address, even address or both:

Memory location FFFFOH is the start address after
reset, and 00000H through O03FFH 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 | ' /11
PROGRAM JUMP
FFFFOH
A >
. 3FFH
INTERRUPT POINTER
FOR TYPE 256
3FCH
.
J . :
y : )
- H
INTERRUPT POINTER
FOR TYPE 1 4H
INTERRUPT POINTER | 3H
FOR TYPE 0 oH

) FFFFFH
64 KB CODE
1 SEGMENT
S T XXXXOH
| STACK
+OFFSET SEGMENT
SEGMENT 3
REGISTER FILE 3
cs DATA
X ‘ SEGMENT
DS
ES
EXTRA DATA
SEGMENT
T 0000H
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Memory Segment Register Segment
Reference Need Used Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) All stack pushes and pops. Memory references relative to
BP base register except data references.

Local Data DATA (DS) Data references when relative to stack destination of str-

’ ing operation, or explicitly overridden.

External (Global) Data EXTRA (ES) Destination of string operations: E xplicitly selected us-

ing a segment overriden.

MINIMUM AND MAXIMUM MODES

The MSMB80C86A 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 MSMB80CS86A has a time multiplexed address
and data bus. If a non-multiplexed bus is desired for a
system, it is only to add the address latch.

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

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

When a bus cycle is not needed, T1 cycles are
inserted between the bus cycles for internal execution.
During the T1 cycle, the 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, S1 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.

3 EREY Characteristics
0 (LOW) 0 | O | Interrupt acknowledge
0 0 | 1 | Read /O
0 1] 0 | Writel/O
0 1 1 Halt
1 (HIGH) 0 | O | 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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Status bits S3 through S7 are multiplexed with
A16 ~ A19, and BHE: therefore, they are valid during
T2 through T4.

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

sS4 S3 Characteristics
0 (LOW) 0 Alternate Data (Extra segment)
0 1| Stack
1 (HIGH) 0 Code or None
1 1 Data

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

The MSM80C86A has 64 Kbyte of 1/0 or as 32
Kwords I/0. When the CPU accesses an |I/O device, ad-
dresses AO ~ A15 are in the same format as a memory
address, and A16 ~ A19 are low.

The I/O ports addresses are same as memory, sO
it is necessary to be careful when using 8-bit
peripherals.



Basic System Timing
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CLK

ALE

l——u +N*WAIT) = TCY
) | T2 I T3 h\IYAITI T4

[

{4 + N*WAIT) = TCY
T | T2 | T3 ITWAlT] T4 |

GOES INACTIVE IN THE STATE
JUST PRIOR TO T4

[

w)
N
<)
gl

ADDR/
STATUS

ADDR/DATA

DEN

\ |

L

BHE, A19—-A16 BHE, A19—-A16
BUS RESERVED D15-DO0
A15-A0  FQR DATA IN VALID

DATA OUT
(D15—-D0)

HX

READY

WAIT

MEMORY ACCESS TIME

|
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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 O0OOOH 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 (NMI)
The MSMB80C86A has a Non-maskable Interrupt

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

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

The MSMS80C86A provides another interrupt
request (INTR) which 'can be masked by software.
INTR is level triggered, so it must be held until the
interrupt request is acknowledged.

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

ALE ——/—\

| Tv | T2 | T3 |TAfT T

| T2 | 13 | T4 |

9
Y

\ FLOAT

TYPE
VECTOR

ADO—-AD15 )4

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. (INTR only)

The Interrupt Return (IRET) 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 MSM80CB86A out of the Halt state.
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SYSTEM TIMING — MINIMUM MODE

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

The read (RD), write (WR) and interrupt ac-
knowledge (INTA) signals causes the addressed device
to enable data bus. These signal becomes active at the
beginning of T2 and inactive at the beginning of T4,

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 aimost the same
as in the minimum mode.



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

a CPU-MSMB80C86A-10RS /GS/JS =

“bus hold"” circuits, an external driver must be capa-
ble of supplying approximately 600 uA 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.

OUTPUT

“PULL-UP/PULL-DOWN"

BOND

DRIVER

pm————o—y
[ T |

EXTERNAL
PAD [T pIN

T INPUT
BUFFER PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

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

“PULL-UP”

OUTPUT
DRIVER

brecooeee

INPUT
BUFFER

CIRCUITRY

Input Buffer exists only on 1/0 pins

BOND
PAD

-3

|PROTECTION |

EXTERNAL
PIN

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

MOV = Move:

Immediate to register/memory
Immediate to register

Memory to accumulator
Accumulator to memory

PUSH = Push:

Register/memory
Register
Segment register

POP = Pop:

Register/memory
Register
Segment register

XCHG = Exchange:

Register/memory with register
Register with accumulator

IN = Input from:

Fixed port
Variable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

Register/memory to/from register

Register/memory to segment register
Segment register to register/memory

- e e e N

-

O =

- e e

coooco-=00O

- -

COO0O==0 ===

OO0 == =000V

[= =R

o oo

OO0 O0O00O0O0O0 ==

OO0 O0O=00b

(=N =)

s asas000-=00

2005 0=W

- O

- m a0 0=20=0

- ON

-a=00

- -

- o e

.‘
o=-=08 =a -

oo
g s

OO0 - =000 ===

s o

3

oos s

- 0020 ==as5s

76 543 21

mod
mod

mod
mod

mod

mod

mod

mod
mod
mod

0

addr-low
addr-low

0
0

0

reg
00
data

reg
reg

00

reg

port

port

reg
reg
reg

r/m
r/m

r/m
r/m

r/m

r/im

r/m

r/m
r/m
r/m

0

76 543 21

‘data

data if w=1
addr-high
addr-high

0

76543210

dataif w=1
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ARITHMETIC

ADD = Add:

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

ADC = Add with carry:

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

INC = Increment:

Register/memory

Register

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

SUB = subtract:

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

SBB = Subtract with borfow:

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

DEC = Decrement:

Register/memory
Register
NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS = ASCII adjust for subtract

©C OO0 =

o =0
o o

‘ooo
coo
coo
coo

OO =0

© oo

OO = =

[« Nol oo

_a a0 - =)

-

[o el -

-

- —_ -

-

O - O - -

o

-——_0 -

- OO0 = oo

-

N

-

- — O -

[=]

(=N =}

-—=00

reg

-0 v

= s 3 $s

$ss

s

- 3ss

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

reg
0o
data

reg

data

reg
01
data

reg
11
data

reg
11
data

r/m
r/m

r/m
r/m

r/m

r/m
r/m

r/m
r/m

r/m

r/m

r/m
r/m

data
data if w=1

data
dataif w=1

data
dataif w=1

data
dataif w=1

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
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)

IMUL = Integer multiply (signed)
AAM = ASCI| adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)

AAD = ASCI! adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

P R =)

OO = =aomaao0

QO O = = O = = =

- ek e - - O

- 000000 =

O O = = = -

QOO0 = = O = =t =

-o0=-5s80s5 s =

O = = O =

©O==000

-_- O = -0

r/m
rim

010

0

r/m
r/m
1

0
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LOGIC

STOS = Store byte/word from AL/AX

NOT = Invert 1111011 wmod 010 r/m
SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 00 r/m
SHR = Shift logical right 1101 00v wmod 1 0 1 r/im
SAR = Shift arithmetic right 1101 00v wmod 1 1 1 r/m
ROL = Rotate left 1101 00v wmod 0 00 r/m
ROR = Rotate right 110100 v wmod 0 0 1 rim
RCL = Rotate left through carry 1101 00v wmod 010 r/m
RCR = Rotate right through carry 1101 00v wmod 0 1 1 r/m
AND = And:
Reg./memory and register to either 001000 d w|mod reg r/m
Immediate to register/memory 100 0O0OO wmod 1 0O r/m data dataifw=1
Immediate to accumulator 0010010 w data data if w =1
TEST = And function to flags, no result:
Register/memory and register 10000 1 0 w/mod reg r/m
Immediate data and register/memory 11T 11011 wmod 00O r/m data data if w =1
Immediate data and accumulator 10101 00w data data if w=1
OR =Or:
Reg./memdrv and register to either 0 00O 10 d w|mod reg r/m
Immediate to register/memory 10 000O0O wmod 0 O 1 r/m data dataif w=1
Immediate to accumulator 000O0T1 10w data data if w=1
XOR = Exclusive or:
Reg./memory and register to either 001100 d w|mod reg r/lm
Immediate to register/memory 1 0000O0OOwmod 1t 10 r/m data dataifw =1
Immediate to accumulator 0011010 w data data if w=1
STRING MANIPULATION
REP = Repeat 11110012z
MOVS = Move byte/word 1010010 w
CMPS = Compare byte/word 101001 1w
SCAS = Scan byte/word 101011 1w
LODS = Load byte/word to AL/AX 10101 10w
1010101 w
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CJMP = Conditional JMP

a SI/SD/SHOL-VIZI0SNSW-ND =

LOCK = Bus lock prgfix

JE/JZ = Jump on equal/zero 01110100 disp

JZ/INGE = Jump on less/not greater or equal 01111100 disp

JLE/ING = Jump on less or equal/not greater 01111110 disp

JB/JNAE = Jump on below/not above or equal 01110010 disp

JBE/JNA = Jump on below or equal/not above 01110110 disp

JP/JPE = Jump on parity/parity even 01111010 disp

JO = Jump on over flow 01110000 disp

J8 = Jump on sign 01111000 disp

JNE/INZ = Jump on not equal/not zero 01110101 disp

JNL/JGE = Jump on not less/greater or equal 01111101 disp

JNLE/JG = Jump on not less or equal/greater 01111111 disp

JNB/JAE = Jump on not below/above or equal 01110011 disp

JNBE/JA ="Jump on not below or equal/above 01110111 disp

JNP/JPO = Jump on not parity/parity odd 01111011 disp

JNO = Jump on not overflow 0111000 1 disp

JNS = Jump on not sign 01111001 disp

LOOP = Loop CX times 11100010 disp

LOOPZ/LOOPE = Loop while zero/equal 1110000 1 disp

LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp

JCXZ'= Jump on CX zero 11100011 disp

INT = Interrupt:

Type specified 11001101 type

Type 3 11001100

INTO = Interrupt on overflow 11001110

IRET = Interrupt return 11001111

PROCESSOR CONTROL

CLC = Clear carry 11111000

CMC = Complement carry 11110101

STC = Set carry t1 111001

CLD = Clear direction 11111100

STD = Set direction 11111101

CLI = Clear interrupt 11111010

STI = Set interrupt 11111011

HLT = Halt 11110100

WAIT = Wait 10011011

ESC = Escape (to external device) 1101 1 x x x|mod x x x r/m
11110000
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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 intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within seg. adding immediate to SP
Intersegment

Intersegment adding immediate to SP
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-
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0

7 6 5 4 3 21
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Footnotes:

AL = 8-bit accumulator

AX = 18-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 = O then ""from"’ reg.

If w = 1 then word instruction: If w = 0 then byte instruction

If mod = 11 then r/m is treated as a REG field

If mod = 00 then DISP = 0*, disp-low and disp-high are absent

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
If mod = 10 then DISP = disp-high: disp-low

if r/m = 000 then EA = (BX) + (SI) + DISP

f r/m = 001 then EA = (BX) + (D1) + DISP

If r/m =010 then EA = (BP) + (SI) + DISP

I1f r/m =011 then EA = (BP) + (DI) + DISP

If r/m =100 then EA = (SI) + DISP

If r/m =101 then EA = (DI) + DISP

If r/m =110 then EA = (BP) + DISP*

If r/m =111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low

If s:w = 01 then 16 bits of immediate data form the operand

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v =0 then “count’’ = 1: If v =1 then "‘count’’ in (CL)

x = don’t care

z is used for string primitives for comparison with ZF FLAG

" SEGMENT OVERRIDE PREFIX

001 reg 110
REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
o1 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 S| 110 DH
11 DI 111 BH

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

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

MSMB80C88ARS/GSIJS
MSM80C88A-2RS/GSMS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C88A/MSMB80CB88A-2 are internal 16-bit CPUs with 8-bit interface implemented in Silicon Gate
CMOS technology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with con-

siderably less power consumption.

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with
MSM80C86A/MSM80CB86A-2 software and MSM8OC85A/MSMB80C85A-2 hardware and peripherals.

FEATURES

® 8-Bit Data Bus Interface

® 16-Bit Internal Architecture

® 1 Mbyte Direct Addressable Memory Space
® Software Compatible with MSM80C86A

® Bit, Byte, Word and String Operations

® B and 16-bit Signed and Unsigned Arithmetic Opera-
tion

® From DC to 5 MHz Clock Rate (MSM80C88A)

® Internal 14 Word by 16-bit Register Set
® 24 Operand Addressing Modes

® From DC to 8 MHz Clock Rate (MSM 80C88A-2)
® Low Power Dissipation (10 mA/MHz)
e Bus Hold Circuitry Eliminates Pull-Up Resistors

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT  BUS INTERFACE UNIT
I 1 r 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS! POINTER
(5 WORDS)
[ 30
A19:56
1681T ALU E .
BUS A8
INTERFACE AD7~ADO
FLAGS uNIT
4 INTA. AD. WR, 10'M
E OT R DEN.ALE
Ll asvre
INSTRUCTION
H ouece
L 94
TEST > —— (OCK
INTR i
M ] CONTROL & 3 050081
RQ:GT0. 1 TIMING
HOLD  ——— E 525150
HLDA —f T
CLK  RESET READBY MN MX GND
Ve
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PIN CONFIGURATION

"N/
: GND [+ 0 Bvee
¢ . A4 2 39 A15
MSM8OCBBARS (Top View)  are oy Il
MSM80C88A-2RS A12 4 37 [] A17/54
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A0 Os 35 [ A19/56
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ap7 Qo . . 32[JRD
AD6 [ 10 31 7 HOLD (RQ/GTO)
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S = cuk 0o 22 [J READY
_ |'5 |’5 GND [ 20 21 [ RESET
I o I IX = ~ X
2 £k 2 2 \8 B o Fio.2a MSM80C8BAGS/MSMBOCSBA-2GS
L2 = a L s I o
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GND [ 51 20 =3 GND
Ne. [s2 19 [NC.
Al4. 83 18 NG
A13 []s4 O 17 cLk
A12  {Tss 16 1 INTR
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(S o - - a L a8
$%228822988888 zgozzgegres
Fig.2b MSMB80C38AGS/MSMBOC88A-2GS atof7 39 NC
asfls 381 A19/56
A8Q9 37[] HIGH FIX (§50)
MSMB80C88AJS (Top View) AD7Q10 MN/MX
MSM80C88A-2JS ADBQ 11 35 RD -
44 Pin Plastic Leaded Chip Carrier ~ AD5{12 34 RO/GTO (HOLD)
AD4{13 33[) RQ/GT1 (HLDA)
AD3[14 TOCK (WR)
AD2{]15 3152 (m/i0}
AD1016 30f1 57 (DT/R)
ADOQ17 291150 (DEN)
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ABSOLUTE MAXIMUM RATINGS

Limits .
Parameter Symbol |vSMBOC8BARS {MSMBOCBBAGS [MSM80C88AJs | Unit | Conditions
MSMB0C88A-2RS[MSM80C88A-2GS{MSMB0C88A-2JS
Power Supply Voltage Vee -0.5 ~ +7 \Y
With respect
Input Voltage ViIN -0.5 ~ Vce +0.5 v to GND
Output Voltage VouT -0.5 ~ Vgc +0.5 \%
Storage Temperature Tstg : -65 ~ +150 °C -
Power. Dissipation Pp 1.0 0.7 w Ta=25°C
.
OPERATING RANGE
Limits
Parameter Symbol Unit
MSM80C88A MSM80C88A-2
Power Supply Voltage Vee 3~6 4.75 ~ 5.25 \
Operating Temperature Top -40 ~ +85 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
MSM80C88A MSM80C88A-2
Parameter Symbol Unit
MIN TYP MAX MIN TYP MAX
Power Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 \"
Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \%
(*1) | Vcc-0.8 Ve 0.5 | Vee-0.8 Vce +0.5 A%
’H’* Input Voltage ViH cc cc ce ce
(*2) 2.0 Ve +0.5 2.0 Vec+05 | Vv

*1 Only CLK, *2 Except CLK,
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DC CHARACTERISTICS
(MSM80C86A: Vi = 4.5V to 5.5V, Ta = -40° to +85°C)
(MSMBOC88A-2: Ve = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter ‘ Symbol MIN TYP | MAX Unit Conditions
“L" Output Voltage VoL 0.4 \" loL=25mA
“H” Output Voltage VOH 3.0 ' Vv loH = -25mA
\vce-0.4 ) 10H =-100uA
Input Leak Current i -1.0 +1.0 LA 0< V| <Vee
Output Leak Current ILo -10 +10 uA |Vo=Vccor GND
:rBlZl;tHI;eigkzgz‘eN ()f:urrent IBHL 50 | 400 WA VIN*=30.8V
:;z:tHléizk:?:h?urrent IBHH 50 400 WA VIN*'—'4 3.0v
Bus Hold Low Overdrive IBHLO 600 KA *5
Bus Hold High Overdrive IBHHO -600 HA *6
Seoo Soem R iy RS
ViN=Vcc or GND|
StandbySupply Ices 500 uA Outpu_i-:s Unloaded
Current CLK=GND or
Vee
Input Capacitance Cinr 5 pF *7
Output Capacitance Cout 15 pF *7
1/O Capacitance Ci/o 20 pF *7

*3. Test conditions is to lower V| to GND and then raise V| to 0.8V on pins 2—16 and 35—-39.
*4. Test condition is to raise V| to V¢ and then lower Vy to 3.0V on pins 2—16, 26—32, and 34—39.
*5. An external driver must source at least IgH| O to switch this node from LOW to HIGH.
*6. An external driver must sink at least IBHHOQ to switch this node from HIGH to LOW.
*7. Test Conditions: a) Freq =1 MHz.
b) Ummeasured Pins at GND.
c) VN at 5.0V or GND.
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A.C. CHARACTERISTICS
(MSMBOCBBA: V¢ = 4.5V t0 5.5V, Ta = -40°C to +85°C)
(MSM8OC88A-2: Vg = 4.75V to 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

Parameter Symbol MSw8ocssA MISM80C88A-2 Unit
Min. Max. Min. Max.

CLK Cycle Period TCLCL 200 DC 125 DC ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 69 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL 10 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX 10 10 ns
:::;z::::i;;e into MSM 82C84A TRIVCL 35 35 ns
:’-‘(ste):Nl-:;lec: '1I',|r;)e into MSM 82C84A TCLR1X 0 0 ns
READY Setup Time into MSM 80C88A TRYHCH 118 68 ns

READY Hold Time into MSM 80C88A | TCHRYX 30 20 ns |

READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns °
HOLD Setup Time THVCH 35 20 ns
:2:;’1',(:2/‘;) TEST Setup Time TINVCH 30 15 ns
(From 08 102001 TILIH s |
et I 5 |

Timing Responses

Parameter Symbol MSM80C88A MSMQOCBSA-2 Unit

Min. Max. Min. Max. /
Address Valid Delay TCLAV 10 110 10° 60 ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay . TCLAZ TCLAX 80 TCLAX 50 ns
ALE Width TLHLL TCLCH-20 TCLCH-10 ns
ALE Active Delay TCLLH 80 50 ns
ALE Inactive Delay TCHLL 85 : 55 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 TCHCL-10 ns
Data Valid Delay { TcLov 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
Data Hold Time after WR TWHDX TCLCH-30 TCLCH-30 ns
Control Active Delay 1 | TCVCTV 10 110 10 70 ns
Control Active Delay 2 TCHCTV 10 110 10 60 ns
Control Inactive Delay TCVCTX 10 110 10 70 ns
Address Float to RD Active TAZRL 0 0 } ns
RD Acrive Delay TCLRL 10 165 10 100 ns
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Parameter , Symbol MSM80C88A MSIE/_I80C88A-2 Unit
Min. Max. Min. Max.
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
HLDA Valid Delay TCLHAV 10 160 10 100 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH  |2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.0) TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns
Notes: 1. Signals at MSM82C84A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3)
Maximum Mode System (Using MSM 82C88 Bus Controller)
Timing Requirements
. MSMB80C88A MSM80C88A-2
Parameter Symbol Unit
) Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 bc 125 DC ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 69 44 - ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 ) 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX 10 10 ns
:’RSI::'\‘S::::)JZI;e into MSM 82C84A TRIVCL ‘ 35 35 ns
O T O MM BIMA | i g : .
READY Setup Time into MSM 80C88A | TRYHCH 118 68 ns
READY Hold Time into MSM 80C88A | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
o T e ™ rwen | o s
RO/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C88A TCHGX 40 ‘ 30 ns
renoa ™| s oo
st s 5

130




m CPU-MSM80C88ARS/GS/JS MSMBOC88A-2RS/GS/JSu

Timing Responses

Parameter Symbol MSM80C88A MSM80C88A-2 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
:R;:ﬁ:t:::ive to Status Passive TRYHSH 110 65 ns
Status Active Delay TCHSV 10 110 10 60 ns
Status Inactive Delay TCLSH 10 130 10 70 ns
Address Valid 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 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 TCLCL-45 TCLCL-40 ns
Direction Control Active Delay TCHDTL 50 50 ns
(See Note 1) :

I(:)Si:c’;ig;?c)mtrol Inactive Delay TCHDTH 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: Signals at MSM 82C84A or MSM 82C88 are shown for reference only.

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

4. Applies only to T3 and wait states.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24 DEVICE

‘ TEST POINTS UNDER
C, = 100pF
045 I L P

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 C|. INCLUDES JIG CAPACITANCE
BOTH A LOGIC "1 AND 0"

TIMING CHART
Minimum Mode

T T2 T3 ToTa
TCLCL TCH1CH2 TCL2CLY /
ViH / \ / \ / \
CLK (MSM 82C84A Output) j
i | N \ , N/
—= TCHCTV | |o— TCHCL fe—TCLCH —of
10/M. §50 < x
A15-A8 )( A15-A8 (Float during INTA)
TCLAV—»] l— —= TeLov TCHDX
TCLAX -+
A19/56-A16/S3 >K A19-A16 $6-S3
TLH
TCLLH—| | e TLLAX -
y \ ’r )
ALE ’
N\ k DA
— TAVAL f—
TCHLL.’ le— le—TRIVCL
Vin \ \
ot \\\\\\\W\\\\\\\\
SEE NOTE 4 \
i AN \
TCLR1X
TRYLCL —
READY (MSM80C88A Input ) S - TCHRYX
TAVAL e TRYHCH e
TCLAV —= TLLAX= TCLAZ TDVCL——O‘—TCLDX"t
— TCLAX
AD7-ADO AD7-ADO DATA IN PRy
TAZRL TRHAV
RD
READ CYCLE
(NOTE 1) — TCHCTV I TCHCTV
B TNTA - Vo) - TCLRL TRLRH |
DT/R ]
) TCVCTV —~ TCVCTX —
DEN
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Minimum Mode (Continued)

@ CPU-MSMB0C88ARS/GS/JS MSM80OC88A-2RS/GS/JSHm

T2 T3 Tw T4
e — TCLCL el - |- -TCL2CLT
M TCHICH2
H
CLK (MSM 82C84A Output) N\ A
Vio TCHCL TCLCH
TCHCTV
10/M, §80 X
-—={TCLDV|
TCLAV TCHDX~] l*
A19/56-A16/53 $6-53 X
TCLLH
L= TLLAX
-
’
ALE /!
TCHLL~=] —
TCLDV=
TCLAV TCLAX=] TCHDX o
AD7-ADO AD7»AD(i DATA OUT
l
_‘l TAVAL leTWHD X
TCVeTV TLiaAx — TCVCTX
WRITE CYCLE
(NOTE 1) _ 5EN
(RD,INTA, DEN o
DT/R = Vo)
TCVCTV —~ I-— .
. TWLW /—'————"
WR \
TCVCTX —=f fe—
— \]"‘TCLAZ TDVCL—=d re-—TCLDX
AD7-ADO POINTER {
/ FLOAT FLOAT \
— }—TCHCTV TCHCTY
DTR
INTA CYCLE
(NOTES 1 & 3)
(RD, WR = Vou TCVCTV-+  jo—
BHE = Vo)
iNTA
TCVCTV —+f TCVCTX—=|
BEN
SOF TWARE HA,_T INVALID ADDRESS SOF TWARE HALT TCLAV
RD, WR, INTA =
DT/R = INDETEHMINATE TCLAV —+f

NOTES:

1. All signals switch between Vo and VL unless otherwise specified.

2.
3

4.

RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted.

Two INTA cycles run back-to-back. The MSM80C88A LOCAL ADDR/DATA BUS is floating during both INTA

cycles. Control signals shown for second INTA cycle.

Signals at MSM 82C84A shown for reference only.
All timing measurements are made at 1.5V unless otherwise noted.
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Maximum Mode
n T2 T3 T4
TCHI1CH2—={ —{}—TCL2CLY
l——TCLCL— W
ViH {_ (—4 '—s
CLK (MSM82C84A OUTPUT) ¢ | { !
ooV _} | S—— \ 7 X ; R ]
TCLAV— e TCHCL+| letcLeH
Qso, as1 X X X X:
TCHSV — |eTCLsH
52, \
52, 57,50 (EXCEPT HALT) ‘ /]//// N#'SEE NOTE 8) w
A15-A8 A15-A8
o TCLAV [—TcLov TCHDX -+ lo—
|TCLAX —of
T -
A19/S6-A16/S3 A'9—A'GI $6-53 )
— T
S vt I
ALE (MsmB2C88
OuTPUT)
SEE NOTE 5 J
ROY (MSM 82C84A INPUT) [~ TRIVCL
AR G E A
vie \ \
— TCLRIX
mng_\(—— F—TeL

READY (MSM 80C88A INPUT) e #— TCHRYX

TRYHSH"I nd

—e{TCLAXfe—+ j
TRYHCH™ ro'c_ TCLDX
vCL
READ CYCLE JCLAVT= resaz= P—_
AD7-ADO »AD7-—ADOL o DATA IN ToAT
1 TCLRH
TAZRL —+] jat— TRHA
RD !( j
L |TeLRL4— TRLRH
_ TCHDTL—| TCHOTH
oT/R ...______*
MSM 82C88 TCLML—e] TCLMH —f
OUTPUTS R TORE
SEE NOTE 5,6 MRDC OR 10RC
TCVNV -——=f e
oEN . 4
TCVNX—+]
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Maximum Mode (Continued)

DEN

™ T2 3 T4
™w
ViH / \ /_\ =\
CLK (MSM82C84A OUTPUTS) \ 7
ViL \___} \——/ \_}
TCHSV — le—TCLSH
-
$2, 51,50 (EXCEPT HALT) \ //// //// (See note 8) AN
[P,
TCLAV —of —| TCLDV TCHOX—|
WRITE CYCLE TCLAX ]
AD7-ADO AD7 -ADO DATA
TCVNV — TCYNX —f
. | DEN
— TCLML TCLMH—]
MSM 82C88 OUTPUTS | ANMC OR
SEENOTESS.6 | AlOWC
— TCLML  —=f TCLMH
| MWTC OR
! iowe
INTACYCLE
A15-A8 / ReserveD FOR \ /
(SEE NOTES 3 & 4) 7\ CASCADE ADDR TLOAT T LOAT \
—{ / d‘*TCLAZ 'I;:TDVCL——- TCLDX
POINTER —C
7
AD7-ADO ( / FLOAT FLOAT
TSVMCH -] TCVNX =
J—
¢ /
MCE: . /!
pOEN —m /1 | hN—
TCLMCH —~| — TCHOTL \ | TCHDTH
DT/R
TCLML
MSM 82C88 OUTPUTS
SEE NOTESS5,6 | INTA
. TCVNY ~ TCLMH

SOFTWARE HALT TCVNX-*+
(DEN V(@ :RD,MRDC, IORC, MWTC, AMWC,

1owC, AIOWC, INTA,  Vou!

AD7 ADO, A15 AB ’ INVALID ADDRESS

TCLAV =

<1 $2, 81, S0 \ /

R

NOTES:

1. All signals switch between Vg and Vo unless otherwise specified

2 RDY is sampled near the end of T2, T3, TW to determine if TW machines states are 1o be inserted

3. Cascade address 1s valid between first and second INTA cycle .

4. Two INTA cycles run back-to-back. The MSM B80C88A LOCAL ADDR/DATA BUS is floating during both INTA cycles
Control for porinter address is shown for second INTA cycle

Signal at MSM 82C84A and MSM82C88 shown for reference only.

6. The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, 10RC, IOWC, AITOWC, INTA
and DEN) lags the active high MSM 82C88 CEN

All iming measurements are made at 1.5V unless otherwise noted

8 Status inactive in state just prior to T4

o

~
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Signal Recognition

-TINVCH (SEE NOTE 1)

NMI
INTR

TEST

SIGNAL

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK

Bus Lock Signal Timing (Maximum Mode Oniy) Reset Timing

JANY CLK cchel-— ANY CLK CVCLE-|

cLK
CLK _\_
- TCLDX [
TOVCL—
RESET | U

2 4CLK CYCLES

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle

TCLGL

I PULSE 2
RQ/GT

MSM 80C88 GT

Previous grant
AD7-ADO, A15-A8
A19/S6-A16/S3

PULSE 3
COPROCESSOR
RELEASE'

51, MSM 80C88 A
RD, TOCK

COPROCESSOR

NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE

THE REGION SHOWN WITHOUT RISKING CONTENTION.

(SEE NOTE 1)

MSM 80C88A

Hold/Hold Acknowledge Timing (Minimum Mode Only)

~1CLK CYCLE 10R 2CYCLES
e _/—\
THVCH THYCH
HOLD
= TCLHAV —f
HLDA
: —=f j+—TCLAZ
AD7-ADO, A15-A8
A19/S6-A16/S3, MSM 80CB8 A COPROCESSOR MSM 80C88A
. . S

10/M. — 4
DT/RWR, 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 T,1 cycle and the data
bus at T2, T3, TW and T4 cycle.
T2, T3, TW and T4 cycle.
These lines are high impedance during interrupt
acknowledge and hold acknowledge.

A8-A15

ADDRESS BUS: Output
These lines are the address bus bits 8 thru 15 at all
cycles.
These lines do not have to be latched by an ALE
signal.
These lines are high impedance during interrupt
acknowledge and hold acknowledge.

A16/S3, A17/84, A18/S5, A19/S6
ADDRESS/STATUS: Output
These are the four most significant address as at

the T1, cycle.

Accessing 1/O port address, these are low at T1
Cycles.

These lines are Status lines at the T2, T3, TW
and T4 Cycle.

S5 indicate interrupt enable Flag.
83 and S4 are encoded as shown.

S3 sS4 Characteristics
0 0 Alternate Data

1 0 Stack

0 1 Code or None

1 1 Data

These lines are high impedance during hoid acknowl-
edge.

RD

READ: Output
This lines indicates that the CPU is in a memory
or |/0 read cycle.
This line is the read strobe signal when the CPU
reads data from a memory or 1/O device.
This line is active low.
This line is high impedance during hold acknowi-
edge.

READY
READY: Input
This line indicates to the CPU that an addressed
memory or |/O device is ready to read or write.
This line is active high. .
"IF the setup and hold time are outof specification,
an illegal operation will occur.

m CPU-MSM80C88ARS/GS/JS MSMBOC88A-2RS/GS/JSm

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

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.

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

RESET

RESET: Input
This signal causes the CPU to initialize immediately.
This signal is active high and must be at least four
clock cycles.

CLK

CLOCK: Input
This signal provide the basic timing for an internal
circuit.

MN/MX

MINIMUM/MAXIMUM: Input
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
Vee +3 — +6 V supplied.

GND
GROUND

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

137




m CPU-MSM80C88ARS/GS/JS MSM80C88A-2RS/GS/JS®

80, 51, 52

STATUS: Output
These lines indicate bus status and they are used by
the MSM82C88 Bus Controller to generate all
memory and {/O access control signals.
These lines are high impedance during hold
acknowledge.
These status lines are encoded as shown.

3 S1|S0 Characteristics
o(Low) | o | O Interrup\t acknowledge
0 0|1 Read 1/0 Port
0 1 V] Write |/O Port
0 1 1 Halt
1(HIGH)|{ 0 | O Code Access
1 0|1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
RG/GTO
RQ/GT1

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.

Qso/as1

QUEUE STATUS: Output
These are Queue Status Lines that indicate internal
instruction queue status.

Qs1 Qso Characteristics
o(Low) | o No Operation
First Byte of Op Code from
0 1
Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

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

10/M

STATUS: Output
This line selects memory address space or 1/O
address space.
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When this line is low, the CPU selects memory
address space and when it is high, the CPU selects
1/0 address space.

This line is high impedance during hold acknowl-
edge.

WR '

WRITE: Output \
This line indicates that the CPU is ina memory or
1/0 write cycle.
This line is a write strobe signal when the CPU
writes data to memory or an 1/0O device.
This line is active low.
This line is high impedance during hold acknowl-
edge.

INTA

INTERRUPT ACKNOWLEDGE: Output
This line is a read strobe signal for the interrupt
accknowledge cycle.
This line is active low.

ALE

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 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 )
This line is used for a Bus Grant to an other
device.
This line is active high.

S50

STATUS: Output
This line is logically equivalent to SO in the maxi-
mum mode.



STATIC OPERATION

All MSMBOCB88A 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 MSM8O0CB88A 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 isdirectly 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 A maximum).

FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal function of the MSM8OC88A consist
of a Bus Interface Unit (BIU) and an Execution Unit
(EU). These units operate mutually but perform as
separate processors.

Memory Organization

s CPU-MSMB80OC88ARS/GS/JS MSM80C88A-2RS/GS/JSm

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 MSMB0CB88A has a 20-bit address to memory.
Each address has 8-bit data width, Memory is organized
00000H 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 00000H
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

L1 FFFFFH
FFFEFH
RESET BOOTSTRAP
64 KB CODE SEGMENT PROGRAM JUMP
FFFFOH
= L XXXXOH 1 :
~ T
— 3FFH
JOFFSET STACK SEGMENT INTERRUPT POINTER
FOR TYPE 255
SEGMENT 1 3FCH
REGISTER FILE T 3 |
.y i N
cs DATA SEGMENT [ .
ss 7H
oS 1 | INTERRUPT POINTER
= = 3 FOR TYPE 1 a
INTERRUPT POINTER] 3H
EXTRA DATA FORTYPEOD  Jou
SEGMENT
T——— 00000H
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Memory Reference Need Segment Register Used Segment Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
All stack pushes and pops. Memory references
Stack STACK (SS) relative to BP base register except data references.
Data references when relative to stack, destination
Loéa' Data DATA (DS) of string operation, or explicitly overridden.
Destination of string operations: Explicitly selected
External (Global) Data EXTRA (ES) stination of string o phieitly
using a segment override.

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 Controlier 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 2431, 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.

52 S1| S0 Characteristics
o(Low)| o | O Interrupt acknowledge
0 ol Read 1/0
0 110 Write 1/0
0 1 1 Halt
1(HIGH)] 0} O 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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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)| o Alternate Data (Extra Segment)
0 1 Stack
1 (HIGH)| 0 Code or None
1 1 Data

S5 indicates interrupt enable Flag.

1/0 ADDRESSING
The MSMBOC88A has a 64 Kbyte 1/0. When the
CPU accesses an 1/O device, address AO—A15 are in
same format as a memory access, and A16—-A19are low.
1/O ports address are same as four memory.
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Basic System Timing

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

‘ T | T2 l T3 |TWAIT| T4 ‘ T I T2 | T3 lTWAITI T4 l

CLK

GOES INACTIVE IN THE
l——\ /—\ STATE JUST PRIOR TO T4 I—\-—
ALE —\

.

/1 A VN A

A19-A16 A19—-A16

ADDR/
STATUS ’X $6-53 )X 56--S3

8
n
=
8|

ADDR A15-A8 A15-A8
BUS RESERVED ;_pg
A7—AO FOR DATA IN VALID
ADDR/ DATA OUT (D7-DO0) }-
DATA
RD, INTA
READY READY
READY mm , “m‘! ‘
WAIT WAIT

—" MEMORY ACCESS [+
TIME
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EXTERNAL INTERFACE

RESET

CPU initialization is executed by the RESET pin.
The MSMB0C88A’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 Yocation which
is defined by the interrupt pointer table, according to
the interrupt type. Absolute location 00000H 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 (NMI)

The MSM80C88A has a non-maskable Interrupt
(NM1) which is of higher priority than a maskable
interrupt request (INTR).

An NM1 request pulse width needs minimum of 2
clock cycles. The NM1 will be serviced at the end of the
current.instruction or between string manipulations.
MASKABLE INTERRUPT (INTR)

The MSMS80C88A provides another interrupt
request (INTR) which can be masked by software.
INTR is level triggered, so it must be held until interrupt
request is acknowledged.

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

Interrupt Acknowledge Sequence

INTERRUPT ACKNOWLEDGE

During - the interrupt -acknowledge sequence,
further interrupts are 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 (INTR only).

The Interrupt Return (IRET) instruction includes
a Flag pop operation which returns the original inter-
rupt enable bit when it restores the Flag.

HALT

When a Halt instruction is executed, the CPU enter
Halt state. An interrupt request or RESET will force the
MSMB8OCS88A out of the Halt state.

SYSTEM TIMING —MINIMUM MODE

A bus cycle begins at T1 with an ALE signal. The
trailing edge of ALE is used to latch the address. From
T1 to T4 the 10/M signal indicates a memory or 1/0
operation. From T2 to T4, the address data bus changes
the address bus to the data bus.

The read (I_R—D), write (Vﬁ), and interrupt acknowl-
edge (INTA) 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.

ALE _/—\

| M | T2 ] 13 |Tafmyl T | T2 | T3 | T4 |

TYPE VECTOR

o~
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by float-
ing inputs to CMOS devices, and to eliminate the need
for pull-up/down resistors, ‘‘bus-hold”’ circuitry has
been used on 80C86 pins 2—16, 26—32, and 34—39
(Figures 6a, 6b). These circuits will maintain the last
valid logic state if no driving source is present (i.e. an
unconnected pin or a driving source which goes to a
high impedance state). To overdrive the ‘bus

a CPU-MSMBOCB8ARS/GS/JS MSMEOCS8A-2RS/GS/JSm

hold” circuits, an external driver must be capable of
supplying approximately 400 pA minimum sink or
source current at valid input voltage levels. Since this
“bus hold” circuitry is active and not a ‘‘resistive’’ type
element, the associated power supply current is negli-
gible and power dissipation is significantly reduced
when compared to the use of passive pull-up resistors.

“PULL-UP/PULL-DOWN"
OUTPUT BOND - EXTERNAL
DRIVER r—%—1 PAD PIN
| '
! !
] ]
[} ]
] ]
1 ]
1 ]
e Gt INPUT
:BTJP,:UFER PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

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

OUTPUT

“PULL-UP”

BOND L. EXTERNAL

DRIVER

PAD PIN

Vee ! ]
cc, .
[] ]
= !
'
] '
] (]
e = =d
INPUT
BUFFER

INPUT
PROTECTION p=
CIRCUITRY

Input Buffer exists only on 1/0 pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

MOV = Move:

Register/memory to/from register
Immediate to register/memory
tmmediate to register

Memory to accumulator
Accumulator to memaory
Register/memory to segment register
Segment register to register/memory

PUSH = Push:

Register/memory
Register
Segment register

POP = Pop:

Register/memory
Register
Segment register

XCHG = Exchange:

Register/memory with register
Register with accumulator

IN = Input from:

Fixed port
‘Vfariable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES =lLoad pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

- s N

-

[P TN PO G

oo OoO~-=00

- O

QOO QO = = O = =

OO0 == =000

(=N« Ne NN

OO0 O0O0O =00 Hd

o o

R e = I = I S o I )

-—-00s0-w

[N o I = IS, SN )

- O N
-
o—-=08 -a =

-—-00

reg

_._._..,.._.._.a.....
CO = =000 = ==

s so©°

oos s

g s

P N R

7 6 54 32

mod
mod

mod
mod

mod

mod

mod

mod
mod
mod

reg

00O
data
addr-low
addr-iow

reg

port

port

reg
reg
reg

10
r/m
r/m

rim
r/m

r/m

r/m

r/m

r/m
r/m
r/m

7 6 543210

data

data if w=1
addr-high
addr-high

76543210

dataif w=1
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ARITHMETIC

ADD = Add:
Reg./memory with register to either

Immediate to register/memory
Immediate to accumulator

ADC = Add with carry:

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

INC = Increment:

Register/memory

Register

AAA = ASCII adjust for add
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 register/memory
Immediate from acct lat

DEC = Decrement:

Register/memory
Register
NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS = ASCI| adjust for subtract

o = 0

[= I =R =R

o -

-

oo =0

- O

coo
oo
ocoo
ooo

- o o (==} (==l o oo
o oo

(===l -]

- O -

ooo

-——_ -

oOo0oo

-

- -0 -

o =0 =

ooo
- 00

00O =

-

--—0 -

00

oy

- =00

reg

-0 v Q

$3s 3

-

$ s

=333

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

reg
00
data

reg

data

reg
01
data

reg
11
data

r/m
r/m

r/m
r/m

r/m

r/m
r/m

r/m
r/m

r/m

r/m

r/m
r/m

data
data if w=1

data
data if w=1

data
dataif w=1

data
dataif w=1

data
dataif 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
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)

JMUL = Integer multiply (signed)
AAM = ASCII adjust for multiply
DIV = Divide (unsigned)

INIV = Integer divide (signed)

AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

[ U N )

OO == =m0

OO O = = O = = -

[N QI )

- - 000000 =

C O = mt = mt

O OO = = O = =

~o-ssoss -

mod
mod
00
mod
mod

O = =000

- - O - -0

r/m
r/m
o1
r/m
r/m
01

0

0
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LOGIC

NOT = Invert 1111011 wmod 010 r/m

SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 00 r/m

SHR = Shift logical right 1101 00v wmod 1 0 1 r/m

SAR = Shift arithmetic right 1101 00v wmod 1 1 1 r/m

ROL = Rotate left 1101 00v wmod 0 0O r/m

ROR = Rotate right 1101 00v wmod 0 0 1 r/m

RCL = Rotate left through carry 1101 00v wmod 0 1 0 r/m

RCR = Rotate right through carry 1101 00v wmod 0 1 1 r/m

AND = And:

Reg./memory and register to either 001 00O0d w/ mod reg r/m

Immediate to register/memory 1 000 0O0O wmod 100 r/m data dataifw=1
Immediate to accumulator 00T1TO0O0T10 wl data dataif w=1
TEST = And function to flags, no result:

Register/memory and register 100 00 1 0 w|mod reg r/m

Immediate data and register/memory 111101 1 wmod 0 0O r/m data dataif w=1
Immediate data'and accumulator 101 0100w data dataif w=1

OR =Or:

Reg./memory and register to either 0000 1T 0 d w|mod reg r/m

Immediate to register/memory 10 000O0O wmod 00 1 r/m data dataif w=1
Immediate to accumulator 0000110 w data data if w=1

XOR = Exclusive or:

Reg./memory and register to either 0011 00d w|mod reg r/m

Immediate to register/memory 100 0000 wimod 1 10 r/m data dataif w=1
Immediate to accumulator 0011010 w data data if w=1

STRING MANIPULATION

REP = Repeat 1111001 2z

MOVS = Move byte/word 101 0010w

CMPS = Compare byte/word 1010011 w

SCAS = Scan byte/word 101011 1w

LODS = Load byte/word to AL/AX 10101 10w

STOS = Store byte/word from AL/AX 1010101 w

BSr/SHD/SHC-V88I08NSK SIr/SH/SHYE8B8I0B8NSIN -NdD =
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‘| CIMP = Conditional JMP

JE/JZ = Jump on equal/zero o1 110100 disp
JZ/IJNGE = Jump on less/not greater or equal o111 1100 disp
‘| JLE/ING = Jump on less or equal/not greater o111 1110 disp
JB/INAE = Jump on below/not above or equal 01110010 disp
JBE/JNA = Jump on below or equal/not above 01110110 disp
JP/JPE = Jump.on parity/parity even o1 111010 disp
JO = Jump on over flow 01110000 disp
J8 = Jump on sign 0111 100.0 disp
JNE/INZ = Jump en not equal/not zero 01110101 disp
JNL/JGE = Jump on not less/greater or equal o1 111101 _disp
JNLE/JG = Jump on not less or equal/greater o1 111111 disp
JNB/JAE = Jump on not below/above or equal 01110011 disp
JNBE/JA = Jump on not below or equal/above o1 110111 disp
JNP/JPO = Jump on not parity/parity odd 01111011 disp
JNO = Jump on not overflow 01110001 disp
JINS = Jump on not sign 01111001 disp
LOOP = Loop CX times 11100010 disp
LOOPZ/LOOPE = Loop while zero/equal 1110000 1 disp
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp
JCXZ = Jump on CX zero 111000 1 1 disp
INT = Interrupt:
Type specified 11001101 type
Type 3 11001100
INTO = Interrupt on overflow 11001110
IRET = Interrupt return 11001111
PROCESSOR CONTROL
CLC = Clear carry 11111000
CMC = Complement carry 11110101
STC = Setcarry 11111001
CLD’= Clear direction 11111100
STD = Set direction t1 111101
CLI = Clear interrupt 11111010
STI = Set interrupt 11111011
J HLT = Halt 11110100
WAIT = Wait 10011011
ESC = Escape (to external device) 1101 1 x x x|{mod x x X r/m
LOCK = Bus lock prefix 11110000

- S(/SD/SHZ-V88I08WSIN SF/SH/SHVE8SI0SNSN -NdD =
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CONTROL TRANSFER

CALL =Call:

Direct within segment
Indirect within segment
Direct intersegment

Indirect irtersegment

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
Intersegment

Intersegment adding immediate to SP

- = - - —-a

- — - A

PN NN O = -

-

- - - - O - =

oooo
[~ =N

-~=0oa

o =00

-

- -e—- -

- =00

o =00 - o -=0ON

-

oooo

- - a - — O -

[P N

O = = - o =00

O = O =

76543210

mod

mod

mod

mod

disp-low

010

offset-low
seg-low

011

1

1

disp-low
disp
00
offset-low
seg-low
01

data-low

data-low

r/m

r/m

r/m

r/m

76 5 4321
disp-high

offset-high
seg-high

disp-high

offset-high
seg-high

data-high

data-high

0

76543210
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Footnotes:

AL = 8-bit accumulator

AX = 18-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

1f d = 1 then "“to’' reg: If d = 0 then "‘from’’ reg.

If w = 1 then word instruction: f w = 0 then byte instruction

If mod = 11 then r/m is treated as a REG field

If mod = 00 then DISP = 0*, disp-low and disp-high are absent

If mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
If mod = 10 then DISP = disp-high: disp-low

If r/m = 000 then EA = (BX) + (SI) + DISP

if r/m = 001 then EA = (BX) + (DI) + DISP

If r/m = 010 then EA = (BP) + (SI) + DISP

If r/m =011 then EA = (BP) + (DI) + DISP

If r/m = 100 then EA = (SI) + DISP

If r/m =101 then EA = (DI) + DISP

if r/m =110 then EA = (BP) + DISP*

I1f r/m =111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

* except if mod = 00 and r/m = 110 then EA-disp-high: disp-low

If s:w = 01 then 16 bits of immediate data form the operand

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v=0 then “count’” = 1: If v =1 then "‘count” in {CL)

x =don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 reg 110
REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 B8P 101 CH
110 Si 110 DH
111 DI 111 BH

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

FLAGS = x:x:x:x:(OF):(DF):(IF):(TF):(SF):(ZF):X: (AF):X:(PF):X:(CF)
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MSM80C88A-10RS/GSIS

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 NMOS8088-1, but with
considerably less power consumption.

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with
MSMB8O0C86A-10 software and MSM80C85A/MSM80C85A-2 hardware and peripherals.

FEATURES

e 8-Bit Data Bus Interface ® Bit, Byte, Word and String Operations

® 16-Bit Internal Architecture © B and 16-bit Signed and Unsigned Arithmetic Opera-
® 1 Mbyte Direct Addressable Memory Space tion

® Software Compatible with MSM80C86A ® From DC to 10 MHz Clock Rate

® Internal 14 Word by 16-bit Register Set ® Low Power Dissipation (10 mA/MHz)

® 24 Operand Addressing Modes @ Bus Hold Circuitry Eliminates Pull-Up Resistors

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT BUS INTERFACE UNIT

[ 1T ml
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS iNSTRUCTION
(8 WORDS) POINTER
(5 WORDS)

—® 550

A19/56
16817 ALU D,, :

BUS AB
INTERFACE AD7~ADO
FLAGS UNIT
3 >lm1A.n_D,ﬁ,»o "
3

>D|’ R.DEN.ALE

+——e 4BYTE
INSTRUCTION
1 QUEUE
9
TEST —>1 — {OCK
INTR =
. T CONTROL & Eosoosv
76,570, 1 TIMING N

HOLD ——f 3 §2.5150
HLDA ]

LT 11T

CLK  RESET READY MN MX GND
Ve
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PIN CONFIGURATION

D vee
[ a5
[ At6/s3
[ A17/54
[] a18/s5
) A19/56
[1 S50 (HIGH)
[ MN/MX
H RD
[ HoLD (RQ/GTO)
HLDA (RQ/GT1)
WR (LOCK)
[} 10/M (52)
DT/R (ST)
DEN (S0)
] ALe (QS0)
NTA (QS1)
[ TEST
[] READY
[ RESET

30

Fig. 22 MSM80C88A-10GS

44 Pin Plastic Leaded Chip Carrier

GND [
A4 2
. . A13 3
MSMB0C88A-10RS (Top View) ,,, H.,
40 Lead Plastic DIP an Qs
A0 s
A 0O
a8 [Os
AD7 Q9
AD6 10
ADs [ 1
AD4 [ 12
AD3 [ 13
AD2 [ 14
AD1 [ 15
ADO E 16
LTI = R
INTR ] 18
lé (;_.: cwk Qe
_ 15 o _ Gnp O 20
i, 2 EESes
BB o &Bgzg?l
%ﬁﬁgﬁﬁﬁ§%;§§z%
[ annonnnn
A18/S5 [C—]43 42 41 40 39 38 37 36 3534 33 32 31 30 29 ,g [ ALE (@S0)
A17/s4 [} 44 27 ) INTA (Qs1)
A16/S3 ] 45 26 ] TEST
Al5  []46 25 [T READY
NC. a7 24 ) RESET
Vee a8 2ZINC
Vee 49 22 NC
N.C g 50 21 vee
GND st 20 ) GND
Nec. [CJs2 19 N.C
a4 Js3 18 EN.C
A13 [Js54 O 17 ck
A12  {T]ss 16 3 INTR
A 6. 1 2 3 4 5 6 7 8 9 10 11 12 1314 15 NM
uuuubuutugoug
y © ~ @ ;0 e 0N - O
c22292222938988¢8  zygl
6 54 3
Fig. 2b MSM80C88A-10GS atof7
A9(8
A8Q9
AD7{10
MSM80C88A-10JS (Top View) ADBQ M

NC]
NMI
CLK

MSMB0C88A-10GS (Top View)
56-Lead Plastic Flat Package

) A16/S3
) A17/54
) A18/S5

~ ) GND

O -pne

&
&

NC

A19/56

HIGH FIX (S80)
MN/MX

RD

RQ/GTO (HOLD)
RQ/GT (ALDA)
TOCK (WR)

52 (i 0)

~

TEST(]

(INTA) QS1

READY (]
(ALE) QSO0
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | MSMB0C88A- | MSMBOCB8A- | MSM80C88A- | Unit | Conditions
10RS 10GS 1048
Power Supply Voltage Vece -0.5 ~ +7 v
With respect
Input Voltage VIN -0.5~ Vgc +0.5 v to GND
Output Voltage Vourt -0.5 ~ V¢c +0.5 \
Storage Temperature Tstg -65 ~ +150 °c -
Power Dissipation Pp 1.0 0.7 w Ta=25°C
OPERATING RANGE
Limits
Parameter Symbol Unit
MSMB80C88A-10
Power Supply Voltage Vee 4.75 ~ 5.26 \
Operating Temperature Top 0~ +70 °c

RECOMMENDED OPERATING CONDITIONS

MSM80C88A-10
Parameter Symbol Unit
\ MIN | Tvp | max
Power Supply Voltage Vee 4.75 50 | 525 v
Operating Temperature Top 0 +25 | +70 | °C
“L" Input Voltage ViL -0.5 . +08 v
*1) | Vee-08': Vee+05 .V
““H" Input Voltage ViK cc ‘ cc .
(*2) 20 | Vee+05 |V

*1 Only CLK, *2 Except CLK
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DC CHARACTERISTICS
(MSMBO0C88A-10: Vc( = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions
‘L’ Output Voltage VoL 0.4 Vv 1oL =2.5mA
3.0 IOH=-2.5mA
“H” Qutput Voltage VoH - Y
\vcc-0.4 I0H =-100nA
Input Leak Current [ TN} -1.0 +1.0 KA o<Vi<Vce
Output Leak Current Lo -10 +10 uA |[Vo=Vccor GND
Input Leakage Current ' VIN = 0.8V
(Bus Hold Low) 'BHL 50 400 1A *3
Input Leakage Current : ViIN = 3.0V
i -
(Bus Hold High) BHH 50 —400 | kA 4
Bus Hold Low Overdrive IBHLO 600 KA *5
Bus Hold High Overdrive IBHHO -600 MA *6
Operating Power ViL=GND
Supply Current fcc 10 ImA/MHz ViH=Vcc
ViN=Vcc or GND
StandbySupply Outputs Unloaded
Current Iccs 500 uA CLK=GND or
Vee
Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
1/0 Capacitance Ci/0 20 pF *7
*3. Test conditions is to lower VN to GND and then raise V| to 0.8V on pins 2—16 and 35—39. )
*4. Test condition is to raise V| to Ve and then lower VN to 3.0V on pins 2—16, 26—32, and 34—39.
*5. An external driver must source at least IgH| O to switch this node from LOW to HIGH.
*6. An external driver must sink at least IBHHQ to switch this node from HIGH to LOW.

*7.
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A.C. CHARACTERISTICS
(MSMBOC88A-10: V(= 4.75V 10 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

MSMB0C88A-10

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) TCL2CL1 10 ns
Data in Setup Time TDVCL 20 ns
Data in Hold Time TCLDX 10 ns
:R‘S!.:;/’f:::sp1Ti;1;e into MSM 82C84A TRIVCL 15 ns
:isl:eYNl:t:lec: ':':r;;e into MSM 82C84A TCLRIX 0 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
:g;ﬁh,lol\:;w;,) TEST Setup Time TINVCH 15 ns
(From 08V 102001 TILIH 5|
e e o | .
Timing Responses
Parameter Symbol MSMB0C88A-10 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-10 ns
ALE Active Delay TCLLH 40 ns
ALE Inactive Delay TCHLL 45 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 | : ns
Data Valid Delay TCLDV 10 60 ns
Data Hold Time TCHDX 10 ns
Data Hold Time after WR » TWHDX | TCLCH-25 ns
Control Active Delay 1 TCVCTV 10 55 ns
Control Active Delay 2 ) TCHCTV - 10 © B0 ns
Control Inactive Delay TCVCTX 10 ; 55 ns
Address Float to RD Active TAZRL 0 ns
RD Acrive Delay TCLRL ‘ 10 70 ns ‘
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MSM80C88A-10
Parameter Symbol Unit

. Min. Max.
RD Inactive Delay TCLRH 10 60 ns
D Inactive to Next Address Active TRHAV | TCLCL-35 " ons
HLDA Valid Delay TCLHAV 10 60 ns
RD Width 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 MSM82CB84A 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

MSMB0C88A-10

Parameter Symbol Unit
Min. Max.

CLK Cycle Period TCLCL 100 DC ns
CLK Low Time ) TCLCH 46 ns
CLK High Time TCHCL a4 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 ns
Data in Setup Time TDVCL 15 ns
Data in Hold Time TCLDX 10. ns
RDY Setup Time into MSM 82C84A

(See Notes 1, 2) TRIVCL 35 ns
RDY Hold Time into MSM 82C84A

(See Notes 1, 2) TCLRIX 0 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
Set up Time for Recognition (NM, ’
INTR, TEST) (See Note 2) TINVEH s e
RQ/GT Setup Time TGVCH 15 ns
RQ Hold Time into MSM 80C88A | TCHGX 20 ns

" Input Rise Time (Except CLK)
(From 0.8V to 2.0V) TLIH ' 15 ne
F .
Input Fall Time (Except CLK) TIHIL 15 ns

(From 2.0V to 0.8V)
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Timing Responses

Parameter Symbol MSMB0C88A-10 Unit *
Min. Max.
Command Active Delay (See Note 1) TCLML 5 35 ns
Command Inactive Delay (See Note 1) TCLMH 5 45 ns
?s Z\z;lt eA:;uve to Status Passive TRYHSH 45 ns
Status Active Delay ) TCHSV 10 45 ns
Status Inactive 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
g;:c;i:tr; (ic)mtrol Active Delay TCHDTL 50 ns
I(Dsi:c;‘i::ec"(;ntrol Inactive Delay TCHDTH 30 ns
GT Active Delay TCLGL 0 45 ns
GT Inactive Delay TCLGH ] 45 ns
RD Width 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 82C84A or MSM 82C88 are shown for reference only.

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

4. Applies only to T3 and wait states.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24 DEVICE

TEST POINTS et
15 e 1§ TEST
Cy. = 100pF
045 - L

I

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 C( INCLUDES JIG CAPACITANCE
BOTH A LOGIC "1 AND 0"

TIMING CHART
Minimum Mode

™ T2 (LI T4
TCLCL TCHICH2 Telctr [/
ViH / g
CLK (MSM 82C84A Output) \
o A Y S W A R/
TCHCTV TCHCL le—TCLCH —f
10/M, 50 x
A15-A8 >( A15-A8 (Float during INTA)
TCLAV—] l— —+TeLov TCHOX —»f
TCLAX -]
A19/56-A16/S3 >( A19-A16 $6--53
TCLLH | foflEHEE =T TLLAX 8
y \ ,I" -
ALE /
N\ ‘ A
—= TAVAL /e
TCHLL [ l—TRIVCL )
vin \ \
" e ores ™ JALALIVALN
SEE NOTE 4 e N\ \\ A\ \
’ — TCLRIX
TRYLCL —
READY (MSM8OC88AInput - TCHRYX
TAVAL fe— TRYHCH -
TCLAV —] TLLAX= TCLAZ TDVCL———"‘-TCLDX-"
— TCLAX
AD7-ADO AD7-ADO — DATA IN ot
TAZRL o TCLRH —= TRHAV
RD
READ CYCLE .
(NOTE 1 — TCHCTV TCHCTV
(WA, INTA - Vo) ~ I TCLRL = - - TRLRH 1
DT/R ,
’ TCVCTV —~ TCVCTX - '
DEN
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Minil Mode (Continued)
T2 T3 oTw T4
le——TCLCL —e] | TeLcLr
Vin TCH1CH2
CLK (MSM 82C84A Output) F ;‘ ) Y

Vie TCHCL TCLCH
—={TCHCTV cLe

N\
)F

—=|TCLDV|
TCLAV = TCHDX
A19/S6-A16/S3 S6-S3
TCLLH= TLLAX
-

ALE

TAVAL 7
TCHLL. ~—
TCLDV*

TCLAV o TCLAX ] TCHDX —of
1
AD7-ADO AD7-AD0 DATA OUT
n
__! TAVAL leTWHDX
reverv TLLAX —] TCVCTX
WRITE CYCLE
(NOTE 1) 5EN
(RO, INTA, DEN
DT/R = Vop!
TCVCTV ~»f I..—
TWLWH
ks X 4
TCVCTX —* e
—= \]*— TCLAZ TOVCL le—TcLDX
AD7-ADO POINTER {
/ FLOAT ELOAT  \
— —TCHCTV TCHCTV
DT/R
INTA CYCLE
(NOTES 1 & 3)
(RO, WR = Vou TCVCTV -+ |o—
BHE = Vo, )
iNTA
TCVETV — TCVCTX—~
DEN
SOF TWARE HALT- INVALID ADDRESS SOF TWARE HALT TCLAV
RD, WR, INTA = Vou
DT/R = INDETERMINATE TCLAV —f

NOTES:

1. All signals switch between Vo and V| unless otherwise specified.

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted.

3 Two INTA cycles run back-to-back. The MSM80OC88A LOCAL ADDR/DATA BUS is floating during both INTA
cycles. Control signals shown fov; second INTA cycle.

4. Signals at MSM 82C84A shown for reference only.

5. All timing measurements are made at 1.5V unless otherwise noted.
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Maximum Mode

T . T2 T3 T4
TCH1CH2—~| — |}—TCL2CLY
le—— TCLCL——] w
ViH [——‘
CLK (MSMB2C84A OUTPUT) [ \ f : 5
vie x — -
TCLAV— }-— e TCHCL ] © leTcLcH
s Y Y Y
TCHSV — |eTCLSH
- AJ
52, 57,50 (EXCEPT HALT) ‘ 1 ///// //b[tsss NOTE 8) \

A15-A8 A15-A8 )(
— tclav [ {TeLov TCHDX = fo—

|TCLAX —»] ]
! {

A19/56-A16/S3 A19-A16 ( $6-53 )

TSVLH—p [o— | !
TCHLL
| ALE (Msms2css "C'"""'j e
ouTPUT) {
SEE NOTE § J

¥

TR1VCL

T

RDY (MSM 82C84A INPUT)

n

- — TCLR1X
TRYLCL rTen

READY (MSM 80C88A INPUT) — p— TCHRY
TRYHSH-»| fo—

—e{TCLAX|
) TRYHCH = f— Torox
READ CYCLE TCLAV—~ —dreLaz]
AD7-ADO AD7-ADO DATA IN o
) CLRH
TAZRL ThA
RD
L\ |TclRL— TRLAN
— TCHDTL—] S
OT/R S
MSM 82C88 TCLML——=] TCLMH—o]
OUTPUTS —
SEE NOTE 5,6 MRDC OR iORC
TCUNV—+]  |fo—
DEN

TCVNX—=]
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Maximum Mode (Continued)

T T2 T3 T4
™
Vin —\ y—\
CLK (MSM82C84A OUTPUTS) N A \ /‘ !\ 7/ \ j
Vi
F TCHSV —- |e—-TCLSH
= m
$2,51, S0 (EXCEPT HALT) \ ///// (See note 8) S
- - —————
TCLAV —_ — TCLDV TCHDX | -
WRITE CYCLE - TCLAX o]
AD? ADO AD?7 ADO DATA
TCVYNV —= TCVNX —=
DEN
> =TCLML TCLMH-—=
MSM 82C88 OUTPUTS ~ ANMC OR
SEE NOTESS5, 6 AIOWC

- TCLML — TCLMH
MWTC OR
rowc

A15..A8 /HESEHVED FOR\ {
-

< (SEE NOTES3 & 4) / CASCADE ADDR FLOAT FLOAT

] J» TCLAZ . D: TOVCL—~ TCLDX

n POINTER 3
AD7 ADO \ / FLOAT LOAT
TCVNX
TSVMCH 4 [ 1EVNX
J—
/

INTACYCLE

mce y
PDEN P
TCLMCH o - TCHOTL —~ ~TCHDTH
DT.R
TCLML =

MSM 82C88 OUTPUTS
SEE NOTESS5.6  NTA

o] TCUNV - TCLMH
DEN *
SOF TWARE HALT TCUNX- = f=
(DEN V(. RD.MRDC, IORC, MWTG, AMWC, N
1owc, ATOWC. INTA.  vou)
AD7 ADO.A15 A8 INVALID ADDRESS

TCLAV

\ —_———
§2,81.50 \ / \\
| U —

NOTES:

1

2
3
4

o

All signals switch between Vo and Vg unless otherwise specified

RODY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted

Cascade address 1s valid between first and second INTA cycle

Two INTA cycles run back-to-back. The MSM 80C88A LOCAL ADDR/DATA BUS is floating during both INTA cycles
Control for pointer address i1s shown for second INTA cycle

Signal at MSM 82C84A and MSM82C88 shown for reference only.

The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA
and DEN) lags the active high MSM 82C88 CEN

All iming measurements are made at 1.5V unless otherwise noted

Status inactive in state just prior to T4
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Asyn Signal Recog

CLK

- TINVCH (SEE NOTE 1)

NMI
INTR §  SIGNAL
TEST

NOTE: 1.

AT NEXT CLK

SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION

Bus Lock Signal Timing (Maximum Mode Only)

Reset Timing

JANY CLK CYCLEL— ANY CLK CYCLE*‘

cLK
CLK "\_
TCLDX *—
TOVCL —
Locx RESET X
24 CLK CYCLES
Req /Grant Seq Timing (Maximum Mode Only)
Any CLK Cycle
CLK
> TCLC
TCLGH TCLGL TCLGH
PULSE 3
o PULSE2 | _ PROCESSOR
RQ/GT MSM 80C88 GT cchLE Agg
Previous grant TCLAZ
AD7-ADO, A15-A8 "
-A16/S3
sAiw's/“?s 516/ MSM 80C88 A COPROCESSOR MSM 80C8BA
RD, TOCK B
(SEE NOTE 1)
NOTE: 1 THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION

Hold/Hold Acknowledge Timing (Minimum Mode Only)

- 1 CLK CYCLE 1 0R 2 CYCLES .
o __/_\\_ _/‘\\___/_\__.
THVCH THVCH B
HOLD
. - TCLHAV — TCLHAV
HLDA
I —
. 4 —] TCLAZ
AD7-ADO, A15-A8
%s/seAms/ss. MSM 80C88 A COPROCESSOR - MSM 8ocssA

10/
DT/RWR, DEN
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PIN DESCRIPTION

ADO-AD?7

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 ali
cycles.
These lines do not have to be latched by an ALE
signal.
These lines are high impedance during interrupt
acknowledge and hold acknowledge.

A16/S3, A17/S4, A18/S5, A19/S6
ADDRESS/STATUS: Output
These are the four most significant address as at

the T1, cycle.

Accessing 1/O port address, these are low at T1
Cycles.

These lines are Status lines at the T2, T3, TW
and T4 Cycle.

S5 indicate interrupt enable Flag.
S3 and S4 are encoded as shown.

S3 sS4 Characteristics
0 0 Alternate Data

1 | o | stack

0| 1 Code or None

1 1 Data

These lines are high impedance during hold acknowl-
edge.

RD

READ: Output
This lines indicates that the CPU is in a memory
or 1/O read cycle.
This line is the read strobe signal when the CPU
reads data from a memory or |/O device.
This line is active low.
This line is high impedance during hoid acknowi-
edge.

READY

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

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.

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

RESET

RESET: Input
This signal causes the CPU to initialize immediately.
This signal is active high and must be at least four
clock cycles.

CLK

CLOCK: Input
This signal provide the basic timing for an internal
circuit.

MN/MX

MINIMUM/MAXIMUM: Input
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
Vce +5V supplied.

GND
GROUND

The following pin function descriptions are for
maximum mode only.
Other pin functions are already described.
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§0, 51,82

STATUS: Output
These lines indicate bus status and they are used by
the MSM82C88 Bus Controller to generate all
memory and 1/O access control signals.
These lines are high impedance during hold
acknowledge.
These status lines are encoded as shown.

52 S7 |50 Characteristics
o(Low) | 0 | O Interrupt acknowledge
[}] 0 1 Read 1/0 Port
0 110 Write 1/O Port
0 1 1 Halt
1(HIGH)| 0 | O Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
RG/GTO
RQ/GT1

REQUEST/GRANT: Input/QOutput
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 dunng hold acknowl-
edge.

Qso0/as1

QUEUE STATUS: Output
These are Queue Status Lines that indicate internal
instruction queue status.

Qs1 Qso Characteristics
(1] (LOW), (V] No Operation

o 1 First Byte of Op Code from

Queue
1 (HIGH) 0 Empty the Queue
1 1 Subsequent Byte from Queue

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

10/M

STATUS: Output
This line selects fnemorv address space or /O
address space.

164

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

This line is high impedance during hold acknowil-
edge.

WR

WRITE: Output
This line indicates that the CPU is in'3a memory or
1/0 write cycle.
This line is a write strobe signal when the CPU
writes data to memory or an I/O device.
This line is active low.
This line is high impedance during hold acknowl-
edge.

INTA

INTERRUPT ACKNOWLEDGE: Output
This line is a read strobe signal for the interrupt
accknowledge cycle.
This line is active low.

ALE

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 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
This line is used for a Bus Grant to an other
device. ;
This line is active high.

S50

STATUS: Output
This line is logically equivalent to S0 in the maxi-
mum mode.



STATIC OPERATION

All MSMB8OCS88A 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/Iow) and held there indefinitely. This type of
operation is especially useful for system debug or power
critical applications.

The MSM8O0CS88A 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 MSMB0C88A power requirement is the
standby current (500 pA 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

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

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
00000H 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 00000H
through O03FFH are reserved as an interrupt pointer.
There are 256 types of interrupt pointer;

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

Reserved Memory Locations

£ FFFFFH
FEFFFH
RESET BOOTSTRAP
64 KB CODE SEGMENT PROGRAM JUMP
FFFFOH
3 L xxXXOH i 1
T R
[ 3FFH
+OFFSET STACK SEGMENT INTERRUPT POINTER|
FOR TYPE 255 :
SEGMENT . 3FCH
REGISTER FILE I I |
oy | 3
S DATA SEGMENT i [
ss H
DS 1 | INTERRUPT POINTER
os .y 2 FOR TYPE 1 ”
' INTERRUPT POINTER] 3H
EXTRA DATA FOR TYPEO oH
SEGMENT
ER— 00000H
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Memory Reference Need Segment Register Used “ Segment Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
‘ All stack pushes and pops. Memory references

Stack STACK:4SS) relative to BP base register except data references.
Data references when relative to stack, destination

Local Data DATADS) of string operation, or explicitly overridden.
Destination of string operations: Explicitly selected

External (Global) Data EXTRA (ES) Pstinatl 9 op Py sele
using a segment override.

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 MSMB80C88A 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 51| 50 Characteristics
o(LOwW)| 0| O Interrupt acknowledge
0 0 1 Read 1/0
0 1 0 Write 1/0
0o 1 1 Halt
1(HIGH)| 0| O 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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Status bit S3 through S6 are multipiexed 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)| o Alternate Data (Extra Segment)
] 1 Stack
1 (HIGH)[ 0 Code or None
1 1 Data T

S5 indicates interrupt enable Flag.

1/0 ADDRESSING
The MSM80C88A has a 64 Kbyte 1/0. When the
CPU accesses an 1/O device, address AO—A15 are in
same format as a memory access, and A16--A19 are low.
/O ports address are same as four memory.
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Basic System Timing

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

| T I T2 I T3 ITWAITI T4'| T I T2 ! T3 ‘TWAIT' T4 I

CLK

GOES INACTIVE IN THE

I——-\ STATE JUST PRIOR TO T4 I'—\_
ALE _—\

wse | 1 11 W

A19-A16 A19—-A16

ADDR/
STATUS JX $6-53 X $6-53

ADDR A15—-A8 A15—-A8

BUS RESERVED
A7-A0 FOR DATA IN D7-DO

VALID

DATA ouTt (07—00))»-

READY READY

WAIT WAIT

L
=T\ o

—* MEMORY ACCESS
TIME
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EXTERNAL INTERFACE

RESET

CPU initialization is executed by the RESET pin.
The MSMB80C88A’'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 cycies. 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-
markabie or maskabie.

An interrupt causes a new program location which
is defined by the interrupt pointer table, according to
the interrupt type. Absolute location 00000H 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 (NMI)

The MSM8B0C88A has a non-maskable Interrupt
(NM1) which is of higher priority than a maskable
interrupt request (INTR).

An NM1 request pulse width needs minimum of 2
clock cycles. The NM1 will be serviced at the end of the
current instruction or between string manipulations.
MASKABLE INTERRUPT (INTR)

The MSMB80C88A provides - another interrupt
request (INTR) which can be masked by software.
INTR is level triggered, so it must be held until interrupt
request is acknowledged. .

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

Interrupt Acknowledge Sequence

INTERRUPT ACKNOWLEDGE

During the interrupt acknowledge sequence,
further interrupts are 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 (INTR only).

The Interrupt Return (IRET) instruction includes
a Flag pop operation which returns the original inter-
rupt enable bit when it restores the Flag.

HALT

When a Halt instruction is executed, the CPU enter
Halt state. An interrupt request or RESET will force the
MSMB8OC88A out of the Halt state.

SYSTEM TIMING —-MINIMUM MODE

A bus cycle begins at T1 with an ALE signal. The
trailing edge of ALE is used to latch the address. From
T1 to T4 the 10/M signal indicates a memory or 1/O
operation. From T2 to T4, the address data bus changes
the address bus to the data bus.

The read (R_B), write (Wﬁ), and interrupt acknowi-
edge (INTA) 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.

|70 | T2 | T3 |Tafmy) 1| T2 | T3 | T4 |

—

ADO-AD7 \LOAT

7

—4

TYPE VECTOR
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BUS HOLD CIRCUITRY

To avojd high current conditions caused by float-
ing inputs to CMOS devices, and to eliminate the need
for pull-up/down resistors, ‘‘bus-hold’ circuitry has
been used on 80C86 pins 2—16, 26—32, and 34—39
(Figures 6a, 6b). These circuits will maintain the last
valid logic state if no driving source is present (i.e. an
unconnected pin or a driving source which goes to a
high impedance state). To overdrive the ‘bus

-8 CPU-MSM80C88A-10RS/GS/JS =

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

OUTPUT

“PULL-UP/PULL-DOWN"

BOND L EXTERNAL

DRIVER

INPUT
BUFFER

PAD PIN

INPUT |
PROTECTION
CIRCUITRY

Input Buffer exists only on /O pins

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

OUTPUT

“PULL-UP”

DRIVER

INPUT
BUFFER

bocoweee

BOND EXTERNAL
™ 0 [ ein
INPUT
IPROTECTION p=
CIRCUITRY

Input Buffer exists only on 1/O pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

E

MOV = Move:

Register/memory. to/from register
Immediate to register/memory
Immediate to.register

Memory to accumulator
Accumulator to memory
Register/memory to segment register
Segment register to register/memory

PUSH = Push:

Register/memory
Register
Segment register

POP = Pop:

Register/memory
Register
Segment register

XCHG = Exchange:

Register/memory with register
Register with accumulator

IN = Input from:

Fixed port
Variable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

- e e - N

-

[

coooco=00

o =0

OO OO = = O = = -

OO == =00W0VG

CO0OO0OO0O0O0O0O0 ==

DM ma000—-00

OCO0OO0O0O=00b»

o

w003z O0=wWw

NN e N = I = I =)

- ON

-—-00

- e e e e o -

ﬂ
S ==
b3

O - =0

oo
3

OO = =200 0 = - =

s ©

s

~ 00O =0O===35Ss

76543210

mod
mod

‘mod
mod

mod

mod

mod

mod
mod
mod

reg
000
data
addr-low
addr-low
0 reg
0 reg

reg

port

port

reg
reg
reg

r/m
r/m

r/m
r/m

r/m

r/m

r/m

r/m
r/m
r/m

76654321

data

data if w=1
addr-high
addr-high

(1]

76543210

dataif w=1
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ARITHMETIC

ADD = Add:

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

ADC = Add with carry:

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

INC = Increment:

Register/memory

Register

AAA = ASCII adjust for add
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 register/memory
Immediate from accumulator

DEC = Decrement:

Register/memory
Register
NEG = Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator
AAS = ASCII adjust for subtract

(== MRl

0O =0

o o oo (= R o oo o oo
ooo
o oo
oo

oo

oooo

- =0 = (=N

-

-

- —_0 -

o oo o =0 =

-

-

-—0 -

o oo

-

-_O -

OO0 =

- 00

- OO0

--—00

reg

-0 v

$3s

s 3

s

—-3$s3s3

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

1

reg
00
data

reg
10
data

reg
01
data

reg
11
data

reg
11
data

r/m
r/m

r/m
r/m

r/m

r/m
r/m

r/m
r/m

r/m

r/m

r/m
r/m

data
dataif w=1

data
dataif w=1

data
dataif w=1

data
dataifw=1

data
dataif 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
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)

JMUL = Integer multiply (signed)
AAM = ASCI} adjust for multiply
DIV = Divide (unsigned)

IDIV = Integer divide (signed)

AAD = ASCI! adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

- e O

OO = = mt ot O

O O O = = O = = =

- D e o - O

- --00000O0 =

OO = ==

COO =20 ===

—o=-+3s$0sg s~

mod
mod

mod
mod

O==000

- —_ O = -0

r/m
r/m
0o 1
r/m
r/m
01

0

0
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LOGIC

NOT = Invert 1111011 wmod 0 1.0 r/m

SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 00 r/m

SHR = Shift logical right 1101 00v wmod 1 0 1 rim

SAR = Shift arithmetic right 1101 00v wmod 1 1 1 r/m

ROL = Rotate left 1101 00v wmod 00O r/m

ROR = Rotate right 1101 00 v wmod 0 0 1 r/m

RCL = Rotate left through carry 11701 00v wmod 010 r/m

RCR = Rotate right through carry 1101 00 v wmod 0 1 1 r/m

AND = And:

Reg./memory and register to either 00 1 000 d wjmod reg r/m

Immediate to register/memory 100 0O0OOwWwmod 1 0O rim data dataifw=1
Immediate to accumulator 00 T1T0O0O1TO0w data dataif w=1
TEST = And function to flags, no result:

Register/memory and register 1000010 wi mod reg r/m

Immediate data and register/memory 111101 1 wmod 00O r/m data dataif w=1
Immediate data and accumulator 101 0100w data data if w=1

OR =Or:

Reg./memory and register to either 000010 d w|mod reg r/m

lmmediats to register/memory 1 000O0OO wmod O 0 1 r/m data dataif w=1
Immediate to accumulator 00001 10w data data if w=1

XOR = Exclusive or:

Reg./memory and register to either 01100 , d w! mod reg r/m

Immediate to register/memory 10 000O0O wmod 1 10 r/m data dataif w=1
Immediate to accumulator 001 1010w data data if w=1

STRING MANIPULATION

REP = Repeat 1111001 2

MOVS = Move byte/word 101 0010w

CMPS = Compare byte/word 10100 11 w

SCAS = Scan byte/word 101011 1w

LODS = Load byte/word to AL/AX 10101 10w

STOS = Store byte/word from AL/AX 1010101 w

= SI/SD/SHOL-V88I08WSIN-NdD =-
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CJMP = Conditional JMP

a SI/SD/SHOL-VS8D0SNSW-NAD =

JE/JZ = Jump on equal/zero o1 110100 disp

JZ/INGE = Jump on less/not greater or equal 01111100 disp

JLE/JNG = Jump on less or equal/not greater o1 111110 disp

JB/JNAE = Jump on below/not above or equal 01110010 disp

JBE/JNA = Jump on below or equal/not above 01110110 disp

JP/JPE = Jump on parity/parity even 01111010 disp

JO = Jump on over flow 01110000 disp

JS = Jump on sign 01111000 disp

JNE/INZ = Jump en not equal/not zero 01110101 disp

JNL/JGE = Jump on not less/greater or equal o1 111101 disp

JNLE/JG = Jump on not less or equal/greater o1 111111 disp

JNB/JAE = Jump on not below/above or equal 011100 1 1 disp

JNBE/JA = Jump on not below or equal/above o1 1101 11 disp

JNP/JPO = Jump on not parity/parity odd 011110 11 disp

JNO = Jump on not overflow 01110001 disp

JNS = Jump on not sign 0111100 1 disp

LOOP = Loop CX times 11100010 disp

LOOPZ/LOOPE = Loop while zero/equal 111000 0 1 disp

LOOPNZ/LOOPNE = Loop while not zero/equal 171100000 disp

JCXZ = Jump on CX zero 111000 1 1 disp

INT = Interrupt:

Type specified 11001101 type

Type 3 11001100 '

INTO = Interrupt on overflow 11001110

IRET = Interrupt return 110011 11
PROCESSOR CONTROL

CLC = Clear carry 11111000

CMC = Complement carry 11110101

STC = Set carry 11111001

CLD = Clear direction 1111100

STD = Set direction 11111101

CLI = Clear interrupt 11111010

STI = Set interrupt 11111011

HLT = Halt 11110100

WAIT = Wait 10011011

ESC =Escape (to external device) 1101 1 x x x|{mod x x x r/m

LOCK = Bus lock prefix 11110000
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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 intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within seg. adding immediate to SP
Intersegment

Intersegment adding immediate to SP

- -

- ok

- e -

(=2

-

PN

PPN

[« =) - - - O ==

oo0oo0o0
-_-00

- =05

oO=00

-— -

- o -

- o = 0ON

o =00

coo0oo0oo

- - -0 - - O -

- -

o =00

O = - -

O =0 =

765 4321

mod

mod

mod

mod

disp-low
010
offset-low
seg-low
011

disp-low
disp
100
offset-low
seg-low
101

data-low

data-low

r/m

r/m

r/m

r/m

0

7 6 5 4'3 21
disp-high

offset-high
seg-high

disp-high

offset-high
seg-high

data-high

data-high

0

76543210
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Footnotes:

AL = 8-bit accumulator

AX = 18-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

1f mod = 11 then r/m is treated as a REG field

If mod = 00 then DISP = 0*, disp-low and disp-high are absent

I1f mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
If mod = 10 then DISP = disp-high: disp-iow

if r/m = 000 then EA = (BX) + (SI} + DISP

If r/m =001 then EA = (BX) + (DI) + DISP

I1f r/m = 010 then EA = (BP) + (SI) + DISP

tf r/m =011 then EA = (BP) + (DI) + DISP

If r/m = 100 thern EA = (SI) + DISP

If r/m =101 then EA = (DI) + DISP

If r/m = 110 then EA = {(BP) + DISP*

I1f r/m =111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

" except if mod = 00 and r/m = 110 then EA-disp-high: disp-low

If s:w =01 then 16 bits of immediate data form the operand

If s:w = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v =0 then ““count’” = 1: If v = 1 then "count’ in (CL)

x =don't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 veg 110
REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w =0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 Cs
010 DX 010 DL 10 SS
on BX 011 BL 11 DS
100 sP 100 AH
101 BP 101 CH
110 St 110 DH
111 DI 111 BH \

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

FLAGS = x:x:x:x:(OF ) (DF):(0F ) (TF):ASF):(ZF): X (AF): X: (PF): X:(CF)
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MSM81C55RS/GS/JS
MSM81C55-5RS/GSUS

2048 BIT CMOS STATIC RAM WITH /O PORTS AND TIMER

GENERAL DESCRIPTION

The MSM81C55/81C55-5 have 2k bits of static RAM (256 byte) with paraliel 1/0 ports and a timer. It uses
silicon gate CMOS technology and consumes a standby current of 100 micro ampere, maximum, while the chip is not
selected. Featuring a maximum access time of 400 ns, the MSM81C55/81C55-5 can be used in an 80C85A/80C85A-2
system without using wait states. The parallel 1/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 which may be used for sequence-

wave generation or terminal count-pulsing.

FEATURES

e High speed and low power achieved with silicon gate

CMOS technology.
® 256 words x 8 bits RAM
® Single power supply, 3 to 6V
o Completely static operation
@ On<hip address latch
@ 8-bit programmable 1/0 ports (port A and B)
® TTL Compatible

FUNCTIONAL BLOCK DIAGRAM

® RAM data hold characteristic at 2V

® 6-bit programmable 1/0 port {port C)

© 14-bit programmable binary counter/timer

® Multiplexed address/data bus

® 40 pin DIP package (MSM81C55RS/MSM81C55-5RS)
® 44 pin flat package (MSM81C55GS)/MSM81C55-5GS)
® 44 pin PLCC (MSM81C55JS/MSM81C55-5JS)

® Direct interface with MSM80OC85A

® Direct interface with MSM80C85A-2 (MSM81C55-5)

10/M

ADg ~7
CE
ALE

256 x 8
STATIC
RAM

RD
WR
RESET

gl

PORT A
PAg~7
PORT B
K "8 > PBo~7

PORTC

K& Poo-s

= 1> ]

[ o

TIMER IN J

A
L— Ve (#5V)

TIMER OUT

GND (0V)
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PIN CONFIGURATION

MSM81C55RS (Top View) PC3 Vee
MSM81C55-5RS PCq 39) PC,
40 Load Plastic DIP TIMER IN 8 PC,
. RESET PCy
PCs B,
TIMER OUT PBg
10/M PBs
CE PB4
RD PBy
WR P8,
ALE PB,
ADg PBy
AD; PA,
AD, PAg
AD3 g PAs
AD4 PA4
ADs 3 PA;
AD (3] ) PA,
AD, [} 72 PA,
GND I71) PAG
z
BE . oy e
SEESoo2g¢de
444342 41 40 39 38 37 36 3534
TIMER OUT —— 1 O 33— PB, MSM81C55GS (Top View)
1o/ —— 2 2P  MSM81CE5-5GS
e o —re. 44 Lead Plastic Flat Package
WRC—]s 29—y pB,
ALEC—]6 28— r8,
ADp=— 7 27— "8,
ADy C——] 8 26— PA,
AD, —3 9 2B PAg
AD; —]10 24— PAs
N.C C—1 | 23—/ PA,
1213141516 171819 20 2122
iy
§494g 88444z DB E e
Suzdfzelogsd
6 54 3 2 1
TIMER-0UT( 7 O 39
1o/mMQ 8 38
MSM81C55JS (Top View) CEQO 37
MSM81C55-5J8 rDO10 36
44 Pin Plastic Leaded Chip Carrier wrd 11 35
N.C.f12 34
ALE(Q13 33
ADO[] 14 32
AD10 15 31
AD2(] 16 30
AD3([ 17 29

21 22 23 24 25 26 27 28

] PB6
) PBS
) PB4
0 PB3
0 PB2
I N.C.
N eB1
N PBO
) PA7
) PAG
0 PAS
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ABSOLUTE MAXIMUM RATINGS

Limits :
Parameter Symbol | Conditions |“\gvgics5RS | MSMB81CE5GS | MSM81C55Js | Unit
MSM81C55-56RS | MSM81C55-5GS | MSM81C55-6JS
Supply Voltage Vee -0.5to +7 v
Input Voltage VIN -0.5to Vgc +0.5 \
Output Voltage VouTt ?:f;';gmd -05to Vgc +0.5 v
Storage Temperature | Tgg ~55 to + 150 °C
Power Dissipation Pp Ta = 25°C 1.0 0.7 1.0 w
OPERATING CONDITION
Parameter Symbol Limits Unit
Supply Voltage Vee 3to6 \
Operating Temperature Top -40 to +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Typ. Max. Unit
Supply Voltage (81C55) Vee 4.5 5 5.5 v
Operating Temperature . °
(81C55) Top -40 +25 +85 [
“L'" Level Input ViL -0.3 +0.8 v
*H" Level Input ViH 2.2 Vee +0.3 \%
Supply Voltage (81C55-5) Vee 475 5 5.25 v
Operating Temperature . o
(81C55-5) Top -40 +25 +70 c
DC CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ. | Max. Unit
“L" Level Output Voltage Voo loL = 2mA 045 \%
| = —400u:A 24 v
“H’" Level Output Voltage VoH OH s
loH = -40uA v oV 4.2 \"
=45Vt
Input Leak Current IN] 0<ViNSVce 523 ° | -10 10 A
Output Leak Current lLo |9=VouT=Vee | 1a-40°Cto ~-10 10 kA
CE2 Vcc-0.2v | 85°C
Standby Current lccs VIH 2 Vee-0.2V 0.1 . | 100 BA
. ViL < 0.2v
Mean Operating Current lcc I.:/I:smory_ cycle time: 5 mA
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AC CHARACTERISTICS
(Vee =45 t05.5V, Ta = -40 to +80°C) MSM81C55
[Vce =4:75 to 5.25V, Ta = -40 to +70°C) MSM81C55-5

Parameter Symbol MSMS1CES WSM8 €555 Unit Remarks
Min. Max. Min. Max.
Address/latch Set-up Time tAL 50 37 ns
Latch/address Holt Time - tLA 30 30 ns
Latch/read (write) Delay Time tLc 100 40 ns
Read/output Delay Time tRD 170 140 ns
Address/output Delay Time tAD 400 330 ns
Latch Width L 100 70 ns
Read/data Bus Floating Time tRDF 0 100 0 80 ns
Read (write)/latch Delay Time tcL 20 20 ns
Read (write) Width tce 250 200 ns
Data In/write Set-up Time tow 150 100 ns
Write/data-in Holt Time tWD 0 25 ns
Recovery Time tRV 300 200 ns
Write/port Output Delay Time twp ) 400 300 ns
Port Input/read Set-up Time tPR 70 50 ns Load capaci-
Read/port Input Hold Time tRp 50 10 ns tance: 150pF
Strobe/buffer Full Delay Time tSBF 400 300 ns
Strobe Width tss 200 150 ns
Strobe/buffer Empty Delay Time tRBE 400 300 ns
Strobe/interrupt-on Delay Time ts) 400 300 ns
Read/interrupt-off Delay Time tRDI 400 300 ns
Port Input/strobe Set-up Time - tpss 50 20 ns
Strobe/port-input Hold Time tPHS 120 100 ns
Strobe/buffer-empty Delty Time tSBE 400 300 ns
Write/buffer-full Delay Time tWBF 400 300 ns
Write/interrupt-off Delay Time twi 400 300 ns
Time Output Delay Time Low tTL 400 300 ns
Time Output Delay Time High tTH 400 300 ns
Read/data Buse Enable Delay Time | tRpDE 10 10 ns
Timer Cycle Time tcyYc 320 320 ns
Timer Input Rise and Fall Times tr, tf 80 80 ns
Timer Input Low Level Time t 80 40 ns
Timer Input High Level Time ta 120 70 ns

Note: Timing are measured with Vi = 0.8V and V|4 = 2.2V for both input and output.
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TIMING
Read Cycle

AN
10/M \ _ / ) \
TAD - DATA VALID

ADo~1 ADDRESS ) 4 X <
P
N\

tAL --tLA—-J
ALE }

et tRDE tRDF
AD tro——
l—1| C et C |~
tcc tRV

Write Cycle

= / N\

10/M / \
|
X

|
ADg~7 4 ADDRESS X X DATA VALID

tAL n—tLA——l I-—-tDw—— —tC L

ALE

tLL tLC =—'WD—

e N / |\

F—tcc D —— ’-—tnv——‘
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Strobe Input Mode

q

BF ‘ /

INTR

1SBF }
STROBE
1SS —=

®

RD

tpsSs

tPHS

tRBE

tRDI

INPUT DATA
FROM PORT x

Strobe Output Mode

BF

T\

STROBE

INTR

TN

wi

1SBE

S|

OUTPUT DATA
TO PORT
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Basic Input Mode
tRP
RD
PR

PORT INPUT
DATA BUS

Basic Output Mode
WR

wp—=|

s
PORT OUTPUT X

Note: The DATA BUS timing is the same as the read and write cycles.

Timer Waveforms
Load Counter from Load Counter from
Count length register Count length register —={
l 2 | 1 5 | 4 3 2 I 1 5 '
¢ t2 (T.c)
TIMER IN ‘_\_/_
t, t
! tcyc
e \ 7/
TIMER OUT \ (note) ,
(pulse) | )
tTL - tTH
—— \
TIMER OUT \ (note) /7
(square wave) e ————
tTL— ) — tTH

Count down (5>1)

Note: Periodically output according to the output mode (m1=1) programming contents.

185




m 1/O-MSM81C55RS/GS/JS MSM81C55-5RS/GS/JS m

RAM DATA HOLD CHARACTERISTICS AT LOW SUPPLY VOLTAGE

Specification ,
Item Symbol Condition Unit
‘ Min. | Typ. | Max.
Data Holding Supply Voltage VCCH VIN =0V or Vgg, ALE =0V 2.0 - - v
) . Vce = VeCeH. ALE=0 _
Data Holding Supply Current IcCH VIN =0V or Vee 0.05 20 | u
Set-up Time . tsu 30 - - ns
Hold Time tR : 20 - - ns

Two ways to place d_e\_/ice in standby mode:
(1) Method using CE

tsu
-— Standby mode tR=-]
sy _vce
45V e o e e e o e | e e e e e e e e e e el e e [ e e o o e
VCCH oo o o o e o o oo e o)
ALE
08V —floem e ——— ———— — —— — v s e > — - —— o N -
ov / N~
\ | T1AL
2_2\/ ——-——-——————) T G— — —— — — W — — _— — — — w——
CE
VCCH = e e e e =

_‘I‘SU
V,
5V CcC

4.5V = e v . e

S I ———

A —

2.2\ e s ——

VCCH === == —— —

RESET
GND

Note: In this case, the C/S register is reset, the port is set into the input mode, and the timer stops.
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PIN FUNCTIONS

Symbol Function

RESET A high level input to this pin resets the chip, places all three 1/O ports in the input mode,
resets all output latches and stops timer.

ALE Negative going edge of the ALE (Address Latch Enable) input latches ADg~7, I0/M, and
CE signals into the respective latches.

ADg~q Three-state, bi-directional address/data bus. Eight-bit address information on this bus is read
into the internal address latch at the negative going edge of the ALE. Eight bits of data can
be read from or written to the chip using this bus depending on the state of the WRITE or
READ input.

CE When the CE input is high, both read and write operations to the chip are disabled.

10/M A high level input to this pin selects the internal 1/0 functions, and a low level selects the
memory.

RD If this pin is low, data from either the memory or ports is read onto the ADg~1 lines de-
pending on the state of the |O/M line.

WR If this pin is low, data on lines ADg ~7_is written into either the memory or into the seletted
port depending on the state of the I0/M line.

PAg~7 General-purpose 1/0 pins. Input/output directions can be determined by programming the

(PBg~7) command/status (C/S) register.

PCo~s Three pins are usable either as general-purpose 1/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 interrupt)
PC1: A BF (port A full)
PC2: A STB (port A strobe)
PC3: B INTR (port B interrupt)
PC4: B BF (port B buffer full)
PC5: B STB (port B strobe)
TIMEQ IN Input to the counter/timer
TIMER OUT Timer output. When the present count is reached during timer operation, this pin provides

a square-wave or pulse output depending on the programmed control status.

Vee 3—6V power supply

GND GND
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OPERATION ® Two 8-bit 1/0 ports (PA and PB) and a 6-bit 1/O port
v (PC)
Description . . © 14-bit timer counter -
The MSM81C55 has three functions as described The internal register is shown in the figure below,
below. d the 1/O addresses are described in the table below.

® 2K bit static RAM (256 words x 8 bits)

I I
: { 8-bit INTERNAL DATA BUS ( :
| |
| |
| |
| Jcowmano] | e - A p [ e |

g i '
| STATUS TIMER MODE |
' |
| 6 bit 8bit 8 bit I
b | |— - ]

1/0 Address
Selecting Register
A7 | A6 | A5 | A4 | A3 | A2 | A1 A0

x x x x X V] 0 (V] Internal command/status register

x x x x x 0 0 1 Universal 1/0 port A (PA)

x x X x x 0 1 0 Universal 1/O port B (PB)

x x x x x 0 1 1 1/0 port C (PC)

R 3 x x x 1 o[ o Timer count lower position 8 bits (LSB)

x X x x X 1 0 1 Timer count upper position 6 bits and timer mode 2 bits

(MsB)

x: Don‘t care.
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(1) Programming the Command/Status (C/S) Register an 1/O address of xxxxx000. Bit assignments for
The contents of the command register can be the register are shown below:
written during an 1/O cycle by addressing it with

7 6 5 4 3 2 1 0
ITMZITM1I |EBI lEAlPCZlPC1 l PB ] PA]

Definition of PAg~4 } 0= input
= Definition of PBg~4 1 = output

00=ALT1 [See the port

= Definition of PCg~s (1)} : ﬁt;g g:sri.;:ror:wm
10=ALT4 [table.

- Port A interrupt enable } 1 = enabled

Port B interrupt enable 0 = disabled
— 00 = NOP: Does not affect counter operations.

01 =STOP: Stops the timer if it is running.
NOP if the timer is not running.

b Timer command ———— 10=STOP AFTER TC: Stops the timer when it
reaches TC,

NOP if the timer is not
running.

— 11 =START: If the timer is not running, loads the
mode and the count length, and
immediately starts timer operation.

If the timer is running, loads a new
mode and the count length, and starts
timer operation immediately after TC

is reached.
Port Control Assignment Table
Pin ALT1 ’ ALT2 ALT3 ALT4
PCo Input port Output port A INTR A INTR
PC, Input port Output port A BF A BF
PC, Input port Output port ASTB ASTB
PCj Input port Output port Output port B INTR
PC,4 Input port Output port Output port B BF
PCs Input port - Output port Output port BSTB
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(2) Reading the C/S Register

The 1/0 and timer status can be accessed by
reading the contents of the Status register located

at 1/O address xxxxx000. The status word format

is shown below:

AD; ADg ADs AD4

AD; AD, AD; AD

INTE B INTR| INTE A |INTR
D<rmer "0E] o ("5 " ™a| &

Port A interrupt request

——— Port A buffer full
t——————— Port A interrupt enable

Port B interrdpt 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 C/S register is read
or a hardware reset occurs.

(3) PA and PB Registers

These registers may be used as either input or out-
put ports depending on the programmed contents
of the C/S register. They may also be used either
in'the basic mode or in the strobe mode.
1/0 address of the PA register: xxxxx001
1/0O address of the PB register: xxxxx010

(4) 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 C/S register. The 1/0
address of the PC register is xxxxx011.

(5) Timer

The timer is a 14-bit down counter which counts
TIMER IN pulses.
The low order byte of the timer register has an 1/0
address of xxxxx100, and the high order byte of
the register has an 1/O address of xxxxx101.
The count length register (CLR) may be preset
with two bytes of data. Bits O 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.

IT’hTMl [TTlalTnJ TuJT‘lo] To llsl

J S—

Output mode  High order 6 bits of count length

[T [TelTs[Ta[Ts[Ta[ T [ To]
| S J

Low order byte of count length
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0 0 Outputs a low-level signal in the latter
half (Note 1) of a count period.

0o 1 Outputs a low-level si‘gnal in the latter
half of a count period, automatically
loads the programmed count length,
and restarts counting when the TC value
is reached.

1 0 Outputs a pulse when the TC value is
reached.

1 1 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 (9), a high level is output during
the first period of five, and a low level is
output during the second period of four.

Note 2: If an internal counter of the MSM81C-
55RS/GS receives a reset signal, count
operation stops but the counter is not
set to a specific initial value or output
mode. When restarting count operation
after reset, the START command must
be executed again through the C/S
register.

Note that while the counter is counting, you may
load a new count and mode into the CLR. Before
the new count and mode will be used by the
counter, you must issue a START command to the
counter.

Please note the timer circuit on the 81C55 is
designed to be a square-wave timer, not a event
counter. To achieve this, it counts down by twos
twice in completing 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 I[N pulse required to
complete the timer cycle if desired. To obtain the
remaining count, perform the following operations
in order:

s X
e

s
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1. STOP the counter Note: If you started with an odd count and
2. Read in the 16bit value from the you read the count registers before the
count registers. third count pulse occurs, you will not be
3. Reset the upper two mode bits able to recognize whether one or two
4. Reset the carry and rotate right one counts have occurred. Regardless of this,
position all 16 bits through carry the 81C55 always counts out the right
5. If carry is set, add ¥ of the full origi- number of pulses in generating the
nal count (% full count-1 if full count TIMER OUT waveforms.
is odd).
TIMER IN |||I|llllllll'|||||||||
o L
WR n=5 START 1 | T T | T |
s ‘s | 3l a2 5 s
I T B I *
TIMER OUT (SQUARE WAVE) | | i l | I
| ——
TIMER OUT (PULSE)
| | | | | | |
! ' I | I | | |
i | | ] ! | L |
WR n=4 START | | I I | | | I
| 5 I 3 I 4 | 2 | 5 | 3 | 4
l : | (TC) " |
TIMER OUT (SQUARE WAVE)
I [ S——
1 ! ! | | '
TIMER OUT (PULSE) | | } L | I L_
Note: n is the value set in the CLR.
Figures in the diagram refer to counter value.

(6) Standby Mode (see page 7) should be set low. Otherwise, a buffer should be
The MSM81C55 is placed in standby mode when added to the timer output and the battery should
the high level at the CE input is latched during the be connected to the power supply pins of the
negative going edge of ALE. All input ports and buffer.
the timer input should be pulled up or down to By setting the reset input to a high level, the stand-
either Vo or GND potential. by mode can be selected. In this case, the com-
When using battery back-up, all ports should be mand register is reset, so the ports automatically
set low or in input port mode. The timer output set to the input mode and the timer stops.
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MSM82C12RS/GS

8-BIT INPUT/OUTPUT PORT

GENERAL DESCRIPTION

The MSM82C12 is an 8 bit input output port employing 3 u 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 MSM80OC85A CPU or similar processors using multiplexed address/data bus line.

FEATURES

® Operated on low power consumption due to silicon
gate CMOS.

® 3V ~ 6 V single power supply

@ Full static operation

o Parallel 8-bit data register and buffer

® Provided with an interrupt generating function
through the adoption of a service request flip-flop

CIRCUIT CONFIGURATION

o Equipped with a clear terminal which operates asyn-
chronously

o TTL compatible

® 24-pin DIP (MSM82C12RS)

® 24-pin flat package (MSM82C12GS)

® Functionally compatible with the 8212

i Service Request Flip-flop
DST — D% '
, Lo — E e
-+— INT
DS2 —
MD T [- — Data Latch
_— Output Buffer
sTB ——I
l,ﬂ__/j_..{'
Dh T D Q| B“'—'— DO,
| CR] | |
| ! !
l —
DI, o Llr : DO,
|
Dij3 + DQ ‘+‘3—‘—— DOj
I Hcr]l| :
|
Dls L ol i oo,
| Her : I
I
Dis -Hpa +$—r- DOs
| cril | :
Dlg : 5 +$—:—— DO
| |
Dl +—{6a 4&—}—— DO,
X : crj|! |
Dlg +oa —;—B+,— DOg
| CR | |
—-— |
LR e T g
‘ ‘ [ B
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PIN CONFIGURATION

MSM82C12RS (Top View) 24 Lead Plastic DIP MSM82C12GS (Top View) 24 Lead Plastic Flat Package
=i T Edve o1 —:O
_— DS1 ——1 24— Ve
MDE 23] INT MD ——2 23— INT
DIIE @Dls Dy —3 22— Dlg
4 DOy —/T4 21F—=DO0g
DO, E ZI DOs Dl,——s5 20— DI,
o1, ] 20] 01, O—— é 19f—= DO,
DI —7 —— DI
0o, [6] 9] oo, ? e ,
MSM82C12RS DOs=——8 &» 17F=—=D00
D|3|Z EDI(, Dig=——9 @ 16— Dl
DO; [8] [17) Do, DO, =—={10 15f=—= D05
sTB——11 14— CLR
D14 [9] ~ [elors GND =12 13F==s2
DO, 19 [15] DO
sT8 [11] 14 cCr
GND [12) [13] bs2
PIN DESCRIPTION
Pin Name Item Input/Output Function
DI, ~Dlg | Datainput Input These pins are 8-bit data inputs. The data input is connected
to the input D pins of the 8-bit data latch circuit built inot
the device.
DO; ~DOg | Data output Output These pins are 8-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).

MD Mode input Input This pin is a clock input for the data latch. It is also used to
: reset the internal service request flip-flop at the same time.

STB Strobe input Input, This pin is a clock input for the data latch. It is also used to
reset the internal service request flip-flop at the same time.
DS1, DS2 Device select Input The AND of these two input functions make the status
input control of output buffers or becomes a clock input to the

data latch. It also functions to perform set/reset of the
internal service request flip-flop.

CLR Clear input Input This pin clears the internal data latch in low level. It also sets
the internal service request flip-flop at this time. The clear is
operated asynchronously to the clock.

INT Interrupt Output This pin is the ouput of the internal service request flip-flop,

output but is inverted to ouptut it in low level operation.

Vce +5V power supply

GND GND
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)

FUNCTIONAL DESCRIPTION

Output Buffer Status Control and Data Latch Clock
Input

When the input MD is at high levei, the ouptut
buffer is enabled and the device select input (DS1.DS2)
becomes the clock input to the data latch. When the
input MD is in low level, the status of the output buffer
is determined by the device select input (DS1.DS2) (the
output buffer is enabled when (DS1.DS2) is in high
level). At this time, the input STB becomes the clock
input to the data latch.

Service Request Flip-flop

The service request flip-flop is used to generate and
control the interrupt for the CPU when the MSM82C12
is used as an input/output port in a microcomputer
system. The flip-flop is set asynchronously by input
CLR. When the flip-flop is set, the system is in non-
interrupt status.

MD | (DS1-DS2) | STB DO; ~ DOg

0 0 0 High impedance status
(] 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 Datain

1 1 1 Data in

ABSOLUTE MAXIMUM RATINGS

CLR |((DS1-Ds2)| sTB Q INT
0 (] (] 1 1
0 1 0 1 0
1 1 1 1 0
1 1 0 1 0
1 0 1 1
1 ) 1 0 0
Clear

When the clear input becomes low level, the inter-
nal data latch is cleared irrespective of the clock and
becomes low level.

Limits
Parameter Symbol Conditions ! . Unit
MSM82C12RS MSM82C12GS
Supply Voltage Vee With -05to+7 v
Input Voltage VIN respect -0.5 to Vgc+0.5 \]
Output Voltage VouTt to GND -0.5 to V¢c+0.5 \
Storage Temperature Tstg ~55 to +150 °c
Power Dissipation Pb Ta=25°C 0.9 | 0.7 w
OPERATING RANGE
Parameter Symbol Limits Unit
Supply Voltage Vee 3to6 \
Operating Temperature Top -40 to +85 °C
RECOMMENDED OPERATING CONDITION
Parameter Symbol Min, Typ. Max. Unit
Supply Voltage Vce 45 5 5.5 \
Operating Temperature Top 40 +25 +85 °C
“L" Input Voltage ViL -0.3 +0.8 Vv
“H" Input Voltage ViH 2.2 Vce +0.3 \Z
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DC CHARACTERISTICS

Parameter Symbol Conditions Min. Typ. Max. Unit
“L" Output Voltage VoL loL =4mA 04 v
’H” Output Voltage VoH IoH = -4mA 3.7 \Z
Input Leak Current '] 0SVINSVce Vee =5‘;\~/5V -10 10 HA
to 5.
Output Leak Current ILo 0= VouTs Ve Ta=-40°C -10 10 A
ViH2Vce -0.2v to +85°C
i =
Supply Current (Standby) CcCs ViL 0.2V 0.1 100 uA
Average Supply Current _
(active) Icc f=1MHz 1 mA
AC CHARACTERISTICS
(Vce = 4.5 ~ 5.5V, Ta=-40°C +85°C)
Parameter Symbol Min. Typ. Max. Unit Remarks

Pulse Width . tpw 30 ns

Data to Output Delay tpD 20 45 ns

Write Enable to Output Delay tWE 31 60 ns

Data Set Up Time t 15 ns

SET Load 30pF

Data Hold Time tH 30 ns

Clear to Output Delay | tc 19 40 ns

Reset to Output Delay tR 21 45 ns

Set to Output Delay ts 25 45 ns

Output Enable Time te 52 920 ns Load 20pF +

Output Disable Time , tp 30 55 ns 1kQ

Note: TYP is measured where Voc =5 V and Ta = 25°C.
Timing is measured where VL = VH = 1.5V in both input and output.
tg and tp are measured at Vo + 0.5V or Vo — 0.5V when the two are made into high impedance status.

OUTPUT CHARACTERISTICS (DC Characteristics Reference Value)

(1) Output “H” voltage (Vou) vs. (2) Output ““L" voltage (VoL ) vs.
output current (Ig) output current (I )

4 Ta = -40~+856°C T
Ve =5.0v

Ve = 5.0V
Ta = -40~+85°C

Output “H"’ voltage VoH (V)
w

Output “'L” voltage Vo (V)
w

o -1 -2 -3 -4 -5 0 1 2 3 4 5
Output current Ig (mA) . Output current Igg_ (mA)

Note: The direction of flow in is taken as positive for output current.
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OUTPUT CHARACTERISTICS (AC Characteristics Reference Value)

(1) tpp vs, load capacitance

60
50
z z Ve = 4.6V
£ 4 Vec=45V| = 40 FVcc = 50V
T =~ _lvcc =50V o] .~ Vee = 5.5V
g L EVCG = 5.5V 4 "
:6 30 ] 7 == :é 30 —Z
s ’/.’ ’/ s P>
20%“/ . 20
(Ta=25°C) (Ta=25"C)
10 10
1] 200 400 600 0 200 400 600
Load capacitance C_ (pF) Load capacitance C_ (pF)
(2) tpp and tyE vs. supply voltage
s i
40 40
WE
I —— S,
(DS1 - DS2) \\
N -
g 30 Rl \" ~— E 30
- WE -
T (STB) - I
<
& I T~< £ \
= tpp o~ w . tPD
g2 —— LR S = we—
S a twe | (OS1 -Ds2)
s - & (STB)
Ta=25C
C_= 30pF
1
0 10 Ta=25°C
CL = 30pF
4 4
4 5 6 4 5 6
Supply voltage Vo (V) Supply voltage Vg (V)
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TIMING CHART

Data Latch Operation

tSET ——ed=a-tH ASET o tH
DI '

(SDIS% .DS2) 1 \ / N\

DO jv
(tm E) tWE 7]

(tpLH)
tPW - tPW

Gate Buffer Operation

o / N
— —

DO
tpD . tPD
(tpLH) (tpu)
Interrupt Operation
(BS1 - DS2) /T/
iNT

P tPW
sTB \

2
Q
o
Ve
N

2]
Ic
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Clear Operation
fe-tpW
R \
DO
fea—o1tC
Output Buffer Enable/Disable (High Imped: S ) O
)
(DS1 - DS2)
§
DO
i
tp tg D {3
(tpL2) (tpzL) (tpHz) (tpzn)
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EXAMPLE OF APPLICATION OF MSM82C12

Address Latch of MSM8OC85A the address bus and data bus by means of the ALE
Used to separate the time division data bus (8 low (Address Latch Enable) signal.
order bits of the address bus and 8-bit data bus) into

ADo P2 50 )
AD; P2 oy
ADa :; Dy
msm 031 0 { pus
gocgsa APars 3
AD; Dy
D18 e
AD, 12 o
Vce
ALE
30
14
CLR
o, oo, Ao)
3 D'z DOz g— Al
Dij D°3 ———A,
2 Di4 MSM DO4 10 Az | Address Bus
16 DI82C12p0; 1_5_A4 > '(D?tls?w order
;3 Dl DO %..__. As
D|7 DO'] A6
22 Dig D03_2_1_____A7
STB MD DS1 7
1 1
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MSM82C37A-5RS/GS/JS

PROGRAMMABLE DMA CONTROLLER

GENERAL DESCRIPTION

The MSM82C37A-5RS/GS/JS, DMA (Direct Memory Access) controller is capable of high-speed data transfer
without CPU intervention and is used as a penpheral 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 A (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 8237A-5.

FEATURES

* Maximum operating frequency of 5 MHz(V = 5 V+10%) * DREQ and DACK input/output logic inversion
* High-speed operation at very low power consumption

due to silicon gate CMOS technology

* Wide power supply voltage range of 3 to 6 V

* DMA address increment/decrement selection

* Memory-to-Memory Transfers

* Channel extension by cascade connection

* Wide operating temperature range from —40° to * DMA transfer termination by EOP input
+85°C * 40-pin DIP (MSM82C37A-5RS)
* 4-channels independent DMA control * 44-pin PLCC package (MSM82C37A-5JS)
* DMA request masking and programming * Intel 8237A-5 compatibility
* DMA request priority function *TTL Compatible
PIN CONNECTIONS
40-pin plastic DIP (top view) 44-pin plastic flat-package (top view)
I
. o
. SlEEBIE sas2afl
il NAAnNnAnANDn
© READY — 144 43 42 41 40 39 38 37 36 35 3113 3 A3
MEMR 3
e HLDA T2 O 32 [ A2
N.C. Apste 33 31 oA
READY Aen E3 4 30 [ A0
HLDA Hra s 29 3 v,
ADSTS Ne e 28 [ NC
AEN é = 27 1 oeo
HRQ cuk s 26 3 osr
= RESET 19 25 [ vs2
ok DACK2 1 0 24 [T ovss
DACK3
RESET I: ‘|‘7 13 14 15 16 17 18 19 20 21 2213 = o8¢
oacez IR IRIRIRIRIRIRIN)
N
DREQ3 §8§§S>gggéﬁ
4 <
‘0REG2 e o000 ae 44-PIN PLCC PACKAGE
DREQ1 (top view)
DREQO & HH ’; < G o X
oo sEERlEdzeezlR .
5 a T 44 43 42 41 40
reapy {7 (@) 30f A3
HLDA[]8 38 A2
ApsTe[}o 37 At
AEN(10 36 ] A0
HRQ Q11 3s5f vee
N.C. (12 34 N.C.
cs 13 33l oso
CLK (J14 32 oB1
4 RESET[J15 31 0B2
DACK2 Q16 301083
DACK3(}17 29{]oB4

18 19 20 21 22 23 24 25 26 27 28

= 9 ~
@

o

0
a

Qg
6 2

8

o

DREQ3
DREQ2
DREQ
DREQ!
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’

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Rating Unit
MSM82C37A-5RS | MSM82C37A5GS | MSM82C37A-5JS
Power supply voltage Vee -0.5 ~ +7 v
Input voltage VN ‘(’;V;\jg respect to -0.5 ~ Voo + 0.5 v
Output voltage VouTt -0.5 ~ Voo + 0.5
Storage temperature Tstg —85 ~ 4150 °C
Power dissipation Pp Ta = 25°C 1.0 0.7 1.0 w
OPERATING RANGES
Parameter Symbol Range Unit
Power supply voltage Vce 3~ 6 \"
Operating temperature Top —40 ~ 85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Maximum Typical Minimum Unit
Power supply voltage Vece 4.5 5.0 \ 5.5 v
Operating temperature Top —40 +25 +85 °c
“’L"" input voltage ViL --0.5 - +0.8 v
’H" input voltage ViH 2.2 - Vecc +05 v
DC CHARACTERISTICS
Parameter Symbol |. Conditions Maximum | Typical | Minimum | Unit
L’ output voltage VoL | IOL=3.2mA - - 04 \"
“H'" output voltage Von | IOH=—-10mA | VCC =~45‘55§ 3.7 — — v
| t leak t . Il oOVSEVINESV ) -1 _ 10 A
npu curren IN CC | 1a=_a0°C 0 M
Output leak current ILO |0V <SVoyTSVee ~+85°c| -10 - 10 MA
Input frequency
Average power supply 5 MHz, whenRESET
current during ICC - —_— 10 mA
operations ViN =0 VivVce,
CL =0pF
Power supply current HLDA = OV,
in standb‘\)/pn:/ode Iccs ViL =0V, - - 10 KA
VIH = VCC
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AC CHARACTERISTICS

DMA (MASTER) MODE

® I/0-MSM82C37A-5RS/GS/JS =

(Ta = -40 ~ +85°C, VcC = 4.5 ~ 5.5V)

Symbol Item MIN MAX Unit Comments
Delay time from CLK falling edge .
TAEL up to AEN leading edge - 200 ns
Delay time from CLK rising edge
— 1 —_—
TAET up to AEN trailing edge 30 ns
TAFAB Delay time from C!_K rising edge . 90 ns .
up to address floating status
TAFC Delay time frc?m QLK nsmg‘edge . 120 ns .
up to read/write signal floating status
TAFDB Delay time from CL'K rising edge - 170 ns —
up to data bus floating status
TAHR Addre.ss valid !\f)ld time to TCY-100 . ns _
read signal trailing edge
TAHS Da?a. valid hold time to ADSTB 30 . ns .
trailing edge
TAHW Ad.dres's valid ho.ld time to TCY-50 . ns .
write signal trailing edge
Delay time from CLK falling edge
up to active DACK - 170 ns (Note 3)
Delay time from CLK rising edge
lallic — Not
TAK up to EOP leading edge 170 ns (Note )
Delay time from CLK rising edge 170 ns
up to EOP trailing edge - -
TASM Time from.CLK rising edge up to . 170 ns o
address valid
TASS Dafa. set-up time to ADSTB ‘ 100 . ns .
trailing edge
TCH Clock high-level time 68 —_— ns (Note 6)
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'

Symbol Item MIN MAX ‘ Unit Comments.
TCL Clock low-level time 68 —_ ns (Note 6)
TCY CLK cycle time 200 —_ ns
Delay time from CLK rising edge
—_ N
Toct to read/write signal leading edge 190 ns {Note 2}
TDCTR Delay tirf\e from .(?LK rising edge _ 190 ns (Note 2)
to read signal trailing edge
TDCTW Delay time from CLK rising edge — 130 ns {Note 2)
to write signal trailing edge
Delay time from CLK rising edge . .
Tba to HRQ valid 120 e
) EOP leading edge set-up time to -
- TEPS CLK falling edge 40 ns
TEPW EOP pulse width 220 — ns —
Delay time from CLK rising edge .
TFAAB to address valid - 170 ns
Time from CLK rising edge up to .
TFAC active read/write signal _ 150 ns
TFADB Delay tlmg from CLK rising edge _ 200 ns .
to data valid
HLDA valid set-up time to
THS CLK rising edge 7% - ns
TIDH |n9\ft data hold time to MEMR 0 . ns .
trailing edge
TIDS . Inrfu't data set-up time to MEMR 170 o ns .
trailing edge
TODH Ou.tput data hold time to MENW 10 o ns _
trailing edge :
Time from output data valid to
Tobv MEMW trailing edge 125 — ns —
Tas DREQ set-up time to CLK falling 0 . ns - (Note 3)
edge
TRH READY hold time to CLK falling 20 - ns o
edge
RS READY set-up time to CLK falling 60 e ns .
edge
Delay time from CLK rising edge
TSTL to ADSTB leading edge - 130 ns -
Delay time from CLK rising edge
TSTT to ADSTB trailing edge - 0 ns —
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SLAVE MODE
(Ta=-40 ~ +85°C, Vgc = 45 ~ 5.5V)
Symbol Item MIN MAX Unit Comments
TAR Tumfa from addrgvahd f)r cs 50 . ns o
leading edge to IOR leading edge
TAW Adf:!ress valid set-up time to IOW 130 o ns .
trailing edge
CS leading edge set-up time to
Tcw iy — —
¢ IOW trailing edge 130 ns
TDW DaFé valid set-up time to IOW 130 . ns .
trailing edge
TRA Ad.d.ress or CS hold time to 1OR 0 . ns .
trailing edge
TRDE Data access time to IOR leading . 140 ns o
edge
TROF Delay time to' cfata floating status 0 70 ns o
from IOR trailing edge
Supply power leading edge set-up
TRST — : —
RSTD time to RESET trailing edge 500 ns
Time to first active IOR or IOW .
TRSTS from RESET trailing edge mey ns !
TRSTW RESET pulse width 300 — ns —
TRW I0R pulse width 200 - ’ ns —
TWA Address hold time to TOW trailing 2 . ne .
edge
TWC CS.t.ralhng edge hold time to IOW 20 . ns -
trailing edge
TWD Data hold time to 1OW trailing edge 30 — ns -
TWWS 1OW pulse width 160 - ns -
Note:
1. Output load capacitance of 150 (pF).
2.  IOW and MEMW puise widths of TCY-100 (ns) for normal writing, and 2TCY-100 (ns) for éxtended writing.
IOR and MEMR pulse widths of 2TCY-50 (ns) for normal timing, and TCY-50 (ns) for compressed timing.
3. DREQ and DACK signal active level can be set to either low or high. In the timing chart, the DREQ signal
has been set to active-high, and the DACK signal to active-low.
4.  When the CPU executes continuous read or write in programming mode, the interval during which the read
or write pulse becomes active must be set to at least 400 ns.
5. EOP is an open drain output. The value given is obtained when a 2.2 kohm pull-up resistance is connected
to VCC. ’
6. Rise time and fall time is less than 10 ns.
7.  Waveform measurement points for both input and output signals are 2.2 V for HIGH and 0.8 V for LOW,

unless otherwise noted.

205




= 1/0-MSM82C37A-5RS/GS/JS =

TIME CHART

RESET TIMING

Y
e ; TRSTD
TRSTW.
RESET ¢ 1&
m' |0—W_ ‘-‘——TRSTS —o'
SLAVE MODE WRITE TIMING
. TCW
@ \ 4
i ¥
—] '. TWC
TWWS s
10W \
k /
TAW — [‘— TWA
4
A0~ A3 y Input valid address
~
—] le— TWD
TDW
DBO ~DB7 Input valid data .K

' SLAVE MODE READ TIMING

AO~A3 Input valid address '&
5
i‘TA le— TRA
TRW {
10R

TROE TRDF ——]

s —

DBO~DB7 1 Output valid data r—
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DMA TRANSFER TIMING

- AAARRAAT AH 7
S/ - e | T

HLDA LI AW
TAEL .--l TAET
AEN i
4 TSTT
TSTL |wred P
ADSTB »
Rl
lat—er| TASS
TEADB || ﬂ TAHS °
DBO ~ DB7 4f a~A1
TASM
TEAAB [=—f) =i TAFAB
TAFDB TAH )
-5 o | [ X T
[—~{TAHR |
ya TAK AK ==
L)
DACK 4
TRAC oo
TDCTR leed TAFC
fOR, MEMR i r \ by /N
1D
[=—a TOCTW
iOW, MEMW < )\ ;/,\
B TAK | TA
— (Extended write) H k
Internal EOP (output) 4

TEPS—= |-

« TEPW
External EOP (input) ¥ \ } } } }} i} E } }} /
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MEMORY TO MEMORY TRANSFER TIMING

SO s
CLK

rsTy,

ADSTB

i

TSTT

$12 $13 S14 s21 8§22 SZi{jﬂr{_S/l

TFAABF‘-—-—

_.] I.. TAHS

(J_

[TST|

TAFAB

‘JTp-{_S

A0~ A7

TFADH

Valid address AQ
4

Valid address AO~ 7

TAFDB

(T

Data

DBO~DB?7

TFAC|
fretef

MEMR

8~A15]

TDC

NAAMNY input 3
oo

TFA

TAFDB, I
|
(g~ i F Daa
DBFAS A15 output  _f]

F=TIDH

[TODV TOD

TAFC

l=TIDS

TOCTW

TAK|

Internal EOP
foutput)

External EOP

BN

TEPS oy

—
TEPW

(/1)

(input)

AN\

READY TIMING

I0R, MEMR

A

rDCL

AT

TDCTR

1

[IDC

IOW, MEMW

TN
" [peL
\

(Extended
write

x

— " 1 IRA _

TRS

READY

RH

= TRS

L//F

LU
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- COMPRESSED TRANSFER TIMING

s2 sS4 S2 S4
CLK F 3( 7
TASM TASM
A0~ A7 Valid addreﬁs
T )
TOCL | [TDCTR TOCL| TDCTR
—_— - -
JOR., MEMR ] Y,
TDCTW TDCL TDCTW
I0W, MEMW 7 1:
— TRH .
TRS — ] ;.-r; = Tl;S_T RH
‘ %N\
READY ] )
COTAK TAK |

Internal EOP
(output)

TEPS —| |—

TEPW

External EOP \\\
(input) .

16
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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.

Chip select

Input

CS is active-low input signal used for the CPU

‘to select the MSM82C37A-5 as an |/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 1/0
devices when this input is switched to low
level. Note this input must not change within the
prescribed set-up/hold time.

HLDA

Hold
acknowledge

Input

HLDA is active-high input signal used to indicate
that system bus control has been released when
a hold request is received by the CPU.

DREQO ~ DREQ3

DMA request
0 ~ 3 channels

Input

DREQ is asychronous DMA transfer request
input signals. Although these pins are switched
to active-high by reset, they can be programmed
to become active-low. DMA requests are received
in accordance with a prescribed order of priority.
DREQ must be held until DACK becomes active.

DBO ~ DB7

Databus0 ~ 7

Input/
output

L)

DB is bidirectional three-state signals connected
to the system data bus, and which is used as
an input/output of MSMB82C37A-5 internal
registers during idle cycles, and as an output
of the eight higher order bits of transfer addresses
during active cycles. Also used as input and
output of transfer data during memory-memory
transfers.

/O read

Input/
output

10R is active-low bidirectional three-state signal
used as an input control signal for CPU reading
of MSM82C37A-5 internal registers during idle
cycles, and as an output control signal for reading
1/0 device transfer data in writing transfers
during active cycles.

1/0 write

Input/
output

TOW is active-low bidirectional three-state signal
used as an input control signal for CPU writing
of MSM82C37A-5 internal registers during
idle cycles, and as an output control signal
for writing 1/O device transfer data in writing
transfers during active cycles.
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Symbol

Pin name

Input/
output

Function

End of process

Input/
output

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 O000H to
FFFFH.

And DMA transfers can be terminated by pullihg
the EOP input to low level. Both of- these
actions are called terminal count (TC).

When an internal or external EOP is generated,
the MSMB82C37A-5 terminates the transfer
and resets the DMA request.

When the EOP pin is not used, it is necessary
to hold the pin at high level by pull-up resistance
to prevent the input of an EOP by error. Also
note that the EOP function cannot be satisfied
in cascade mode.

A0 ~ A3

Address 0 ~ 3

Input/
output

AO~AS3 is bidirectional three-state signals used
as input signals for specifying the MSM82C37A-5
internal register to be accessed by the CPU during
idle cycles, and as an output the four lower
order bits of the transfer address during active
cycles.

A4 ~ A7

Address 4 ~ 7

Output

A4~A7 is three-state signals used as an output
the four higher order bits of the transfer address
during active cycles.

HRQ

Hold request

Output

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 HLDA becomes active.

DACKO ~ DACK3

DMA
acknowledge
0 ~ 3 channels

Output

DACK is output signals used to indicate that
DMA transfer o peripheral devices has been
permitted. (Available in each channel.)

Although these pins are switched to active-low
when reset, they can be programmed to become
active-high.

Note that there is no DACK output signal during
memory-memory transfers.

AEN

Address enable

Output

AEN is active-high output signal used to indicate
that output signals sent from the MSM82C37A-56
to the system are valid. And in addition to
enabling external latch to hold the eight higher
order bits of the transfer address, this signal
is also used to disable other system bus buffers.
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Symbol Pin name Input/ Function
output

ADSTB Address strobe Output ADSTB is active-high signal used to strobe
the eight higher order bits of the transfer address

! by external latch.

MEMR Memory read Output MEMR is active-low three-state output signal
used as a control signal in reading data from
memory during read transfers and memory-
memory transfers.

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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.FIF

request

External DMA

Internal/
external DMA
gquest

memaory-memory

transfer

Compressed
timing

Internal/
external EOP

Single
transfer

Demand

Carry or borrow

Fig. 1 DMA op

e Y
External EOP -

Internal/

external EOP

Note: Y.... Yes (Active)
N. ... No (Inactive)
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OUTLINE OF FUNCTIONS

The MSM82C37A-5 consists of five blocks = three logic sections, an internal register section, and a coun-
ter section.

The logic sections include a timing control block where the internal timing and extemal 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 MSM82C37A-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 S| 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 IOR or IOW. Programming details are described later.

ACTIVE CYCLE

If a DMA request is received in an unmasked channel while the MSM82C37A-5 is in an idle cycle, or if a software
DREQ is generated, the HRQ is changed to high level to commence an active cycle. The initial state of an active
cycle is the SO state which is repeated until the HLDA input from the CPU is changed to high level. (But because
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high level
by the CPU after the HRQ has become high level. That is, the SO state must be repeated at least twice.)

 After the HLDA has been changed to high level, the SO state proceeds to operational states S1 thru S4 during
1/O-memory transfers, or to operational states S11 thru $14 and S21 thru $24 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

MSM82C37A-5 transfers between an 1/O and memory devices, or transfers between memory devices. The three
types of transfers between 1/O and memory devices are read, write, and verify.

1/0-MEMORY TRANSFERS

The operational states during an |/O-memory transfer are S1, §2, $3, and $4.

In the S1 state, an AEN output is changed to high level to indicate that the control signal from the
MSM82C37A-5 is valid. The eight lower order bits of the transfer address are obtained from AO thru A7, and the
eight higher order bits are obtained from DBO thru DB7. The ADSTB output is changed to high level at this time
to set the eight higher order bits in an external address latch, and the DACK output is made active for the channel
where the DMA request is acknowledged. Where there is no change in the eight higher bit transfer address during
demand and block mode transfers, however, the S1 state is omitted.

In the S2 state, the IOR or MEMR output is changed to low level.

In the S3 state, IOW or MEMW is changed to low level. Where compressed tnmmg is used, however, the S3
state is omitted.

The S2 and S3 states are I/mmory |nput/output timing control states.

In the S4 state, iOR, IOW, MEMR, and MEMW are changed to high level, and the word count register is
decremented by 1 while the address register is incremented (or decremented) by 1. This completes the DMA transfer
.of one word.

Note that in I/O-memory transfers, data is transferred directly without being taken in by the MSM82C37A-5.
The differences in the three types of 1/O-memory transfers are indicated below.
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READ TRANSFER

Data is transferred from memory to the 1/O devicé by changing MEMR and IOW to low level. MEMW and I0R
are kept at high level during this time.

WRITE TRANSFER

Data is transferred from the I/O device to memory by changing MEMW and iOR to low level. MEMR and 10W
are kept at high level during this time.
Note that writing and reading in these write and read transfers are with respect to the memory.

VERIFY TRANSFER

Although verify transfers involve the same operations as write and read transfers (such as transfer address
generation and EOP input responses), they are in fact pseudo transfers where all 1/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 (S11
thru S14) for reading from memory, and four states (S21 thru $24) for writing into memory. These states are”
similar to I1/0-memory transfer states, and are distinguished by using two-digit numbers.

In memory-memory transfers, channel O 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 O ad-
dress is read from the memory when MEMR is made active, and is taken in the MSM82C37A-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 O and channel 1 addresses subsequently in-
cremented (or decremented) by 1, and channel O, 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 ho DACK output signal during this transfer.

The following preparations in programming are requiring to enable memory-memory transfers to be started.

COMMAND REGISTER SETTING

Memory-memory transfers are enabled by setting bit 0. Channel O 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 O and 1. Memory-memory transfers are always executed
in block transfer mode.

REQUEST REGISTER SETTING

Memory-memory transfers are started by setting the channel O request bit.

MASK REGISTER SETTING

Mask bits for all channels are set to prevent selection of any other channel apart from channel 0.

WORD COUNT REGISTER SETTING

The channel 1 word count is validated, while the channel 0 word count is disregarded.
In order to autoinitialize both channels, it is necessary to write the same values into both word count registers.
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DESCRIPTION OF OPERATION MODES

SINGLE TRANSFER MODE

In single transfer mode, only one word is transferred, and the addresses are incremented (or decremented)
by 1 while the word count is decremented by 1. The HRQ is then changed to low level to return the bus control
to the CPU. If DREQ remains active after completion of a transfer, the HRQ is changed to low level. After the
HLDA is changed to low level by the CPU, and then changes the HRQ back to high level to commence a fresh
DMA cycle. For this reason, a machine cycle can be inserted between DMA cycles by the CPU.

BLOCK TRANSFER MODE

Once a DMA transfer is started in block mode, the transfer is continued until terminal count (TC) status is
reached.

If DREQ remains active until DACK becomes active, the DMA transfer is continued even if DREQ becomes
inactive.

DEMAND TRANSFER MODE

The DMA transfer is continued in demand transfer mode untiL DREQ is no longer active, or until TC status is
reached. )

During a DMA transfer, intermediate address and word count values are held in the current address and current
word count registers. Consequently, if the DMA transfer is suspended as a result of DREQ becoming inactive before
TC status is reached, and the DREQ for that channel is then made active again, the suspended DMA transfer is
resumed.

CASCADE TRANSFER MODE ‘ )
When DMA transfers involving more than four channels are required, connecting a multiple number of

MSM82C37A-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 DREQ and DACK lines for the first stage
MSM82C37A-5 channel set to cascade mode are connected to the HRQ and HLDA lines of the respective
MSM82C37A-5 devices in the second stage. The first stage MSM82C37A-6 DACK signal must be set to active-high,
and the DREQ 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 DREQ 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 DREQ, do not set a software DREQ for channels
where cascade mode has been set.

In addition to the dual stage cascade connection shown in Figure 2, triple stage cascade connections are possible
with the second stage also set to cascade mode. ’

4
DREQ| .,
0~3 1/0
DACK| 4
0~3 7
HRQ
cPU HRQ DREQ
DACK HLDA
HLDA
DREQ HRQ
DACK HLDA
Stage 1 (E))..R.%Q 4
MSM82C37A-5 /0
a4
DACK /
0~3
Stage 2
MSM82C37A-5
Fig. 2 MSM82C37A-5 cascade connection system
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AUTOINITIALIZE MODE

Setting bit 4 of the mode register enables autoinitialization of that channel. Following TC generation, au-
toinitialize involves writing of the base address and the base word count register values in the respective current
address and current word count registers. The same values as in the current registers are written in the base
registers by the CPU, and are not changed during DMA transfers.

When a channel has been set to autoinitialize, that channel may be used in a second transfer without involving
the CPU and without the mask bit being reset after the TC generation.

PRIORITY MODES

The 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 O has the highest priority, followed by channel 1, 2, and 3 in that order.

ROTATING PRIORITY MODE
In rotating priority mode, the order of priority is changed so that the channel where the current DMA transfer
has been completed is given lowest priority. This is to prevent any one channel from monopolizing the system.
The fixed priority is regained immediately after resetting.
~
Table 1 MSM82C37A-5 priority decision modes

Priority mode Fixed Rotating
Service terminated channel - CHO CH1 CH2 CH3
Highest CHO CH1 CH2 CH3 CHO
Order of priority CH1 CH2 CH3 CHO CH1
for next DMA CH2 CH3 CHO CH1 CH2

Lowest ’ CH3 CHO CH1 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 (if permitted by system structure) for two or three clock cycle DMA transfers. |f 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 S4. This mode is disregarded if the transfer is a memory-memory transfer.
transfer.

EXTENDED WRITING

When this mode is set, the {OW 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 |/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 long, the CPU is accessed by the MSM82C37A-5 eight bits at a time, therefore necessitating two successive
8-bit (lower and higher order bits) reading or writing operations usiné internal first/last flip-flops.

When autoinitialize has been set, the register is-automatically initialized to the original value after TC.

CURRENT WORD COUNT REGISTER

Each channel is also equipped with a 16 bit-long current word count register where the transfer count is
held during 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 first/last 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 16-bit long base address register and base word count register where the
initial value of each current register is held. The same values are written in each base register and the current
register by the CPU. The contents of the current register can be made ready by the CPU, but the content of the
base register cannot be read.

COMMAND REGISTER
This 8-bit write-only register prescribes DMA operations for all MSM82C37A-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.
DREQ and DACK signals may be active high or active low by setting DB6 and DB7.

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO

I | 0 : Memory-memory transfer disabled

1 : Memory-memory transfer enabled

0 : Channel 0 address hold disabled

1 : Channel 0 address hold enabled
(Invalid when DBO = '0*")

0 : Controller enabled

1: Controller disabled

0 : Normal timing

1: Compressed timing
(Invalid when DBO = “1"")

0: Fixed priority

1 : Rotating priority

0 : Normal write pulse width

1 : Extended write pulse width

0 : DREQ sense active “H"’
1: DREQ sense active “L"

0 : DACK sense active "L"
1 : DACK sense active “H"’

Fig. 3 Command register
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MODE REGISTER

Each channel is equipped with a 6-bit write-only mode register, which is decided by setting DBO, DB1 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.

DB7 | DB6

DB5

DB4

DB3-

DB2 | DB1 DBO

00 : Channel O selected
01 : Channel 1 selected
10 : Channel 2 selected
11 : Channel 3 selected

00 : Verify transfer
01 : Write transfer

10 : Read transfer
11 : Disabled
(Invalid when DB6-DB7 = “11")

{0: Auto initialize disabled
1 : Auto initialize enabled

0 : Address increment (+1) selected
1 : Address decrement (—1) selected

00 : Demand transfer mode selected
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 O re-
quest bit is set. The bit description is outlined in Figure 5.

DB7 | DB6

DB5

DB4

DB3

DB2 | DB1 DBO

00 : Channel O selected
01 : Channel 1 selected
10 : Channel 2 selected
11 : Channel 3 selected

0 : Request bit cleared
1 : 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
corresponding mask bit in the mask’ register, and each bit is set when the TC is reached if not in autoinitialize mode.
This mask register can be set in two different ways.

The method for setting/resetting the register for each channel is outlined in Figure 6(a), while the method for

setting/resetting the register for all channels at once is outlined in Figure 6(b).

DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
-
(a) Single mask register (setting/resetting for each channel)
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

(b)  All mask register {setting/resetting of all channels at once)

Fig. 6 Mask register

{

00 : Channel O selected
01 : Channel 1 selected
10 : Channel 2 selected
11 : Channel 3 selected

0 : Mask bit cleared
1 : Mask bit set

Not used

0 : Channel 0 mask bit cleared
1 : Channel 0 mask bit set

0 : Channel 1 mask bit cleared
1 : Channel 1 mask bit set

0 : Channel 2 mask bit cleared
1 : Channel 2 mask bit set

0 : Channel 3 mask bit cleared
1 : Channel 3 mask bit set

Not used
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STATUS REGISTER

This register is a read-only register used in CPU reading of the MSM82C37A-5 status. The four higher order
bits indicate the DMA transfer request status for each channel, ' 1’ being set when the DREQ input signal is active.

The four lower order bits indicate whether the corresponding channel has reached the TC or not,'1’ being
set when the TC status is reached. These four lower order bits are reset by status register reading, or RESET input
and master clearing. A description of each bit is outlined in Figure 7.

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 DBO

I 0 : Channel O has not reached TC
1 : Channel 0 has reached TC

{0 : Channel 1 has not reached TC
1: Channel 1 has reached TC

{0 : Channel 2 has not reached TC
1: Channel 2 has reached TC,

0: Channel 3 has not reached TC
1 : Channel 3 has reached TC

0 : Channel 0 is not requesting
1: Channel O is requesting

: Channel 1 is requesting

0 : Channel 2 is not requesting
1 : Channel 2 is requesting

0: Channel 3 is not requesting
1 h

{0: Channel 1 is not requesting
1
{ : Channel 3 is requesting

Fig. 7 Status register

TEMPORARY REGISTER

The temporary register is a register where transfer data is held temporarily during memory-memory transfers.
Since the last item of data to be transferred is held after completion of the transfer, this item can be read by the
CPU.

o

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 data bus port control. The fact that the lower order bits are accessed
first by the MSM82C37A-5, followed by accessing of the higher order bits, is discerned by the internal first/last
flip-flop. This command resets the first/last flip-flop with the eight lower order bits being accessed immediately
after execution.
MASTER CLEAR

The same operation as when the hardware RESET input is applied. This command clears the contents of
the command, status (for lower order bits), request, and temporary registers, also clears the first/last flip-flop,
-and sets the mask register. This command is followed by an idle cycle.

-CLEAR MASK REGISTER

When this command is executed, the mask bits for all channels are cleared to enable reception of DMA transfers.
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PROGRAMMING

The MSM82C37A 5 is switched to programming status when. the HLDA input and CS are both atlow level. In
this state, TOR is changed to low level with IOW held at high level to enable reading by the CPU, or else 10W is
changed to low level while 10R is held at high level to enable writing by the CPU.

A list of command codes for reading from the MSM82C37A-5 is given in Table 2, and a list of command codes -
‘for writing in the MSM82C37A-5 is given Table 3.

Note: If a. DMA transfer request is received from an 1/O device during MSM82C37A-5 programming, that DMA
transfer may be commenced to prevent proper programming.
To prevent this interference, the DMA channel must be masked, 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 MSM82C37A-5 read commands

_ Internal
CS | IOR| A3 | A2 | A1 | AO first/last ) Read out data
flip/flop
0o 0 [\] (] (V] 0 0 ) Current address 8 lower order bits
o|lolo|o|o]o 1 register 8 higher order bits
; T Channel 0
0 0» 0 0 0 1 0 Current word count 8 lower order bits
oo o] o] o1 1 register 8 higher order bits
0 0 [\] (V] 1 (V] (4] Current address 8 lower order bits
o|lolo|lo|1]o 1 register 8 higher order bits
Channel 1
0o 0 0 0 1 1 0 Current word count '8 lower order bits
olol oo 1|1 1 register 8 higher order bits
0 0 o 1 0 0 0 ‘ Current address 8 lower order bits
0 0 0 1 0 0 1 register - 8 higher order bits
Ch | 2
0 0 0 1 0 1 0 R Current word count 8 lower order bits
ool ol 1] o0 |1 1 register 8 higher order bits
0 0 0 1 1 V] o Current address 8 lower order bits
o|lol ol 1|1 ]o 1 register 8 higher order bits
Channel 3 |
0 0 o 1 1 1 o ) Current word count 8 lower order bits
oolo o | 1] 1|1 1 register 8 higher order bits
0 V] 1 0 0 (1] X Status register
(1] 0 1 1 0 1 X Temporary register
(1] (4] Other combinations X Output data invalid
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_ Internal
CS [IOW| A3 | A2 | Al | AO first/last Written data
flip-flop
0 0 0 0 (V] 0 0 Current and base 8 lower ordervbots
o|lo|lo|ofol]o 1 address registers 8 higher order bits
Channel 0
0 0 0 0 0 1 0 Current and base 8 lower order bits
ol ol o] oo 1 word count registers | g iaher order bits
0 0 0 0 1 0 0 Current and base 8 lower order bits
olo|lo|o|1]o 1 address registers 8 higher order bits
Channel 1
0 0 0 0 1 1 0 Current and base 8 lower order bits
olo|o o] 1] 1 word count registers | g pioher order bits
0 0 0 1 0- 0 0 Current and base 8 lower order bits
olo|lo|1]|0]o 1 address registers 8 higher order bits
Channel 2
0 0 0 1 0 1 0 8 lower order bits
Current and base
ololol1]o ] 1 word count registers | g oher order bits
0 0 0 1 1 0 0 Current and base 8 lower order bits
o|loflo|1]1]o 1 address registers 8 higher order bits
Channel 3
0 0 0 1 1 1 0 Current and bas;e 8 lower order bits
0 0 0 1 1 1 1 word count registers 8 higher order bits
0 0 1 ] 0 0 X Command register
0 0 1 (4] 0 1 X Request register
0 0 1 0 1 0 X Single mask register
[+] 1] 1 0 1 1 X Mode register
0 1] 1 1 [} 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 maskiregister (software command)
(o] 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 3u silicon gate CMOS technology and design-

ed to operate at low power consumption levels.

In systems employing the MSM80C48/49 8-bit 1-chip microcomputers, 4-bit data can be expanded by dividing
between four 1/0 lines by executing the MOVDPp. A, MOVDA, Pp, ANLDPp, A and ORLDPp, A instruttions.

FEATURES

@ 3u silicon gate CMOS technology for low power

consumption

®25 to 6 V single power supply (dependent on

MSMB8O0C 48/49 operating frequency.)
® Fully static operation

® Bidirectional 1/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

ADDRESS
DECODER S

INSTRUC.
DECODER

l

LATCH 4 PORT 4

INPUT
BUFFER

AVa!

LATCH PORT 5

PORT 2 <Z> MUX

Qﬁﬂv

T e

— inpuT
—1BUFFER
- {‘; LATCH | 4 PORT 6
PROG —4CONTROL AMD/OR
LOGIC INPUT
[ p— BUFFER
4
LATCH PORT 7
RESET L]
CIRCUIT
INPUT
BUFFER

PIN CONFIGURATION

MSMB2C43RS (Top View) 24 Lead Plastic DIP

MSMB82C43GS (Top View) 24 Lead Plastic Flat Package

P50 C—] 10 24— vee
PaoC—2 23f==p51
(3] ——F] 22p—=yp52
Pa2c—{4 21f==ps53
P43C—]5 20F=—1P60
[ e [ 19F==1r61
PROGE—]7 18f==1P62
p23c—]8 17p=—0P63
p22c—9 16f==r73
p21c=10 15F==1p72
p20C—{11 1wE=arn
GNDC—]12 13F=2 P70
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ELECTRIC CHARACTERISTICS

® Absolute Maximum ﬁnings

Parameter Symbol Conditions Rating Unit
Supply Voltage Vee Ta=25°C -05~7 v
Input Voltage \7 Ta=25°C -0.3~Vcge v
Storage Temperature Tstg - —65~ +150 °c
o Operating Conditions
Parameter Symbol Conditions Rating Unit
Supply Voltage Vee - 25~6"1 \2
Ambient Temperature Ta - -40 ~ +85 . °C
MOS load 10 -
Fan-out N >
TTL load 32 -
© DC Characteristics (Vcg = 4.0V ~ 6.0V, Ta = -40°C ~ +85°C)
-Parameter Symbol Conditions MIN TYP | MAX Unit
v
“L" Input Voltage ViL -0.5 -  10.13Vcqg v
\"
“H' Input Voltage ViH 0.4Vce - Vee v
“L" Output Voltage Ports 4-7 Voui loL = 5mA - - 0.45 v
“L" Output Voltage Port 7 VoL2 loL = 20mA - - 1 \
“L" Output Voltage Port 2 VoL3 loL =0.9mA - - 0.45 \
"L’ Total Output Current from Ports 4-7 "3 loL SmA/1PIN - - 80 mA,
""H" Output Voltage Ports 4-7 VOH1 IoH = -240pA (0.75Vce| - - \Y
“H'" Output Voltage Port 2 VoHn2 | loH=-100uA [0.75Vce| - - \Y
“H"" Output Voltage Ports 4-7 ‘ VOH1 IoH = -40uA [093Vee| - - v
“H'" Output Voltage Port 2~ VOH2 loH = -20uA |093Vee| - - \%
Input Leak Current”3 It oSvinSvee -10 - 20 rA
Input Leak Current”6 hL2 o0SVinS Vee -10 - 10 uA
Standby stop
No accessing - 5 100 BA
Power Supply Current lcc For continuous
MSM80C49 access- - 1 2 mA
ing at 11 MHz

NOTE: *1 The supply voltage during operation is dependent on MSM80C49 operating frequency.
*2 Except P20 thru P23.
*3 P40 thru P43, P50 thru P53, P60 thru P63, P70 thru P73.
*4 P70 thru P73.
*5 P20 thru P23.
*6 P20 thru P23, CS, PROG.
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® AC Characteristics . (Vg =4.0V ~ 6.0V, Ta=-40°C ~ +85°C)

Parameter Symbol Conditions MIN MAX Unit
Port Control Setting Time (up to PROG Falling Edge) tA 80pF LOAD 50 - ns
Port Control Holding Time (From PROG Falling Edge) tg 20pF LOAD 60 - ns
Output Data Setting Time tc ) 80pF LOAD 200 - ns
Output Data Holding Time - tp 20pF LOAD 20 — ns
Input Data Holding Time tH 20pF LOAD 1] 150 ns
PROG Pulse Width o K - 700 | - ns
CS Valid Time (before and after PROG) - tcs - 50 | - ns
Output Data Valid Time (at Ports 4—7) tpO 100pF LOAD - 700 ns
Input Data Holding Time (at Ports 4—7) tLP1 - 100 - ns
Input Data Valid Time (from PROG Falling Edge) tace 80pF LOAD - 650 ns

TIMING CHART

A
PROG tk ‘ !j
1 tc tp
P20 thru P23 3
(when writing) INSTRUCTION FLOAT DATA FLOAT
t
tacc H
P20 thru P23 ,
(when reading) INSTRUCTION \ OUTPUT DATAX
l o,
P40 thru P43 \
P70 thru P73 PREVIOUS OUTPUT DATA OUTPUT DATA
(when writing)
‘ Pl tLpY
P40 thru P43
! INPUT VALID
P70 thru P73 NPUT VA
{when reading)
e tcs

=\
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PIN FUNCTIONS

Pin Function
PROG Clock input from MSMB80C49. When PROG is changed from “H’’ to “’'L’’, MSM82C43 STARTS
operating in accordance with an order from MSM80C49.
TS Input for chip select. Outputs and internal status cannot be changed when CS is “H"".
P20 — P23 4-bit bidirectional 1/O ports. When connected to P20 thru P23 of MSM80C49, direct data
transfer from port to accumulator and from accumulator to port is possible.
::;g _ ig: 4-bit bidirectional 1/0 ports.
P60 — P63 Data is latched statistically when output to ports, but is only valid while PROG is at *‘L" level
P70 — P73 when input.
Vee +5V power supply
GND GROUND
FUNCTIONS
o Write mode
Execution of MOVDPp, A, ORLDPp, A, ANLDPp, level. When at “H’’ level, ports 4 thru 7 are switched
and A by MSM80C49 enables direct output of accu- to tristate and port 2 is switched to input mode.

mulator contents to ports 4 thru 7, and output to the
ports after ORing or ANDing with port data. The @ Address and instruction code
port data is latched statistically at this time and

remains unchanged until execution of the next instruc- | Instruction P23 P22 Port P21 P20
tion. Read o o Port 4 0o o
o Read mode ‘ Write ] 1 Port 5 0 1
Execution of MOVDA and Pp results in data of ports OR 1 0 Port 6 1 0
4 thru 7 being accepted by the accumulator. Note ’
that port data is valid only while PROG is at “L" AND 11 Port 7 11
© MSM82C43 Multiple connection example -
e [
Al
'_
3]
w
-
w —
pPORTH— © cs cs cs
PROG PROG PROG
2 __| P20 P20 P20
S _p23 [—‘ —p23 —p23
g
& PROG
=
P20
—P23
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OUTPUT CHARACTERISTICS

o Standard DC characteristics e Standard AC characteristics

Output ""H’" voltage (Vo) vs. output current (IgR) tpO. tH. and tACC Vs. power supply voltage (Vcc)
Ta=-40 ~ +85°C Ta=25°C
3 6 ~
Z N~ 700
5 4
S ~ 600 N
-3
£ ? 2 500
"6 ~—
2 2 z
I o 400
g 2 tACC
2 ~ 300
& N tPO
g ° g
0 -1t -2. -3 -4 -5 00
Output current |y (mA) 100
— tH
0
3 5 6
Output “L" voltage (Vg ) vs. output current (ig) Power supply voltage (V)
Ta=-40 ~ +85°C
S 5
_1
o 4
>
@
g 3
]
g
. 2
o
5 T
- o]
3 o =
0 -1 -2 -3 -4 -5
Output current Ig (mA)
Operating frequency vs. power supply voltage (ice)
Ta=25°C
<
£ 2
Q
o
€
g Vee =4.5V ~ 5.5V
> 7
a
-y
2 /
g A
e 0 L Note: The direction which the outpuft current flows
3 9 n through the device is taken as the positive direc-

MSMB0C49 operating frequency (MHz) tion.
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GUARANTEED MSM82C43 OPERATING RANGE

H Ta = -40 ~ +85°C !

l+——Guaranteed operating range —s

- MSM80C49 operating range (MHz)

Power supply voltage (Vo) /
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MSM82C51ARS/GS

UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER

GENERAL DESCRIPTION

The MSM82C51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data
communication.

As a peripheral device of a microcomputer system the MSM82C51A receives parallel data from the CPU
and transmits serial data after conversion. This device also receives serial data from the outside and transmits
parallel data to the CPU after conversion.

The MSM82C51A configures a fully static circuit using silicon gate CMOS technology. Therefore, it oper-
ates on extremely low power at 100 xA (max) of standby current by suspending all operations.

FEATURES

© Wide power supply voltage range from 3 Vto 6 V. @ Error detection (parity, overrun and framing)
© Wide temperature range from ~40°C to 85°C.  28-pin DIP (MSM82C51ARS)

® Synchronous communication upto 64K baud. e 32-pin flat package (MSM82C51AGS)
® Asvnchronous communication upto 38.4K baud. )
o Transmitting/receiving operations under double buf-

fered configuration.

FUNCTIONAL BLOCK DIAGRAM

DATA TRANSMIT
0y-Do BUS BUFFER }— & TxD
BUFFER (P—S)
. i
RESET ——»] L » TxRDY
CLK ——» i
K IREAD/WRIT! TRANSMIT
¢/b ——| conTROL w CONTROL [ TxE
z
BD ——wd LOGIC L, |z —
g - > j«——— TxC
WR —g %)
& —d 3
-
<
’ £
OSR —q = RECEIVE
DTR «——o MODEM z P——
7S —wd CONTROL = B:;Fifa RxD
RTS «——4
|+ RxRDY -
RECEIVE | Bt
™1 conTROL X
le-—» SYNDET/BD
N
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PIN CONFIGURATION
DzE ~/ 28] o1 w6 O
o3[2] 27]00
RxDE 26] Ve
GNDE @n_xc
pa5] 23| BTR
osE E'FTS
DGE 22| OSR
o7[8] 21| RESET
Txc[o 20} cLk
wR (9] 9] TxD
EE 18] TXEMPTY
c/ofi2] 17)cTs
ﬁT)E Esmosﬂao
nxnov@ 5] TxroY

MSM82C51ARS (Top View)
28 Lead Plastic DIP

MSM82C51AGS (Top View)
32 Lead Plastic Flat Package

FUNCTION

Outline

The MSM82C51A’s functional configuration is °

programed by software.

Operation between the MSM82C51A and a CPU
is executed by program control. Table 1 shows the oper-
ation between a CPU and the device.

Table 1 Operation between MSM82C51A and CPU

CS |c/D | 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 1] 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.

by setting a necessary command, reading a status and
reading/writing data.

Write second
sync character
end of mode
setting

Fig. 1 Function-Setting 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

® Stop bit length (asynchronous mode)

® Character length

® Parity bit

@ Baud rate factor (asynchronous mode)

o [nternal/external synchronization (synchronous
mode)

o 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.

D7 06 Ds 04 03 02 D] Do
52 S] EP P E N L2 Ll 82 81
Baud rate factor
0 1 0 1
0 0 1 1
Refer to
Fig. 3 1x 16x 64x
N SYNC
Character length
—_— V] 1 0 1
0. (V] 1 1
5 bits 6 bits 7 bits | 8 bits
Parity check
0 1 V] 1
0 0 1 1
" Odd . Even
Disable parity Disable parity

Stop bit length

1 0 1
0 1 1
Inhibit 1 bit |1.5bits | 2 bits
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Dy Dg Ds Dy D3 D, Dy Do
SCS | ESD EP PEN Ly Ly 0] 0
Character length
0 1 (1] 1
0 0 1 1
5 bits | 6 bits 7 bits 8 bits
Parity
0 1 0 1
0 0 1 1
" Odd . Even
Disable parity Disable parity
Synchronous Mode
0 1
Internal | External
synchro-| synchro-]
nization | nization
No. of synchronous sharacters
0 1
2char- | 1 char-
acters acter
Fig. 3 Bit Config of Mode Instr (Synchronous)
2) Command o Receive Enable/Disable

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

o« DTR, RTS Output of data.
o Resetting of error flag.
® Sending of break characters
o Internal resetting
o Hunt mode (synchronous mode)
The bit configuration of a command is shown
in Fig. 4.
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Dy

D¢

Ds

D4

D3

D,

Do

EH

RTS

ER

SBRK

RxE

DTR

TxEN

1....Transmit Enable
0....Disable

DTR
1>DTR =0

0->DTR=1

1...'.Receive Enable

0....Disable

1....Send break

h
cr

0....Normal operation|

1....Reset error

flag.
0....Normal operation|

RTS

1>RTS=0
0—>RTS =1

1....Internal reset

0....Normal operation

1....Hunt mode

(Note)

(Note)
0....Nomal operation

Search mode for synchronous
characters in synchronous mode.
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Status Word The bit configuration of status word is shown in
It is possible to see the internal status of MSM- Fig. 5.
82C51A by reading a status word.
Dj. D¢ Ds D4 D3 D,y D, Do
SYNDET Tx Rx Tx
DSR |"'gp | FE | OE | PE LMPTY RDY | RDY

Partly different from
TXRDY terminal.
Refer to "Explana-
tion of TXRDY
Terminal.

Same as terminal.
Refer to “Explana-
tion of Terminals.

1....Parity error

1....Overrun error

1....Framing error

Shows terminal DSR.

1..DSR=0
0....DSR =1

(Note) only asyn-
chrnous mode.
Stop bit cannot
be detected.

Fig. 5 Bit Configuration of Status Word
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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, Dg to Dy, RD,
WR and C/D are fixed at Vcc or GND level
(including SYNDET in external syn-
chronous mode).
Note When all output currents are O, ICCS
specification is applied.

Pin Descriptions

Do to D7 (I/0 terminal)

This is bidirectional data bus which receive con-
trol words and transmits data from the CPU and sends
status words and received data to CPU.

RESET (Input terminal)

A '"High’’ on this input forces the MSM82C51A
into ‘‘reset status.’’

The device waits for the writing of ‘‘mode in-
struction.”’

The min, reset width is six clock inputs during
the operating status of CLK.

CLK (Input terminal)

CLK signal is used to generate internal device
timing. _

CLK signal is independent of RXC or TXC.

However, the frequency of CLK must be great-
er than 30 times the RXC and TXC at Synchronous
mode and Asynchronous ‘‘x1’° mode, and must be
greater than 5 times at Asynchronous ‘‘x16’’" and
"’x64’' mode.

WR (Input terminal)

This is the ""active low’’ input terminal which
receives a signal for writing transmit data and con-
trol words from the CPU into the MSM82C51A.

RD (Input terminal)

This is the '‘active low’’ input terminal which
receives a signal for reading receive data and status
words from the MSM82C51A.

C/D (Input terminal)

This is an input terminal which receives a signal
for selecting data or command words and status
words when the MSM82C51A is accessed by the
CPU.

If C/D = low, data will be accessed.

If C/D = high, command word or status word
will be accessed.

]

CS (Input terminal)

This is the "'active low'’ input terminal which
selects the MSM82C51A at low level when the CPU
accesses.

Note The device won't be in "’standby status’’;
only setting CS = High.
Refer to ‘‘Explanation of Standby Status.”’
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TXD (Output terminal)

This. is an output terminal for transmitting data
from which serial-converted data is sent out.

The device is in ““mark status’’ (h