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CMOS MICROPROCESSOR LINE - UP

POWER SUPPLY COMPATIBILITY
PRODUCTS| PART NAME PACKAGE REMAR
c VOLTAGE | CURRENT C MARKS SUPPLIER | TYPE
(MAX) ’
40DIP
MSM8OCS5A 5v 22mA | 44 FLAT g ;': MICROPROCESSOR Intel | 8085A
a4 PLCC i
8BIT CPU
40DiP 8 BIT MICROPROCESSOR
MSMBOCB5A-2 sv 20mA | 44 FLAT o e Intel | 8085A-2
44 PLCC
m:mg%/\ ssmA | 400w ;stT MICROPROCESSOR et | 8088
8BIT CPU 5V 56 FLAT He
16 BIT CPU | MSM80C86-2 a4 PLCC 8086
MSMB0C86A-2 80mA 8 MHz Intel 2
x:rh:socsaA ssmA | 40 DIP 8 BIT MICROPROCESSOR ntel | 8088
8 BIT CPU 5V 56 FLAT 5 MHz
MSM80C88-2 ao0PLCC
MSME0CESA.2 80mA 8 MHz Intel | 8088-2
MSM81C55 40 DIP i
sv mA 44 FLAT 2048 BIT STRAM with 1/0 et | 8388
MSM81C55-5 a4 PLCC and TIMER
MSM82C12 5V 1mA 40P 8 BIT INPUT/OUTPUT PORT Intel | 8212
24 FLAT ntel
MSM82C37A 40p1p PROGRAMMABLE DMA’
MSMBICaTAS 5V 10mA | 44 FLAT CONTROLLER Intel | 8237A
| aapLcc
MSM82C43 5V 1mA 40P INPUT/OUTPUT PORT EXPANDER
m 24 FLAT
MSM82C51A sv A gg g'L':\T PROGRAMMABLE COMMUNICA— et | 8251
MSM82C51A-2 TIONS INTERFACE
28 PLCC
MSM82C53-5 5mA 24 pip PR
v 2 PLAT OGRAMMABLE INTERVAL et | 8283
MSM82C53-2 8mA 28 PLCC TIMER
MsM82C54 v 1omA g; E'L';T PROGRAMMABLE \ntel 254
MSM82C54-2 28 pLoc COUNTER
MSMB82C55A-6 SmA 40 DIP
o v e PiaT PROGRAMMABLE PERIPHERAL et | 8258
MSM82C55A-2 8mA 24 PLCC *1 INTERFACE
80P PROGRAMMABLE INTERRUPT
MSM82C59A-2 5V 5mA 32 FLAT Intel | 8259A-2
CONTROLLER
28 PLCC
MSM82C84A 5V 10mA ;g EE\T CLOCK GENERATOR and DRIVER intel | 8284
MSM82C84A-5 10mA CLOCK GENERATOR and DRIVER
5V 18w (5 MHz) Intel | 8284A
MSMB2C84A-2 16mA 24 FLAT CLOCK GENERATOR and DRIVER
(5 MHz)
MSM82c88 20 DIP
MoMa2Cas.2 sv 1omA |, Ear BUS CONTROLLER Intel | 8288
40 DIP
MSM83C55 5V 5mA 44 FLAT 16384 BIT ROM with 1/0 Intel | 8355
a4 pLCC
MSM5832 5V 01mA | 18DIP REAL TIME CLOCK
PERI- MSM58321 5V 01mA | 16DIP REAL TIME CLOCK
PHERALS T v 0 18 DIP REAL TIME CLOCK
uA 24 FLAT DIRECT BUS CONNECTED

*1 44PLCC is only available for 82C55A-2.
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MSM82C59A-2

INTERRUPT
CONT.

CLOCK GEN.

DRIVER

MSM82C84A
MSM82CB84A-5
MSM82C84A-2

MPD101
MROM MPD200
MSMB83C55 DRAM MPD640
MSM3864 MSM3764
MSM38128A @
MSM38256 MSM41256 D MSM58292
MSM53256 MSM41464* MSM5219
MSM531000 - MSm41000* {} MSM5838
EPROM SRAM MSM5238
MSM2764 MSM81C55/MSM81C55-56 LCD MSM5839
MSM27128 MSM2114 MSM82C53-2 DRIVER MSM5260
MSM27256 MSM2128 MSM82C53-5
MSM27C64* MSM5114 MSM6242 MSM6240
E2PROM MSM5128 MSM5832 MSM6255
MSM2816A Mome 1o8® MSM58321 MSM6265
TIMER/ LCD CRT VIDEO
ROM RAM CLOCK CONTROLLER | | CONTROLLER. ) ram
. K- >
MSMB0C85A .
msmsocssa-2| KEYBOARD ggw‘gﬁm FDD 1/O PORT PERIPHERAL DMA
MSMB0C88 | ENCODER CONTROLLER INTERFACE CONTROLLER
MSMB0CS88 INTERFACE
MSM80C86-2
. MSM3914 MSM82C51A MSM82C12 MSM82C55A-5 MSM82C37A-5
MSMB0C8s-2 MSM5840 E MSM82C55A-2
MSM5842
MSM80C49
KEYBOARD MODEM FDD .
R/W MSA151
CgMMUNI-
FLOPPY
e o
gmgigg *Under Development
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PACKAGING

PRO- PART NAME PACKAGE/PIN COUNT
DUCTS DIP FLAT PLCC
M80C85A (Note: 1) 40 44 44
M80C85A-2 40 44 44
M80C86 40 56 44
M80C86-2 40 56 44
M80C86A 40 56 44
MPU | M80C86A-2 40 56 44
M80C88 40 56 44
M80C88-2 40 56 44
M80C88A 40 56 44
MB80C88A-2 40 56 44
M81C55/81C55-5 40 44 44
M82C12 24 24 _
M82C37A 40 44 44
M82C37A-5 40 44 44
M82C43 24 24 -
1/0 M82C51A 28 32 -
M82C51A-2 28 32 28
M82C53-5/82C53-2 24 32 28
M82C54 24 32 28
M82C54-2 24 32 28
M82C55A-5/82C55A-2 40 44 44
M82C59A-2 28 32 28
M82C84A 18 24 -
M82C84A-5/84A-2 18 24 —
M82C88 20 24 -
M82C88-2 20 24 -
M83C55 40 44 44
PERI- | M5832 18 — —
PHER- | M58321 16 - _
ALS M6242 18 24 —

Note: 1. Model numbers suffixed by RS denote plastic DIP, while GS denotes plastic FLAT.
Ex. MSMB0C85ARS . . . ..... plastic DIP
MSMB80C85AGS . . ...... plastic FLAT
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® 20 PIN PLASTIC SKINNY DIP
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® 18 PIN PLASTIC DIP

24 sMAX -
.
1
X
<
=
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©
U [ Y [ S N R S N ORGSR
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2 <
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® 28 PIN PLASTIC DIP

38.0MAX o
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® 24 PIN PLASTIC FLAT

2.2:0.2

(unit: mm)

0°~10°
1.27+0.1 . 0.35%0:1
' ®
H

11 )
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® 44 PIN PLASTIC FLAT

14,504 (unit: mm)
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20 PIN SQUARE PLCC

(Unit= max. mm )
10.030 min. mm
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® 28 PIN SQUARE PLCC

1.277YP

Wy

1.27TYP

, 420 | -

(unit =

4.57

max. mm
min. mm

9.91
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©
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(unit =
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® 44 PIN QUAD PLCC
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® 68 PIN SQUARE PLCC

max. mm

funit = in mm !
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e
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—ro q O
®
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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 Ctests: 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

23
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. ® Electrical Test
2nd Sorting ® Regular Check of Measuring
Equi
. ® Group A Test
?”‘90".'9 e Group B Test
nspection e Group C Test
Storage
Shipping

Figure 2 Manufacturing Process

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

Figure 2 shows the manufacturing flow of the
completed device.

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

investigation
Failure Failure report & improvement =
report sal Quality 95 g 36
Di::rtment Assurance 202 [E3
— co o
Analysis Report of Department aSal |8=
report i i i $OE e
p investigation Report on xlk
results of
investigation ]
& improvement
________ Manufacturing
Department

Request for
technical
improvement

Engineering

F—o-————-— Qpanment
Report on
| results of

Request for
manufacturing
improvement

Figure 3 Failure report process
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® Service
® Failure Analysis

Use Quality

'

Quality Assurance
&
Quality Control

Quality and Reliability Information
Quality Evaluation

Defective Analysis

Reliability Engineering

Quality Management and Education

® Transportation Control
® Stock Control
® Packaging

Reliability Test
Product Test
Screening

Process Control
In-Process Inspection
Acceptance Inspection

P v—
—

® Customer Information Analysis

it

Operation Standard
Technical Standard
Quality Standard
Design Review
Prototype Review

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

# RELIABILITY INFORMATION u

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 (2000 O
humidity test RH=85% (H) (H) (H)
Vee=6V
Temperature|_sg5oc=RT=150°¢c| 100 | 500 0 50 300 0 100 500 0 MIL-STD-
cycling test (30 min) t (30 min) (cy) (cy) (cy) 883C
5 min) METHOD
1010
Pressure Ta=121°C 50 | 200 0 50 200 0 50 200 0
cooker test RH =100% (H) (H) (H)
2 atm
Part name MSMB80C86/88JS MSM80C85/88AJS
Function 16 BIT BIT Referred
MICROPROCESSOR | MICROPROCESSOR | standard
(DYNAMIC VERSION)| (STATIC VERSION)
Test Test Sample| Test [Failures{Sample| Test |Failures
item condition size (hours size |hours
(pcs) | & (pcs) | &
cycles| cycles
Operating Ta=125°C 88 | 2000 0 88 | 1000 0 MIL-
life test Vee =6V H) (H) STD-883C
METHOD
1005
Temperature Ta=85°C - 100 |2000| O 100 |1000f O
humidity test RH=85% (H) (H)
Vec =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

27
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MICROPROCESSOR ENVIRONMENTAL TEST RESULTS

28

Part name MSMB0C86A-2RS MSMB81C55RS MSMB82C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE | Referred
MICROPROCESSOR | STATIC RAM WITH INTERRUPT standard
10 PORTS & TIMER CONTROLLER
Test Test Sample | Failures Sample | Failures Sample | Failures
item condition size (pcs) size (pcs) size (pcs)
PRE-Bake Bake 22 0 22 [ 22 [
. (125°C, 6 hrs) ’
v 260°C 22 0 22 0 22 [ MIL-
Soldering 10 SEC STD-883C
Heat Test METHOD
. 2003
v
-55°C=2RT=150°C 22 0 22 0 22 0 MIL-
Temperature | (30min) (5min) (30min) STD-883C
Cycling Test 20 cycles METHOD
\ 1010
+
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 1 0 1 0 STD883C
. 250 g 90° BEND METHOD
Bending 3 TIMES 2004
230°C 5 SEC 22 0 22 0 22 0 MIL
Solderabilit STD883C
erabiity METHOD
2003
Part name MSM80C86/88JS MSMB0C85A/88AJS
Function 16 BIT 16 BIT R:fet’,’:r“‘j
MICROPROCESSOR | MICROPROCESSOR |  Stan
(DYNAMIC VERSION)| (STATIC VERSION)
Test Test Sample | Failures Sample | Failures
item condition size (pcs) size (pcs)
Bake
g | PREBske | (4250¢, 6 hrs)
e +
‘E Soldering Vapor Phase Reflow
) Heat Test (215%2°C,90 + 10, - Osec)
£ 2 times
c
£ ¥
ué.: Temperature - 56°CmRT=150°C STgHBLéSC
w + (30min) (5min) (30min) 2 0 22 0 -
5 | Cycling Test 20 cycles 2 METHOD
£ 1010
o 1
- v
= 100°C=0°C MIL-
Thermal (5min)  (5min) STD-883C
Shock 10 cycles METHOD
Test 1011
3 Bake (125°C, 24hrs) 22 0 22 0
':_’ Solderability %lmmerse inm Flux
c Immerse into Solder
& (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.

S H ductor El

t Failure Rate Curve

: Initia SHIPPING Wear-out

» | failure Random |_ failure

s failure

i

© m>1

5 /

® G /

K eneral /
electronic /
devices

. - Time
Semiconductor
elements

N
Debugging by burn-in
screening

1) Surge Destruction

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

Example of surge destruction

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

Al
2 Vo7 Input section
Aluminum Z ![“{M/Z

wire 1 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.

B i

Photolithographic Defect
29
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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

Y sy cover

Substrate silicon

. a-particle
lonization along

the a-particle path
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7) Degradation in Performance Characteristics
Due to Hot Electrons

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

Drain
+Vp
+Vag )
—-I |
Gate , Hot electrons
Source g
Gate +Vp
SoJ:c;e\ [Siticon oxide ©6 Drain

7

Characteristic deterioration caused
by hot electrons

+ T8 Nt
Akt

Substrate silicon

) With further progress in the miniaturization of cir-.

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

MSM80C85A RS/GS/JS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM8OC8S5A 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 MSMB0C85A.

FEATURES

o Low Power Dissipation: 50 mW Typ

e Single +4 to +6 V Power Supply

@ ~40 to +85°C, Operating Temperature

© 1.3 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.

o 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 (MSM80C85AJS)

INTA RST6.5 TRAP
mlm I nsr.sl RSI” ‘ SID  SOD
SERIAL 1/0]
INTERRUPT CONTROL Icoumou.l
8-BIT INTERNAL
DATA BUS
C {\ ]
-
REGH!
I “.CCU"};‘)'-"o"I I TEMP REG (8) I
FLAG (5)
FLIP FLOPS
l INSTRUCTION B REG (8) C REG (8)
DECODER
ARITHMETIC AND D REG (8) E REG (8)
LOGIC MACHINE
UNIT CYCLE H REG (8) L REG (8)
(ALUL) (8) ENCODING REGISTER
STACK POINTER (16) ARRAY
Power [ — 45V PROGRAM COUNTER (16}
Supply | ==~ GND &C%EMEE%}EE%/
ADDRESS LATCH (16)
TIMING AND CONTROL
Xy CcLK RESET ADDRESS DATA/ADDRESS
X3 GEN CONTROL STATUS  DMA —r BUFFER (8) BUFFER (8)
CLK { RD WR ALE S; S, 10/M l HLDA ] RESET
ouT, ! __our Ajs—Ag AD,-ADg
READY HOLD  RESETIN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION

40] Ve
MSMBOC85ARS (Top View) [39) HOLD
40 Lead Plastic DIP 138] HLDA
CLK (OUT)
% RESET IN
[35) READY
[33) 10/M
33] s
33 RD
31 WR
30] ALE
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E AM
m A
28] Az
5 T2 A
° 3l 2 o
0og# . 8o33x 20 A
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44 43 42 414039 38 37 36 3534
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MSM80C85A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol Function
Ag—Ais 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.
ADo—AD~ Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or |/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. S1.10/M Machine cycle status: - _
(Output) 10/M §; So States 1I0/M S; So States
0 0 1 Memory write 1 1 1 Interrupt Acknowledge
0 1 0 Memoryread 0 O Halt -=3state
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. 10/M, S 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. |f 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. It is sampled only during

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

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

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

RST 5.5 RESTART INTERRUPTS: These three inputs have the same timing as INTR except they

RST 6.5 cause an internal RESTART to be automatically inserted.

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

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

TRAP Trap interrupt is a nonmaskable 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.)
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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.

X1, Xa 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 Qutput for use as a system clock. The period of CLK is twice the X1, 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.




FUNCTIONAL DESCRIPTION

The MSMB0OC85A 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 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/I0 chip (MSM83C55).

The MSMB80C85A. 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-
80CB85A 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
Flagsor F | Flag Register 5 flags (8-bit space)

The MSMS80C85A uses a multiplexed Data Bus.
The address is split between the higher 8bit 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. e

The MSM80C85A provides RD, WR, Sgp, Sy 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 MSM80CB85A also provides Serial Input Data
(SID) and Serial Output Data (SOD) lines for a simple
serial interface.

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

INTERRUPT AND SERIAL 1/0

The MSM80C85A has 5 interrupt inputs: INTR,
RST 5.5, RST 6.5, RST 7.5, and TRAP, INTR is identi-
cal in functi~~ 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

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 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 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 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
MSMBO0C85A. 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 E| 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 MSM80C85A
TRAP
INTERRUPT
REQUEST | TRAP
G ] ] F—
TRIGGER
G RESET TRAP
INTERRUPT
+6v—D CLK REQUEST
o] &
D
FIF
CLEAR
INTERNAL  THRAPF.F
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
MSMB80C85A is operated with a 6 MHz cyrstal (for
3 MHz clock). If a crystal is used, it must have the fol-
lowing characteristics:

Parallel resonance at twice the clock frequency
desired

CL (load capacitance) < 30 pF

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 MSM8OC85A, be sure that X, is not coupled
back to X; through the driving circuit.

A. Quartz Crystal Clock Driver

X

) X1 ___
Cy 1 }

1
]

Ca

100pF Capacitor required for crystal frequency < 4MHz.
50pF Capacitor required for crystal frequency > 4 MHz.

80C85A

Z<CINT = 15pF

1—6 MHz Input Frequency External Clock
Drive Circuit
VIH > 0.8V¢ee
High time > 60ns

Low time > 60ns

X1

X2

* X, Left floating
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BASIC SYSTEM TIMING

The MSMB80C85A has a muitiplexed 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, Sy, Sg) and the

m CPU-MSM80C85ARS/GS/JS =

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 MSM80C85A Machine Cycle Chart

Status Control
Machine Cycle — — p— p—
10/M Sy So RD WR INTA
Opcode Fetch (OF) 0 1 1 0 1 1
Memory Read (MR) 0 1 0 0 1 1
Memory Write (Mw) 0 0 1 0 1
1/0 Read (1I0R) 1 1 0 0 1 1
1/O Write (low) 1 [}] 1 1 ] 1
Acknowledge of INTR (INA) 1 1 1 1 1 1]
Bus Idle (B1):DAD 0 1 0 1 1 1
ACK. OF
RST, TRAP 1 1 1 1 1 1
HALT TS 0 0 TS TS 1
Table 3 MSMB0C85A Machine State Chart
Status & Buses Control
Machine State — — p——
S1.So 10/Mm Ag—A;s | ADo—AD; RD, WR INTA ALE
T X X X X 1 1 101
T, X X X X X X
TWAIT X X X X X X 0
T, X X X X X X )
Ta 1 o (2 X TS 1 1 o
Ts 1 o (2 X TS 1 1 0
Te 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~Tg of INA machine cycle.
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M3
. T\ \Ts \:/__
Ag~As XHlGH ORDE ADDRESS (PC+ 14 X 10 PORT
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1
I
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=T\ |\
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Figure 5- MSMBO0CB85A Basic System Timing

Table 4 Absolute Maximum Ratings

Ambient Temperature under Bias . . . . . o oo vttt v vttt i e -40°C to + 85°C
Storage TeMPBIAtUIE . . . . . v o v vt et e et e et e et e e e e -55°C to + 150°C
Supply Voltage Respect to Ground . . . . ... ..ot i ittt ittt . =03Vto+7.0V
Input Voltage Respect to Ground . . . . . .. ...ttt i it ittt e ennnnnnnnn -0.3V to Vg +0.3V

Power Dissipation . . . .. . ... ... e e e 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; VcC = 5V £10%; unless otherwise specified)

Parameter Symbol Min. Typ. Max. Units Test Conditions

Input Low Voltage VviL -0.3 +0.8 \"

Input High Voltage VIH 2.2 Vce +03 \"

Output Low Voltage VoL 0.45 v loL =2mA

Output High Voltage VoH 24 v lon = ~400uA

42 v 10H = —40uA

Input Leak N} -10 10 BA ov<ViNn<Vcc

Output Leak ILo [-10 10 BA oV <Vout<Vcc

Input Low Level, RESET | V|LR -0.3 +0.8 v

Input High Level, RESET | V4R 3.0 Veec +0.3 \

Hysteresis, RESET VHY 0.25 v

RS
Power Supply Current lcc — =1 Reset
10 17 mA Vee —:.75V to E.ZSV Active
TA=0"Cto+85°C [c|=gpF
Power Supply Voltage Vce 4 5 6 v
A.C. CHARACTERISTICS
(TA = -40°C to 85°C; Vg = 5V $10%)
Parameter Symbol 8ocasA Units
Min. Max.

CLK Cycle Period tcyc 320 2000 ns
CLK Low Time ty 80 ns
CLK High Time t2 120 ns
CLK Rise and Fall Time ty, 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~17 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~ 15 Valid Before Trailing Edge of ALE(1) tAL 115 ns
Ag~7 Valid Before Trailing Edge of ALE tALL 90 T ns.
READY Valid from Address Valid tARY 220 ns
Address (Ag—Aj5) 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 tpw 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 80cssA 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

of CLK 160 s
Address Hold Time After ALE A 100 ns
Trailing Edge of ALE to Leading Edge of Control tLe 130 ns
ALE Low During CLK High tLCK 100 . ns
ALE to Valid Data During Read tLDR 460 ns
ALE to Valid Data During Write tLDW 200 ns
ALE Width 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 tRvV 400 ns
Data Hold Time After RD INTA (7) tRDH 0 ns
READY Hold Time tRYH (o] ns
READY Setup Time to Leading Edge of CLK tRYS 110 ns
Data Valid After Trailing Edge of WR WD 100 ns
LEADING Edge of WR to Data Valid twDL 40 ns

Notes: (1) Ag—A;s address Specs: apply to 10/M, Sp, and S; except Ag—A 5 are undefined during T4—Tg¢ of OF

, cycle whereas 10/M, So, and S are stable.
(2) Test conditions: tgyc = 320ns C_ = 150pF

(3) For all 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) AIll timings are measured at output voltage V|_= 0.8V, V4 = 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
2.2

2~ st %2 )

0.8=" POINTS ™~o38

0.45
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Table 7 Bus Timing Specification as a Tcyc Dependent

MSMS80C85A
tAL - (1/2)T - 45 MIN
tLA - (1/2)T — 60 MIN
L - (1/2T - 20 MIN
tLCK - (1/2)T — 60 MIN
e - (1/2T - 30 MIN
tAD - (56/2+ N)T — 225 MAX
tRD - (3/2 + N)T — 180 MAX
tRAE - (1/2)T - 10 MIN
tCA - (1/27 — 40 MIN
tow - (3/2+ N)IT — 60 MIN
WD - (1727 - 60 MIN
tcc - (3/2+N)T — 80 MIN
tcL - (/2T - 110 MIN
tARY - (3/2)T — 260 MAX
tHACK - (1/2)T - 50 MIN
tHABF - (1/2)T + 50 MAX
tHABE - (1/2)T + 50 MAX
tAC - (2/2)T -50 MIN
4 - (1/2)T - 80 MIN
t - (1/2)T - 40 MIN
tRY - (3/2)T - 80 MIN
tLDR ] - (2+N)T - 180 MAX

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

X NPaT d 2 VA
tr ¢
— i‘ ta
CLK b f
OUTPUT

IXKR t ——

IXKF

Figure 6 Clock Timing Waveform
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READ OPERATION

Ty T2 T3 T
-1 CK . ‘—'CA"‘
Ag~Ass x ADDRESS X
la—tR A E —o
tAD —: tRDH—e{ }e=—
AD(~AD- >§ ADDRESS DATA IN| B
-t L et A
tAFR—= . .
R fr——
ALE LDR cu.-}/'
~=tAL tRD
N\ tce -
RD INTA tLe—=N ps
tAC
WRITE OPERATION
T T2 T3 T

CLK ,
. fe-tick |

Ag~Ajs g ADDRESS

[=—tLow—= [=tcA
ADo~AD4 ADDRESS )( DATA OUT
-tLL ——tLA——| tpw —tWD
ALE twDL ‘
tAL
tcc
WR N /
tLC—= —-tCL
taC .
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Lk \f
tLck

Ty

N/

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

T2

TwaIT

T3

T

N\ S

tRYS|IRYH

READY

[=tcA=~|
ADDRESS 1y
= tRDH-=| 1BAE" |
W/ Moatam ]
tcL
{1 4
¥

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

Figure 7 MSMB8O0CS85A Bus Timing, With and Without Wait

HOLD OPERATION

CLK \

/)

T3

THOLD

T1

HOLD A T\
— tHDS "
TH
tHDH—= ] e
HLDA //
tHABF
| -
tHABE | |j——
BUS (ADDRESS, -—
CONTROLS) ' N

Figure 8 MSMBOC85A Hold Timing
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Ag~1s x

Te

THoLD T

T2

C

BUS FLOATING (1)

INTR ;/,/,/T
NS =t

ALE ﬂ /" \
RD
NTA \ / \
tHABE
tINH B
—— #
HOLD VA, \/ \
tHDS "HOH "
HLDA *
tHABF \K.___
tHACK

Note: (1) 10/Mis also floating during this time.
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Table 8 Instruction Set Summary
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Instructiun Code (1)

. . Clock (2)

Mnemonic Description D, Dg Ds Da D3 Dz Dj Do Cycles
MOVE, LOAD, AND STORE
MOVr1 r2 Move register to register o 1 D D D S8 s s 4
MOV M r Mowe register to memory o 1 1 1 0 8§ s s 7
MOV rM Move memory to register 0o 1+ Db bpb 1t 1 o0 7
MVir Move immediate register 0O O D D D 1 1 0 7
MVIM Move immediate memory 0O o 1 1 0 1 1 0 10
LXI B Load immediate register Pair B & C 0O 0 0O O o o0 o 1 10
LXI D Load immediate register Pair D & E o O o0 1 o 0 o0 1 10
LXIH Load immediate register Pair H & L 0o O 1 0O 0 O o 1 10
LX!1 SP Load immediate stack pointer 0O o0 1 1 0o 0 O 1 10
STAX B Store A indirect o o o o o o0 1 0 7
STAX D Store A indirect o o o 1 o O 1 o0 7
LDAX B Load A indirect 0o o o o 1 (V] 1 (4] 7
LDAX D Load A indirect o 0 o0 1 1 0 1 O 7
STA Store A direct o o 1 1 o 0 1 (V] 13
LDA Load A direct o o0 1 1 1 0 1 O 13
SHLD Store H & L direct o o 1t o0 O O 1 O 16
LHLD Load H & L direct o o 1 o0 1 O 1 O 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 0 o 1 0 1 12
PUSH D Push register Pair D & E on stack 1 1 o 1 0o 1 o 1 12
PUSH H Push register Pair H & L on stack 1 1 1 o o 1 o 1 12
PUSH PSW Push A and Flags on stack 1 1 1 1 0 1 o 1 12
POP B Pop register Pair B & C off stack 1 1 o O O O o0 1 10
POP D Pop register Pair D & E off stack 1 1 0 1 o o0 o0 1 10
POP H Pop register Pair H & L off stack 1 1 1 o 0 0 o0 1 10
POP PSW ‘Pop A and Flags off stack 1 1 1 1 0o 0 oO0 1 10
XTHL Exchange top of stack H & L 1 1 1 0O 0 O 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 o o0 1 6
JUMP
JMpP Jump unconditional 1 1 0O 0O 0 O 1 1 10
Jc Jump on carry 1 1 o 1 1 o 1 0 7/10
JNC Jump on no carry 1 1 o 1 0 o0 1 0 7/10
Jz Jump on zero 1 1 o 0 1 o 1 0 7/10
JNZ Jump on no zero 1 1 o o0 0 o0 1 0 7/10
JP Jump on positive 1 1 1 1 o 0 1 0 7/10
JM Jump on minus 1 1 1 1 1 0 1 [0} 7/10
JPE Jump on parity even 1 1 1t 0 1 0 1 O 7/10
JPO Jump on parity odd 1 1 1 0O 0 o0 1 0 7/10
PCHL H & L to program counter 1 1 1 o 1 o o0 1 6
CALL
CALL Call unconditional 1 1 o o0 1 1 0 1 18
cC Call on carry 1 1 0 1 1 1 0 O 9/18
CNC Call on no carry 1 1 o 1 0 1t o0 O 9/18
cz Call on zero 1 1 0 O 1 1 0 O 9/18
CNz Call on no zero 1 1. 0 0 O 1 O O 9/18
cp Call on positive 1 1 1 1 0 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 0 O 9/18
cPO Call on parity odd 1 1 1 1] 0 1 0o o 9/18
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Table 8 Instruction Set Summary cont’d

Mnemonic Description Instruction Code(1) C(I:oclt(z)
D7 D¢ Ds Dg D3 D Dy Dy V? es
RETURN .
RET Return 1 1 0 0 1 0 0 1 10
RC Return on carry 1 1 0 1 1 0 0 O 6/12
RNC Return on no carry 1 1 o 1 o 0O o0 o 6/12
RZ Return on zero 1 1 0 0 1 0 O O 6/12
RNZ Return on no zero 1 1 0 0 O O o0 O 6/12
RP Return on positive 1 1 1 1 0 0 O O 6/12
RM Return on minus t 1 1 1 1 0 0 O 6/12
RPE Return on parity even 1 1 1 o 1 0 0 O 6/12
RPO Return on parity odd 1 1 1 0O 0O 0O 0 O 6/12
RESTART .
RST Restart 1 1 A A A 1 1 1 12
INPUT/OUTPUT
IN Input 1 1 0 1 1 1] 1 10
ouT Output 1 1 0 1 0 O 1 10
INCREMENT AND DECREMENT
INRTr Increment register 0O 0 D D D 1 o o 4
DCRr Decrement register o 0 D D D 1 o 1 4
INRM Increment memory 0O o0 1 1 0 1 0o o 10
DCR M Decrement memory o 0 1 1 o 1 o 1 10
INX B Increment B & C registers o 0 o o o o0 1 1 6
INXD Increment D & E registers o o o 1t o0 O 1 1 6
INX H Increment H & L registers o o 1t 0 O O 1 1 6
INX SP Increment stack pointer o 0 1 1 o o0 1 1 6
DCX B Decrement B & C o 0 o O 1 o0 1 1 6
DCX D Decrement D & E o o0 o0 1 1 0 1 1 6
DCX H Decrement H & L o o 1 o 1 0 1 1 6
DCX sP Decrement stack pointer o 0 1 1 1 0 1 1 6
ADD
ADD'r Add register to A 1 0 0 0 O S S S 4
ADC r Add register to A with carry 1 0O 0O 0O 1 S s s 4
ADD M Add memory to A 1 o o o0 o 1 1 0 7
ADCM Add memory to A with carry 1 0O o O 1 1 1 ] 7
ADI Add immediate to A 1 1 (o] 0 (V) 1 1 (V] 7
ACI Add immediate to A with carry 1 1 o o0 1 1 1 (V] 7
DAD B AddB& CtoH& L o 0 o o 1 0 O0 1 10
DAD D AddD& EtoH &L o] 0o o 1 1 o o 1 10
DAD H AddH& LtoH &L (o] 0 1 0 1 0O o0 1 10
DAD sP Add stack pointer to H & L o o 1 1 1 o o 1 10
SUBTRACT
SUB r Subtract register from A 1 0 0 .1 0O S § S 4
SBBr Subtract register from A with borrow 1 0O o 1 1 S S S 4
SUB M Subtract memory from A 1 o o0 1 4] 1 1 1] 7
SBB M Subtract memory from A with borrow | 1 0o o 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 Set Summary cont’d

Mnemonic Description Instruction Code (1) CIocl:(Z)
D; Dg Ds Dy D3 Dy D; Do Cycles

LOGICAL
ANA T And register with A 1 0 1 0 O s S§ s 4
XRAr Exclusive Or register with A 1 0 1 0 1 S8 S§ S 4
ORATr Or register with A 1 o 1 1 0 8§ S s 4
CMP r Compare register with A 1 0 1 1 1 S § S 4
ANA M And memory with A 1 0 1 0o o 1 1 0 7
XRA M Exclusive Or memory with A 1 o 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 0 1 1 1 1 1 0 7
ANI And immediate with A 1 1 1 0 o0 1 1 0 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 0 1 1 0 7
CPI Compare immediate with A 1 1 1 1 1 1 1 o 7
ROTATE
RLC Rotate A left 0O 0O O O o0 1 1 1 4
RRC Rotate A right o O O O 1 1 1 1 4
RAL Rotate A left through carry o O O 1 o0 1 1 1 4
RAR Rotate A right through carry o o o 1 1 1 1 1 4
SPECIALS
CMA Complement A o o 1 o 1 1 1 1 4
STC Set carry 0o o0 1 1 0 1 1 1 4
CMC Complement carry o o 1 1 1 1 1 1 4
DAA Decimal adjust A o o 1 o o 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 0O O o0 o o o o0 o 4
HLT Halt o 1 1 1 0 1 1 O 5
RIM Read Interrupt Mask o o0 1 o0 o o O O 4
SIM Set Interrupt Mask o o0 1 1 0 0 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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MSM80C85A-2RS./GS,/JS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMB80C85A-2 is a complete 8-bit parallel central processor implemented in silicon gate C-MOS technology

and compatible with MSM80C85A.
It is designed with higher processing speed (max. 5

MHz) and lower power consumption compared with

MSMB0CB85A and power down mode is provided, thereby offering a high level of system integration.
The MSMB0C85A-2 uses a multiplexed address/data bus. The address is split between the 8-bit address bus and
the 8-bit data bus. The on-chip address latches a MSM81C55-5 memory products allow a direct interface with the

MSMB80C85A-2.

FEATURES

* Power down mode

* Low Power Dissipation: 50mW Typ

* Single +3 to +6 V Power Supply

* —40 to +85°C, Operating Temperature

* Compatible with MSM80C85A

* 0.8 Instruction Cycle (Vo = 5V)

* On-Chip Clock Generator (with External Crystal)

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

FUNCTIONAL BLOCK DIAGRAM

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

iNTA RST6.5 TRAP

INT] RSTS. 5\ RST7.! 51

SID sSOD

| |

INTERRUPT CONTF!OL

ISERIAL 1/
CONTROL]

8-BIT INTERNAL
DATA BUS

]

=

i '“ T\
[xccum(g)p_ATo1 [TEMP REG (8)] REGISTER (8)
FLLAG (5)
LIP FLOPS
INSTRUCTION B8 REG (8) C REG (8)
OECODER D REG (8) E REG (8)
ARILY;&EYIC MACHINE
Ui veie H REG (8) L REG (8)
(ALD) (®) ENCODIN REGISTER
STACK POINTER (16) ARRAY
PROGRAM COUNTER (16)
Power [ —e+6V RCREREN
Supply | —=GND DECREMENTER
POWER DOWN 1\\inG AND CONTROL
X —={CLK RESET ADDRESS DATA/ADDRESS
X; —e{GEN CONTROL STATUS DMA —— BUFFER (8) BUFFER (8)
cu< i RD WR ALE So S, 10/M | HLDA I RESET u
ouT A, —Ay AD, —AD,
T Reaoy HOLD  RESET IN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION
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x, O a0l Voo
MSMB8OC85A-2RS (Top View) X [Z] [39) HOLD
40 Lead Plastic DIP RESET OUT (3] [38) HLDA
soD [4] [37) CLK (OUT)
SID [5] [36] RESET IN
TRAP [§] [35] READY
RST7.5 [7] [33) 10/M
RST6.5 [B] 33] S
RsT5.5[9] 32] RD
INTR [i0} 31 WR
INTA [T 30 ALE
AD, [(2] 29 So
AD, [13] 28] As
AD, [13] [27] A
AD; [i5| 26) A
AD, (] 25] A
- _ ADs 24) Au
3 5z AD, [ig] 73 A
- O |+
og¥  gogdxf = =
HINLI0]
44 4342 414039 38 37 36 3534
TRAPC— 1 33— READY MSMS80C85A-2GS (Top View)
RST7.50—o 2 32F—=10Mm 44 Lead Plastic Flat Package
RST6.5 3 31 f—>s,
HSTS.SE 4 30— RD
INTRC—/] 5 29— WR
INTAC—] 6 28— ALE
AD,C— 7 27F——3s,
AD,C—] 8 26— A
AD,C—— 9 25— A,
AD, —10 0fF——=A,
NCcC—n 23— Au
121314151617 18 19 20 2122
EEEE R ARRRE 5 52
o o <Ol
088 ~-980289%4
w @ X X Z2 > I I Olac
o T e B e B e B s O e B e B e B e O e B e
6 5 4 3 2 1 44 43 42 41 40
TRAP (@) READY
. RST7.5 10/M
MSMB80C85A-2JS (Top View) RST6.5 s1
44 Plastic Leaded Chip Carrier RST5.5 RD
INTR WR
N.C. N.C
INTA| ALE
ADO S0
AD1 A15
AD2 Al4
AD3 A13
< 0 O~ O 0o O — N
2222%%3<%zz%
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MSM80C85A-2 FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

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

(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: _
(Output) I0/M'S; So States 10/M S; So States
0 0 1 Memory write 1 11 Interrupt Acknowledge
0 1 0 Memory read . 00 Halt = 3-state
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. I0/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

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 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. 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-flops
(Input) and release power down mode. The data and address buses and the contro] 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.

X1, X3 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

Name Priority w:;ﬁsjni::sgfg:ug) Type Trigger
TRAP 1 24H :(airs':;gezt‘ige and high level until
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 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 MSMB0C85A s performance with higher system
speed and power down mode. Also it is designed
to fit into @ minimum system of three IC’'s: The cpu
(MSM80C85A-2), and a RAM/IO (MSM81C55-5)

The MSMB80C85A-2 has twelve addressable 8-bit
register pairs. Six others can be used interchangeably
as 8-bit registers or a 16-bit register pairs. The MSM-
80C85A-2 register set is as follows:

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

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

The MSM80C85A-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, 65, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nonmaskable.

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

There are two different types of inputs in the
restart interrupts. RST 5.5 and RST 6.5 are high
level-sensitive like INTR (and INT on the 8080A) and
are recognized with the same timing as 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 MSM80CS85A.
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—Ilowest 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 5.5—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 —— INSIDE THE MSMBOC85A-2
TRAP
INTERRUPT
REQUEST |TRAP
RESET IN| scHmiTT
TRIGGER| RESET TRAP
E INTERRUPT
+sv—{D cL REQUEST
Q—
)
F/F
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
MSMB80C85A-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

Cy_(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 inputis 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.

Quartz Crystal Clock Driver

—— -

Cl 1 \l

e

;ﬂl—ci"—nj

C, 2

80C85A-2
-
== CiNT = 15pF

I

B. 1-10 MHz input Frequency External Clock
Drive Circuit
VIH >0.8Vce
High time > 40ns
Low time > 40ns

33pF Capacitor required for crystal frequency 10 to 6.256 MHz.
50pF Capacitor required for crystal frequency 6.25 to 4 MHz.
100pF Capacitor required for crystal frequency <4 MHz.

* X, Left floating

Figure 4 Clock Driver Circuits
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BASIC SYSTEM TIMING

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

Status Control
Machine Cycle — — — —
10/M S, So RD WR INTA
Opcode Fetch (OF) 0 1 1 0 1
Memory Read (MR) 0 1 0 0 1 1
Memory Write (MW) 0 0 1 1 0 1
1/0 Read (10R) 1 1 0 0 1 1
1/0 Write, (1ow) 1 0 1 1 0 1
Acknowledge of INTR (INA) 1 1 1 1 1 0
Bus Idle (Bl): DAD 0 1 ] 1 1 1
ACK. OF
RST, TRAP 1 1 1 1 1 1
HALT TS 0 TS TS 1
Table 3 MSMB0OC85A-2 Machine State Chart
Status & Buses Control
Machine State — —
S1,Se0 10/M As—A;s AD,—AD, RD, WR INTA ALE
T X X X X 1 1 1(1)
T2 X X X X X X 0
TWAIT X X X X X X 0
Ts X X X X X X 0
Ts 1 o (2 X TS 1 1 0
Ts 1 o2 X TS 1 1 0
Ts 1 of2) 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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M,
T T; T —/
CLK 2 3
Ag ~ A PCH | 0 PORT
8 s (HIGH ORDER ADDRESS) (PC+ 1)y 10 POR
1
(LOW ORDER
ABREEST  pararsow | BASAGROMMEMORY | pararowewony

(INSTRUCTION)

. a
S Y
) -

10/M —_L [——_ \

STATUS

$:S, (FETCH) 10 (READ) X 01 WRITE X 1

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

The MSM80C85A-2 is compatible with the
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
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(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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M,
T

M. | THLT 1 TRESET JQ’“ .
T2 T3 T‘ TII I I 1 2

CLK ’
ouT

ALE | I I ”» I——l
ACT
Address Address Tdmt
—a -
POWER
CPU RUN DOWN RUN
MODE

RESET IN - | I

Figure 6. Started by HALT and Released by RESET IN

M, Ma | THLT | m,
Ty | Ta | Ta | Ta | Tu | I T

o JULUUUUUULIUUUTUUL
ALE__I ﬂ 0 n

¢

RSTS5.5 J

J)
POWER '
DOWN

CcPU RUN RUN
MODE
Figure 7, Started by HALT and Released by.RST5.5
l M, | THOLD | M, l l
T | T, Ty | Ta [T 1 Ti | T2

ALE _I 3) n

a3
)

ALY
HOLD l ]

b)Y

1 ) L
HLDA POWER

cPU RUN DOWN I RUN
MODE / |

Figure 8. Started and Released by HOLD
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~ ABSOLUTE MAXIMUM RATINGS

. Limits
Parameter Symbol | Condition - Unit
MSMB80C85A-2RS | MSMBOC85A-2GS | MSM8OCB85A- 2JS
Power Supply Voltage | Vcc —0.5~ +7 \
With respect
| t Volt: \ - —0.5~
nput Voltage IN to GND 0.5~ Vcc 10.5 v
Output Voltage VouT —-0.5~Vcc +0.5 Vv
Storage Temperature Tstg ) —55~ +150 °c
Power Dissipation Pp Ta=25°C 1.0 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Power Supply Voltage Vee 3~6 ' v
Operating Temperature Top —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Typ. Max. Unit
Power Supply Voltage vee 45 5 5.5 \"
Operating Temperature Top —40 +25 +85 °c
“L" Input Voltage ViL -0.3 +0.8 v
“’H’* Output Voltage ViH 2.2 Vee+0.3 \
vy »» RESETIN )
Input Voltage VILR 0.3 +0.8 v
RESET IN
g K + B
H Input Voltage VIHR 30 Vee*03 M
D.C. CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ.| Max.| Unit
L" Output Voltage VoL loL =2mA 045 | V
1oH = —400uA 24 v
’H’’ Output Voltage VOH OH ou
10H = —40UA 42 v
Vce=4.5V~ 55V
Input Leak Current Iy 0<viN<Vcc Ta = —40°C ~ +85°C | —10 10 MA
Output Leak Current Lo 0<Vout<Vcc -10 10 | pA
+ Teyc = 200ns
: 10 20 mA
Operating Supply | C| = OpF at reset
Current cc Teyc = 200ns
*C = OpF at power 3 7 mA
down mode
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A.C. CHARACTERISTICS

(Ta = —40°C ~ 85°C, V¢ = 4.5V ~ 5.5V)
Parameter Symbol Condition Min. | Max. | Unit
CLK Cycle Period tcve 200 [2000 [ ns
CLK Low Time 4 40 ns
CLK High Time ) 70 | ns
CLK Rise and Fall Time et 30 ns
X, Rising to CLK Rising tXKR 25 120 ns
X, Rising to CKK Falling IXKF 30 150 ns
As ~,5 Valid to Leading Edge of Control (1) taC 115 ns
"A¢ ~, Valid to Leading Edge of Control taACL 115 ns
Ay ~y 5 Valid Data In tAD 330 | ns
Address Float After Leading Edge of RD INTA tAFR 0 ns
As ~1 s Valid Before Trailing Edge of ALE (1) tAL 50 ns
Ao ~, Valid Before Trailing Edge of ALE tALL 50 ns
READY Valid from Address Valid tARY 100 ns
Address (As~;5) Valid After Control tcA 60 ns
Width of Control Law (RD, WR, INTA) tce 230 ns
Trailing Edge of Control to Leading Edge of ALE tcL 25 ns
Data Valid to Trailing Edge of WR tow 230 ns
HLDA to Bus Enable tHABE 150 ns
Bus Float After HLDA tHABF teyc = 200ns 150 ns
HLDA Valid to Trailing Edge of CLK tHACK C = 150pF 40 ns
HOLD Hold Time tHDH o ns
HOLD Step Up Time to Trailing Edge of CLK tHDS 120 ns
INTR Hold Time tINH 0 ns
INTR, RST and TRAP Setup Time to Falling Edge of CLK tINS 150 ns
Address Hold Time After ALE wa 50 ns
Trailing Edge of ALE to Leading Edge of Control ye 60 ns
ALE Low During CLK High tLek 50 ns
ALE to Valid Data During Read tLOR 250 | ns
ALE to Valid Data During Write tLDW 140 ns
ALE Width 0L 80 ns
ALE to READY Stable (LRY 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 tRY 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 tRYS 100 ns
Data Valid After Trailing Edge of WR two 60 ns
LEADING Edge of WR to Data Valid wDL 20 ns

Notes: (1)
(2)
3)
@)
(5)

6)
(v

Ag~A;s address Specs apply to I0/M, Sq, and S,
cycle whereas 10/M, Sg, and S are stable.
Test conditions: tcyc = 200ns C_ = 150pF

except Ag~A,g are undefined during T4~Tg of OF

For all output timing where Ci_ = 150pF use the following correction factors:

25pF < CL < 150pF: —0.10ns/pF
150pF < C|_ < 300pF: +0.30ns/pF

Output timings are measured with purely capacitive load.
All timings are measured at output voltage V= 0.8V, Viy = 2.2V, and 1.5V with 10ns rise and fall time

on inputs.

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

Input Waveform for A.C. Tests:

24

0.45

22~ yggT ,2.2
08= POINTS ~gg
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Table 7 Bus Timing Specification as a Toyc Dependent:

(Ta=—40°C ~ +85°C, Vo = 4.5V ~ 5.5V, C_ = 150pF)

MSMBO0C85A-2
taL - (1/2)T — 50 : MIN
WA - (1/2)T — 50 MIN
WL - (1/2)T - 20 MIN
tLcK - (1/2)T — 50 MIN
tLc - (1/2)T — 40 MIN
tAD - (5/2+ N)T — 170 MAX
tRD - (3/2+ N)T — 150 MAX
RAE - (1/2)T - 10 MIN
tCcA - (1/2)T — 4Q: MIN
tpw - (3/2+ N)T — 70 MIN
twp - (1/2)T - 40 MIN
tce - (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 MINI
t - (1/2)T — 60 MIN
t - (1/2)T — 30 T MIN
tRvV - (3/2)T — 80 MIN
tLDR - (2+N)T — 150 MAX

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

X, INPUT /—\___/_—\_/_\_
tr f
—] | t;
| =
OUTPUT

IXKR ty —

Figure 6 Clock Timing Waveform
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READ OPERATION

L Ta Ts T,
= tLCK j=—tCA
Ac~A N ADDRESS
~—tRAE
tAD =| _tRoH—=] [~—
ADo~AD, ADDRESS DATA IN| B
—tLL et A
tAFR—=
ALE ——1LDR —-tCL-:‘_/
= tAL tRD
—\ I
RD INTA e —N tce Y
tac

WRITE OPERATION

CLK T T T T
. e
Ag~Ays D{ ADDRESS
|——t|_ow — ]——tcA
AD,~AD, D{ ADDRESS [ DATA OUT
f'tLL -t A : tow l—twD

ALE twDL
tAL
— tcc .
WR |
tLc S/ =tcL

tAC 1
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Read operation with Wait Cycle (Typical) —
same READY timing applies to WRITE operation

TwaIT Ts

K/

T

\__/_—\__/_\_/

tLCK
c le-tCA
As~Ars ADDRESS T\X
,'AD —=| tRDH_o "1 RAE™
AD,~AD, § ADDRESS V/ Z_WDATA IN P
b é ; K.
;»tu_-— et A tcL
tAFR ™
ALE \ t
\- LDR — J/
tAl& RD 11}
RD/INTA tcc |
RD/INTA
-Q—‘CL—’ b ¢
f—t 'l
tARY ‘e
READY v
7
Note: READY must remain stable during setup and hold times.
Figure 7 MSMB80C85A-2 Bus Timing, With and Without Wait
HOLD OPERATION
T

CLK \

T, THOLD

THOLD

HOLD
] <02 THACK V7
tHDH — —(
HLDA J/ e
tHABF
)
t |

(ADDRESS, . HABE |p—

BUS CONTROLS) r
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Figure 8 MSMB80C85A-2 Hold Timing
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T, T, Ts Ts Ts THowp T T,

.
Ag~1s x y —{ ¢
NST /' BUS FLOATING (1)

£

N/ -

tHABE
/,
o TR ,,
R 2 A
tNS =t tINH B
al 14 »
HOLD ﬁ K/ \
\ 4
tHDH
HDS P
HLDA N
—ot b tHABE ~—
tHACK

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

Figure 9 MSMB80C85A-2 Interrupt and Hold Timing
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Table 8 Instruction Set Summary

Mnemonic Description Instrucpon Code (1) Clock (2)
D, D¢ Ds Dy, D; D, D, D, Cycles
MOVE, LOAD, AND STORE N
MOVr1 r2 Move register to register 0O 1. b D'D s s s 4
MOV M r Move register to memory 0 1 1 1 0O S8 § s 7
MOV rM Move memory to register 0 1 D D D 1 1 0 7
MVIr Move immediate register 0O 0O D D D 1 1 0 7
MVIM Move immediate memory o 0 1 1 0 1 1 0 10
LXI B Load immediate register Pair B & C 0 o o O o O O 1 10
LXI D Load immediate register Pair D & E o o o 1 o O O 1 10
LXIH Load immediate register Pair H & L 0O o0 1 O 0 0 O 1 10
LXI SP Load immediate stack pointer 0o o0 1 1 0o 0 o 1 10
STAX B Store A indirect 0O 0O O O o0 o0 1 0 7
STAX D Store A indirect 0o o0 o 1 0o o0 1 0 7
LDAX B Load A indirect o o0 o o 1t o0 1 0 7
LDAX D Load A indirect 0 0 0 1 1 ] 1 0 7
STA Store A direct 0 0 1 1 (V] 0 1 (V] 13
LDA Load A direct 0 0 1 1 1 0 1 0 13
SHLD Store H & L direct 0O 0o 1 0 O o0 1 0 16
‘LHLD Load H & L direct 0o o0 1 0 1 0 1 V] 16
XCHG Exchange D & E H & L registers 1 1 1 0 1 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 0 0o o0 1 0 1 12
PUSHD Push register Pair D & E on stack 1 1 0 1 o 1 0 1 12
PUSH H Push register Pair H & L on stack 1 1 1 0o o0 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 0O O O o0 o 1 10
POP D Pop register Pair D & E off stack 1 1 0 1 0O 0 o 1 10
POP H Pop register Pair H & L off stack 1 1 1 O 0O o0 o 1 10
POP PSW Pop A and Flags off stack 1 1 1 1 0O O o 1 10
XTHL Exchange top of stack H & L 1 1 1 0 0o o0 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 0o o 1 6
JumpP -
Jmp Jump unconditional 1 1 o 0 0o o0 1 1 10
Jc Jump on carry 1 *+ 0 1 1 0 1.0 7/10
JNC Jump on no carry 1 1 o 1 0o o0 1 0 7/10
Jz Jump on zero 1 1 0 0 1 0 1 O 7/10
INZ Jump on no zero 1 1 o0 0 O o0 1 V] 7/10
P Jump on positive 11 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 1 1 1. 0 1 0 1 O 7/10
JPO Jump on parity odd 1 1 1 o 0 o0 1 0 7/10
PCHL H & L to program counter 1 1 1 ] 1 0O o 1 6
CALL
CALL Call unconditional 1 1 0 0 1 1 0 1 18
cc Call on carry 1 10 1 1 1 0 O 9/18
CNC Call on no carry 1 1. 0 1 0 1 0 O 9/18
cz Call on zero 1 1 0 0 1 1 0 O 9/18
CNZ Call on no zero 1 1 0 0 O 1 0 O 9/18
cP Call on positive 1 1 1 1 0 1 0 O 9/18
C™M Call @n minus 1 1 1 1 1 1 0 O 9/18
CPE Call on parity even 1 1 1 0 1 1 0 O 9/18
cPO Call on parity odd 1 01 1 0 0 1 0 O 9/18
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Table 8 Instruction Set Summary cont’d

Mnemonic Description Instruction Code(1) Clock(2)
D, Dg Ds Dy D; D, D, D, Cycles
RETURN
RET Return 1 1 o o 1 0o o 1 10
RC Return on carry 1 1 o 1 1 0O 0 O 6/12
RNC Return on no carry 1 1 o 1 0O 0 o0 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 O O o0 o 6/12
RP Return on positive 1 1 1 1 0 O 0 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 0 1 0 0 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 1 0 1 10
ouT Output 1 1 0 1 0 0 1 1 10
INCREMENT AND DECREMENT
INR r Increment register 0O 0 D D D 1 0 o0 4
DCRr Decrement register 0O 0 D D D 1 0 1 4
INRM Increment memory 0o o 1 1 0 1 0o o 10
DCR M Decrement memory o 0 1 1 0 1 o 1 10
INXB Increment B & C registers 0O 0 O O O o0 1 1 6
INX D Increment D & E registers O 0 o0 1 0o o 1 1 6
INX H Increment H & L registers 0o o 1 o 0 O 1 1 6
INX SP Increment stack pointer o 0 1 1 0 0 1 1 6
DCX B Decrement B & C 0o 0 o o 1 o0 1 1 6
DCX D Decrement D & E 0O 0 o0 1 1 0 1 1 6
DCX H Decrement H & L o 0 1 o0 1 0 1 1 6
DCX sP Decrement stack pointer 0O O 1 1 1 o 1 1 6
ADD
ADDr Add register to A 1 0 0 0 0 s s &§ 4
ADC r Add register to A with carry 1 0O 0 O 1 S § s 4
ADDM Add memory to A 1 0O 0O O o 1 1 0 7
ADCM Add memory to A with carry 1 0O 0 O 1 1 1 0 7
ADI Add immediate to A 1 1 0O 0 o 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 0o 0 o o0 1 o o0 1 10
DAD D AddD&EtoH & L 0o 0 o0 1 1 o o0 1 10
DAD H AddH& LtoH& L 0 (0] 1 0 1 0 0 1 10
DAD sP Add stack pointer to H & L o 0 1 1 1 0o o0 1 10
SUBTRACT
SUBr Subtract register from A 1 0O o 1 0O S s s 4
SBB r Subtract register from A with borrow | 1 0o o0 1 1 S § S 4
SUB M Subtract memory from A 1 0 o 1 0 1 1 0 7
SBB M Subtract memory from A with borrow | 1 0o o 1 1 1 1 1] 7
Sul Subtract immediate from A 1 1 o] 1 o 1 1 0 7
SBI Subtract immediate from A with 1 1 0 1 1 1 1 0 7
borrow
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Table 8 Instruction Set Summary cont'd

Mnemonic ‘ Description Instruction Code(1) Clock(2)
- D, D¢ Ds D, D; D, D, Do ‘Cycles

LOGICAL

ANA r And register with A 1 o 1 0O 0 S s S 4
XRA r Exclusive Or register with A 1 0 1 0 1 S S S 4
ORAr Or register with A 1 o 1 1 0O 8§ S s 4
CMP r Compare register with A 1 0 1 1 1 8§ § S 4
ANA M And memory with A 1 0 1 0 0 1 1 V] 7
XRA M Exclusive Or Memory with A 1 o 1 o 1 1 1 ] 7
ORA M Or memory with A 1 0 1 1 0 1 1 (1] 7
CMP M Compare memory with A 1 0 1 1 1 1 1 0 7
ANI And immediate with A 1 1 1 0 0 1 1 0 7
XRI Exclusive Or immediate with A 1 1 1 0 1 1 1 0 7
ORI Or immediate with A 1 1 1 1 0 1 1 0 7
CPI Compare immediate with A 1 1 1 1 1 1 1 o] 7
ROTATE

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

CMA Complement A [} o 1 0 1 1 1 1 4
STC Set carry 0 0 1 1 0 1 1 1 4
CMC Complement carry o 0 1 1 1 1 1 1 4
DAA Decimal adjust A 0o O 1 o o0 1 1 1 4
CONTROL

El Enable Interrupts 1 1 1 1 1 0 1 1 4
DI Disable Interrupts 1 1 1 1 0o 0 1 1 4
NOP No-operation 0O 0 o 0O 0 O o0 O 4
HLT Halt (Power down) o 1 1 10 1 1 O 5
RIM Read Interrupt Mask 0 V] 1 0O 0 0O 0 O 4
SIM Set Interrupt Mask o o0 1 1 o 0 o0 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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OXK I semiconductor

MSM80C86RS/GS/JS
MSMB80C86-2RS/GSJS

16-BIT CMOS MICROPROCESSOR

" GENERAL DESCRIPTION

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

FEATURES

® 1 Mbyte Direct Addressable Memory Space ® 8 and 16-bit Signed and Unsigned Arithmetic Operation
® Internal 14 Word by 16-bit Register Set ® 5 MHz Clock Rate (MSM80C86)

® 24 Operand Addressing Modes ® 8 MHz Clock Rate (MSM80C86-2)

® Bit, Byte, Word and String Operations ® Low Power Dissipation ,MAX 55 mA/MSM80C86

( )

MAX 80mA/MSM80C86-2

CIRCUIT CONFIGURATION

EXECUTION UNIT . BUS INTERFACE UNIT
[ 1T !

REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
!
|——= BHE/S7
A19/S6
16BIT ALU 2 .
BUS A16/53
INTERFACE AD15 ~ ADO
FLAGS UNIT
4 ) INTA,RD, WR,M/I0
3 >DT/R_, DEN,ALE
6BYTE
INSTRUCTION
] oueue
'\)
TEST > —» TocR
INTR  —
NME —— ] CONTROL & E Q50,081
RG/GT0,1 @ TIMING
HOLD —— T 955
HLDA —f

IRRRIE ' 1

CLK RESET READY MN/MX GND ‘
Vee
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PIN CONFIGURATION

¥

Q

NS
. ) eno 1 40 [ Vee
MSMBOC86RS (Top View) ao14[] 2 39 [JAD15
MSMB80C86-2RS ap13[] 3 38 [ A16/s3
' 40 Lead Plastic DIP 01234 <37 gl arrise
aD11[Qs 36 [J A18/s5
ApD10[]6 35 [J A19/S6
aps Q7 34 [ BHE/S7
"aps Os 33 [P Mn/MX
ap7 Qo 32 JRD
AD6 [] 10 31 |3 RQ/GTO0 (HOLD)
ADs 11 30 [JRQ/GT1 (HLDA)
Apa [ 12 29 [J TOCK WR)
ab3 13 28 [352 (M/10)
ap2 [ 14 27 351 (OT/R)
apt s 26 [50 BEN)
AD0 [ 16 25 [T QS0 (ALE)
e 17 24 [ as1 (INTA)
INTR [] 18 23 [JTEST
- = cik s 22 [JREADY
9 g GND [ 20 21 [JRESET
2 g :
- = = E BE & Fig. 2a MSMB80C86RS/MSM80C86-2RS
gk B Ecsc B ,
U‘BEED\OOU'\E?‘Q' *
Fiiﬁ o = h E zZ zz E BB 12
A18/S5 [ 43 42 41 40 39 38 37 36 3534 33 32 31 30 29 ,g QS0 (ALE) MSMB80C86GS (Top View)
A17/s4 []44 27 Qs1 (INTA) MSM80C86-2GS
| A16/53 ] 45 ' 26 [ TEST 56 Lead Plastic Flat Package
ADi5 []46 25 () READY
NC. 347 24 3 RESET
Vee [J48 2 [NC.
; vee 49 22 I NC.
NC.  3s0 21 Vee
GND [Js1 20 =] GND
Ne  Cs2 19 3nC
AD14 g 53 18 INC.
AD13 54 O 173 ek
Ap12 155 16 1 INTR
AD11 [T]56 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 [INMI
' . 2 D O~ © 0 o N o
dog8an8ddgda a
Z Q<L CqC 2224 2 2 2 2 2 ® < 1
Fig. 2b MSM80C86GS/MSMBOCE6-2GS S22%o,928%8
oozpoo2Ct2
< I<ILI62><qaw«
) 6 5 4
apto(7 39pINC
. ADS [} 8 381 A19/56
MSMB80C86JS (Top View) apsgo 37D BRE/S7
MSM80C86-2JS AD7T10 36 [] MN/MX
44-pin Plastic Leaded Chip Carrier Ape (11 350 RD
ADs (12 34 ) RO/GTO (HOLD)
AD4[13 331 RQ/GT1 (HLDA)
AD3[14 321 TOCK (WR)
AD2(15 310152 (w/i0)
AD1 (16 30187 (DT/R)
Apoff17 291150 (DEN)
212223 24 25 26 27 28

Q

RESET
(ALE) QSO

(INTA) QS1
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | MSM80086RS | MSM80C86GS | MSM80C86JS Unit | Conditions
MSM80C86-2RS | MSM80C86-2GS | MSM80C86-2JS
Power Supply Voltage Vee -0.5~+7 \"
ith respect
Input Voltage VIN ~0.5~ VcC +0.5 V. i onD.
Output Voltage VouTt -0.5 ~Vcc +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
MSM80C86 MSM80C86-2
Power Supply Voltage Vee 3~6 4.75 ~ 5.25 \%
Operating Temperature Top -40 ~+85 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
MSM80C86 MSM80C86-2 .
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 \%
Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L"” Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \4
(*1) | Vcc-0.8 Vce+0.5 | Vec-0.8 Vec+05 | V
““H" Input Voltage ViH (*2) 3.0 Vce +0.5 3.0 Ve +0.5 \"
(*3) 2.2 Vce +0.5 22 Vce +0.5 v
*1 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready
DC CHARACTERISTICS
(Vce = 4.5V t0 5.5V, Ta=-40°C to +85°C)
Parameter Symbol MIN TYP MAX Unit Conditions
“L"” Output Voltage VoL 04 \ loL=25mA
”" 3.0 I0H =-25mA
“H" O NAr—04
utput Voltage VOH Voo -04 \ TOR =100 BA"
Input Leak Current TN -1.0 +1.0 MA 0<Vy<Vce
Output Leak Current Lo -10 +10 HA 0<Vp<Vcc
MSMB0CS6 55 TCLCL =200 ns
Operating Supply | A Reset Cycle
Current cc m =
MSM80C86-2 80 TCLCL =125 ns
Reset Cycle
Input Capacitance Cin 5 pF *4
Output Capacitance Cout 15 pF *4
1/0 Capacitance Ci/o 20 pF *4

*4, 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

(MSM80CB6: Ve = 4.5V to 5.5V, Ta = -40°C to +85°C)
(MSM80C86-2: Ve = 4.75V to 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

Parameter Symbol MSMBocss MSMB0C86-2 Unit
Min. Max. Min. Max.
CLK Cycle Period TcLcL | 200 500 125 500 ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 65 a4 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
:-"SS:NS:I::JZ')“’ into MSM 82CB4A | rRqveL 35 35 ns
flsIZ:NI-::lez: ;l':r;;a into MSM 82C84A TCLR1X 0 0 ns
READY Setup Time into MSM 80036 TRYHCH 110 68 ns
READY Hold Time into MSM 80C86 TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:gl;R’\](:\:zﬁ;,) TEST Setup Time TINVCH 30 15 ns
(From 08V 1o 2.2y TILIH s | s
e I B s 5 | .
Timing Respongss
Parameter Symbol MSMBOCES MSW80C86-2 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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Parameter Symbol MSM8ocse MSM80C86-2 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 10 110 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH |2TCLCE-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.2V) TOLOH 20 20 ns
Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns

Notes: 1. Signals at MSM82C84A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3)
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Maximum Mode System (Using the MSM 82C88 Bus Controller)
Timing Requiremeng

Parameter Symbol MSM80C86 Msmsocss-z Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL © 200 500 125 500 ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 65 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time (From 3.5V to1.0V) TCL2CL1 1 10 10 ns
Data in Setup Time ‘ TDVCL 30 20 ns
Data in Hold Time TCLDX 10 10 ns
risl:;/NS:tt:sin;)\e into MSM 82C84A TRIVCL 35 35 ns |
:RSSINI-‘I)C;Lc: ':"lr;;! into MSM 82C84A TCLR1X 0 o ns
READY Setup Time into MSM 80C86 TRYHCH 110 68 ns
READY Hold Time into MSM 80C86 TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
o et M wwon | 2o s .
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C86 TCHGX .40 - 30 ns
(From 08V 10 2201 TILIH s 5| s
N s 5 | .
_Timing Responses
Parameter Symbol MSMB0C86 MSM80C86-2 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 35 5 35 ns
:R;:El;/t ::;ive to Status Passive TRYHSH 110 X 66 | ns
Status Active Delay ) | TCHsV 10 110 10 60 s
Status Inactive Delay TCLSH 10 130 10 70 ns
Address Valid Delay ‘ TC LAV 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
MCE Inactive Delay (See Note 1) TCHMCL ‘ 45 © 45 ns
Data Valid Delay TCLDV 10 110 10 60 | ns
Data Hold Time TCHDX 10 10 ns
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Parameter Symbol MSM80Ccs6 WMSM80CEE-2 Unit
Min. Max. Min. Max.
Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns
Address Float to RD Active TAZRL 0 0 ns
RD Active Delay TCLRL 10 165 10 100 ns
RD Inactive Delay TCLRH 10 ® 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
:Dsi:c';ig:e(;t))ntrol Active Delay TCHDTL 50 50 ns
I(Dsi;:c';iz;??ntrol Inactive Delay TCHDTH 35 30 ns
GT Active Delay TCLGL 0 85 ] 50 ns
GT Inactive Delay TCLGH 0 85 0 50 ns
RD Width TRLRH [2TCLCL-75 ) 2TCLCL-50 ns
Output Rise Time (From 0.8V to 2.2V) | TOLOH 20 20 ns
Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns

Notes:

Applies only to T3 and wait states.

1. Signals at MSM 82C84A or MSM 82C88 are shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3)
4.
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TIMING CHART

Input/Output A.C. Testing Load Circuit
24 DEVICE
UNDER |
5
1.6 «=— TEST POINTS —= 1 TEST
0.45 =

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
I 100pF

CL INCLUDES JIG CAPACITANCE

Minimum Mode

CLK (MSM 82C84A Output)

BHE/S7,A19/S6-A16/S3

RDY (MSM 82C84A Input)
SEE NOTE 5

READY (MSM 80C86 Input)

READ CYCLE

(NOTE 1)
WR,INTA=VoH)

T T2 T3 T4
TCHICH2 TCL2CLY T, ,

Vin TCLCL— [‘"\ -
ViIL'TcHeTV / \ 1 /_\_—
— TCHCL TCLCH

M/T0 X
TCLAV —~ TCLAX: I~ TCLDV TCHDX—+
Esm:z, A19-A1 $7-53
TCLLH— %t_.{l TLLAX
—
ALE TAVALR\ l /
Ten~ v L TRIVCL
IH
\!
SR EANIMINININNNY
S~ [=TCLR1X
TRYLCL ~{ -
5
] TCHRYX
: TCLDX
TCLAV—]
AD15-ADO N
: FLOAT,
TAZRL~| o TCLRH—»] TRHAV.
em—— /
RD
-._J;TCHCTV | TRLRH TCHCTV
- TCLRL I‘[—-——
DT/R ‘
‘ TCVCTV — TCVCTX —
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Minimum Mode (Continued)

T T2 T3 T4
TCLCL TCHiCH2,  TcLcLr - TW
ViH {_\ )
CLK (MSM 82C84A Output) Y } [—\__
V) L-} \_J
L
lrcHeTy TCHE TCLCH
/o ) ¢ X
TCLAV- ) TSra% TCHDX —f
BHE/S7,A19/S6 ~ A16/S3 BHE, A19-A16 S7-S3
TCLLH— |TLHLL LLAX _
ALE /7
TAVALRZ J.
TCHLL™] TCLDV
WRITE CYCLE _ TCLAVH C = TCLAX TCHDX-o| o
AJ
AD15-ADO AD15-AD0 DATAOUT | )-——-C
TAVAL
TeveTV~1 ﬁ f— TWHDX ] TCVCTX
_ _(NOTE 1K TLLAX
(RD, INTA, DEN
DT/R =VOH) ToveTv—| f-
\ TWLWH Y
L WR /
o TCLAZ TCVCTX+
INTA CYCLE TDVCL_P CLDX
[ » POINT
AD15-ADO ), |
FLOAT FLOAT
— —TCHCTV TcHeTv
DT/R /
(NOTES 1&3) f
(RD, WR = VOH TCVCTV
BHE = VOL). S
INTA
TCVCTV— |  TCVCTX -
\ 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 T3 T4
TCH1CH2 —jle-TCL2CL1
v e—TCLCL—] T™W
IH
CLK (MSM 82C84A output) \ ]l ‘ 3 ‘_“_\ ’! \
ViL
TCLAV—= | TCHCL TCLCH
Qs0,as1 x X x
1 X X
TCHSV —{ [~ TCLSH
{ (SEE NOTE 8) \ -
§2,57,50 (EXCEPT HALT) K —— 5V /l/[l ] | W,
Ene LAV X~ le—
L —= TCLAX TCHD
J— — T
BHE/S7,A19/S6 ~ A16/S3 BHE A19-A16 §7-s3 1(
TSVLH |+ l=TCHLI
ALE (MSM  TCLLH*®| [=_] TenLL ‘ —
82C88' OUTPUT) 4 ( !
.
SEE NOTE 5 : —-I et TRIVCL
RDY (MSM 82C84A ViH '
ViL
TRYLCL pe—2 TCLR1X
READY (MSM 80C86 ' - b~ TCHRYX
INPUT) TRYHSH
TCLAXe| *
TRYHCH o |
READ CYCLE TCLAV —| |‘—T_CLAZ-— TDVCL TCLDX
T
AD15-AD0 AD15-AD0 )
; FLOAT
\ TAZRL —| TRHAV
RD
TCHDTL —f le-TCHDTH
o e——
OT/R TCLRL ]
MSM 82C88 .
OUTPUTS MRDC OR TCLML— |‘— TCLMH —f
SEE NOTES 5, 6 1ORC 3‘
TCVNV — ‘-—
DEN ’
TCVNX —
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- Maximum Mode (Continued)

T T2 . T3 T4
Tw
ViIH '
CLK (MSM 82C84A output) {—\ jt \ /'”\‘
ViL
TCHSV «| | TCLSH |
§2, S1,'S0 (EXCEPT HALT) L' VP
K y, W (Seenote 8) \__
WRITE CYCLE TCLAV] - TSLOY TCHDX ~
AD15 ~ ADO f DATA J.—C '
TCVNV +f TCVNX
DEN 31
MSM 8288 TCLML | TCLMH |
OUTPUTS, vy, :
SEE NOTES 5,6 AMWC OR ATOWC

— TCLML+ TCLMH
MWTC OR IOWC

FLOAT / \
AD15 ~ ADO /\ —{ FLOAT FLOAT

TDVCL
SEE NOTE 3,4 - TCLAZ -\. TCLDX
( J:’— POINTER
TCLMCL—FLOAT
TSVMCH —_—
(MCE/

INTACYCLE

)

g

/
J
PDEN -——
TCLMCH | -~ TCHDTL - TCHDTH
DT/R

MSM 82C88
OUTPUTS TCLML—~
SEE NOTES 5,6 < iNTA
- TCVNV - TCLMH
DEN
SOFTWARE HALT — ~ TCVNX~

(DEN=VQg; RD, MRDC, IORC, MWTC,
AMWC, IOWC, AIOWC, INTA,=Vgp)
AD15 ~ ADO { INVALID ADDRESS
TCLAV =

—————-
52515 _—\__/ -

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

. RDY is sampled near the end of T2,T3,Tyy to determine if TW 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 80C86 LOCAL ADDR/DATA BUS is floating during both INTA
cycles. Control for pointer address is shown for second INTA cycle.

. Signals at MSM 82C84A 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.

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

8. Status inactive in state just prior to T4.

Notes:

HWN =

o .

~
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Asynchronous Signal Recognition

CLK \
— TINVCH (SEE NOTE 1
. ,_______,[«so )
INTR 2 SIGNAL
TEST h— d
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 > 50 uSEC —]
- b2 |
- vee —/___
CLK
CLK \—
TCLAV TCLAV TCLDX o
J— TDVCL
Lock RESET —
24 CLK CYCLES
R /Grant S Timing (Maximum Mode Only)
Any CLK Cycle
- > 0CLK Cycle
TCLGH TGVCH PULSE3 .
T
N . — CLGH COPROCESSOR
RQ/GT il RELEASE
AD15 ~ ADO COPROCESSOR
A19/S6~A16/S &4 1 [~ TCLAZ
§2,57,50, F F MSM
AD, LOCK MSM 80C86 ) COPROCESSOR 80C86
BHE/S7 o o (SEENOTE 1)
Note : 1. The coprocessor may not drive the buses outside the region shown without risking contention.
Hold/Hold Ack ledge Timing (Mini Mode Only)
21 CLK CYCLE 10r2CYCLES
CLK f\
THVCH
HOLD
— TCLHAV TCLHAV —
HLDA
B . |} TCLAZ ’
AD15~ ADO, h -
g MSM 80C86
A19/S6~ A16/S3, i COPROCESSOR MSM 80C86
RD, ' N e —
BHE/S7, M/IO,
DT/R, WR, DEN




PIN DESCRIPTION

ADO - AD15
ADDRESS DATA BUS: Input/Output

These lines are the multiplexed address and data
bus. .

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

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

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

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

S3 S4 Characteristics
0 V] 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 is the status line at the T2, T3, TW and
T4 cycle.

This line is high impedance during hold acknow-
ledge.

RD
READ: Output

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

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

s CPU-MSM80C86RS/GS/JS MSM80C86-2RS/GS/JSm

INTR
INTERRUPT REQUEST: Input
This line is a level triggered interrupt request signal
which is sampled during the last clock cycle of instruc-
tion 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 a WAIT instruction.
When TEST is high, CPU enters idle cycle.
When TEST is low, CPU exits 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 on for at least
four clock cycles.

CLK
CLOCK: Input

This signal provides the basic timing for the inter-
nal circuit.

MN/MX
MINIMUM/MAXIMUM: Input

This signal selects the CPU’s operate mode.

When VCC is connected, the CPU operates Mini-
mum mode.

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

Vee
Vee:
+3 — +6V supplied.

GND
GROUND:

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

$0,51,52
STATUS: Output

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

These lines are high impedance during hoid
acknowledge.

These status lines are encoded as shown.
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S2 §7 [ S0 Characteristics
0 (LOW) 0 | 0 | Interrupt acknowledge
0 0 | 1 | Read /O Port
0 1 0 | Write I/0 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/GTS
RQ/GT1

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

LOCK
LOCK: Output

This line is active low. -

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

This line is high impedance during hold acknow-
ledge.

Qs0/Qs1
QUEUE STATUS: Output

These lines are Queue Status that indicate internal
instruction gueue status.

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

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

M0
STATUS: Output

This line selects memory address space or |/Q
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.

WR

WRITE: Output

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

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

This line is active low.
This line is high impedance during hold acknow-
ledge. : :

INTA

INTERRUPT ACKNOWLEDGE: Output

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

This line is active low.

ALE
ADDRESS LATCH ENABLE: Output

This line is used for latéhing an address into
MSM82C12 address latch. It is a positive pulse and the
trailing edge is used to strobe the address. This line is
never floated. )
DT/R .
DATA TRANSMIT/RECEIVE: Output

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

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

This line is high impedance during hold acknow-
ledge.

DEN
DATA ENABLE: Output :
This line is used to control the output enable of
the bus transceiver.
This line is active low. This line is high impedance
during hold acknowledge.

HOLD
HOLD REQUEST: Input
This line is used for Bus Request from another
device.
This line is active high.

HLDA

HOLD ACKNOWLEDGE: Output
This line is used for Bus Grant to other device.
This line is active high.



FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal function of the MSM80C86 consists
of a Bus Interface Unit (BIU) and an Execution Unit
(EU). These units operate mutually but perform as
separate processors.

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

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

MEMORY ORGANIZATION

The MSM80C86 has a 20-bit address to memory.
Each address has an 8-bit data width. Memory is orga-
nized 00000H to FFFFFH and is logicaly divided into

Memory Organization

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

All memory references are made relative to a seg-

= CPU- MSM80C86RS/GS/JS MSMB0C86-2RS/GS/JSm

ment register according to a select rule. A word operand

can be located on an even or odd address boundary.

BIU automatically performs the proper number of
memory accesses. Memory consists of even address
and odd addresses. Byte data of even address is trans-

ferred on Dy — D7 and byte data of add address is trans-
ferred on Dg — Dis.

The CPU provides two enable signals, BHEand AO,
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 for
an interrupt pointer, 256 types interrupt pointers are
available.

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

Reserved Memory Locations

/) FFFFFH
[ T
64 KB CODE
SEGMENT
T XXXXOH
STACK
+OFFSET SEGMENT
SEGMENT K !
REGISTER FILE .
cs DATA
sS SEGMENT
DS |
ES
EXTRA DATA
SEGMENT
T————3 0000H

FEFEH
RESET BOOTSTRAP | /'
PROGRAM JUMP
FFFFOH
A By
L T
_ 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
L]
J . X
) L]
7H
INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER | 3H
FOR TYPE 0 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 MSM80C86 has two system modes: minimum
and maximum. When using maximum mode, it is easy to
organize a multi-CPU system with an 82C88 Bus Con-
troller which generates the bus control signals.

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

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

BUS OPERATION .

MSM80C86 has a time multiplexed address and
data bus. |f non-multiplexed bus is desired for the
system, it is used only to add the address latch.

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

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

When a bus cycle is not needed, T1 cycles are

inserted between the bus cycles for internal execution. -

At the T1 cycle, an ALE signal is output from the CPU
or MSM82C88 depending on MN/MX. At the trainling
edge of ALE, a valid address may be latched.

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

52 BRIE) Characteristics
0 (LOW) 0 | 0 | Interrupt acknowledge
0 0 |1 Read 1/O
(4] 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 Mémory
1 1 | 1 | Passive (no bus cycle)

86

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)
(V] 1 Stack
1 (HIGH) 0 Code or None
1 1 Data

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

MSMB0C86 has 64 Kbyte 1/0 or 32 Kword 1/0.
When the CPU accesses an 1/O device, address AO ~ A15
are the same format as a memory access, and A16 ~.
A19 are low.

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

(4 + N*WAIT) = TCY (4 + N*WAIT) = TCY:
| 72 | 73 fwarr] T | T | T2 | T3 frwair] T ’

GOES INACTIVE IN THE STATE
JUST PRIOR TO T4

\ Jli| \ i \

BHE, A19—A16 BHE, A19—-A16

avoR/ o ﬂ o= X

BUS RESERVED D15-DO
A15—-A0  FQR DATAIN VALID

DATA OUT
(D15—D0)

CLK

l

(7]
N

4
g

ADDR/DATA

READY

READY e -
d

WAIT WAIT

L
s W Y e W o

—

MEMORY ACCESS TIME

" |
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EXTERNAL INTERFACE

RESET

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

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

INTERRUPT OPERATIONS

Interrup operation is classified as softwarer or
hardware, and hardware interrupt is classified as non-
maskable or maskable.

Interrupt causes a new program location, as
defined an interrupt pointer table, according to interrupt
type. Absolute ocations O0000H through OO3FFH are
reserved for the interrupt pointer table. The interrupt
pointer table consists of 256 elements. Each element is

Interrupt Acknowledge Sequence

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

NON-MASKABLE INTERRUPT (NMI)

The MSMB80C86 has a Non-maskable Interrupt
(NM1) which is of a higher priority than the maskable
interrupt request (INTR). )

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

MASKABLE INTERRUPT (INTR)

The MSM80C86 provides an another interrupt
request (INTR) which can be masked by software.
IMTR is level triggered, so it must be held until the
interrupt request is acknowledged.

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

ALE

LOCK

)\

| TtV | T2 | T3 |TAfT| T

/A W A

| T2 | 13 | T4 |

—

\ FLOAT

2%
X

ADO—-AD15 4

TYPE
VECTOR

INTERRUPT ACKNOWLEDGE
During the interrupt acknowledge sequence, further

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

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

HALT

When the Halt instruction is executed, the CPU
enters a Halt state. Interrupt request or RESET wili
force the MSM80C86 out ot the Halt state.

88

SYSTEM TIMING-MINIMUM MODE

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

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

SYSTEM TIMING — MAXIMUM MODE

At maximum mode, the MSM82C88 'Bus Con-
troller is added to the system. The CPU sends status in-
formation to the Bus Controller. Bus timing signals are
generated by the Bus Controller. Bus timing is almost
the same as in the minimum mode.
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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

- oy

iy

- e e e

0OO0OO0O0OO0O-=00

-

OO0 OO0 == 0O = = =

O0OO0O0O0O0O0O0 ==

OO0 —===00WV

OO0 O0OO0O-—=00H

~aaws00O0=0O0

~a00s0=wW

NN e N = I N = I =

- ON

—-——00

- e e o

.,
& -a =
s s

o = =0

oo
2

OO0 —=-=000 ===

o

ocos s

~“00-20===357%

7 6 54 3 2

mod
mod

mod
mod

mod

mod

mod

mod
mod
mod

reg

00O
data
addr-low
addr-low

reg

port

port

reg
reg
reg

10
r/m
r/m

r/m
r/m

r/m

r/m

r/m

r/m
r/m
r/m

76 54321

data

data if w=1
addr-high
addr-high

0

7654321

dataif w=1

0

ESr/SY/SHZ-98008WSN SIr/SH/SHISO08NSIN -NdD =



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 = ASCI| adjust for subtract

(= =]

o oo =

-

0O -0

o oo OO == o oo [Nl

o

oo0ooo

[« N o oo

- _O -

-—_ =

[=Nele)

-

o o o -0 = -

-

-

-

ey

-—_O -

ooo [e N«

[= =R«

O -

- —_0 -

-

- -

-

---00

reg

- 0O “

2 s

s

$ss3
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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

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

uS[/SH/SHZ-98D08NSIN SI/SH/SHISIOSINSN -NdD =
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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

- mm e a A a0

OO = = dd o O

OO0 O = = O = = =

P T I =Y

- = 000000 =

OO = = ==t -

OO0 = = O = = =

—o0-sgsg0sgs =

mod
mod
00
mod
mod
0o

O==000

- O - =0O

0

0

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

0

0

ESr/S9/SHC-98008NWSN SI'/SH/SHI98I08NSIN -NdD =



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 17101 00v wmod 00O r/m

ROR = Rotate right 110100 v wmod 0 0 1 r/m

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

RCR = Rotate right through carry 110100 v wimod 0 1 1 r/m

AND = And:

Reg./memory and register to either 00100 0d w|mod reg r/m

Immediate to register/memory 1000 00O wmod 100 r/m data dataif w=1
Immediate to accumulator 001 0010w 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 1111011 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

Immediate to register/memory 1000000 wmod 00 1 r/m data dataif w=1
Immediate to accumulator 000O0T1T 10w 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 1000 00O wimod 110 r/m data dataif w=1
Immediate to accumulator 001 1010w data data if w=1

STRING MANIPULATION

REP = Repeat 1111001z

MOVS = Move byte/word 101001 0w

CMPS = Compare byte/word 1010011 w

SCAS = Scan byte/word 10101 11w '

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

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

ESr/SH/SHZ-98J08NSIN SIr/SH/SHI98D08NSW -NdD =
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CJMP = Conditional JMP

JE/JZ = Jump on equal/zero 01110100 disp
JZ/INGE = Jump on less/not greater or equal o1111100 disp
JLE/JNG = Jump on less or equal/not greater 1111110 disp
JB/INAE = Jump on below/not above or equal 01110010 disp
JBE/INA = 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 01111101 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 01110111 disp
JNP/JPO = Jump on not parity/parity odd 01111011 disp
JNO = Jump on not overflow 01110001 disp
JNS = Jump on not sign 01111001 disp
LOOP = Loop CX times 171100010 disp
LOOPZ/LOOPE = Loop while zero/equal 17110000 1 disp
LOOPNZ/LOOPNE = Loop while not zero/equal 171100000 disp
JCXZ = Jump on CX zero 1711000 1 1 disp
INT = Interrupt:
Type specified 11001101 type
Type 3 11001100
INTO = Interrupt on overflow 11007t 110
IRET = Interrupt return 11001111
PROCESSOR CONTROL
CLC = Clear carry 11111000
CMC = Complement carry 111 10101
STC = Set carry 11111001
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
LOCK = Bus lock prefix 171110000 ’

ESr/SH/SHZ-98D008NSIN SIr/SH/SHI98D08NSIN -NdD =-



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

[ G N

[ SN

-t -

- O ==

- e -

- O ==

oo0ooo

- =so0oan

- o =00

coooo

- e -

--00

-

- O -=0ON

o =00

oooo

- -0 -

- s -

- a0

o =00

O = = -

o = O =

765 43210

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

7 6 54 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 vaiue

If d = 1 then ““to’’ reg: If d = O then ““from’’ reg.

If w = 1 then word instruction: If w = O 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

1f r/m = 010 then EA = (BP) + (SI) + DISP

1fr/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
o11 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 St 110 DH
11 [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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MSMB80C86ARS/GS/JS
MSMB80C86A-2RS/GSIS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C86A/MSMB0CS86A-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 MSM80OC85A/
MSMBOC85A-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 5 MHz Clock Rate (MSMB80C86A)

® 24 Operand Addressing Modes ®/From DC to 8 MHz Clock Rate (MSM80C86A-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
16BIT ALU P > :

 sus A16/53

INTERFACE AD15 ~ ADO

FLAGS UNIT

U

| | esvTE
INSTRUCTION
QUEUE

TEST ——
INTR =]

—
- ——sf CONTROL & “2—‘> 50,081

LOCK

RG/ET6, 1 @ TIMING
HOLD ——— 3 §2.51.50

LT T 10

CLK RESET READY MN/MX GND
Vce

96



PIN CONFIGURATION

a CPU-MSMB0OC86ARS/GS/JS MSMB0OC86A-2RS/GS/JS®

MSMBOCB6ARS (Top View)
MSMB80CB86A-2RS
40 Lead Plastic DIP

ono [ ~ w0 u

ap1a[]2 39 [JAo1s

Ap13[] 3 38 [} A16/53
ap12[] 4 37 [ A17/54
ap11Qs 36 [] A18/55
ap10[]6 35 [J A19/56

a0 7 34 [J BHE/S?

ans [8 33 [ MN/MX

ap7 9 32 [QRD

AD6 ] 10 31 [JRG/GT0 (HOLD}
aps [ 11 30 [JRA/GT1 (HLDA)
ADa [] 12 29 [ TOCK WR)
a03 13 28 [ 52 (M/10)

ap2 [ 14 27 B35 (OT/R)

a0t [ 1s 26 [} 50 IDEN

Apo [ 16 25 [] QS0 (ALE)

nvi 17 24 [ as1 (INTA)
INTR[] 18 23 [JTEST

ctk [ 1o 22 [AReADY

GND [] 20 21 [JRESET

Fig. 22 MSM80C86 ARS/MSM80C86A-2RS

RQ/GT1 (HLDA)

g
o —
z Eces
285k B x5 5B
. o= C R K 20k
A18/s5 []43 42- 41 40 39 38 37 36 35 34 33 32 31 30 29 2g ] QSO (ALE) MSMB80C86AGS (Top View)
A17/54 44 27 as1 (INTA)  MSMB80C86A-2GS
A16/s3 [ 45 26 [ TEST 56 Lead Plastic Flat Package
AD15 []46 25 ") READY
NC. a7 24 ) RESET
Vee CJas 23[NC.
vee 349 2 nNc
NC. dso 21 Vvee
GND []s1 20 [ GND
NC. [Is2 19 nNce.
ap14 S8 18 NC
AD13 []54 O 173 ek
Ap12 [C]ss 16 L INTR
AD11 56 1 2 3 4 5 6 7 8 91011 12 1314 15[ INMI
utgdutuuugougod
0'20)_00'\0 s 3 0 T 0 N -~ O
'’ 0 00 00 QYo000060a00
zZ <L T CZZC<qgL<aqA PR
Fig. 2b MSMB0C86AGS/MSMBOCS6A-2GS 83220 ,92883
L LU 2> a4 A A
6 5 4 3 2
AD10 NC
AD9 A19/56
MSMB80C86AJS (Top View) AD8 BHE/S7
MSMBOC86A-2JS AD7 MN/MX
44-pin Plastic Leaded Chip Carrier ADs RD
) AD5 RQ/GTO (HOLD)
AD4 RQ/GTT (HLDA)
AD3 LOCK (WR)
AD2 §2 (M/i0)
AD1 $1(DT/R)
ADO S0 (DEN)
18 19 20 21 22 23 24 25 26 27 28
CzZexoQFr>lco
“2f3gfpzfpad
- c g < W
EZ
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol |\SM800B6ARS [MSMBOCBBAGS |MsMBoc86AJs | Unit | Conditions
MSMB80C86A-2RS|MSMB0C86A-2GS| MSM80C86A-2JS
Power Supply Voltage Vece -0.5 ~ +7 v
With respect
Input Voltage ViIN -0.5 ~ Ve +0.5 \ to GND
Output Voltage VouT -0.5 ~ V¢c +0.5 A
Storage Temperature Tstg -65 ~ +150 °c -
Power Dissipation Pp 1.0 0.7 w Ta=25°C
OPERATING RANGE
Limits
Parameter Symbol Unit
MSMB0C86A | MSM80C86A-2
~ Power Supply Voltage Vee 3~6 4.75 ~ 5.25 \Y
Operating Temperature Top -40 ~+85 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
MSM80C86A MSMB80C86A-2.
Parameter " Symbol Unit
MIN TYP MAX | MIN TYP MAX

Power Supply Voltage Vee 45 5.0 5.5 4.75 5.0 5.26 \
Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \Y

*1) | Vee-0. Vee +0.5 | Vee-o. Ve 0.5 \Y
“"H" Input Voltage ViH -1 cc08 cc cc08 cc

(*2) 2.0 Vce 0.5 2.0 Vcc +0.5 v

*1 Only CLK,
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DC CHARACTERISTICS
(MSM80C86A: Ve = 4.5V to 5.5V, Ta = —40° to +85°C)
(MSMB0C86A-2: Vi = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions
““L" Output Voltage VoL o4 \% 1oL =25 mA
3.0 IOH = -2.6 mA
““H"" Output Voltage VOH \ .
Vce-0.4 10H =-100 uA
Input Leak Current W] -1.0 +1.0 MA 0<V|<Vce
Output Leak Current Lo -10 +10 BA 0o<Vo<Vce
Input Leakage Current VIN = 0.8V
(Bus Hold Low) lBHL 50 400 KA *3
_Input Leakage Current VIN =3.0V
(Bus Hold High) 'BHH -50 —400 | wA *
Bus Hold Low Overdrive IBHLO 600 RA *5
Bus Hold High Overdrive IHBHHO -600 KA *6
Operating Power Ta=25°C
A
Supply Current Icc 10 mA/MHz Vce =5.5V, Typical,
vcee = 5.5V
:La;;::yczg:::_: Iccs 500 RA Outputs Unloaded
VIN = Vcc or GND
Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
1/0 Capacitance Ci/0 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 VN 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 Ig|_ O to switch this node from LOW to HIGH.
*6 An external driver must sink at least IgHHO 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

(MSMBOCB6A: V= 4.5V to 5.5V, Ta= —40°C to +85°C)
(MSMB0C86A-2: V¢ = 4.75V to 5.26V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

Parameter Symbol ‘ MSMB0CB6A MSM80C8EA 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
:RsI:: NS:tt:sin;;e into MSM 82C84A TRIVCL 35 35 ns
:::N':,::: ':':r;;a into MSM 82C84A TCLR1X 0 0 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
:ge‘l;RI\;cl’\izn;,)TEST Setup Time TINVCH 30 15 ns
(From 08V 1o 20v1 ! TILIH s | o
e ey o X s s | -
Timing Responses )
Parameter Symbol MSMB80C8eA MSM80CB6A-2 Unit
Min. Max. Min. Max.
Address Valid Delay TCLAV 1 0 110 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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Parameter Symbol MSMB80C86A MSM80C86A-2 Unit
Min. Max. Min. Max.
RD Inactive Delay TCLRH 10 150 10 80 ns
RD lInactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
HLDA Valid Delay TCLHAV 10 160 10 110 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
‘WR Width TWLWH |2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.0V) TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns

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

Paratﬁeter Symbol MSMB0C8EA 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) TCL2CL1 ) 10 10 ns
Data in Setup Time TDVCL 30 20 . ns
Data in Hold Time TCLDX 10 10 ns
g‘::,f::::’ 11:2',"’ into MSM 82C84A | rRyvcL 35 35 ns
:RSIZeYNI-(l:Lg ;F'lr;)e into MSM 82C84A TCLR1X 0 0 ns
READY Setup Time into MSM 80C86A | TRYHCH 118 68 ns
READY led Time into MSM 80C86A | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
TR TEST) (e Now 21| TINVEH | 30 s ns
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C86A TCHGX 40 © 30 ns
ot B I s 5 | .
e T e L . 6 |
Timing Responses
Parameter Symbol MSMBOC86A MSMBOCB6A-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 35 5 35 " ns
rtslzeAz(\)(t eA:;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 ons
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 ns
Status Valid to ALE High (See Note 1) TSVLH 35 20 ns
Status Valid to MCE High (See Note 1) | TSVMCH 35 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 35 20 ns
CLK Low to-MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 18 ns
MCE Inactive Delay (See Note 1) TCHMCL 35 45 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns

102



# CPU-MSMBOCB86ARS/GS/JS MSM80CB86A-2RS/GS/JSm

Parameter Symbol MSMB80C86A MSM80C86A-2 Unit
Min. Max. Min. Max.
Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns
Address Float to RD Active TAZRL 0 (0] ns
RD Active Delay TCLRL 10 165 10 100 ns
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL40 ns
:)si:c:li;):e (ic)mtrol Active Delay TCHDTL 50 50 ns
I(Dsi;:c'tli;):e(ic;ntrol Inactive Delay TCHDTH 15 30 ns
GT Active Delay TCLGL 0 85 0 50 ns
GT Inactive Delay TCLGH (] 85 0 50 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
Output Rise Time (From 0.8V to 2.0V) | TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns

Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3)
4,

Applies only to T3 and wait states.
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TIMING CHART

Input/Output A.C. Testing Load Circuit
2.4 DEVICE
UNDER
-— POINTS — 1.5
15 TEST POI 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
TCH1CH2 TCL2CL1
ToLeL—| TS Tw
ViH /-“-\
CLK (MSM 82C84A Output) }F \ . N }1 \
ViL‘y 1
o HCTY. TCHCL TCLCH
M/10 x
TCLAV —+| TCLAX-': TCLDV TCHD X —+f
BHE/S7,A19/S6-A16/S3 BHE, A19-A1 §7-S3
TCLLH—+ TLHLL TLLAX ——
ALE TAavaL\ l /
N -
TC;{‘L',L"l le— Vin lew TR1VCL
\ \
TRYLCL +f e [~ TCLRIX
READY (MSM 80C86A Input) -~ TCHRYX
TAVAL
TCLDX
READ CYCLE TCLAV~ TREAX
r .
AD15-AD0O AD15-/}DO N T LOAT
1
TAZRL / TCLRH—e] TRHAV.
RD
(NOTE 1) J
- TCHCTV J : — TCHCTV
(WR,INTA=VQgn) - TCLRL TRLRH [
DT/R
TCVCTV — TCVCTX -
( DEN
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Minimum Mode (Continued)

# CPU-MSMB8OC86ARS/GS/JS MSM80C86A-2RS/GS/JSH

T T2 T3 T4
TCLCL  TCHI1CH2 TcL2cLt  TW
ViH ‘ {_\
CLK (MSM 82C84A Output) " / d
V||_J Y, N \ /
HCL
rcHeTv TCHC TCLCH
/o ) ¢ X
TCLAV- = TEEa% TCHDX—
BHE/S7,A19/S6 ~ A16/S3 BHE, A19-A16 S7-S3
TCLLH— |TLHLL LLAX
ALE ,"
TAVAL Fan
CHLL TCLDV
WRITE CYCLE _ TCLAVA] .lr e TCLAX TCHDX | o
AD15-ADO AD15-ADO DATA OUT | )—C
TAVAL
T(‘VCTVI ﬁ fom TWHDX[ TCVCTX
_ _(NOTE 1) TLLAX
(RD, INTA, DEN
DT/R =VOH) Teverv—] -
INTA CYCLE i \I'TC'-AZ
AD15-ADO D,
FLOAT
— —TCHCTV
DT/R
(NOTES 1&3) ¢ P
(RD, WR = VOH TCVCTV -~
BHE = VOL)
INTA
TCVCTV— |+  TCVCTX
L DEN
D15 ~ ADO NVALID ADDRESS FTWARE HALT
SOFTWARE HALT- A INVALID ADD 0
‘RD,WR, INTA = VOH TCLAV —
DT/R = INDETERMINATE

105




m CPU-MSM8OC86ARS/GS/JS MSM80OCB86A-2RS/GS/JS®

Maximum Mode

T T2 T3 T4
TCHICH2 —sjje-TCL2CL1
[e—TCLCL—~| ™
VIH - L
CLK (MSM 82C84A output) R F_“_‘ £\
V .
'L rcLav— f— TCHCL TCLCH
Qs0,as1 X X X x
TCHSV — |~ TCLSH
{ (SEENOTE®) N
$2,51,50 (EXCEPT HALT) . T, NN /l/// // | ox [
1 H —
r_ ] TCLAX ¢ I‘“
m— [ v -
BHE/S7,A19/S6 ~ A16/S3 BHE A19-A16 S$7-s3 X
TSVLHH |+ _| — TCHLL :
ALE (MSM TCLLH®| [= p—
82C88 OUTPUT) a . ]
J.
SEE NOTE 5 lel- TR1VCL
RDY (MSM 82C84A ViH ' T
INPUT) “mmms
ViL
TRYLCL[—."’ TCLR1X
1
READY (MSM 80C86A - b—TCHRYX
INPUT) TRYHSH
‘II'C LAXs] y
TRYHCH™
READ CYCLE TCLAV —= l—-‘I:CLAZ-— TCLDX
AD15-ADO AD15-AD0
t FLOAT
TAZRL —» l—TRHAV
RD
TCHDTL — le- TCHDTH
OT/R TCLRL ]!—
MSM 82C88
OUTPUTS MRDC OR TCLML—+ |e— TCLMH —
SEE NOTES 5, 6 1ORC *
TCVNV — \-—
DEN ’
TCUNX—| |+
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Maxi Mode (Continued)
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ViH

CLK (MSM 82C84A output) \ f \
ViL

T T2

W

4

e TCLSH

?_

$2, 51,50 (EXCEPT HALT)

V/// / (See note 8) \

SEE NOTES 5, 6 AMWC OR AlIOWC

WRITE CYCLE TCLAV. o RIRLRYX T(‘HDX ~
AD15 ~ ADO DATA {—-C
TCVNV+ TCVNX ]
DEN ; 4
MSM 82C88 TCLML | TCLMH ~
OUTPUTS.

1

MWTC OR IOWC

ETCLM L TCLMH

INTA CYCLE
FLOAT / \ Ve
AD15 ~ ADO —{ FLOAT TDVCL FLOAT \—
SEE NOTE 3,4 - TCLAZ } TCLDX
POINTER
( TCLEL:LOAT NTE
TSVMCH —
(MCE/ J
PDEN, e
TCLMCH -~ TCHDTL | TCHDTH
DT/R ]
MSM 82C88
OUTPUTS TeLmML -] .
SEE NOTES 5,6  iNTA
- TCVNV TCLMH
DEN

SOFTWARE HALT —
(DEN=V(@: RD, MRDC, IORC, MWTC,
AMWC, IOWC, AIOWC, INTA,=VgQ)

- TCVNX-

Notes:

B WN =

oo,

~

AD15 ~ ADO { INVALID ADDRESS
TCLAV
. » - =T
wss [ N
. All signals switch between Vo and Vo unless otherwise specified.
. RDY is sampled near the end of T2, T3, Ty to determine if TW 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
. Signals at MSM 82C84A or MSM 82C88 are shown for reference only.
. The issuance of the MSM 82C88 command and control signals (MRDC,MWTC,AMWC,TORC,IOWC,AIOWC,

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

/

ck  \ E \
—{ I~ TINVCH (SEE NOTE 1)

NMI :
INTR p SIGNAL L
TEST d
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
e ANY CLK CYCLE . jo—2 50 usEC —]
- vee _/___._____
CLK \
’ CLK . \ -
TCLAV| TCLAV TCLDX [—
R TDVCL
LocK RESET —y

24 CLK CYCLES

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle
p) > 0 CLK Cycle

CLK
TCLGH TCLGL
.
o PULSE 2
RQ/GT GOC86AGT|
AD15 ~ ADO COPROCESSOR .
A19/S6~A16/S3 "G
§2,51,50, ‘ —
RD, LOCK | MSM80CB6A COPROCESSOR 800864
BHE/S? ! , '

(SEE NOTE 1)
Note : 1. The coprocessor may not drive the buses outside the regiqn shown without risking contention.

Hold/Hold Acknowled‘gg Timing (Minimum Mode Only)

21 CLK CYCLE 1 or 2 CYCLES
cLK '_/_\
THVCH
HOLD
] TCLHAV —]

HLDA
' . . _ TCLAZ
AD15~ ADO, ’ N al
A19/56~ A16/S3 Msm gocesa COPROCESSOR MSM 8086 A
7D, o -+ — -
BHE/S7, M/I0,

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 lines at T2, T3, TW
and T4 cycles. S3 and S4 are encoded as shown.

S3 S4 Characteristics
¢ 0 Alternate Data
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 1/0 device.

This line is active low.

This line is high impedance during hold acknow-
ledge.

READY
READY: Input

This line indicates to the CPU that the addressed
memory or |/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.

a CPU-MSM80C86ARS/GS/JS MSMBOC86A-2RS/GS/JS®

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 manipula!tion.

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.

50,851,852
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.
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S2 §1|So0 Characteristics
0 (LOW) 0 | O | Interrupt acknowledge
0 0 | 1 | Read I/O Port
0 1 0 | Write I/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
RO/GTo
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.

Qso0/as1
QUEUE STATUS: Output

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

Qs1 QS0 Characteristics
0 (LOW) 0 No Operation
] 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/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 1/0
address space.

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

WRITE: Output

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

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

This line is active low.

This line is high impedance during hold acknow-
ledge.

INTA

INTERRUPT ACKNOWLEDGE: Output

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

This line is active low.

ALE
ADDRESS LATCH ENABLE: Output

This line is used for latching the address into the
MSM82C12 address latch, It is a possitive pulse and its
trailing edge is used to strobe the address, This line is
never floated.
DT/R
DATA TRANSMIT/RECEIVE: Output

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

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

This line is high impedance during hold acknow-
ledge.

DEN
DATA ENABLE: Output

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

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

HOLD
HOLD REQUEST: Input
This line is used for Bus Request from other
devices.
This line is active high.

HLDA

HOLD ACKNOWLEDGE: Output
This line is used for Bus Grant to other devices.
This line is active high. )



FUNCTIONAL DESCRIPTION

STATIC OPERATION

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

The 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
MSMB8O0C86A 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 frequeney, 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-MSM80CB86ARS/GS/JS MSM80OC86A-2RS/GS/JSHm

while waiting for decording and execution of instruc-
tions. Thus, the CPU’s petformance 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

L FFFFFH
T -
64 KB ODE
SEGMENT
T XXXXOH
STACK
+OFFSET SEGMENT
SEGMENT 1
REGISTER FILE ] [
cs DATA
ss SEGMENT
DS ‘ §
ES [
EXTRA DATA
SEGMENT
T3 0000H

FFH
RESET BOOTSTRAP | (1 ¥
PROGRAM JUMP
FFFFOH
- 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
.
J . J
1 v
L]
7H
INTERRUPT POINTER
FOR TYPE 1 aH
INTERRUPT POINTER | 3H
FOR TYPE 0 oH

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

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

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

BUS OPERATION

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

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

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

When a bus cycle is not needed, T1 cycles are
inserted between the bus cycles for internal execution.
During the T1 cycle, the 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 EREY 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 0o {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 /O or as 32
Kwords 1/0. When the CPU accesses an 1/O device, ad-
dresses AO ~ A15 are in the same format as a memory
address, and A16 ~ A19 are low. ‘ .
The 1/O ports addresses are same as memory, s

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

{4 + N*WAIT) = TCY (4 + N*WAIT) = TCY
| T2 | 73 fwair] v | T | 12 | T3 [rwair] T |

GOES INACTIVE IN THE STATE"
JUST PRIOR TO T4

1 [ [

CLK

|

(2]
Ni
P
g

\ 11/ o\

BHE, A19—-A16 BHE, A19—A16

SPtUs §7-53 x ! g $7-53 X

BUS RESERVED D15-D0
A15-A0  FQR DATA IN VALID

- DATA OUT .
(D15-DO)

ADDR/DATA -

READY READY

WAIT WAIT

L
i N —

—_— la———

MEMORY ACCESS TIME

" | R
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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
O03FFH 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 MSMBOC86A 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 |TafT| T

| T2 | 13 | T4 |

ALE —
LOCK \ /
INTA
FLOAT TYPE
ADO-AD15 1{ —¢ VECTOR
INTERRUPT ACKNOWLEDGE SYSTEM TIMING — MINIMUM MODE
During the interrupt acknowledge sequence, A bus cycle begins T1 with an ALE signal. The

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 MSM80C86A out of the Halt state.
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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 databus.

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 almost the same
as in the minimum mode.
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BUS HOLD CIRCVITRY

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 MSM80OC86A 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"

OUTPUT
DRIVER

BOND | __ EXTERNAL
PAD PIN

[ P |

T INPUT
IB'\:JPI?FER PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

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

“PULL-UP”

OUTPUT
DRIVER

BOND | EXTERNAL
ﬁ PAD PIN

<
(@]
O

P -y
becacecem

INPUT
AT ER PROTECTION M
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:

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

- a a amaay

o =

- e o =

O0Oo0o0OO0O-—=00

-

C OO0 = =20 = = =

OO0 =-==000

oo =

o o

OO0 O0OO00O0O0O0 ==

cooco-0c0Aa
20035 O0-=W

reg

o o
-

2 ms s ao000-=00
- e a0 =0 =0

- ON

PN X =)

- e e -

-0 -
$so

-
5]
«

o - =0

o o

OO = 2000 = = =

©0OOoOs s

s s

-~ 0O0=O===35s

76 5 43 21

mod

mod

mod
mod

mod

mod

mod

mod
mod
mod

0

addr-low
addr-low

0
0

reg
00
data

reg
reg

000

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

0

76 5 43 21

data

dataif w=1
addr-high
addr-high

0

76543210

data if w=1

MSr/S9/SUT-VI8I08WSI SI/SD/SHVI8I08NSN -NdD =
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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

- O

o oo -

oo =0

O O = = o oo [oNeNe]

o o

O oOoo

- - =0 = o o oo

o

e

_-_ O -

o oo

o =0 =

o o

-

-

- =0 -

o oo oo

O OO0 =

-

- —O -

- O o

-

- =00

reg

-0 v

s

3

- 333

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

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
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 = ASC!I 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

PN = )

OO = = &t O

OO0 = 2 O = = =

[N N =Y

- == 000000~

OO = = 2 maaa

OO O = =2 0O = = =

~o-ss0s5535 >

mod
mod
0o
mod
mod

O = = O =a -

O= =000

- —m O - -0

r/m
r/m
01
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 00 v wmod 1 1 1 r/m
ROL = Rotate left 1101 00v wmod Q OO0 r/m
ROR = Rotate right 1101 00 v wmod 0 0 1 r/m
RCL = Rotate left through carry 17101 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 001 0O0O0d w|mod reg r/m
Immediate to register/memory 1000000 wmod 1 00 r/m data dataif w=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 1111011 wmod 00O r/m data dataif w=1
Immediate data and accumulator 1010100 w data data if w=1
OR =0r:
Reg./memory and register to either 0 00010 d w|mod reg r/m
Immediate to register/memory 10 00 00O wimod 0 0 1 r/m data dataif w=1
Immediate to accumulator 0000110 w data dataif w=1
XOR = Exclusive or:
Reg./memory and register to either 001100 d w|mod reg r/m
Immediate to register/memory 10 000O0O wmod 110 r/m data dataif w=1
Immediate to accumulator 001 1010w data data if w=1

STRING MANIPULATION

| REP = Repeat 1111001z
MOVS = Move byte/word 101001 0w
CMPS = Compare byte/word 1010011 w
SCAS = Scan byte/word 10101 11w
LODS = Load byte/word to AL/AX 10101 10w
STOS = Store byte/word from AL/AX 1010101 w

2Sr/S9/SHZ-VYI8D08NSIN SI/SH/SHVISI08NSH -NdD =
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CJMP = Conditional JMP

JE/JZ = Jump on equal/zero 01110100 disp
JZ/JNGE = Jump on less/not greater or equal o111 1100 disp
JLE/JNG = 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 o1110110 disp
JP/JPE = Jump on parity/parity even 01111010 disp
JO = Jump on over flow 01110000 disp
JS = Jump on sign 01111000 disp
JNE/JNZ = Jump on not equal/not zero 01110101 disp
JNL/JGE = Jump on not less/greater or equal oO1111101 disp
JNLE/JG = Jump on not less or equal/greater 01111111 disp
JNB/JAE = Jump on not below/above or equal 0111001 1 disp
JNBE/JA = Jump on not below or equal/above 01110111 disp
JNP/JPO = Jump on not parity/parity odd 0111101 1 disp
JNO = Jump on not overflow 0111000 1 disp
JNS = Jump on not sign 01111001 disp
LOOP = Loop CX times 171100010 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 117001101 type
Type 3 11001100

INTO = Interrupt on overflow 117001110

IRET = Interrupt return 110011 11

PROCESSOR CONTROL

CLC = Clear carry 11111000

CMC = Complement carry 11110101

STC = Set carry 11111001

CLD = Clear direction 11111100

STD = Set direction Tt1 111101

CLI = Clear interrupt 117111010

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

#S/SH/SUZ-VI8IO8WSIN ST/SD/SHVISIO0SWSIN-NdD =
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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

NN - - aau

PPN N

O = =0

-

- -

PN

O = =0

[N

oo oo

ENENEES

.y

oooo

o-o0o0

_-—- W

[N

.y

- =00

o=0ON

- o -=0O0

o O oo

- a a0 N e I

NN

o =00

O = = -

-

O = 0O =

7 6 5 4 3 2

mod

mod

mod

mod

disp-low

010

offset-low
seg-low

011

1

1

disp-low
disp
0o
offset-low
seg-low
01

data-low

data-low

1

r/m

r/m

r/m

r/m

0

7 6 54 3 21
disp-high

offset-high
seg-high

disp-high
offset-high

seg-high

data-high

data-high

0

7 6 54 3 2

1

0
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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

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) + (S1) + DISP

If r/m = 001 then EA = (BX) + (DI) + 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
011 BX 011 BL 11 DS
100 SsP 100 AH
101 BP 101 CH
110 SI 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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MSMB80C88RS/GS/JS
MSM80C88-2RS/GSMS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMB80C88-2 are internal 16-bit CPUs with an 8-bit interface implemented in Silicon Gate CMOS tech-
nology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with considerably
less power consumption.

The processor has attributes of both 8- and 16-bit microprocessor. It is directly compatibly with MSM80C86/
MSMB80C86-2 software and MSM80C85A/MSM80C85A-2 hardware and peripherals.

FEATURES

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

® 16-Bit Internal Architecture ® 8 and 16-bit Signed and Unsigned Arithmetic Opera-
® 1 Mbyte Direct Addressable Memory Space tion

® Software Compatible with MSM80C86 ®5 MHz Clock Rate (MSM80C88)

® Internal 14 Word by 16-bit Register Set ® 8 MHz Clock Rate (MSM 80C88-2)

® 24 Operand Addressing Modes ® Low Power Dissipation

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT BUS INTERFACE UNIT
1

r 1T
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
F— 550
A19/S6
16BIT ALU 12 .

BUS A8

INTERFACE AD7~ADO
FLAGS UNIT
2 >||~TA,RD,W,\0/FA

3 DT/R, DEN,ALE

— 48BYTE
INSTRUCTION
QUEUE

%
TEST ~—— > Otk
INTR =
- — CONTROL & ) asoas:
RQ/GTO. 1 TIMING
HOLD ———] 3 32.51.50
HLDA ——p

[T 110

CLK RESET READY MN/MX GND
Vee
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PIN CONFIGURATION

NS
GND [ 40 Bvee S
) A14 2 39 ats . .
MSMS80C88RS (Top View) a3 Qs 38 7 ate/sa
MSMB80C88-2RS a2 4 37 [ Ar17/s4
40 Lead Plastic DIP INE = 13 36 [J Aa18/s5
A10 Qs 35 [J A19/S6
a0 O 34 [J S50 (HIGH)
A8 [s 33 [ MN/MX
AD7 [ o 32 ] RD
AD6 [] 10 31 7 HOLD (RQ/GTO)
ADs [] 11 30 [) HLDA (RQ/GTT)
AD4 []12 29 LI WR (LOCK)
AD3 [ 13 28 [ 10/M (52)
Ap2 14 27 JoT/R 1)
ap1 [Q1s 26 [] 6EN (SO)
ADo [ 16 25 [J ALE (QS0)
‘Nt 417 24 [ TNTA (QS1)
INTR [] 18 23 [ TEST
S = ck 0o 22 [ READY
IG |z'3 np 20 - 21 3 RESET
5, B BEseg =
o 2 E [ 8w la g Fig. 22 MSM80C88RS/MSM80C88-2RS
8z Q <SS
4212 3npgdddQEsrla
2<(|$En:gzzz§l§90|3
A18/S5 [}43 42 41 40 3938 37 36 3534 33 32 31 30 29 g [} ALE (QS0) MSMS80CS88GS (Top View)
A17/s4 [] 44 27 O INTA (Qs1) MSM80C88-2GS
A16/S3 45 26 ] TEST 56-Lead Plastic Flat Package
A15  [Ja6 25 ) READY
NC. . a7 24 [T RESET
Vece [Jas 2 [INC.
vee 49 22 [ NC
Ne.  so 21 Vee
GND 1 20 ) GND
Ne. [s2 19 [NC.
A4 [COs3 18 [INC.
A3 [1s4 O 17 cLk
A12  ]s5 16 LI INTR
Al 56 1 2 3 45 6 7 8 910 11 12 1314 15 JNMI
uuugougououuun -
20 9n580d838858 cnos8 Quéena®
z3<dIz2<99222% 232332688233 %
6 54 3 21 2 41 4
Fig. 2b MSM80C88GS/MSM80C88-2GS Atof7 (0] ) NC
A9fl8 381 A19/56
Asf9 371 HIGH FIX (§80)
MSMB0C88JS (Top View) - AD7{10 /X
MSM80C88-2JS AD6[ 11 RD
44.pin Plastic Leaded Chip Carrier AD5 34 I RQ/GTO (HOLD)
AD4[13 RO/GT1 (HLDA)
AD3[14 32 [J TOCK (WR)
AD2{15 §2 (M/i0)
AD1016 30f1§7 (DT/R)
ADOf}17 S0 (DEN)
27 2
Q= x ¥ 00O - > 'U_) - o
Z =S E-dz2Wpn
2Edg2fifpasd
cy Qu
Ez
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol ‘| MSMB0OC88RS |MSM80C88GS |MSM80C88Js | Unit | Conditions
MSM80C88-2RS |MSMB80C88-2GS |MSMB0C88-2Js
Power Supply Voltage Vee -0.5 ~ +7 v
With respect
Input Voltage ViN -0.5 ~ V¢g +0.5 \% 0 GND
Output Voltage VouT ~-0.6 ~ Ve +0.5 v
Storage Temperature Tstg -65 ~ +150 °C -
Power Dissipation Pp 1.0 0.7 w Ta=256°C
OPERATING RANGE
Limits
Parameter Symbol Unit
mMSM80C88 MSM80C88-2
Power Supply Voltage Vee 3~6 475 ~ 5.25 \"
Operating Temperature Top -40 ~ +85 0~ +70 °C
RECOMMENDED OPERATING CONDITIONS
MSM80C88 MSM80C88-2 .
Parameter ' Symbol Unit
MIN TYP MAX MIN TYP MAX
Power Supply Voltage Vee 45 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 \Y
(*1) | Vce-0.8 Vee+0.5 | Vo -0.8 Vee +0.5 \
““H” Input Voltage Vin (*2) 3.0 Vce +0.5 3.0 Vcc +0.5 \
(*3)| 22 Veo+05| 22 Vee+05 | v
*1 Only CLK, *2 Reset & Ready, *3 Except CLK, Reset and Ready
DC CHARACTERISTICS
(Ve = 4.5V 10 5.5V, Ta = -40°C to +85°C)
Parameter Symbol MIN TYP MAX Unit Conditions
“L"” Output Voltage VoL 0.4 \ oL =2.5mA
vapger 3.0 loH =-25mA
H’* Output Volt \% b .
utput Voltage OH Voo -04 v Ton = =100 KA
Input Leak Current K] -1.0 +1.0 HA 0<V;<Vce
Output Leak Current Lo -10 +10 MA 0<Vp<Vce
4 MSM80CSS. 55 TCLCL = 200 ns
Operating Supply | A Reset Cycle
Current cc m ,
MSM80C88-2 80 TCLCL = 125 ns
Reset Cycle
Input Capacitance Cin 5 pF *4
Output Capacitance Cout 15 pF *4
1/0O Capacitance Ci/o 20 pF *4

*4. Test Conditions: a) Freq= 1 MHz.
: b) Ummeasured Pins at GND.

c) V|Nat5.0Vor GND.
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A.C. CHARACTERISTICS

(MSMB80C88: Ve = 4.5V to 5.5V, Ta = -40°C to +85°C)
(MSM80C88-2: V¢ = 4.75V to 5.25V, Ta = 0°C to 70°C)
Minimum Mode System /

Timing Requirements

Parameter Symbol MSMB0css MSMB0CES-2 Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 500 125 - 500 ns
CLK Low Time TCLCH 118 68 " ns
CLK High Time TCHCL 65 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
:RsE:;/ NS:tt:sin;;\e into MSM 82C84A TRIVCL 35 35 ns
:RSI;YN!:(Z: :’:r;)e into MSM 82C84A TCLR1X 0 o ns
READY Setup Time into MSM 80C88 TRYHCH 110 68 ns
READY Hold Time into MSM 80C88 TCHRYX © 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:gl;R'\,‘::zn;,)TEST Setup Tinve TINVCH 30 15 ns
(From 08V 1022y TILIH s s
N T s 5 | .
_Timir_\g Responses
Parameter Symbol MSM80C88 MSM80C88-2 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 Acrive Delay TCLRL 10 165 10 100 ns
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Parameter Symbol Mswi8ocss MSMg0css 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 10 110 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH [2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.2V) TOLOH 20 20 ns
Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns

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

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

MSM80C88 MSM80C88-2
Parameter Symbol Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 500 125 500 ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 65 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
RDY Setup Time into MSM 82C84A
(See Notes 1, 2) TR1VCL 35 35 ns
RDY Hold Time into MSM 82C84A
(See Notes 1, 2) TCLR1X 0 0 ns
READY Setup Time into MSM 80C88 TRYHCH 110 68 ns
READY Hold Time into MSM 80C88 TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
Set up Time for Recognition. (NMI, ’
INTR, TEST) (See Note 2) TINVCH 30 15 ns
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C88 TCHGX 40 30 ns
Input Rise Time (Except CLK)
(From 0.8V to 2.2V) TILIH 5 15 ns
Input Fall Time (Except CLK)
(From 2.2V t0 0.8V) TiHIL 15 15 ns
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Timing Responses

Parameter Symbol VisWigacss MSW80ces 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 35 5 35 ns
:‘islieAz: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
CL"K Low to MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 25 ns
MCE Inactive Delay (See Note 1) TCHMCL A 45 45 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
| Control Active Delay (See Note 1) TCVNV ‘5 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 ns
Address Float to RD Active TAZRL (o} 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
I();:c':‘ig:\e (';‘())ntrol Active Delay TCHDTL 50 50 ns
I(Jsi;':c';i::e(iv)antrol 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 2.2V) | TOLOH 20 20 ns
Output Fall Time (From 2.2V to 0.8V) TOHOL 15 15 ns

Notes: 1. Signals at MSM 82C84A or MSM 82C88 are shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3) :
4.

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

24

0.45

TEST POINTS
15 «——---—2»15

BOTH A

LOGIC “1" AND 0"

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V
FOR A LOGIC “1" AND 045V FOR A LOGIC
0" TIMING MEASUREMENTS ARE 1.5V FOR

DEVICE
UNDER
TEST

—

L = 100pF

;[c

Cr INCLUDES JIG CAPACITANCE

TIMING CHART

Minimum Mode

ViH
CLK (MSM 82C84A Output)
Vio

10/M, S50

A15-A8

A19/S6-A16/S3

SEE NOTE 4

READY (MSM80C88 Input)

AD7-ADO
RD
READ CYCLE
(NOTE 1)
(WR, INTA = Vor)
DT/R
DEN

RDY (MSM82C84A Input)

il T2 Ty, Ta
TCLCL TCH1CH2 H TcLzcLt
—f TCHCTV | | TcHeL le— TCLCH —f
< A15-A8 (Float during INTA)
TCLAV—=] o —rreLov TCHDX —e]
TCLAX ~
A19-A16 $6-83
TLHLL —]
TCLLH -+ | TLLAX _——
r
\ /
/l[ N\ 4
VS
— TAVAL fe—
TCHLL f— l—TRIVCL
ViH
ViL
TRYLCL
] TCHRYX
TAVAL  fe— TRYHCH e
TLLAX
TCLAV LLAX= TCLAZ TDVCL—-’L‘-TCLDX-1
— TCLAX
AD7-ADO DATA IN
FLOAT
TAZRL TRHAV
— TCHCTV I TCLRL +} TRLRH { TCHCTV
TCVCTV —=| TCVCTX —=|
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Minimum Mode (Continued)

T2 T3y T4
[——TCLeL —— b TeLzcLr
Vin TCHICH2
CLK"(MSM 82C84A Output) .5\ / 3 . f S\ }
Vi TCHCL .
—={TCHCTV TCLCH

10/M, 550

r

—=TCLDV|

TCLAV+| TCHOX—*

A19/S6—-A16/S3

TeLLH= TLLAX
-
/

ALE /

TCHLL—

A
TcLov+
TCLAV.] TCLAX-] TCHDX )
AD7-ADO AD7-ADO DATA OUT
‘] TAVAL leTWHD X
TeveTv Tiax ] TCVCTX
WRITE CYCLE
(NOTE 1) DEN
(RD, INTA, 9 DEN
DT/R = Vou)
TCVCTV —] I-—
TWLWH
= L 7
| TeveTX—  fe—
\l*rcu\z TOVCL—»| * le—TCLDX -
AD7-ADO POINTER "
/ FLOAT FLOAT \__
— H—TCHCTV TCHCTY
DT/R
INTA CYCLE
(NOTES 1 & 3)
(RD,WR = Vou TCVCTV-»
BHE = Vo)
INTA
TCVETV —+ TCVETX—+|
DEN

SOFTWARE HALT- INVALID ADDRESS SOFTWARE HALT TCLAV

RD, L INTA =V
DT/R = |NDETERN%HATE TCLAV—

NOTES:

1. All signals switch between Vo and VL 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 MSM 80C88 LOCAL ADDR/DATA BUS is floating during both INTA
cycles. Control signals shown for 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—{ — |f—TecL2ct1
fe—— TCLCL — | ™
Vin \ [—1 y—\
CLK {MSM82C84A OUTPUT) l N W f /
\ ; ]
Viu
TCLAV— }-— leTeHeL -] [+ TCLCH+
Qso, ast X : x X x
TCHSV — |—TCLSH
A)
J— \
§2, 57,30 (EXCEPT HALT) ‘ ////// //#(SEE NOTE 8) v
A15-A8 A15-A8
— TCLAV TCLOV TCHDX -~ f—
|TCLAX —|
T
A19/S6-A16/S3 A19-A16 S6-53
TSVLH— [o—
TCLLH~| ‘__—F TCHLL
ALE (MSM82C88 pum—
OUTPUT) / /
SEE NOTE 5 , /
RDY (MSM 82C84A INPUT) [TRIVEL
| T
ViL & \\\\\ \ \
—= B—TCLR1X
TRYLCL
—
READY (MSM 80C88 INPUT) e L TCHRYX
TRVHSH"I amnt )
—={TCLAXf—- . j
J TRYHCH ~ TCLOX
READ CYCLE TCLAV —{TCLAZ
AD7-ADO AD7-ADCI DATA IN FIoAT
1 TCLRH :
TAZRL et TRHA
RO } ’
\ TCLRL 1 RLRH
_ TCHDTL—| TCHDTH
DT/R ________.__QK
MSM 82c88 TCLML——] I._ TCLMH —f
OUTPUTS TORE -
SEE NOTE 5,6 MRDC OR ToRC \
TCVNV —| fe—
DEN {

TCYNX—e|
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Maximum.Mode (Continued)

T T2 T3 T4
™w
ViH \
CLK (MSM82C84A OUTPUTS)
/S N7 \_ 1 \
| TCHSV — +—TCLSH
§2, ST, 50 (EXCEPT HALT) N\ ///// (See note 8) \
. | R
TCLAV —=f — TCLDV TCHOX—~|
WRITE CYCLE TCLAX—+
AD7-ADO AD7-ADO DATA
TCVNV —=f TCVNX —=
| DEN
— TCLML TGLMH—] .
MSM 82¢88 OUTPUTS | ANMC OR
SEE NOTESS5,6 | AIOWC
e TCLML  —~ TCLMH
MWTC OR
TOWC
INTA CYCLE
A15-A8 / ReserveD For \ {
(SEE NOTES 3 & 4) / CASCADE ADDR FLOAT FLOAT \
—i| / \]‘*TCLAZ TOVCL— TCLDX
o
( n 7 POINTER m——C
AD7-ADO / FLOA A
TCLMCL |
TSVMCH—H
Wit
/
MCE/. /.
poEN ——— | | I MM
TCLMCH = — TCHDTL — TCHDTH
DT/R
TCLML-=
MSM 82C88 OUTPUTS
SEE NOTES5,6 | TNTA
] TCVNV - TCLMH
DEN
SOFTWARE HALT TCVNX—+]
(DEN : Vo ; RD, MRDC, TORC, MWTC, AMWC,
I0WC, AIOWC, INTA, - Vou)
AD7-ADO, A15-A8 INVALID ADDRESS
TCLAV ~|
N —————
ar \
S2.57. 50 \ / \
(P,

NOTES:

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

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

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

4. Two INTA cycles run back-to-back. The MSM 80C88 LOCAL ADDR/DATA BUS is floating during both INTA cycles
Control for pointer address 1s shown for second INTA cycle.

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

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

All iming measurements are made at 1.5V unless otherwise noted

Status inactive in state just prior to T4

com

<IN}
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Asynchronous Signal Recognition

CLK

—~TINVCH (SEE NOTE 1)

NMI
INTR SIGNAL
TEST

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

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing

I-— 2 50 usec—]
ANY CLK CVCLEI.— ANY CLK cvct.E——I

TCLDX e

TDOVCL
Locxk RESET ‘

24 CLK CYCLES

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle

TGVCH

TCHGX

PULSE 1

COPROCESSOR
RQ

TCLGL TCLGH

PULSE2 | __
MSM 80C88 GT

Previous grant

TCLAZ
AD7-ADO, A15-A8 —
Q—Z‘%S?;A,W“ MSM 80C88 COPROCESSOR MSM 80C88
RD, COCK
(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)
> 1CLK CYCLE 10R 2CYCLES
cLK ’_/—\\_‘ ﬂ
THVCH THVCH
HOLD
— TCLHAV — T(ISLHAV
HLDA
. . —| [—TCLAZ
AD7-ADO, A15-A8
A19/S6-A16/S3, MSM 8ocss COPROCESSOR MSM 80C88
RD, B

10/M f

DT/R, WR, DEN
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PIN DESCRIPTION

ADO-AD7

ADDRESS DATA BUS: Input/Output
These lines are multiplexed address and data buses.
They are an address bus at the T1 cycle and a data
bus at the T2, T3, TW and T4 cycle.
These lines are high impedance during interrupt
acknowledge and hold acknowledge.

A8-A15
ADDRESS BUS: Output
These lines are the address bus of bits 8 thru 15 at

all cycles.
These lines do not have to be latch by an ALE
signal

These lines are high impedance during interrupt
acknowledge and hold acknowledge.

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

the T1 cycle.

When accessing |/O port address, they are low at
the T1 Cycle.

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

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

S3 sS4 Characteristics
0 0 Alternate Data
0 Stack
0 1 Code or None
1 1 Data

These lines are high impedance during hold acknowl-
edge.

RD

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

READY

READY: Input
This line indicates to the CPU that the addressed
memory or |/O device is ready to read or write.
This line is active high.
If the setup and hold time is out of specification
illegal operation will occur.
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INTR

INTERRUPT REQUEST: Input
This line is 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 the “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 synchraonized and needs 2
clock cycles of pulse width. -

RESET

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

CLK

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

MN/MX

MINIMUM/MAXIMUM: Input
This signal selects the CPU’s operate mode.
When Vg 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.



S0, 51,82

STATUS: Output
These lines indicate bus status and are used by
the MSM82C88 Bus Controller to generate all
memory and 1/0 access control signals.
These lines are high impedance during hold
acknowledge.
These status lines are encoded as shown.

52 HREY Characteristics
o(Low) [ 0 | 0 Interrupt acknowledge
0 0|1 Read 1/0 Port
0 1 0 Write 1/0 Port
0 1 1 Halt
1(HIGH)| 0 | O Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
RQ/ETS
RQ/GT1

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

LOCK

LOCK: Output
This line is active low.
When this line is low, other device can not gain
control of the bus.
This line is high impedance during hold acknowl-
edge.

Qso/as1

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

Qs1 Qaso Characteristics
0 (LOW) [} No Operation
First Byte of Op Code from
0 1
Queue
1{(HIGH)| © 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/O address space.

This line is high impedance during hold acknowl-
edge.

WR

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

INTA

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

ALE

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

OT/R

DATA TRANSMIT/RECEIVE: Output
This line is used to control the direction of the bus
transceiver. X
When this line is high, the CPU transmits data, and
when it is low, the CPU receives data.
This line is high impedance during hold acknowl-
edge.

DEN

DATA ENABLE: Output
This line is used to control an output enable of
the bus transceiver.
This line is active low. This line is high impedance
during hold acknowledge.

HOLD

HOLD REQUEST: Input
This line is used for a Bus Request from an other
device.
This line is active high.

HLDA

HOLD ACKNOWLEDGE: Output
This line is used for Bus Grant to an other device.
This line is active high.

SS0

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

GENERAL OPERATION

The internal function of the MSM80C88 consists
of a Bus Interface Unit (BIU) and an Execution Unit
(EU). These units operate mutually but perform as
separate processors. ’

The BIU performs instruction fetch and queueing,
operand fetch, DATA read and write address relocation
and basic bus control. By using instruction pre-fetch
while waiting for decoding and execution of instructions,
the CPU's performance is increased. Up to 4-bytes of
instruction stream can be queued.

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

Memory Organization

MEMORY ORGANIZATION

The MSM80C88 has a 20-bit address to memory.
Each address has an 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 the
segment register according to a select rule, Memory
location FFFFOH is the start address after reset, and
00000H through O03FFH are reserved as an interrupt
pointer. There are 256 types 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

64 KB

{6
t

XXXXOH

r I

r——-’
+OFFSET

SEGMENT 1

REGISTER FILE T - b

SS
DS - 1

{6
9
{

ES

SEGMENT

T—— 00000H

CODE SEGMENT

STACK SEGMENT

EXTRA DATA

cs }DATA SEGMENT

FFFFFH
RESET BOOTSTRAP

PROGRAM JUMP

FFFFOH

3FFH
INTERRUPT POINTER
FOR TYPE 255

3FCH

< | N

INTERRUPT POINTER
FOR TYPE 1 4H

INTERRUPT POINTER] 3H
FOR TYPE O oH

7H

Memory Reference Need Segment Register Used Segment Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
] k .
Stack STACK (SS) A §tac pushes anq pops. Memory references
relative to BP base register except data references.
D lati tack, inati
Local Data DATA (DS) ata 4reference§ when re a}lye to s ac destination
of string operation, or explicitly overridden.
inati i ions: Explicitly sele
External (Global) Data EXTRA (ES) De'stmatlon of string 'operatlons xplicitly selected
using a segment override.

MINIMUM AND MAXIMUM MODES

The MSM80C88 has two system modes: minimum
and maximum. When using maximum mode, it is easy to
organize a multi-CPU system with the MSM82C88 Bus
Controller which generates the bus control signal.
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When in minimum mode, it is easy to organize a
simple system by generating the bus control signal
itself. MN/MX is the mode select pin. Definition of
31, 34 pin changes depend on the MN/MX pin.



BUS OPERATION

The MSM80C88 has a time multiplexed address
and data bus. If a non-cultiplexed bus in desired for a
system, it is only needed to add the address latch.

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

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

When a bus cycle is not needed, T1 cycles are
inserted between bus cycles for internal execution.
At the T1 cycle an ALE signal is output from the CPU
or the MSM82C88, depending in MN/MS. At the trailing
edge of ALE, a valid address may be latched. Status bits
S0, S1 and S2 are used in maximum mode by the bus
controller to recognize the type of bus operation
according to the following table.
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Status bits 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
1T{HIGH)| © Code or None
1 1 Data

52 S1| S0 Characteristics
o(Low) | o Interrupt acknowledge
0 o Read /0
0 1 0 Write 1/0
0 1 1 Halt
1(HIGH)| 0| O Instruction Fetch
1 0 1 Read Data from Memory
1 1 4] Write Data to Memory
1 1 1 Passive (no bus cycle)

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

The MSMB80CB88 has a 64 Kbyte /0. When the
CPU addresses an 1/0 device, address AO—A15 are
in same format as in memory access, and A16—A19
are low.

1/O ports address are the same as for memory.
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Basic System Timing

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

]
' Tt I T2 | T3 ,TWAITI T4 l T | T2 I T3 |TWA|TI T4 |

CLK

GOES INACTIVE IN THE

I'__\ /_\ STATE JUST PRIOR TO T4 I_—\_
ALE . A

mans | U/ 11

A19-A16

A19—-A16

ADDR/ fx
STATUS $6-S3 ) i)( S6—S3

ADDR A15-A8 A15-A8
BUS RESERVED p_pg
A7-A0 FOR DATA IN VALID
ADDR/
DATA

DATA ouT (D7—D®-

" READY
READY mm ’ NS s ’

WAIT

—* MEMORY ACCESS [*—
TIME
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EXTERNAL INTERFACE

RESET

CPU initialization is executed by the RESET pin.
The MSM80C88’s RESET High signal is required for
greater than 4 clock cycles.

The rising edge of RESET terminates the present
operation immediately. Falling edge of RESET triggers
the internal reset sequence for approximately 10 clock

cycles. After internal reset sequence is finished, normal
operation begins from absolute location FFFFOH.

INTERRUPT OPERATIONS

An interrupt operation is classified as software or
hardware, and a hardware interrupt is classified as non-
maskable or maskable.

Interrupt causes a new program location which
is defined in interrupt pointer table, according to inter-
rupt type. Absolute location 00000H through 003FFH
is reserved for the interrupt pointer table. The interrupt
pointer table consist of 266-elements. Each element is
4 bytes insize and corresponds to an 8 bit type number
which is sent from interrupt request device during the
interrupt acknowledge cycle.

NON-MASKABLE INTERRUPT (NMI)

The MSM80C88 has a Non-maskable Interrupt
(NM1) which is higher of priority than a maskable
interrupt request (INTR).

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

The MSMS80C88 provides an another interrupt
request (INTR) which can be masked by software.

INTR is level triggered, so it must be held until the

interrupt request is anknowledged.
INTR will be serviced at the end of the currect
instruction or between string manipulations.

Interrupt Acknowledge Sequence

s CPU-MSMBOC88RS/GS/JS MSM80C88-2RS/GS/JSHm

INTERRUPT ACKNOWLEDGE

During the interrupt acknowledge sequence,
further interrupts are disabled. An interrupt enable
bit is reset by any interrupt, after which Flag register
is automatically pushed onto the stack. During an
acknowledge sequence. The CPU emits the lock signal
from T2 of the first bus cycle to T2 of the second bus
cycle. At the second bus cycle, a byte is fetched from an
external device as a vector which identifies the type of
interrupts. This vector is multiplied by four and used as
a interrupt pointer address (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
enters the Halt state An interrupt request or a RESET
will force the MSM80C88 out of the Halt state.

SYSTEM TIMING —MINIMUM MODE

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

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

SYSTEM TIMING —MAXIMUM MODE
In maximum mode, the 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 the minimum mode.

|T1[T2|T3|T4|T.1T1|T2[T3{T4|

{

LOCK \
/-
INTA ~ ’

\ FLOAT
ADO-AD7 4 ¢ TYPE VECTOR

—
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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 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

-

- e e e =

- 0OO0OO0O0OO0O=00

o =0

CO0OO0O0O = =0 ===

co~==00w

Py

00000000 = =

cooco-=-00h
2005 O0O=w

-

reg

- O
o o

o o
-

MM aama000=00
_|_-_|_.Q‘°_.o_.o

- ON

_-—_0O0

- i e

.,
(g—ln_—l
s

o = =0

reg

OO =2 =000 = = =

s o

©oOoOs s

s

S 0O0=O0O==ass

765 4321

mod
mod

mod
mod

mod

mod

mod

mod
mod
mod

reg

00O
data
addr-low
addr-low

reg

port

port

reg
reg
reg

r/m
r/m

r/m
r/m

r/m

r/m

r/m

t/m
r/m
r/m

0

765 4321

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 = ASCI 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

- [= =R =Rt (=3 =)

o = O

-

(=N o)

o o oo

0O = =

o o

oo oo

- . m O oo coo

o

-

-

- _O -

ooo

-

o =0 =

o

-—_O -

o oOoo

O o0Oo =

Py

N e I

-

o

-

-=00

reg

- Oov o

s

3553

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

0

0

0

reg
00
+data

reg
10
data

reg
01
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
dataif w=1

data
data if 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:iw =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)

INIV = Integer divide (signed)

AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

a o A maaaap

OO = = = @ mam O

CO O =m0 = o=

PN =]

- = 000000 =

OO = == 2

O OO = =2 O = = =

~o-ssoss -

mod
mod
00
mod
mod

O = =m O ==

O = -=000

- w0 = =0

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

0

0

BSr/SH/SHC-88008NSW SIr/SH/SHB8D08NSN -NdD &
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LOGIC

NOT = Invert 1111011 wmod 010 r/m
SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 0O r/m
SHR = Shift logical right 1101 00 v 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 0 O 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 10000O0OwMmMed 1 00 r/m data dataifw=1
Immediate to accumulator 00T O0OO010w data dataif w=1
TEST = And function to flags, no result:
Register/fmemory and register 10000 1 0 w|mod reg r/m
Immediate data and register/memory 1111011 wmod 0 0O 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 00O0T11TO0d wj mod reg r/m )
Immediate to register/memory 1 0000OO wimod O 0 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 1 000 O0OO wimod 110 r/m data dataif w=1
Immediate to accumulator 001101 0w data dataif w=1
STRING MANIPULATION
REP = Repeat 1111001 2
MOVS = Move byte/word 101 0010w
CMPS = Compare byte/word 101001 1w
SCAS = Scan byte/word 1010111 w
LODS = Load byte/word to AL/AX 10101 10w
STOS = Store byte/word from AL/AX 1010101 w

mSr/SH/SUZ-88008WSI SIt/SH/SHE88D08NSN -NdD =
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CJMP = Conditional JMP

JE/JZ = Jump on equal/zero 01110100 disp

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

JLE/JNG = Jump on less or equal/not greater ot1r111110 disp

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

JBE/JNA = Jump on below or equal/not above o1 110110 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 o111 0101 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 01110111 disp

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

JNO = Jump on not overflow 01110001 disp

JNS = Jump on not sign 01111001 disp

LOOP = Loop CX times 171100010 disp

LOOPZ/LOOPE = Loop while zero/equal 17110000 1 disp

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

JCXZ = Jump on CX zero 1711000 1 1 disp

INT = Interrupt:

Type specified 117001101 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

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 Xx r/m

LOCK = Bus lock prefix 11110000

2Sr/S9H/SHZ-88D08NSIN SIr/SH/SUB8B8D0BNSIN-NdD =
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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

NN -e_—aay

RPN NN

O ==0

-

NN

RPN NN

O ==

PN N

oooo

o-=00 - - -0 N

-

o O oo

- - W

- PN N

- =00

- o =0N

o =00

oOoOo0o

-_- - - — O =

- — =

o - 00

O = = -

py

O =0 =

7 6 5432

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

1

r/m

r/m

r/m

r/m

0

76543210
disp-high

offset-high
seg-high

disp-high

offset-high
seg-high

data-high

data-high

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

1fd =1 then “to’’ reg: If d = 0 then "“from’’ reg.

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

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

If mod = 00 then DISP = 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

I1f r/m =011 then EA = (BP) + (D1) + 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*

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 CcX 001 CL 01 Cs
010 DX 010 DL 10 SS
011 BX ) 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 Si 110 DH
111 DI 111 BH

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

FLAGS = x:x:x:x:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)
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MSMB80C88ARS/GS/JS
MSM80C88A-2RS/GSMS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C88A/MSMS80C88A-2 are internal 16-bit CPUs with 8-bit interface implemented in Silicon Gate
CMOS technology. They are designed with the same processing speed as the NMOS 8088/8088-2, but with con-
siderably less power consumption.

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with
MSM80C86A/MSM80C86A-2 software and MSM80C85A/MSM80C85A-2 hardware and peripherals.

FEATURES

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

® 16-Bit Internal Architecture ® 8 and 16-bit Signed and Unsigned Arithmetic Opera-
® 1 Mbyte Direct Addressable Memory Space tion

® Software Compatible with MSM80C86 ® From DC to 5 MHz Clock Rate (MSM80C88A)

® Internal 14 Word by 16-bit Register Set ®'From DC to 8 MHz Clock,Rate (MSM 80C88A-2)

® 24 Operand Addressing Modes ® Low Power Dissipation ('10 mA/MHz)

o Bus Hold Circuitry Eliminates Pull-Up Resistors

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT BUS INTERFACE UNIT
I 1T 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
— 55
A19/56
16BIT ALU E :
8US A8

INTERFACE AD7~ADO

FLAGS UNIT

U

4BYTE
INSTRUCTION
QUEUE

"4
TEST > L—» ocK
INTR —i
M ——] CONTROL & E 050,081
RO/GTO. 1 TIMING
HOLD  —— 3 ) 5251.50
HLDA @—

RN

CLK RESET READY MN MX GND
Vee
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PIN CONFIGURATION

Fig.2b MSM80C88AGS/MSMB0C88A-2GS

MSMB80C88AJS (Top View)
MSM80C88A-2JS
44 Pin Plastic Leaded Chip Carrier

NS
GND 1 40 Qvee
' A4 2 39 [Jats
MSM8OCBBARS (Top View)  a1s o5 o T
MSMB0C88A-2RS a2 e 37 [J a17/s54
40 Lead Plastic DIP a1l Os 36 [J A18/55
A10 6 35 [ A19/56
A O 34 [J S50 (HIGH)
A8 [Os 33 [J MN/MX
AD7 09 32 [JRD )
N ap6 ] 10 31 9 HOLD (RQ/GTO)
ADs [ 11 30 [ HLDA (RQ/GTT)
AD4 [ 12 29 [JWR (COCK)
AD3 [ 13 28 [J10/M (52)
AD2 [ 14 27 @ oT/R 81
AD1 E 15 26 [] BEN (50)
ADO 16 25 [J ALE (QSO0)
‘NMI 17 24 [ INTA (Qs1)
INTR ] 18 23 [ TEST
S = CLK 19 22 [[J READY
)'6 3 anp 020 21 [ RESET
& ]a la SN = = B
° tin s [ 8'S a5 Fig.2a MSM80C88AGS/MSMB0OC88A-2GS
] [a) < 12 - N
.2 = L ~ s lc
%18 380068 es Frld
2B zpoyYsyiEosl
A18/S5 [C—}43 42 41 40 39 38 37 36 3534 33 32 31 30 29 g [T ALE (QS0) MSMB80C88AGS (Top View)
A17/54 ] 44 27 NTA (@s1)  MSM80C88A-2GS
A16/3 45 26 [—J TEST 56-Lead Plastic Flat Package
A15  []46 25 ] READY
NC. 47 24 =3 RESET
Vee [J4s 23 [INC.
Vee 349 2[nNce
NC.  Jso 21 [ Vee
GND  [351 20 ] GND
NC. [s2 19 NC
A4 g 53 18 JINC
A13 54 O 17 cx
A12  {T—]ss 16 3 INTR
A1 56 1 2 3 4 6 6 7 8 9 10 11 12 1314 15 [_JNMI
UIJUUULIUUEIUUUUU -
U2 g nnd80uld338s528 -am<s 2 Owd N
Z232222:7:222%2¢%¢ 22235628 T%3x

Al0QQ7
A9l 8

39 NC
38[) A19/S6

A8(l9 HIGH FIX (S50
AD7(]10 MN/MX
AD6[] 11 35[1 RD
AD5 [} 12 34 [) RQ/GTO (HOLD)
AD4 33]) RQ/GTT (HLDA)
AD3[ 14 TOCK (WR)
AD2[J 15 N 52 (m/i0)
AD1[ 16 30187 (OT/R).
ADOQ17 50 (DEN)
18 19 20 21 22 23 24 25 26 27 28
= - o
f5£38%h3f8¢8
£ €3 3 z
E 2
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol MSM80C88ARS |MSM8OCS8AGS |MSM80C8BAJS Unit | Conditions
MSM80C88A-2RSMSM80C88A-2GS|MSM80C88A-2JS
Power Supply Voltage Vee -0.5 ~ +7 \%
With respect
Input Voltage VIN -0.5 ~Vcc +0.5 v to GND
Output Voltage Vout -0.5 ~ V¢ +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
MSM80C88A MSM80C88A-2
Power Supply Voltage Vee . 3~6 4.75 ~5.25 \Y
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 Vce 45 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) | Vge-0.8 Ve +0.5 | Ve -0.8 Vcc +0.5 \
““H” Input Voltage
Vi (*2) 2.0 Ve +0.5° 2.0 Vect05 | Vv

*1 Only CLK, *2 Except CLK, Reset and Ready
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DC CHARACTERISTICS
(MSM80C86A: Vi = 4.5V to 5.5V, Ta = —40° to +85°C)
(MSM80C88A-2: V¢ = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions
“‘L" Output Voltage VoL 4.5 \% 1oL =2.5mA
3.0 IOH =-2.5mA
““H" Output Voltage VOH - \%
’ \vcc-0.4 - 10H =-100uA
Input Leak Current [IN] -1.0 +1.0 MA o<Vi<Vce
Output Leak Current Lo -10 +10 KA o<vo<Vce
Input Leakage Current VIN = 0.8V
|
(Bus Hold Low) BHL 50 400 KA *3
Input Leakage Current VIN =3.0V
| !
(Bus Hold High) BHH 50 -400 HA va
Bus Hold Low Overdrive IBHLO 600 KA *5
Bus Hold High Overdrive IBHHO -600 | pA *6
Operating Power . Ta=25°C
Supply Current Icc 10 MA/MHz Vce = 5.5V, Typical
Ve = 5.5V
VN (max) =
StandbySuppl
cU,,e,,Z i Iccs 500 kA Vce or GND
Outputs Unloaded
ICLK = GND or Vcc
Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF - *7
1/O Capacitance Ci/jo 20 pF *7
*3. Test conditions 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 Vg and then lower V| 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. Test Conditions: a) Freq =1 MHz.
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A.C. CHARACTERISTICS
(MSM80C88A: V(¢ = 4.5V to 5.5V, Ta= —40°C to +85°C)
(MSM80C88A-2: V(= 4.75V 0 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

Parameter Symbol MSM80C88A MSMB80C88A-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) TCL2CL1 ' 10 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX 10 10 ns
gl:;/j:::::i;;e into MSM 82C84A TRIVCL 35 35 ns
:’;IZ:NI-::LdS ':'lr;;a into MSM 82C84A TCLR1X 0 o 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}32";’, TEST Setup Time TINVCH 30 15 ns
o e B B s 5 |
(From 20 1008v) TIHIL 5 |
Timing Responses
Parameter Symbol MSME0CEEA MSM80CE8A-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 Acrive Delay TCLRL 10 165 10 100 ns
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Parameter N MSM80C88A MSM80C88A-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 10 110 ns
RD Width . TRLRH [2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH |2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 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

MSM80C88A MSM80C88A-2 .
Parameter Symbol 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) TCL2CL1 10 10 ns
Data in Setup Time TDVCL 30 20 ‘ ns
Data in Hold Time TCLDX 10 10 : ns
RDY Setup Time into MSM 82C84A
(See Notes 1, 2) TR1VCL 35 35 ns
RDY Hold Time into MSM 82C84A
(See Notes 1, 2) 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
Set up Time for Recognition (NMI,
INTR, TEST) (See Note 2) TINVCH 30 5 s
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C88A TCHGX 40 30 : ns
Input Rise Time (Except CLK)
(From 0.8V t0 2.0V) TiLiH 5 5 ns
Input Fall Time (Except CLK)
(From 2.0V to 0.8V) TiHIL 15 15 ns
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Timing Responses

Parameter Symbol MSw80cssA MSMBO0CE8A-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 35 5 35 ns
:’;:\B:t::;ive to Status Passive TRYHSH 110 65 ns
Status Active Delay TCHSV 10 110 10 60 ns
Status Inactive vDelay 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 20 ns
Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 35 20 ns
CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 18 ns
MCE Inactive Delay (See Note 1) TCHMCL 35 45 ns
Data Valid Delay- TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 10 45 - ns
Address Float to RD Active TAZRL 0 0 ns
RD Active Delay TCLRL 10 165 10 100 ns
RD Inactive Delay TCLRH 10 150 10 80 " ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
:)si;:c;iztne(i?ntrol Active Delay TCHDTL 50 50 ns
I(Dsi;':c;ig:e(it))ntrol 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. Signals at MSM 82C84A or MSM 82C88 are shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3)
4.

Applies only to T3 and wait states.
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\

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

24 DEVICE

TEST POINTS ey T
15 =—r-—rnr—onooo 15 TEST
CL = 100pF
0.45 - I t

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

kel T2 T Ty T4
TCLCL TCHICH2 TcLacut /
ViH / \ / \ / \
CLK (MSM 82C84A Output) K j \ ]
Vi
. —e{ TCHCTV TCHCL le— TCLCH —of
10/M, §50 X
A15-A8 )( A15-A8 (Float during INTA)
TCLAV—] l— T TeLov TCHDX —»f
| TCLAX |
A19/56-A16/S3 )/ A19-A16 o $6-53
TLH
TCLLH—~{ | — TLLAX . ——
y \ I’-
ALE ’
\ | DA
—= TAVAL fe—
TCHLL l— le—TRIVCL
ViH \
RDY (MSM82C84A Input) \
SEE NOTE 4 \ N \
ViL 3
— R1X
TRYLCL —
—
READY (MSM80C88A Input ] TCHRYX
TAVAL fe— TRYHCH —
TCLAV —| TLLAX—= _ TCLAZ Tovcr_———*rcwx*‘
— TCLAX
AD7-ADO AD7-ADO DATA IN TonT
TAZRL TRHAV
RD
READ CYCLE
(NOTE 1) — TCHCTV R TCHCTV
(WR, INTA = VoR) ] = TCLRL == TRLRH {
DT/R 1
TCVCTV —~ TCVCTX
DEN
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Minimum Mode (Continued)
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T2 T w T4
le——TcLoL ——+ — TcL2cut
Vin TCH1CH2 cracu 4
CLK (MSM 82C84A Output). _)‘ \ 1 ) f y //_\_
ViL TCHCL TCLCH
—={TCHCTV cLe
10/M, S50 x
TCLD
TCLAV+{ TCHDX ] -
A19/S6-A16/S3 $6-53
TCLLH= TLLAX
-
7
ALE /S
TCHLL—~] —] y
TCLOV~]
TCLAV TCLAX+] TCHDX
AD7-ADO ;llD7—AD(: DATA OUT
TAVAL ’<TWHDX
TCVCTV TLLAX ~ TCVCTX
WRITE CYCLE
(NOTE 1) BEN
(RD,INTA DEN
DT/R =Von)
TCVCTV —f I-—
TWLWH. —
e X i
TCVCTX—= fe—
T \\‘_TC‘-AZ TDVCL —»f le—TCLDX
AD7-ADO POINTER t—
4 FLOAT __/ FLOAT
—- ——TCHCTV TCHCTY
DT/R
INTA CYCLE
(NOTES 1 &3)
(RD, WR = Vop TCVCTV—=|  |e—
BHE = Vo)
INTA
TCVCTV—=| TCVCTX—]
DEN
SOFTWARE HALT- INVALID ADDRESS' SOF TWARE HALT TCLAV
RD, WR, INTA = Voyy
DT/R = INDETERMINATE ~ TCLAV—=f

NOTES:

1. All signals switch between VoH 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 MSM80C88A LOCAL ADDR/DATA BUS is floating during both INTA
cycles. Control signals shown for second INTA cycle.

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

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

155



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

Maximum Mode

SEE NOTE 5

READ CYCLE

MSM 82C88
OUTPUTS
SEE NOTE 5,6

ViH
CLK (MSM82C84A OUTPUT)
ViL

Qso, ast

§2, 57,50 (EXCEPT HALT)

A15-A8

A19/S6—A16/S3

ALE (MSm82C88

OUTPUT)

RDY (MSM 82C84A INPUT)

READY (MSM 80C88A INPUT)

AD7-ADO

2] T2 T3 T4
TCH1CH2—+] — |f—TeL2cL
le—— TCLCL—] w
‘ *} 2 U f
TCLAV }-— leTcHCL ] le-TCLCH o]
TCHSV — fe-TCLSH
-
\ 7////// ///7"SEE NoTEs |4
| L
A15-A8 )
— TCLAV TCLov TCHDX | l—
|TCLAX —=f
T
A19-A16 $6-53 )
|
TSVLH—P fo— !
ToLial " TCHLL
TRIVCL
ViH
viL \
b— TCLR1X
TRY
—
— b—TCHRYX
le—
—e{TCLAX
~— TCLDX
TCLAV—=f TCLAZ I-—Tovcn.
L AD7-ADO { DATA IN {
FLOAT FLOAT
T TCLRH :
TAZRL —| {— TRHAV
L |TCLRL {1 TRLRH
TCHDTL—] J’\ TCHDTH
TCLML—= TCLMH —f
TCUNV —» e
TCVNX—+]
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Maximum Mode (Continued)

T T2 T3 T4
™w
ViK / \ / \ \
CLK (MSM82C84A OUTPUTS) : 7
o N J N/ N/ \ \
TCHSV — le—TCLSH
\\ -
$2, 7,56 (EXCEPT HALT) \ /////// (See note 8) \
o mmeee
TCLAV —e| o TCLOV TCHDX—~|
WRITE CYCLE TCLAX ]
AD7-ADO AD7-ADO DATA
TCUNV —=] TCVNX —]
| DEN
— TCLML TCLMH-|
MSM 82C88 OUTPUTS | ANMC OR
SEE NOTES 5,6 } Alowc
— TCLML  — TCLMH
MWTC OR
| Towc
INTACYCLE
A15-A8 / ReserveDp FoR \ {
(SEE NOTES 3 & 4) /\ CASCADE ADDR FLOAT FLOAT \
—| / \]‘-TCLAZ ,—/:TDVCL—« TCLOX
( POINTER F_OA_T_—C
AD7-ADO / FLOAT L
TCLMCL ]
TSVMCH 4
J—
/
MCE/ Y
0N —mm | | =
TCLMCH —{ e TCHOTL — TCHDTH
DT/R
TCLML-={
MSM 82C88 OUTPUTS
SEE NOTES 5.6 | TNTA

Teuny - TCLMH
DEN

SOFTWARE HALT  ~ _ _ TCVNX~—=
(DEN - Vo RD. MROC, IORC, MWTC, AMWC,
IOWC, ATOWC, INTA, - Voy)

AD7-ADO, A15-A8 INVALID ADDRESS

TCLAV

—mmm e
2,81, 50 U \
|

NOTES:

1. Ali signals switch between Vi and Vo unless otherwise specified.

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

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

4. Two INTA cycles run back-to-back. The MSM 80C88A LOCAL ADDR/DATA BUS is fioating during both INTA cycles
Control for pomter address 1s shown for second INTA cycle

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

The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, 10RC, 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

o n

0~
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Asynchronous Signal Recognition

CLK

—>{ - TINVCH (SEE NOTE 1)
NMI .

INTR SIGNAL

TEST ‘

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

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing

TCLDX [

TOVCL
tock RESET !k

2 4 CLK CYCLES

quest/Grant Seq Timing (Maximum Mode Only)

Any CLK Cycle

PULSE 2 |
MSM 80C88 GT,

(SEE NOTE 1)
NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION.

51,50, MSM 80C88 A COPROCESSOR MSM 80C88A

Hold/Hold Acknowledge Timing (Minimum Mode Only)

> 1CLK CYCLE

VAN

THVCH

1 OR 2CYCLES

HOLD

— TCLHAV —=

HLDA

] TCLAZ

AD7-ADO, A15—-A8
%159/56—/“6/53, MSM 80C88A COPROCESSOR

(. —

MSM B0C8BA

om___ ___
DT/R,WR, 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 all
cycles.
These lines do not have to be latched by an ALE
signal.
These lines are high impedance during interrupt
acknowledge and hold acknowledge.

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

1 (4] 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 1/0 device.
This line is active low.
This line is high impedance during hold acknowl-
edge.

READY

READY: Input
This line indicates to the CPU that an addressed
memory or 1/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,

s CPU-MSMB80CB88ARS/GS/JS MSM80C88A-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.
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S0, 57, 52

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 aré encoded as shown.

52 S1 | S0 Characteristics
o(Low) | 0 Interrupt acknowledge
0 0|1 Read 1/0 Port
0 1 0 Write 1/0O 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.

Qso0/as1

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

Qs1 Qso Characteristics
0 (LOW) 0 No Operation
First Byte of Op Code from
0 1
Queue
1(HIGH)| © 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 /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 in a memory or
1/O write cycle.
This line is a write strobe signal when the CPU
writes data to memory or an 1/0 device.
This line is active low.
This line is high impedance during hold acknowl-
edge.

INTA

INTERRUPT ACKNOWLEDGE: Output
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.

SS0

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



STATIC OPERATION

All MSM80CB88A 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 MSMBOC88A 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 MSMBO0CS88A can be signal stepped using only
the CPU clock. This state can be maintained as long as is
necessary. Single step clock operation allows simple
interface circuitry to provide critical information for
bringing up your system.

Static design also allows very low frequency opera-
tion (down to DC). In a power critical situation, this
can provide extremely low power operation since
80C88A power dissipation is directly related to operating
frequency. As the system frequency is reduced, so is the
operating power until, ultimately, at a DC input fre-
quency, the MSM80C88A power requirement is the
standby current (500 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

m CPU-MSMBOC88ARS/GS/JS MSM80C88A-2RS/GS/JSH

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
FFFFFH
RESET BOOTSTRAP
64 KB CODE SEGMENT PROGRAM JUMP
FFFFOH
< L'XXXXOH 1 1
3FFH
STACK SEGMENT INTERRUPT POINTER
+OFFSET
FOR TYPE 255
SEGMENT 1 3FCH
REGISTER FILE T |
oy I N
‘;: } DATA SEGMENT |
7H
DS A I INTERRUPT POINTER
= s 3 FOR TYPE 1 aH
INTERRUPT POINTER] 3H
EXTRA DATA FORTYPEO o
SEGMENT
T—— 00000H
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Memory Reference Need Segment Register Used Segment Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) All‘ f!ack pushes an‘d pops. Memory references
relative to BP base register except data references.

' h lative to stack, destinati

Local Data DATA (DS) Data 'referencef when re a. |?/e oS aA stination
of string operation, or explicitly overridden.

inati i ions: licit! lected

External (Global) Data EXTRA (ES) Dgstmanon of string 'operatlons Explicitly selecte:

using a segment override.

MINIMUM AND MAXIMUM MODES

The MiSM80C88A 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 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.

2 S1| S0 Characteristics
o(Low) | o Interrupt acknowledge
0 0|1 Read 1/0
(o] 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)| O Code or None
1 1 Data

S5 indicates interrupt enable Flag.

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

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

|7T1 ! T2 | T3 lTWAITI T4 ’ T ’ T2 I T3 |TWA|T| T4 I

CLK

GOES INACTIVE IN THE

f—\ /_\ STATE JUST PRIOR TO T4 I'_\_
ALE /\

\ N/ 11

A19—-A16
ADDR/

STATUS X S6-S3 x

I

1Y
g

$6-53
ADDR A15-A8 A15-A8
BUS RESERVED p7_pg
AT-A
0 FOR DATA IN VALID
ADDR/
DATA

@ DATA OUT (D7—-DO0) }-

READY
READY im“ I M“

" WAIT

— MEMORY ACCESS [*——
TIME

|
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EXTERNAL INTERFACE

RESET

CPU initialization is executed by the RESET pin.
The MSM80C88A’'s RESET High signal is required for
greater than 4 clock cycles.

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

INTERRUPT OPERATIONS

The interrupt operation is classified as software or
hardware, and hardware interrupt is classified as non-
markable or maskable.

An interrupt causes a new program location which
is defined by the interrupt pointer table, according to
the interrupt type. Absolute location 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
MSM80C88A out of the Halt state.

SYSTEM TIMING —MINIMUM MODE

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

The read (ﬁ), 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.

LOCK ~

[ 71 | 72 | T3 |Tam| T1 | T2 | T3 | T4 |

—

ADO—-AD7 \FLOAT

INTA \ '

—

TYPE VECTOR,
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by float- hold” circuits, an external driver must be capable of
ing inputs to CMOS devices, and to eliminate the need supplying approximately 400 uA minimum sink or
for pull-up/down resistors, ‘“bus-hold” circuitry has source current at valid input voltage levels. Since this
been used on 80C86 pins 2—16, 26—32, and 34—39 ’bus hold” circuitry is active and not a ‘‘resistive’’ type
(Figures 6a, 6b). These circuits will maintain the last element, the associated power supply current is negli-
valid logic state if no driving source is present (i.e. an gible and power dissipation is significantly reduced
unconnected pin or a driving source which goes to a when compared to the use of passive pull-up resistors.

high impedance state). To overdrive the ‘bus

“PULL-UP/PULL-DOWN""

OUTPUT

ORIVER BOND L EXTERNAL

PAD PIN

| S —

PUT INPUT
N EER PROTECTION
CIRCUITRY

Input Buffer exists only on 1/0 pins

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

“PULL-UP”

BOND | EXTERNAL

ﬁ PAD PIN

OUTPUT
DRIVER

becocoee

INPUT
BUFFER [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

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

Register/memory to segment regis\er’

[

o -

-k i e e o

o000 O0O=00

-

o =

COO0O = =0 = ==

OCO0OO0O0O0O0O0O0 ==

COo=w==000

occoco-—-00&
s s00s0-w

reg

-0
-

reg

[N e N - I R = N =)

- ON

- =00

e e el o ek e e

..
& wa =
s

O = =0

oo
3

OO0 = =000 = = =

s ©

coss

s

-~ 00=-0== =55

7 6 543 21
mod reg r/m
mod 0 0 0 r/m
data
addr-low
addr-low
mod O reg r/m
mod O reg r/m
mod 1 1 0 r/m
mod 0 0 0O r/m
mod reg r/m
port
port
mod reg r/m
mod reg r/m
mod reg r/m

0

7 65 4321

data

dataif w=1
addr-high
addr-high

0

7654321

dataif w=1

0
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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

(=R =]

OO0 =

-

(=R ]

o oo oo o

OO = =

oo

[=NeNeiNe)

ooo

- a0 oo

-

-_ =

(=N =Nl

-

O =0 = -

o o

-

-

N

-_O -

[~ == o oo

o OO0 -

o -

-0 -

-_O -

-

- -

-

-—=00

reg

-0 v

$ 53

b3

=333

mod
mod

mod
mod

mod

mod
mod

mod
mod

mod

mod

mod
mod

1

0

reg
00
data

reg
10
data

reg
01
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
dataif w=1

data
dataif 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 ssw =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)

IDIV = Integer divide (signed)

AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

- = m s o aao

OO = = ===

OO O == 0O = = =

[ )

- - 000000 =

O O = = = m

OO0 O = =0 = = =

~o-ssO035s3 =

mod
mod
00
mod
mod

O = = O ==

O = =000

N IR . )

0

0

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

0

0

—aSr/SH/SHZ-V88D08NSIN SI/SH/SHV88I08WSIN-NdD =




691

LOGIC

NOT = Invert 1111011 wmod 010 r/m

SHL/SAL = Shift logical/arithmetic left 1101 00v wmod 1 0O 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 11701 00v wmod 010 r/m

RCR = Rotate right through carry 110100 v wmod 0 1 1 r/m

AND = And:

Reg./memory and register to either 001 000 d w|mod reg r/m

Immediate to register/memory 10 00O0O0O wmod 1 00 r/m data dataif w=1
Immediate to accumulator 00T O0O0T1TO0 w data data if w=1
TEST = And function to flags, no result:

Register/memory and register 10000 1 0 wjmod reg r/m

Immediate data and register/memory 1111011 wmod 0 0O r/m data data if w=1
Immediate data and accumulator 1010100 w data dataif w=1

OR = Or:

Reg./memory and register to either 00001 0 d w|mod reg r/m

Immediate to register/memory 10 000O0O wmod 0 0 1 r/m data dataif w=1
Immediate to accumulator 0000 1T 10w data dataif w=1

XOR = Exclusive or:

Reg./memory and register to either 0011 0O0d w mod _ reg r/m

Immediate to register/memory 1000 00O wimod 1 10 r/m data dataif w=1
Immediate to accumulator 001 1010w data dataif w=1

STRING MANIPULATION

REP = Repeat 1111001 2

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 1010101 w

ES[/SH/SHZ-Y88I08WSW SI/SH/SUHV8B8I08NSIN -NdD =



(VA%

CJMP = Conditional JMP

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 o1111110 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 01111010 disp

JO = Jump on over flow 01110000 disp

JS = Jump on sign 01111000 disp

JNE/JNZ = Jump on not equal/not zero o011 10101 disp

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

JNLE/JG = Jump on not less or equal/greater 01T 111111 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 0111100 1 disp

LOOP = Loop CX times 11100010 disp

LOOPZ/LOOPE = Loop while zero/equal 17110000 1 disp

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

JCXZ = Jump on CX zero 1711000 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 171110101

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) 1101 1 x x x|{mod x x X r/m

LOCK = Bus lock prefix 11110000

—HSI/SY/SHC-V88I08NSI SI'/SH/SHVY88D08WSN-NdD =
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CONTROL TRANSFER

'

CALL = Cali:

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

NNy -—

- -

NN N O ==

- s

- - O ==

[=NeNeNe)

o =00 - -0 h

[N =)

NN N - - aw

-—=00

O -=0ON

o =00

Py

[N~ =iNe)

N ] -_O -

RN

O = = o-

O = O =

oO=00

765 4321

mod

mod

mod

mod

disp-low

010

offset-low
seg-low

01 1

1

1

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

data-low

data-low

r/m

r/m

r/m

r/m

0

7 6 54 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

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

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

I1f 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

Af r/m = 000 then EA = (BX) + (Sl) + 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

I1f r/m = 101 then EA = (DI) + DISP

I1f 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 Si 110 DH
M 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):(1F):(TF):(SF):(ZF):X: (AF):X:(PF):X:(CF)
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MSM81C55RS/GS/JS
MSM81C55-5RS/GSNS

., 2048 BIT CMOS STATIC RAM WITH 1/0 PORTS AND TIMER

GENERAL DESCRIPTION

The MSM81C55/81C55-5 have 2k bits of static RAM (256 byte) with parallel 1/0O ports and a timer. It uses
silicon gate CMOS technology and consumes a standby current of 100 micro ampere, maximum, while the chip is not
selected. Featuring a maximum access time of 400 ns, the MSM81C55/81C55-5 can be used in an 80C85A/80C85A-2
system without using wait states. The parallel I/O consists of two 8-bit ports and one 6-bit port (both general pur-
pose). The MSM81C55/81C55-5 also contains a 14-bit programmable counter/timer 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
o Single power supply, 3 to 6V
e Completely static operation

e On<hip address latch

@ 8-bit programmable 1/O 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

e 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 MSM80C85A
® Direct interface with MSM80C85A-2 (MSM81C55-5)

10/M

ADg ~7
CE
ALE
RD
WR
RESET }

1T

256 x 8
STATIC
RAM

TIMER IN
TIMER OUT

_J

— | PORT A
A PAg~7
— | PorTe
B8 PBo~7
.
1 | porTC
c PCo~s
L
L Vee (+5V)

GND (0V)
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PIN CONFIGURATION

MSM81C55RS (Top View) PCs Vee
MSM81C55-5RS PCq4 PC,
40 Load Plastic DIP TIMER IN PC,
RESET PCy
PCs PB,
TIMER OUT PBg
10/M PBg
CE PB4
RD PB3
WR [ PB,
ALE PB;
ADg 23] PB,
AD; 78 PA,
AD, PAg
AD; 5 PAs
AD4 PA,
AD;s 7] 2 PA,
AD, [ 73 PA,
AD, [13) PA,
GND [0} 71 PA,
4
-
whE 080 o ocr
cREPLLSzZzPLLR
44434241 40 3938 37 36 35 34
TIMER OUT —— 1 @) 33— PB, MSMB81C55GS (Top View)
1o/ = 2 2/ MSMBIC55:5GS
% z f 30— PB: 44 Lead Plastic Flat Package
WRC—]5 29— 8,
ALEC—] § 28— p8,
ADo C—] 7 27— pB,
AD,C——8 26— PA,
AD,C—=] 9 . 25— PA,
AD; =——]10 24— PAs
Neco—1 23f—pa,
1213141516 171819 20 2122
<< §SeaaaZ mggﬁmdop‘_oh
S £fz8¢8¢g¢9¢
6 54 3 21
TIMER-OUT{7 (@] 39[)PB6
lo/Mge 38[1PBS
MSM81C55JS (Top View) CEQ9 37Q1PB4
MSM81C55-5JS RDM 10 36{1 PB3
44 Pin Plastic Leaded Chip Carrier ‘wad 1 350 PB2
N.C.012 3afINC
ALEQ13 33[) PB1
ADO[14 321 PBO
AD1015 31 PA7
AD2016 30Q1PAG
AD3[17 29(] PAS
< v~ o - oMo
22888888883
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ABSOLUTE MAXIMUM RATINGS
Limits .
Parameter Symbol | Conditions [ yismgicssRs | MSMB1C55GS | MSM81C55Js | Unit
MSM81C55-5RS | MSM81C55-5GS | MSM81C55-56JS
Supply Voltage Vce -0.5to +7 v
Input Voltage VIN ~-0.5to Vgg + 0.5 \")
f
Output Voltage VouT ?: é;\fg‘”d -051t0 Vge +05 v
Storage Temperature | Tstg -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 Vce 3to6 A\
Operating Temperature Top -40 to +85 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Tyf). Max. Unit
Supply Voltage (81C55) Vee 4.5 5 5.5 \Y
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 v
Supply Voltage (81C55-5) Vce 4.75 5 5.25 Y
Operating Temperature o
(81C55.5)- Top -40 +25 +70 c
DC CHARACTERISTICS
Parameter Symbol Conditions Min. Typ. Max. Unit
“L" Level Output Voltage VoL loL =2mA 045 \
IoH = —400uA 24 \
“H" Level Output Voltage VOH
IoH = -40uA 4.2 \
Vee=4.5V t
Input Leak Current K] 0<Vi|N<Vcc 5%3 ° | -10 10 BA
Output Leak Current Lo [0=VouT=VcC |T1,=40°Cto -10 10 uA
CE 2 Vge-0.2v 85°C
Standby Current Iccs VIH 2 Vcg-0.2v 0.1 100 MA
vViLL Vee-0.2v
Mean Operating Current Icc l:/l:smoryl cyele time: 5 mA
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AC CHARACTERISTICS ’
(Vee = 4.5 t05.5V, Ta = -40 to +80°C) MSM81C55
IVce = 4.75 to 5.25V, Ta = —40 to +70°C) MSM81C55-5

Parameter Symbol MSM81 0455 MSM81C855 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
La