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CMOS MICROPROCESSOR LINE - UP

POWER SUPPLY COMPATIBILITY
ACKAGE
PRODUCTS | PARTNAME [0 " T GURRENT | P CKAG REMARKS surPLIER | Tvee
(MAX)
400DIP
MSMBOCS5A Y 22mA | 44 FLAT 2 SA':ZM'CHOPROCESSOR Intel 8085A
44 pLCC
8 BIT CPU
40DIP 8 BIT MICROPROCESSOR
MSMBOC85A-2 sV 20mA | 44 FLAT & mMHz Intel 8085A-2
a4 pLCC
MSM8O0C86A 55mA 16 BIT MICROPROCESSOR Intel 8086
5 MHz
400IP
16 BIT CPU| MSMB80C86A-2 5V 80mA 56 FLAT 8 MHz Intel 8086-2
aapLCC
MSMBOCB6A-10 100mA 10 MH2
MSMBOCEBA S5mA 8 BIT MICROPROCESSOR intel 088
5 MHz
40 DIP
8 BIT CPU | MSMBOC88A-2 Y 80mA 56 FLAT 8 MHz Intel 8088-2
a0 PLCC
MSMBOCB8A-10 100mA 10 MHz
20 DIP )
MSM81C55-5 5V SmA 44 FLAT 20:3-‘—?,\',‘L§TRAM with 1/0 Intel | 8355
44 pPLCC an
MSM82C12 sv 1mA 2401p 8 BIT INPUT/OUTPUT PORT |
m 24 FLAT ntel 8212
40 DIP
MSM82C37A-5 5V 10mA | 44 FLAT Zgz,crzg“f&?& DMA Intel | 8237A
a4 pPLCC
MSM82C43 5V 1mA 2401p INPUT/OUTPUT PORT EXPANDER
m 24 FLAT
MSM82C51A sy ama §§ EI';T PROGRAMMABLE COMMUNICA— el a251A
M 51A-
SM82C51A-2 S8 pLCC TIONS INTERFACE
24 DIP
MSM82C53-5 5mA PR
v I PLAT OGRAMMABLE INTERVAL el 8253
MSM82C53-2 8mA 28 PLCC TIMER
24DIP
PROGRA
MSM82C54-2 5V 10mA 32 FLAT Cog(;?_EgAMABLE Intel 8254
28 PLCC
MSM82C55A-5 5mA 40DIP AMMABLE PERIPHERA
110 5V 44 FLAT PROGR M': LE PERIPHERAL Intel 8255
MSMB2C55A-2 8mA a4 pLCC *1 INTERFAC
28 DIP
TERRUPT
MSMB2C59A-2 Y 5mA 32 FLAT PROGRAMMABLE INTE Intel 8250A-2
CONTROLLER
28 PLCC
MSMB2CB4A sV 10mA ;ﬁ 5:17 CLOCK GENERATOR and DRIVER Intel 8284A
MSMB2C84A-5 10mA CLOCK GENERATOR and DRIVER
5V 80P (5 MHz) Intel 8284A
24 FLAT
MSM82C84A-2 16mA L CLOCK GENERATOR and DRIVER
(8MHz)
MSM82C88 20 DIP
N eCa8.2 5V 10mA | 54 pLAT BUS CONTROLLER Intel 8288
s00IP
MSMB83CE5 sV 5mA 44 FLAT 16384 BIT ROM with 1/0 Intel 8355
4apLCC
MSM5832 sV 0iAmA |18 DIP REAL TIME CLOCK
PERI- MSM58321 5V 01mA | 16 DIP REAL TIME CLOCK
PHERALS SME242 sy oun 18 DIP REAL TIME CLOCK
“ 24 FLAT DIRECT BUS CONNECTED

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






SYSTEM |
CONFIGURATION







PERSONAL COMPUTER/WORD PROCESSOR

SYSTEM CONFIGURATION
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PACKAGING

PRO- PACKAGE/PIN COUNT
PART NAME
DUCTS DIP | FLAT | PLCC

M80C85A (Note: 1) 40 44 44
M80C85A-2 40 44 44
M80C86A 40 56 44
MPU | M80CB6A-2/80C86A-10 | 40 56 44
M80C88A 40 56 44
MB80C88A-2/80C88A-10 40 56 a4
M81C55/81C55-5 40 44 44

M82C12 24 24 _
‘M82C37A-5 40 44 44

M82C43 24 24 -

1/0 M82C51A 28 32 -
M82C51A-2 28 32 28
M82C53-5/82C53-2 24 32 28
M82C54-2 24 32 28

M82C55A-5/82C55A-2 40 44  |44(Note:2)

M82C59A-2 28 32 28

M82C84A 18 24 —

M82C84A-5/84A-2 18 24  |20(Note:3)

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

PERI- | Mb832 18 — —

PHER- | M58321 16 - -

ALS M6242 18 24 —

Note: 1. Model numbers suffixed by RS denote plastic DIP, while GS denotes plastic FLAT.
Ex. MSM80C85ARS . . ... ... plastic DIP
MSMB80C85AGS . ... .... plastic FLAT

Note: 2. M82C55A-5 has no PLCC Package.
Note: 3. MB82C84A-5 has no PLCC Package.
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s PACKAGING =

©® 20 PIN PLASTIC SKINNY DIP

28.0MAX

B

®i (unit: mm)
| oo N e N e T e (O ey Y e Y s Y s Y e Y e |

6.7MAX

®

1 pin INDEX MARK

SHED [ SRS Ry U R SN [ SN R SIN G SN R SHD Ry |

7.6240.30

0.65MAX

0.3MIN
[
2.54MIN 5 1MAX

L O.GMAX ;:
0°~15°

2.54+0.25 Seating Plane
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20.0MAX

1

®
[ rri1m

(unit: mm)

6.7 MAX
7.5MAX

OCTTCT T TT3rg
Z 1 pin INDEX MARK

@0

7A62t0'30

2.54MIN | 5 1MAX

0.6MAX ‘\
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Seating Plane
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@ 18 PIN PLASTIC DIP
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® 44 PIN PLASTIC FLAT
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20 PIN SQUARE PLCC
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® 28 PIN SQUARE PLCC
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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 LSI memories.

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

3) Production prototype stage

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

4) Mass production

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

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

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

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

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-STD-883B, JIS C 7022, EIAJ-IC-121
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Figure 1 Quality Assurance System
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Material ® Acceptance Inspection

Producti ®© Production Process Quality Control
Pro uction @ Lot Control
rocess Equipment Conditions

Wafer Process @ In-Process Inspection
(@ Thermal Screening

Assembly ® Seal Test

1st Sorting

Burn-in
Screening

L

@ Early Removal of Defective Devices

2nd Sorti ® Electrical Test
nd Sorting ® Regular Check of Measuring
Equipment
. ® Group A Test
IOutgontqg ® Group B Test
nspection © 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.

Failure
report

Sales
Department

report

Request for
technical
improvement

Engineering
F—s—--———-— lﬁpanment
Report on
| results of -

investigation
& improvement =
. —
Quality 2_¢gl |85
Assurance « 48 2 €35
Department e E?° S
gogl 2o
Report on cSE
results of
investigation

& improvement
———————— Manufacturing

Department
Request for

manufacturing
improvement

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

‘1

Use Quality

® Transportation Control
® Stock Control
@ Packaging

Quality Assurance
&

Quality Control

Reliability Test
Product Test
Screening

Process Control
In-Process Inspection
Acceptance Inspection

Quality and Reliability Information
Quality Evaluation

Defective Analysis

Reliability Engineering

Quality Management and Education

R
—

b1

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 =

Part name MSMB80C85A-2RS MSM81C55RS. MSM82C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE | Referred
MICROPROCESSOR | STATIC RAM WITH INTERRUPT standard
1/0 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 0 22 |2000 0 88 | 2000 0 MiL-
life test Vecec =6V H) H) (H) STD-883C]
METHOD
1006
Temperature Ta=85°C 100 | 2000 0 25 |2000 0 100 | 2000 0
humidity test RH =85% H) (H) H)
Vcec=6V
Temperature|_gsec=RT=150°C| 100 | 500 0 50 | 300 0 100 | 500 O MIL-STD-
cycling test |(30 min) 1 (30 min) (ey) (cy) (ey) M2$380
(5 min) 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 MSM80C86/88JS MSM80C86/88AJS
Function 16 BIT 16 BIT Referred
MICROPROCESSOR | MICROPROCESSOR | standard
(DYNAMIC VERSION)| (STATIC VERSION)
Test Test Sample| Test |Failures|Sample| Test |Failures
item condition size |hours size |hours
(pcs) | & (pcs) | &
cycles cycles
Operating Ta=125°C 88 | 2000 0 88 | 1000 0 MIL-
life test Veec=6V (H) (H) ISTD-883C|
METHOD
1005
Temperature Ta=85°C - 100 |2000 0 100 | 1000 0
‘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 RH =100% (H) (H)
2 atm
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MICROPROCESSOR ENVIRONMENTAL TEST RESULTS
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Part name MSMB0C86A-2RS MSM81C55RS MSMB82C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE Referred
MICROPROCESSOR STATIC RAM WITH INTERRUPT standard
/0 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 4] —
(125°C, 6 hrs)
v 260°C 22 0 22 0 22 0 MIL-
Soldering 10 SEC STD-883C
Heat Test METHOD
2003
: .
-55°C=RT=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 11 0 11 0 STD883C
, 250 g 90° BEND METHOD
Bending 3 TIMES 2004
230°C 5 SEC 22 0 22 0 22 0 MIL
Solderability STD883C
METHOD
2003
Part name MSMB80C86/88JS MSMB0C86A/88AJS
Function 16 BIT 16 BIT Referred
MICROPROCESSOR | MICROPROCESSOR |  Standar
(DYNAMIC VERSION)| (STATIC VERSION)
Test Test Sample | Failures | Sample | Failures
item condition size (pcs) size (pcs)
Bake
g | PREBake 1350, 6 hrs) -
= ¥
] Soldering Vapor Phase Reflow
5 Heat Test (215£2°C,90+10, - Osec)
£ 2 times
c
£ 4
g Temperature ~58°C=RT=150°C S ML
5 . h A
- * (30min) (Smin) (30min) 22 0 22 0 TD-883C
] Cycling Test 20 cycles ~ METHOD
£ 1010
@ 'l
£ 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
E Solderability § Immerse fnto Flux
= Immerse into Soider
5 (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 beiow. Aithough semiconductor
memory failures are similar to those of ordinary
integrated circuits, the degree of integration
(miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence.

Semiconductor El t Failure Rate Curve

' Initial SHIPPING Wear-out

o | failure Random |_ failure

® failure

o

° m>1

= /

2

5 General /
electronic /
devices

X - Time
Semiconductor
elements

[
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceable in about 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of 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-

Exauﬁple 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.

2 ?I TN Input section
Aluminum Z 4,7[[?%/1

wire 5 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 unparalieled
cleanliness, solves this problem.
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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

megahﬂ DAAMAa Thai

miniaturized such agin 1 bit 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
cover

Silicon oxide
film

Substrate silicon

lonization along
the a-particle path

30 v

7) Degradation in Performance Characteristics
Due to Hot Electrons

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

Drain
+Vp
+Vg \
—I |
Gate !
Source Hot electrons

Substrate silicon

Characteristic deterioration caused
by hot electrons

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

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

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

offering a high level of system integration.

The MSM8O0C8S5A uses a multiplexed address/data bus. The address is split between the 8-bit address bus and
the 8-bit data bus. The on-chip address latches of MSM81C55/MSM83C55 memory products allow a direct interface

with the MSM80C85A.

FEATURES

® Low Power Dissipation: 50 mW Typ

@ Single +4 to +6 V Power Supply

@ ~40 to +85°C, Operating Temperature

® 1.3U Instruction Cycle

@ On-Chip Clock Generator (with External Crystal)

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

@ TTL Compatible

FUNCTIONAL BLOCK DIAGRAM

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

® Serial In/Serial Out Port

e Decimal, Binary and Double Precision Arithmetic

© Addressing Capability to 64K Bytes of Memory

@ 40-pin Plastic DIP (MSM80C85ARS)

@ 44-pin Plastic Flat Package (MSM80C85AGS)

© 44-pin PLCC Package (MSM80C85AJS)

INTA

RST6.5  TRAP
INTR [ HSTSB\ RST7.5 J SID  SOD
SERIAL I/0

INTERRUPT CONTROL |comnon.]

4

8-BIT INTERNAL

DATA BUS

g

— ]
-
REGISTER (8]
ACCUMULATORI | TEMP REG (8)
FLAG (5)
FLIP FLOPS
1 INSTRUCTION 8 REG (8) C REG (8)
DECODER
ARITHMETIC! AND D REG (8) E REG (8)
LOGIC MACHINE
UNIT CYCLE H REG (8) L REG (8)
(ALU) (8) ENCODING REGISTER
STACK POINTER (16) ARRAY
rov (= 50 POt o 1
Supply | -= GND DECREMENTER
ADDRESS LATCH (16)
TIMING AND CONTROL
X, cLk RESET ADDRESS DATA/ADDRESS
Xz GEN CONTROL  STATUS DMA N BUFFER (8) BUFFER (8)
CLK ’ RD WR ALE S, S, 10/M l HLDA I RESET Jl
ouT, ! ___our Ajs—Ag AD,—ADg
READY HOLD  RESETIN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION

140l Ve
MSMBOC85ARS (Top View) [39) HOLD
40 Lead Plastic DIP [38) HLDA
[37] cLK (OUT)
[36) RESET IN
[35) READY
[33) 10/M
33] s
139 RD
31 WR
30] ALE
29] s,
28] As
127] A
26] Ai
28] Aw
- _ E Au
3 5z 23 A
I o <2 77 A
98:”,1"-80.6'35& %AZ
ﬁ ﬂ ﬂ ﬂ ﬂ ﬂ ﬁ ﬂ ﬂ ﬂ ﬁ
44 4342 414039 38 37 36 3534
TRAPC—] 1 33— READY MSMB80CB85AGS (Top View)
RST7.5— 2 O 32——310/M 44 Lead Plastic Flat Package
RST6.5— 3 31—s,
RST6.6C— 4 30— RD
INTRC—] 5 29— WR
INTAC— 6 28— ALE
AD,C——] 7 27—,
AD,C—8 26 3 Ay
AD,C—— 9 256 1A
AD,C——] 10 24F——A,
N.cC—— B3 A,
1213147161718 19 20 2122
é £gd<& <=§ [ =|Z
o> o D=
=) o <Oy
»w n x X X Z2> I I oolc
6 54 3 21 41 40
TRAP(] @)

MSMB80C85AJS (Top View)
44 Plastic Leaded Chip Carrier

RST5.5( 10 36 JRD
INTR{ 11 35 IWR
N.C.(J12 34[IN.C
INTAQ13 33 ALE
ADO( 14 32[1s0
AD1[15 31[1A15
AD2[]16 30 A14
AD3[}17 291 A13
< 0O~ Q@R o0 0 — N
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MSM80C85A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol Function
Ag—Ajs 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.
ADo—AD~ Multiplexed Address/Data Bus: Lower 8-bits of the memory address (or 1/0 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 S; Sg States 10/M S; So States
0 O 1 Memory write 1 1 1 Interrupt Acknowledge
0 1 0 Memory read 0 O Halt -=3state
1 0 1 1/Owrite x x Hold (high impedance)
1 1 0 1/Oread x x Reset x = unspecified
0 1 1 Opcode fetch
Sy 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 RDindicates the selected memory or 1/0 device is to be

{Output, 3-state)

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

WR
(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 1/0 location. Data is set up at the trailing edge of WR,
3-stated during Hold and Halt modes and during RESET.

READY If READY is high during a read or write cycle, it indicates that the memory or peripheral

(Input) is ready to send or receive data. If READY is low, the cpu will wait an integral number
of clock cycles for READY to go high 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 itis
active, the Program Counter (PC) will be inhibited from incrementing and an INTA will be
issued. During this cycle a RESTART or CALL instruction can be inserted to jump to the
interrupt service routine. The INTR is enabled and disabled by software. It is disabled by
Reset and immediately after an interrupt is accepted.

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

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

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

RST6.5 cause an internal RESTART to be automatically inserted.

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

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

TRAP Trap interrupt is a nonmaskable 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.)

37



® CPU-MSM80C85ARS/GS/JS =

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.

Xi, X, X and X, are connected to a crystal to drive the internal clock generator. X; can also

(Input) be an external clock input from a logic gate. The input frequency is divided by 2 to give
the processor’s internal operating frequency.

CLK Clock Output for use as a system clock. The period of CLK is twice the X;, X, input

(Output) period.

SID Serial input data line. The data on this line is loaded into accumulator bit 7 whenever

(Input) a RIM instruction is executed.

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

(Output)

Vee +5 volt supply.

GND Ground Reference.

Table 1 Interrupt Priority, Restart Address, and Sensitivity

Name Priority Aqdress Branched To (1) Type Trigger
When Interrupt Occurs
TRAP 1 2aH 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: (i) 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 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 cpou (MSMB0C85A), a RAM/IO (MSM81C55),
and a ROM/10 chip (MSM83C55).

The MSMB0C85A. 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
Flags or F Flag Register 5 flags (8-bit space),

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

The MSM80C85A provides RD, WR, Sp, S; and
10/M signals for bus control. An Interrupt Acknow-
ledge signal (INTA) is also provided. Hold and all
Interrupts are synchronized with the processor’s internal
clock. The MSM80CS85A 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~~ (o the 8080A INT. Each of the three
RESTART inputs, 5.5, 6.5, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nonmaskable.

The three maskable interrupts cause the internal

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 puise is required to set an
internal flip-flop which generates the internal interrupt
request. The RST 7.5 request flip-flop remains set until
the request is serviced. Then it is reset automatically.
This flip-flop may also be reset by using the SIM instruc-
tion or by issuing a RESET IN to the MSM80CS5A.
The RST 7.5 internal flip-flop will be set by a 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 avoids any false
triggering due to noise or logic glitches. Figure 3 illus-
trates the TRAP interrupt request circuitry within the
MSMB8O0CS85A. 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 MSMB0C85A
TRAP
INTERRUPT
REQUEST | TRAP
RESET N | |scnmiTt
TRIGGER
RESET AP
D INTERRUPT
+5v—[D CLK REQUEST
Q -
D
FIE
CLEAR
INTERNAL  TRAPF.F
TRAP .
ACKNOWLE DGE

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
MSMB0C85A is operated with 2 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

Cy (load capacitance) < 30 pF

Cg (shunt capacitance) <7 pF

Rg (equivalent shunt resistance) < 76 ohms

Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the capacitors between Xy, 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
4Vv.

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

A. Quartz Crystal Clock Driver

X 80C85A .
__)|_,__d___ -7 Low time > 60ns
Cy 1 |
2 CiNT = 150F X1
= T~CINT = 15p
|
Xy |
Ol g-t---
-_ C2 2
* X2

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

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

* X, Left floating

Figure 4 Clock Driver Circuits
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BASIC SYSTEM TIMING

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

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines (IO/M, S1., 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 H(OLD states are forced by the receipt of READY
or HOLD inputs). Any T state must be one of ten
possible states, shown in Table 3.

Table 2 MSMB0C85A Machine Cycle Chart

Status Control
Machine Cycle — p— p— ——
10/M S So RD WR INTA
Opcode Fetch (OF) 0 1 1 0 1 1
Memory Read (MR) 0 1 o] 0 1 1
Memory Write (MwW) 0 0 1 1 0 1
1/0 Read (10R) 1 1 0 0] 1 1
1/0O Write (tow) 1 0 1 1 0 1
Acknowledge of INTR (INA) 1 1 1 1 1 0
Bus Idle (81):DAD 0 1 0 1 1 1
RST, TRAP
HALT 1 1 1 1 1 1
TS o] TS TS 1
Table 3 MSMB80C85A Machine State Chart
Status & Buses Control
Machine State — p——— p—
S1. S0 10/M Ag—A;s | ADg—AD, RD, WR INTA ALE
Ty X X X X 1 1 11
T, X X X X X X
TWAIT X X X X X X 0
Ts X X X X X X 0
T4 1 o (2 X TS 1 1 0
Ts 1 o (2 X TS 1 1 )
Te 1 o (2 X TS 1 1 ]
TRESET X Ts TS TS TS 1 o]
THALT o] TS TS TS TS 1 o]
THOLD X TS TS TS TS 1 (o]
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.

41



® CPU-MSM80OC85ARS/GS/JS =

My My M;
T T T T T T T T. T
CLK 1 2 3 4 Ty 2 3 1 2 3 ~ T ,
PC
Ag~Ais (HIGH ORDEH ADDRESS (PC+ 1)y X 10 PORT
|
¥ o T
(LOW ORDER DATA FROM MEMORY
ADDRESS) memore Y (1/0 PORT ADDRESS) OR FERHERAL
(INSTRUCTION)
ALE ’ \
o _/ _/
WR \ ,
10/M —\

/ N\

STATUS X S1Sp (FETCH) X 10 (READ) X 01 WRITE X 1
Figure 5- MSMB0CS85A Basic System Timing
Table 4 Absolute Maximum Ratings

Ambient Temperature under Bias . . . . . . ... v vttt i e e -40°C to + 85°C
Storage TOMPBIatUre . . . . . v v v i v e it e ettt e e e e e e e e e e e e e -55°C to + 150°C
Supply Voltage Respect to Ground . . . . . . .. .. .. .. it e e -0.3V to + 7.0V
Input Voltage Respectto Ground . . . .. .............c.0.... e e e e e -0.3V to Vcc + 0.3V
Power Dissipation . . . . . . ... it e 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 ViL -0.3 +0.8 \%

Input High Voltage . ViH 2.2 Vce +0.3 v

Output Low Voltage VoL 0.45 \% loL = 2mA

Output High Voltage VOoH 24 v 'oH = ~400kA

4.2 \% IOH = —40uA

Input Leak 'K} -10 10 uA ov<V|N<Vcc

Output Leak ILo |-10 10 kA 0V < Vout < Vce

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

input High Level, RESET | V4R 3.0 Vec +0.3 v

Hysteresis, RESET VHY 0.25 v

R B e e o
Power Supply Current lcc Reset
10 17 mA Vee =:l.75V to ?.25V Active
TA=0°Cto+85°C CL=0pF
Power Supply Voltage Vee 4 5 6 \"
A.C. CHARACTERISTICS
(Ta = -40°C to 85°C; Vcc = 5V +10%)
Parameter Symbol 80C8sA Units
Min. Max.

CLK Cycle Period tcyc 320 2000 ns
CLK Low Time t 80 ns
CLK High Time ty 120 ns
CLK Rise and Fall Time tr, t¢ 30 ns
X1 Rising to CLK Rising tXKR 30 120 ns
X Rising to CLK Falling tXKF 30 150 ns
Ag~ s Valid to Leading Edge of Control (1 tAC 270 ns
Ao~ 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~~ Valid Before Trailing Edge of ALE tALL 90 ns
READY Valid from Address Valid tARY 220 ns
Address (Ag—A5) Valid After Control tCA 120 ns
Width of Control Low (RD, WR, INTA) tcc 400 ns
Trailing Edge of Control to Leading Edge of ALE tcL 50 ns
Data Valid to Trailing Edge of WR tDw 420 ns
HLDA to Bus Enable tHABE 210 ns
Bus Float After HLDA tHABF 210 ns
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A.C. CHARACTERISTICS (cont’d)

Parameter Symbol 80casA Units
Min. Max.

HLDA Valid to Trailing Edge of CLK tHACK 110 ns
HOLD Hold Time tHDH (o] 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 ns
Address Hold Time After ALE LA 100 ns
Trailing Edge of ALE to Leading Edge of Control tLc 130 ns
ALE | ow During CLIK High ek ‘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 0 ns
READY Setup Time to Leading Edge of CLK tRYS 110 ns
Data Valid After Trailing Edge of WR VD 100 ne
LEADING Edge of WR to Data Valid tWDL 40 ns

Notes: (1) Ag—Ays address Specs apply to I0/M, Sg, and S; except Ag—A 5 are undefined during T4—Tg of OF
cycle whereas I0/M, Sg, and S; are stable.
(2) Test conditions: tcyg = 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) Al 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:

2.4

22 iger 22

0.8 POINTS ™8
0.45
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Table 7 Bus Timing Specification as a Tcyc Dependent

MSM80C85A

tAL - (1/2)T - 45 MIN

tLa - (1/2)T - 60 MIN

L - (1/2)T - 20 MIN

tLCK - (1/2)T — 60 MIN

tLe - (1/2)T - 30 . MIN

tAD - (6/2 + N)T — 225 MAX

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

RAE - (1/2T-10 MIN

tcA - (1/2)T — 40 MIN

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

twpD - (1/2)T — 60 MIN

tee - “(3/2+N)T - 80 MIN

tcL - (1/2)T - 110 MIN

tARY - (3/2)T — 260 MAX

tHACK - (1/2)T — 50 MIN

tHABF - (1/2)T + 50 MAX

tHABE - (1/2)T + 50 MAX

taC - (2/2)T - 50 MIN

ty - (1/2)T - 80 MIN

ty - (1/2)T - 40 MIN

tRv - (3/2)T - 80 MIN

DR - (2+N)T - 180 MAX

Note: N is equal to the total WAIT states.
T=twcyc
X1 INPUT
i tf
—
CLK Ik B
OUTPUT
IXKR Y
tcyc
tXKF

Figure 6 Clock Timing Waveform
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READ OPERATION

T T, T3 T
~=tLCK ——tCA——i
Ag~Ais ADDRESS
lea—tRAE —o=]
tAD ‘i tRDH—=={ |==—
ADo~AD, ADDRESS DATA IN|, p——
|——t|_|_—-| fan—— T A
tAFR— |--—t .
ALE LDR - CL-IV"—
|e-tp | f————trp————

—_— \'S t -]
RD/INTA 1L c—=I\ ce : }

tAC

WRITE OPERATION

1
f=-tick

T

T2

T3

T

Ag~Ass ADDRESS
}-—ILDw—I—‘ b‘ tca
ADg~AD4 A.DDRESS DATA OUT
|..-t|_|_ ln—t A tpw je—twD
ALE / WDL
AL

. tcc

WR /r
=—TtLC F=tCcL
tAC
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Read operation with Wait Cycle (Typical)—
same READY timing applies to WRITE operation

Ty Ty TwWAIT T3 T

ek

~=tcA—

Ag~Ags ADDRESS jﬁ K
tAD: ] IRDH-—‘t AE™
4 V/ Sk‘_ C
/% ?L /// DATA IN
tcL
tLDR
— 4
R
tRD
_ tce | y—t
RD/INTA ‘-'ICL’EL N y
1) RY T a4
tAC tRYS|tRYH
tARY e
READY / v
Note: READY must remain stable during setup and hold times.
Figure 7 MSMBOC85A Bus Timing, With and Without Wait
HOLD OPERATION
T2 T3 THoLD THOLD T

/NS /
HOLD _____/ tHDS ;:_—\

THACK] —
tHDH—= 4
HLDA // 4
tHABF | P
tHABE
BUS (ADDRESS, .
CONTROLS) 7

Figure 8 MSMBOC85A Hold Timing
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T Ty

L\

Ag~15 x

- T\
ALI:_/ \

Ta

Ts

Te

THoLD T T2

BUS FLOATING (1)

NN
\iﬁ

INTR /

NEEAN

o \__|/

tHABE

tINS

Note: (1)

tINH

HOLD

tHDS
HLDA

tHABF

THACK

10/M is also floating during this time.
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Table 8 Instruction Set Summary
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Instructiun Code (1)

. scription Clock (2)

Mnemonic Descrip D; D Ds Ds D3 Dy D; Dy Cycles
MOVE, LCAD, AND STCORE
MOVr1 r2 Move register to register 0 1 D D D S S S 4
MOV MTr Mowe register to memory 0 1 1 1 0 S S S 7
MOV rM Move memory to register o 1 D bbb 1 1 o0 7
MVIir Move immediate register 0O o b D D 1 1 (4] 7
MVIM Move immediate memory o o0 1 1 (4] 1 1 (o] 10
LXIB Load immediate register Pair B & C o 0O o0 o 0 (4] 0 1 10
LXID Load immediate register Pair D & E 0O 0O o0 1 0 (] 0 1 10
LXIH Load immediate register Pair H & L o o0 1 o o0 o0 o 1 10
LXI SP Load immediate stack pointer o o0 1 1 o o0 O 1 10
STAX B Store A indirect o o0 o o o o 1 0 7
STAX D Store A indirect 0O 0 0 1 0o o0 1 (4] 7
LDAX B Load A indirect o 0 o0 o 1 o 1 0 7
LDAX D Load A indirect o 0 o0 1 1 o 1 (V] 7
STA Store A direct 0o o0 1 1 o 0 1 0 13
LDA Load A direct 0o o 11 1 0 1 0 13
SHLD Store H & L direct o o0 1 o o0 o 1 0 16
LHLD Load H & L direct o o0 1 o0 1 o 1 0 16
XCHG Exchange D & E H & L registers 1 1 1 0 1 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 o O ©o 1 0 1 12
PUSH D Push register Pair D & E on stack 1 1 o 1 0 1 0 1 12
PUSH H Push register Pair H & L on stack 1 1 1 0o o 1 ] 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 0 ] 0 1 10
POP D Pop register Pair D & E off stack 1 1 0o 1 0 0 0 1 10
POP H Pop register Pair H & L off stack 1 1 1 o] 0 0 0 1 10
POP PSW Pop A and Flags off stack 1 1 1 1 0O 0 oO 1 10
XTHL Exchange top of stack H & L 1 1 1 (s} o] (0] 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 6
JUMP
JMP Jump unconditional 1 1 0 0O O 0 1 1 10
JC Jump on carry 1 1 0 1 1 (] 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 0o o 1 0 1 0 7/10
JNZ Jump on no zero 1 1 0O 0O o0 o 1 0 7/10
JP Jump on positive 1 1 1 1 0o o0 1 0 7/10
JM Jump on minus 1 1 1 1 1 o 1 0 7/10
JPE Jump on parity even 1 1 1 0 1 o 1 0 7/10
JPO Jump on parity odd 1 1 1 0 0 o0 1 0 7/10
PCHL H & L to program counter 1 1 1 0 1 0o O 1 6
CALL
CALL Call unconditional 1 1 0 O 1 1 0 1 18
cc Call on carry 1 10 1 1 1 0o o0 9/18
CNC Call on no carry 1 1 0 1 0 1 0 0 9/18
cz Call on zero 1 1 0o O 1 1 0o o 9/18
CNZz Call on no zero 1 1 0o o o 1 0 o 9/18
cP Call on positive 1 1 1 1 0 1 o o 9/18
CM Call on minus 1 1 1 1 1 1 o o 9/18
CPE Call on parity even 1 1 1 0 1 1 0o O 9/18
CPO Call on parity odd 1 1 1 0 0 1 0o o 9/18
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Table 8 Instruction Set Summary cont’d
Mnemonic Description Instruction Code(1) C(I:ocl:(z)

D7 D¢ Ds Dg D3 D Dy Dy ycles
RETURN
RET Return 1 1 o o0 1 o o0 1 10
RC Return on carry 1 1 0o 1 1 0O 0 O 6/12
RNC Return on no carry 1 1 0o 1 0O 0 0 o 6/12
RZ Return on zero 1 1 0o o 1 0O 0 o 6/12
RNZ Return on no zero 1 1 o 0 O O O o 6/12
RP Return on positive 1 1 1 1 0 0O 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 o 1 0 0 0O 6/12
RPO Return on parity odd 1 1 1 O 0O O o0 o 6/12
RESTART
RST Restart 1 1 A A A 1 1 1 12
INPUT/OUTPUT
IN Input 1 1 o 1 1 o 1 1 10
ouT Output 1 1 0 o o0 1 1 10
INCREMENT AND DECREMENT
INRr Increment register 0O O D D D 1 0o o0 4
DCRr Decrement register 0O O D D D 1 0 1 4
INRM Increment memory 0o o 1 1 4] 1 0o o 10
DCR M Decrement memory (o] 0 1 1 (o] 1 0 1 10
INX B Increment B & C registers 0O 0O O O o o 1 1 6
INX D Increment D & E registers o O o 1 0o o 1 1 6
INX H Increment H & L registers 0o o 1 0O O o 1 1 6
INX SP Increment stack pointer 0 0 1 1 0 o] 1 1 6
DCX B Decrement B & C o 0 o o 1t o0 1 1 6
DCX D Decrement D & E 0O O 0 1 1 o] 1 1 6
DCX H Decrement H & L 0 0 1 [} i 0 1 i 6
DCX SP Decrement stack pointer 0o o 1 1 1 0 1 1 6
ADD
ADDr Add register to A 1 0O 0O O O s s s 4
ADC r Add register to A with carry 1 (o] o] o] 1 S S S 4
ADD M Add memory to A 1 0 0 0 0 1 1 0 7
ADC M Add memory to A with carry 1 0 0 0 1 1 1 0 7
AD! Add immediate to A 1 1 0O 0 o0 1 1 0 7
ACI Add immediate to A with carry 1 1 o o0 1 1 1 0 7
DAD B AddB& CtoH& L 0O 0 o0 o0 1 o o0 1 10
DAD D AddD& EtoH& L 0o o0 o0 1 1 o 0 1 10
DAD H AddH& LtoH& L o o0 1 0o 1 o 0 1 10
DAD SP Add stack pointer to H & L o o0 1 1 1 o o 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 o 1 1 S § S 4
SUB M Subtract memory from A 1 0o o0 1 (4] 1 1 0 7
SBB M Subtract memory from A with borrow | 1 0 0 1 1 1 1 0 7
Sul Subtract immediate from A 1 1 (o] 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} Clock(2)
D; Dg Ds Dy D3 D; Dy Do Cycles
LOGICAL
ANATr And register with A 1 0 1 0 0 S S S 4
XRAr E xclusive Or register with A 1 0 1 0 1 S S S 4
ORAT Or register with A 1 (o] 1 1 0O S s s 4
CMP r Compare register with A 1 o 1 1 1 S § S 4
ANA M And memory with A 1 1] 1 ] 0 1 1 (V] 7
XRA M Exclusive Or memory with A 1 o] 1 0 1 1 1 1] 7
ORA M 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] 0 1 1 0 7
XRI Exclusive Or immediate with A 1 1 1. 0 1 1 1 0 7
ORI Or immediate with A 1 1 1 1 0 1 1 0 7
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7
ROTATE
RLC. Rotate A left 0O o O o o 1 1 1 4
RRC Rotate A right 0 0 0 0 1 1 1 1 4
RAL Rotate A left through carry 0O 0 0 1 (o] 1 1 1 4
RAR Rotate A right through carry 0] 0 0 1 1 1 1 1 4
SPECIALS
-CMA Complement A 0o o 1 0 1 1 1 1 4
STC Set carry 0 0 1 1 0 1 1 1 4
CMC Complement carry 0 0 1 1 1 1 1 1 4
DAA Decimal adjust A 0 (o] 1 0] 0 1 1 1 4
CONTROL
El Enable Interrupts 1 1 1 1 1 0 1 1 4
DI Disable Interrupt 1 1 1 1 0o o 1 1 4
NOP No-operation 0O 0 o o O o o0 o 4
HLT Halt o] 1 1 1 0 1 1 0 5
RIM Read Interrupt Mask 0o o0 1 0O O o o o 4
SIM Set Interrupt Mask (4] o] 1 1 (o] 4] 0 0 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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MSMB80CB85A-2RS,/GS,/JS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

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

and compatible with MSM80CB85A.
It is designed with higher processing speed (max. 5

MHz) and lower power consumption compared with

MSMB80CS85A 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.
interface with the MSM80C85A-2.

FEATURES

* Power down mode (HALT-HOLD)

* Low Power Dissipation: 50mW Typ

* Single +3 to +6 V Power Supply

+ —40 to +85°C, Operating Temperature

+ Compatible with MSMBOC85A

*0.8u Instruction Cycle (Vg = 5V)

* On-Chip Clock Generator (with External Crystal)

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

FUNCTIONAL BLOCK DIAGRAM

The on-chip address iaiche of a MiSM8

V- R el

iC55-5

memory product allows a direct

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

* Serial In/Serial Out Port

* Decimal, Binary and Double Precision Arithmetic

* Addressing Capability to 64K Bytes of Memory

*TTL Compatible

* 40 pin Plastic DIP (MSM80C85A-2RS)

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

* 44 pin PLCC Package (MSM80C85A-2JS)

iNTA RST6.5 TRAP
INTR l RSTS. 51 RST7. 5‘

SID SOD

INTERRUPT CONTROL

8-BIT INTERNAL
DATA BUS

! : i
FCCUM(;J)LAT(j ITEMP REG (B)J REGISTER (8)
FIAG (5)
LIP FLOPS
mrmucrion B REG (8) C REG (8)
ECH
P <oo D REG (8) E REG (8)
Tome MACHINE
Unit eYeLE H REG (8) L REG (8)
(ALUI (81 REGISTER
STACK POINTER (16) ARRAY
Power { —e 45V Pnoc::::mgsgxfn ue) |
Supply | —=GND DECREMENTER
POWER DOWN 1jNG AND CONTROL \}
X; —eqfCLK RESET ADDRESS DATA/ADDRESS
X; —=GEN comnon_ STATUS  DMA —n— BUFFER (8) BUFFER (8)
CLK ‘ RD WR ALES, S, 10/M | HLDA ‘ RESET u
ouTt pe——c V] § Ays—Ag AD, —ADy
READY HOLD  RESETIN ADDRESS BUS ADDRESS/DATA BUS
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PIN CONFIGURATION

@ CPU-MSM80OC85A-2RS/GS/JSm

x, O ~" dvee
MSMS8O0C85A-2RS (Top View) X, [Z [39) HOLD
40 Lead Plastic DIP RESET OUT (3] I38] HLDA
soD [@] I37) CLK (OUT)
siD [5] [36] RESET IN
TRAP [€] [35] READY
RST7.5 [7] [33) 10/Mm
RST6.5 [8] [33] s
RST5.5 [9] 132] RD
INTR [10] 31 WR
INTA [T 30] ALE
AD, [12] 29] So
AD, 13 28] Ais
AD, [13} [27] A
AD; 5] 26] A
AD, [i6] 28] A
- _ ADs [ 124) A,
3 'é z AD; [[8] 73 Aw
- —
98‘3”1~_89§§£§ GANDE; %i,
1000
44 43 42 414039 38 37 36 3534
TRAPC— 1 O 33— READY MSMB80C85A-2GS (Top View)
RST7.50—4 2 32 1O/M 44 Lead Plastic Flat Package
RST6.5C——— 3 31—,
RST5.6—— 4 30——RD
INTRC—] 5 29— WR
INTAC— 6 28— ALE
AD,C— 7 | 27 =35,
AD,C—] 8 26— A
AD,C— 9 25— Au
AD,C——] 10 24— A
N.c—n 22— A,
121314 15161718 19 20 21 22
§ddeg8ffiis 5 3
o o <O
»n ;m xx X X 2> T I ol
6 5 4 3 21 41 4
TRAPQ 7 (@) 39 JREADY
RST7.5(] 38p10/M
MSMB80C85A-2JS (Top View) .o d 37hst
44 Plastic Leaded Chip Carrier rRsT5.5010 36D RD
INTR[ 11 35 QWR
N.C. 34[INC
INTAQ13 33[1ALE
ADOQ 14 32[1S0
AD1[]15 31[1A15
AD2 301 A14
AD3[}17 291 A13
T WO~ Ao OO0 — N
222%22z¥%z3x
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MSMB0C85A-2 FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

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

(Input/Output)
3-state

appear on the bus during the first clock cycle (T state) of a machine cycle. It then
becomes the data bus during the second and third clock cycles.

ALE Address Latch Enable: It occurs during the first clock state of a machine cycle and enables
(Output) the address to get latched into the on-chip latch of peripherals. The falling edge of ALE
is set to guarantee setup and hold times for the address information. The falling edge
of ALE can also be used to strobe the status information ALE is never 3-stated.
So. Sy, 10/M Machine cycle status: _
(Output) I0/M'S; S, States I0/M S; S, States
O 0 1 Memory write 1 11 Interrupt Acknowledge
0O 1 0 Memory read . 00 Halt = 3-state
1 0 1 /O write . x x Hold (high impedance)
1 1 0 1/Oread x x  Reset x= unspecified
0O 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 |/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 1/0 location. Data is set up at the trailing edge of WR,
3-stated during Hold and Halt modes and during RESET.

READY If READY is high during a read or write cycle, it indicates that the memory or peripheral

(input) is ready to send or receive data. If READY is low, the cpu will wait an integral number
of clock cycles for READY to go high before completing the read or write cycle READY
must conform o specified setup and hoid 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 6.5—7.5. it is unaffected by any mask or Interrupt Disable. It has the

highest priority of any interrupt. (See Table 1.) Power down mode is reset by input of
TRAP.
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Symbol Function
RESET IN Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops
(Input) and release power down mode. The data and address buses and the control lines are 3-
stated during RESET and because of the asynchronous nature of RESET, the processor’s
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, X2 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
L. Address Branched To (1) ) .
Name Priority When Interrupt Occurs Type Trigger
Rising edge and high level until
TRAP 1 24H sampled.
RST 7.5 2 3CH 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 paraliel
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 a minimum system of three IC’s: The cpu
(MSMB80C85A-2), and a RAM/IO (MSM81C55-5)

The MSM80C85A-2 has twelve addressable 8-bit
register pairs. Six others can be used interchangeably
as 8-bit registers or a 16-bit register pairs. The MSM-
80CB85A-2 register set is as follows:

Mnemonic Register Contents
ACCor A Accuinuiator 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, S,, S; and
10/M signals for bus control. An Interrupt Acknow-
ledge signal (INTA) is also provided. Hold and all
Interrupts are synchronized with the processor’s internal
clock. The 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 MSM80CB85A-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, 55, 6.5, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nonmaskable.

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

There are two different types of inputs in the
restart interrupts. RST 5.5 and RST 6.5 are high
level-sensitive like INTR (and INT on the 8080A) and
are recognized with the same -timing as 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 MSMS80CS85A.
The RST 7.5 internal flip-flop will be set by apulse on
the RST 7.5 pin even when the RST 7.5 interrupt is
masked out.

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

The TRAP interrupt is useful for catastrophic
events such as power failure or bus error. The TRAP
input is -recognized just as any other interrupt but has
the highest priority. it is not affected by any flag or
mask. The TRAP input is both edge and level sensitive.
The TRAP input must go high and remain high until
it is acknowledged. It will not be recognized again
until it goes low, then high again. This avoids any false
triggering due to noise or logic glitches. Figure 3 illus-
trates the TRAP interrupt request circuitry within the
MSMB80C85A-2. Note that the servicing of any interrupt
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables all
future interrupts (except TRAPs) until an El instruction
is executed.

The TRAP interrupt is special in that it disables
interrupts, but preserves the previous interrupt enable
status. Performing the first RIM instruction following
a TRAP interrupt allows you to determine whether
interrupts were enabled or disabled prior to the TRAP.
All subsequent RIM instructions provide current inter-
rupt enable status. Performing a RIM instruction fol-
lowing INTR or RST 5.5-7.5 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 MSM80CB5A-2
TRAP
INTERRUPT
REQUEST | TRAP
RESET IN| |scumiTT|
TRIGGER| RESET TRAP
INTERRUPT
+sv—{o cL REQUEST
Q—
D
FIF
CLEAR
TRAP F.F
INTERNAL
TRAP
ACKNOWLEDGE

Figure 3 Trap and RESET IN Circuit

DRIVING THE X, and X, INPUTS

You may drive the clock inputs of the MSM80C-
85A-2 with a crystal, or an external clock source. The
driving frequency must be at least 1 MHz, and must be
twice the desired. internal clock frequency; hence, the
MSMS80C85A-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

CL (load capacitance) < 30 pF

Cs (shunt capacitance) < 7 pF

Rg (equivalent shunt resistance) < 76 ohms

Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the capacitors between X, X, and
ground. These capacitors are required to assure oscilla-
tor startup at the correct frequency.

Figure 4 shows the recommended clock driver
circuits. Note in B that a pullup resistor is required to
assure that the high level 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 X2
open<ircuited (Figure 4B). To prevent self-oscillation
of the MSM80C85A-2, be sure that X, is not coupled
back to X; through the driving circuit.

A. Quartz Crystal Clock Driver

L C. 2|

VIH >0.8V¢ee
= High time > 40ns
_.“_____d_.’__ - 80C85A-2 Low time > 40ns
=L
v77. #CINT= 15pF
|
X2 |
———U—I——‘L—.r S

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

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

* X, Left floating

Figure 4 Clock Driver Circuits
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BASIC SYSTEM TIMING

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

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines (I0/M, S,, S¢) 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 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 (low) 1 0 1 1 0 1
Acknowledge of INTR (INA) 1 1 1 1 1 0
Bus Idle (Bl): DAD [o] 1 0 1 1 1
ACK. OF
RST, TRAP 1 1 1 1 1 1
HALT TS 0 0 TS TS 1
Table 3 MSM80C85A-2 Machine State Chart
Status & Buses Control
Machine State — —
S1,So 10/M As—A;s ADo, —AD, D, 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
T, X X X X X X 0
Ts 1 o2 X TS 1 1 0
Ts 1 o2 X TS 1 1 0
Ts 1 o(2) X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT 0 TS TS TS TS 1 0]
THOLD X TS TS TS TS 1 0
0 = Logic “0”
1 = Logic 1"

TS= High Impedance
X = Unspecified

Notes: (1) ALE_not generated during 2nd and 3rd machine cycles of DAD instruction.
(2) 10/M =1 during T4 ~ Ts of INA machine cycle.
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M, M, M;
cLK T, T, T, Ta T T, T, T T, Ts \ T
Ag ~ A PC
8T (HIGH ORDER ADDRESS), (PC+ 1)y 10 PORT
1
(LOW ORDER DATA FROM MEMORY
ADDRESS) A TORaoM (1/0 PORT ADDRESS) OR PERIPHERAL "
(INSTRUCTION)

U a\
RD \ / \ /
WR \ /

10/#4 _——\ / \

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

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

The MSMS80C85A-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

(1)

(2)

Start by means of HALT command

(See Figures 6 and 7.)

The POWER DOWN mode can be started by exe-
cuting the HALT command.

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

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

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 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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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. | THLT | TRESET l
|

ALE —I |_| I

Address Address ?d.d.ﬁﬁ\s
ao7 () 760 X 2 { )
POWER

cPU RUN DOWN
MODE

RUN
JE— 4
RESET IN : | I

Figure 6. Started by HALT and Released by RESET IN

M. | THLT JM,l
ouT
ae | [ N [1

¢

— )
RST5.5 POWER
CPU RUN DOWN RUN
MODE
Figure 7. Started by HALT and Released by RST5.5
M; l I THOLD | M,
T, T, Ty | Ta [T 1T T,

ALE I N I_l

bYY

N
HOLD I 1

)1

— ) .
HLDA POWER

DOWN
cPU RUN | Run
MODE ‘ |

Figure 8. Started and Released by HOLD
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | Condition Unit
MSMB80C85A-2RS | MSM80C85A-2GS | MSM80C85A- 2JS
Power Supply Voltage Vee —0.5~+7 \%
With respect
I t VoIt \ — ~
nput Voltage IN to GND 0.5~ Ve +0.5 \
Output Voltage VouTt —0.5~Vcc +0.5 \
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 \
Operating Temperature Top —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min Typ. Max Unit
Power Supply Voltage Vee 4.5 5 5.5 \Y
Operating Temperature Top —40 +25 +85 °c
“L" Input Voliage ViL 0.3 +0.8 \
“"H"" Output Voltage VIH 22 Vcct03 \
RESET. IN
vay e —0. +0.
Input Voltage VILR 03 08 v
vy RESET IN
Input Voltage VIHR 3.0 Vec+0.3 \Y
D.C. CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ.| Max. | Unit
’L" Output Voltage VoL loL = 2mA 0.45 \
loH = —400uA 24 \%
“H"" Output Voltage VOoH OH M
IoH = —40uA 4.2 \
Vcc=4.5V~ 5.5V
Input Leak Current [FN] 0<V|NS<Vce Ta=—40°C~ +85°C | —10 10 HA
Output Leak Current. ILo 0<VouTt<Vcc -10 10 | pA
Tcyi: =200ns 10 20 mA
Operating Supply | C = OpF at reset
Current cc Tcyc = 200ns
C = OpF at power 3 7 mA
down mode
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A.C. CHARACTERISTICS :

(Ta = —40°C ~ 85°C, Vg = 4.5V ~ 5.5V)

Parameter Symbol Condition Min. Max. | Unit
CLK Cycle Period teve 200 | 2000 | ns
CLK Low Time ty 40 ns
CLK High Time tz 70 ns
CLK Rise and Fall Time tr tf 30 ns
X, Rising to CLK Rising tXKR 25 120 ns
X, Rising to CKK Falling tIXKF 30 150 ns
Ag ~ 5 Valid to Leading Edge of Control (1) tAC 1156 ns
Ao ~, Valid to Leading Edge of Control taCL 115 ns
Ao ~,5 Valid Data In tAD 330 ns
Address Float After Leading Edge of RD INTA tAFR 0 ns
As ~1 5 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 (Ag~,s) 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 toL 25 ns
Data Valid to Trailing Edge of WR tpDw 230 ns
HLDA to Bus Enable tHABE 150 ns
Bus Float After HLDA tHABF toyc = 200ns 150 ns
HLDA Valid to Trailing Edge of CLK tHACK Cy = 150pF 40 ns
HOLD Hold Time tHDH 0 ns
HOLD Step Up Time to Trailing Edge of CLK tHDS 120 ns
INTR Hold Time tNH 0 ns
INTR, RST and TRAP Setup Time to Falling Edge of CLK 1INS 150 ns
Address Hold Time After ALE LA 50 ns
Trailing Edge of ALE to Leading Edge of Control e 60 ns
ALE Low During CLK High tLCK 50 ns
ALE to Valid Data During Read 1ILDR 250 ns
ALE to Valid Data During Write tLow 140 ns
ALE Width L 80 ns
ALE to READY Stable tLRY 30 ns
Trailing Edge of RD to Re-enabling of Address tRAE 90 ns
RD (or INTA) to Valid Data tRD 150 ns
Control Trailing Edge to Leading Edge of Next Control RV 220 ns
Data Hold Time After RD INTA (7) tROH 0 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 twD 60 ns
LEADING Edge of WR to Data Valid twDL 20 ns
Notes: (1) Ag~A;s address Specs apply to 10/M, Sp, and S except Ag~A;s are undefined during T4~Tg of OF
cycle whereas 10/M, So, and S are stable.
(2) Test conditions: tcyc = 200ns C|_= 150pF
(3) For all output timing where C{_ = 150pF use the following correction factors:
26pF < C < 150pF: —0.10ns/pF
150pF < Ci_ < 300pF: +0.30ns/pF
(4) Output timings are measured with purely capacitive load.
{5) All timings are measured at output voltage V= 0.8V, Vi = 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.

()

Data hold time is guaranteed under all loading conditions.

Input Waveform for A.C. Tests:

24

22 1gs7 22

<~ POINTS ™
045 0.8 0.8
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Table 7 Bus Timing Specification as a Tcyc Dependent

{Ta = —40°C ~ +85°C, Ve = 4.5V ~ 5.5V, C|_ = 150pF)

MSM80C85A-2
talL (1/2)T — 50 MIN
LA (1/2)T — 50 MIN
tL (1/2)T - 20 MIN
tLek (1/2)T — 50 MIN
tLc (1/2)T — 40 MIN
tAD (5/2+ N)T — 170 MAX
RD (3/2+ N)T — 150 MAX
tRAE (1/2)T =10 MIN
tca (1/2)T — 40 MIN
tpw (3/2+ N)T - 70 MIN
twD (1/2)T — 40 MIN
tce (3/2 + N)IT = 70 MIN
tcL (1/2)T - 75 MIN
tARY (3/2)T — 200 MAX
tHACK (1/2)T — 60 MIN
tHABF (1/2)T + 50 MAX
tHABE (1/2)T + 50 MAX
tac (2/2)T — 85 MIN
ty (1/2)T — 60 MIN
t (1/2)T - 30 MIN
tRv (3/2)T — 80 MIN
tLDR (2+N)T — 150 MAX
Note: N is equal to the total WAIT states.
T=tcve
X, INPUT w
tr tf
t2
CLK
QUTPUT
IXKR
-1
IXKF
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Figure 6 Clock Timing Waveform
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T

T, Ts T,
e \_/—:]\_/——\_/—\__/
== t.CcK l«—tCA
Ag~As X ADDRESS
[~—tRAE
taD tRDH™]
4
ADy~AD, ADDRESS | DATAIN 4
—tLL le—t A
tAFR— —
ALE tLDR "tCLj-/
™ tAl tRD
[ t |
RD/INTA e \ cc )zf
tac
WRITE OPERATION
T, T, T,

CLK

e

Asg~A
s 15 ADDRESS
|‘_tLDW —] I——tCA
AD,~AD, XL ADDRESS | DATA OUT
L ~— LA tow ~—twD
ALE twbDL
_ﬂ—»
— tcc r
WR / I
e =tcL
taC |
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Read operation with Wait Cycle (Typical) —
same READY timing applies to WRITE operation

Ty T, TwAIT

le-tcA

P 4
Ag~Ays X ADDRESS IK

tAD | tRDH_o [ IRAE™

4
ADo~AD, N ADDRESS

Ve

icL

.tLL——
X |t
ALE NAFR ILDR
AL ~ "D —{f
P —
RD/INTA N tcc
-q-tCL—- N );
f—— — |
~——tac—RL rys [tRyk
~——tARY ,

READY 1 1
7

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

Figure 7 MSMBO0OC85A-2 Bus Timing, With and Without Wait

HOLD OPERATION

«\__ /" \_/ N\
00 | S ™\

T, Ts THOLD THOLD T

THACK. 5
tHDH — -
HLDA //
tHABF S
I
t
s (ADDRESS, . HABE |f——
BU CONTROLS) Y (

66

Figure 8 MSMB80C85A-2 Hold Timing
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Ta Ts Ts Thowo T T,
RVAVAVE VA VAVAV \/ \J
N
Ag~1s y 4
CALL \
ADy~, X H <
INST /' BUS FLOATING (1)

tHABE
/,
INTR 7/, \ \ 5
R R
tiNs =T tINH L
7. s 7 —3f
oo TR \
~—
tHDS tHDH )
.
HLDA N
—tr= tHABF ~
tHACK

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

Figure 9 MSMB8O0CS85A-2 Interrupt and Hold Timing
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Table 8 Instruction Set Summary
Mnemonic Description Instruction Code (1) Clock (2)

D, D¢ Ds Dy D; D, D, D, Cycles
MOVE, LOAD, AND STORE
MOVr1 r2 Move register to register 0 1 D D D S S S 4
MOV M r Move register to memory 0 1 1 1 0 S S S 7
MOV rMm Move memory to register (0] 1 D D D 1 1 0 7
MVI r Move immediate register 0 0O D D D 1 1 0 7
MVIM Move immediate memory (o] 0 1 1 0 1 1 0 10
LXIB Load immediate register Pair B & C 0O 0 o O o o0 o 1 10
LXI D Load immediate register Pair D & E 0 0 0 1 0 0 0 1 10
LXIH Load immediate register Pair H & L 0O o 1 0O o 0O O 1 10
LXI SP Load immediate stack pointer 0 (o] 1 1 0 0 0 1 10
STAX B Store A indirect 0O 0 0O o0 o 0 1 0 7
STAX D Store A indirect 0O o0 o 1 0 0 1 0 7
LDAX B Load A indirect 0O 0 o0 o0 1 0 1 0 7
LDAX D Load A indirect 0O 0 o 1 1 0 1 0 7
STA Store A direct 0o o 1 1 0 0 1 0 13
LDA Load A direct 0O o 1 1 1 0] 1 0 13
SHLD Store H & L direct 0o o 1 0O 0 o 1 0 16
LHLD Load H & L direct o o 1 0 1 (0] 1 0 16
XCHG Exchange D & E H & L registers 1 1 1 0 1 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 0 0 0 1 (] 1 12
PUSH D Push register Pair D & E on stack 1 1 0 1 0 1 o] 1 12
PUSH H Push register Pair H & L on stack 1 1 1 0 0 1 0 1 12
PUSH PSW Push A and Flags on stack 1 1 1 1 0 1 0 1 12
POP B Pop register Pair B & C off stack 1 1 0O o o0 o 0 1 10
POP D Pop register Pair D & E off stack 1 1 o] 1 0O 0O o0 1 10
POP H Pop register Pair H & L off stack 1 1 1 o] 0 0 0 1 10
POP PSW Pop A and Flags off stack 1 1 1 1 0 0 0 1 10
XTHL Exchange top of stack H & L 1 1 1 0 o] ] 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 0 0 1 6
JUMP
JMP Jump unconditional 1 1 o 0 o 0 1 1 10
Jc Jump on carry 1 1 0 1 1 0 1 0 7/10
JNC Jump on no carry 1 1 0 1 0o o 1 0 7/10
Jz Jump on zero 1 1 0o O 1 0 1 0 7/10
JNZ Jump on no zero 1 1 0O 0 0 o 1 0 7/10
JP Jump on positive 1 1 1 1 0O o0 1 0 7/10
JM Jump on minus 1 1 1 1 1 0 1 0 7/10
JPE Jump on parity even 1 1 1 0 1 0 1 0 7/10
JPO Jump on parity odd 1 1 1 0O 0 o 1 0 7/10
PCHL H & L to program counter 1 1 1 o 1 0O O 1 6
CALL
CALL Call unconditional 1 1 0 © 1 1 0 1 18
CcC Call on carry 1 1 0 1 1 1 0O o 9/18
CNC Call on no carry 1 1 0 1 o 1 0o o 9/18
cz Call on zero 1 1 0 0 1 1 0o o0 9/18
CNZ Call on no zero 1 1 0 0 o0 1 0 o0 9/18
cP Call on positive 1 1 1 1 0 1 0O o 9/18
CcM Call on minus 1 1 1 1 1 1. 0 O 9/18
CPE Call on parity even 1 1 1 0 1 1 0o o0 9/18
CPO Call on parity odd 1 1 1 0o o 1 0O O 9/18
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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
RETURN
RET Return 1 1 (¢ ¢] 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 (4] 1 o o0 o0 ©O 6/12
Rz Return on zero 1 1 0 0 1 0O 0 O 6/12
RNZ Return on no zero 1 1 0O 0O 0o o o0 o 6/12
RP Return on positive 1 1 1 1 (o] (o] 0 0 6/12
RM Return on minus 1 1 1 1 1 0O 0 o 6/12
RPE Return on parity even 1 1 1 0 1 0 0 0 6/12
RPO Return on parity odd 1 1 1 (o] 0 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 0 10
ouT Output 1 1 0 o 0 1 10
INCREMENT AND DECREMENT
INR r Increment register 0 0O D D D 1 0 0 4
DCRr Decrement register 0 0O D D D 1 0 1 4
INRM Increment memory 0 0 1 1 0 1 0 0 10
DCR M Decrement memory 0 0 1 1 o] 1 0 1 10
INX B Increment B & C registers 0 0 0o o 0 0 1 1 6
INX D Increment D & E registers 0 0 0 1 0 0 1 1 6
INX H Increment H & L registers 0 0 1 (o] 0 0 1 1 6
INX SP Increment stack pointer 0o o0 1 1 0 0 1 1 6
DCX B Decrement B & C 0o o0 0o o 1 0 1 1 6
DCX D Decrement D & E 0o 0 o0 1 1 0 1 1 6
DCX H Decrement H & L 0o O 1 [o] 1 0 1 1 6
DCX SP Decrement stack pointer 0 0 1 1 1 o] 1 1 6
ADD
ADD r Add register to A 1 0O 0 0O O s s ¢ 4
ADCr Add register to A with carry 1 0 0 [0} 1 S S S 4
ADD M Add memory to A 1 0O 0 o o 1 1 0 7
ADC M Add memory to A with carry 1 0 0 o 1 1 1 0 7
ADI Add immediate to A 1 1 o 0 O 1 1 0 7
ACI Add immediate to A with carry 1 1 0 o 1 1 1 0 7
DAD B AddB& CtoH& L o 0O o O 1 o o0 1 10
DAD D AddD & EtoH& L o 0o o0 1 1 o o0 1 10
DAD H AddH& LtoH& L o o 1 O 1 o 0 1 10
DAD sP Add stack pointer to H & L 0o o0 1 1 1 o o 1 10
SUBTRACT
SUB r Subtract register from A 1 o o 1 0 S § s 4
SBB r Subtract register from A with. borrow | 1 o o0 1 1 S S S 4
SUuB M Subtract memory from A 1 0 0 1 0 1 1 0 7
SBB M Subtract memory from A with borrow| 1 o] 0 1 1 1 1 ] 7
Sul Subtract immediate from A 1 1 0 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, Di Ds D, D; D, D, D, ‘Cycles

LOGICAL

ANA r And register with A 1 0 1 0 0 S S S 4
XRA r Exclusive Or register with A 1 0 1 0 1 S S S 4
ORAr Or register with A 1 0 1 1 0 S § S 4
CMP r Compare register with A 1 0 1 1 1 S S S 4
ANA M And memory with A 1 0 1 0o o 1 1 0 7
XRA M E xclusive Or Memory with A 1 0 1 0 1 1 1 0 7
ORA M 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 0o o 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 o 1 1 0 7
CPI Compare immediate with A 1 1 1 1 1 1 1 0 7
ROTATE

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

CMA Complement A 0o o 1 0 1 1 1 1 4
STC Set carry 0o o 1 1 0 1 1 1 4
cMmC Complement carry 0 0 1 1 1 1 1 1 4
DAA Decimal adjust A 0o o0 1 0o o 1 1 1 4
CONTROL

El Enable Interrupts 1 1 1 1 1 0 1 1 4
Di Disable Interrupts 1 1 1 1 0 0 1 1 4
NOP No-operation 0 0 0 (0] 0 0 0 0 4
HLT Halt (Power down) o 1 1 T 0 1 10 5
RIM Read Interrupt Mask 0 0 1 0 o] 0 0 0 4
SIM Set Interrupt Mask 0 o] 1 1 0 (o] 0 0 4

Notes: (1) DDD or SSS. B 000. C 001. D 010. E011. H 100. L 101. Memory 110. A 111.

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

70




OX I semiconductor

MSMB8O0C86ARS/GS/JS
MSM80C86A-2RS/GSIJS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C86A/MSM80C86A-2 are complete 16-bit CPUs implemented in Silicon Gate CMOS technolo-
gy. They are designed with same processing speed as the NMOS 8086/8086-2 but have considerably less power
consumption. They are directly compatible with MSM80C88A/MSMB80C88A-2 software and MSM80C85A/
MSMB80C85A-2 hardware and peripherals.

FEATURES

e 1 Mbyte Direct Addressable Memory Space
® Internal 14 Word by 16-bit Register Set

® 24 Operand Addressing Modes
® Bit, Byte, Word and String Operations

CIRCUIT CONFIGURATION

e 8 and 16-bit Signed and Unsigned Arithmetic Operation
e From DC to 5 MHz Clock Rate (MSM80C86A)

® From DC to 8 MHz Clock Rate (MSM80C86A-2)
® Low Power Dissipation 10 mA/MHz

@ Bus Hold Circuitry Eliminates Pull-Up Resistors

EXECUTION UNIT BUS INTERFACE UNIT
[ 1 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
——» BHE/Ss?
A19/56
1681T ALU 2 .
B8US A16/S3
INTERFACE AD15 ~ ADO
FLAGS UNIT o
4 )INTA,RD, WR, M/iO
3 ) DT/R.DEN.ALE
| | esYTE
INSTRUCTION
1 oueue
I
TEST —] — OcK
INTR —
NMI ] CONTROL & E Qs0.051
RQ/GT0. 1 2 TIMING
HOLD ——] __—_‘\'/3 53.51.50
HLDA @— _T T T T
CLK RESET READY MN/MX GND
Veo
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® CPU-MSM80OCB86ARS/GS/JS MSM80OC86A-2RS/GS/JSm-

PIN CONFIGURATION

]

oD O 40 [ vee
MSMB80CB6ARS (Top View) ap1a[] 2 39 [J AD15
MSMB0CB6A-2RS Ap13[] 3 38 [ A16/53
40 Lead Plastic DIP AD12[ 4 37 flarvisa
ab11 s 36 [ Aa18/55
api0[]6 35 [J A19/56
an9 7 34 [ BHE/S7
aps 8 33 [ MN/MX
An7 9 32 [ RD
AD6 ] 10 31 [ RQ/GTO (HOLD)
aps [ 1 30 [JRQ/GT1 (HLDA)
Apa []12 29 [ TOCK WR)
ap3 [ 13 28 [152 (M/10)
ap2 [ 14 27 @5 o1 R
ap1 s 26 [50 DEN)
Apo [ 16 25 [ QS0 (ALE)
NIV = 24 Q81 (INTA)
INTR [] 18 23 [JTEST
cuk 9 22 [ READY
9 2 GND [ 20 21 [JRESET
2 ?
C o B Eg&z Fis.2a MSMBOCB6ARS/MSM80C86A-2RS
g5k £ ,lsgszw
S 2R Y90 P NRE B
z<|§ Elglgzzzlg SRk B
A18/S5 [C=]43 42 41 40 39 38 37 36 3534 33 32 31 30 29 .3 =3 aso (aLE) MSMS80C86AGS (Top View)
A17/s4 []4a 273 Qs1 (INTA) - MSM80C86A-2GS
A16/53 [ 45 26 [ TEST 56 Lead Plastic Flat Package
AD15 []46 25 ) READY
N.C. a7 24 [ RESET
Vee [C]48 23 [N.C.
Vee [CJ49 22 [ N.C.
N.C.  [Jso 21 Vee
GND 351 20 [ GND
NC [C]s2 19 [JN.C.
AD14 []s3 18 NC.
AD13 []54 O 17 cLk
Ap12 [Cs8 16 1 INTR
AD11 456 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 L INMI
;2 [ 3] ;oo 9
¢ 588380 d838838
Z < << g« z2z2< eI I A ™ < o
- c N o 0 608
Fig. 2b MSM80C86AGS/MSM80C86A-2GS 2555208z ¢r0
LI <0 2> qaa<
P P A A ey
6 5 4 3 2 1 44434241 40
Aptog7 (@] 39 LNC
. AD9 I8 38[1A19/56
MSMS80C86AJS (Top View) AD8 (9 37 BHE/ST
MSMB80C86A-2JS ap7 010 36 [I MN/MX
44-pin Plastic Leaded Chip Carrier apesf]11 350 RD
AD5 [] 12 341 RQ/GTO (HOLD)
AD4[13 33[IRQ/GT1 (HLDA)
AD3[14 32[1 LOCK (WR)
AD20Q15 31152 (M/i0)
AD1 (16 301 ST (DT/R)
ADO[]17 291 SO (DEN)
18 19 20 21 22 23 24 25 26 27 28
oo T OO ooO
QT ax ¥ 00k >k =9
<EEZ32hcf38
- c W < ©
3 = o
EZ
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s CPU-MSM80C86ARS/GS/JS MSM80C86A-2RS/GS/JSw

ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol IMSMBOCB6ARS [MSMBOCB6AGS [MSMBOCBBAJS | Unit | Conditions

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

Power Supply Voltage Vee -0.5 ~ +7 \%
_ With respect
Input Voltage VIN -0.5 ~ Vg 0.5 \Y 0 GND
Output Voltage VouT -0.5~ Ve 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

) MSM80C86A MSMB80C86A-2
Power Supply Voltage Vce 3~6 4.75 ~ 5.25 \Y
Operating Temperature Top -40 ~+85 0~ +70 °c

RECOMMENDED OPERATING CONDITIONS
MSM80C86A MSM80C86A-2
Parameter Symbol Unit
MIN TYP MAX MIN TYP MAX

Power Supply Voltage Vee 4.5 5.0 55 4.75 5.0 5.25 \Y
Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \%

(*1) | Vgc-0.8 Ve +0.5 | Vee-o0. Ve +0.5 \%
““H"” Input Voltage ViH cc cc cc o8 cc

(*2) 20 Vce +0.5 2.0 Vcc +0.5 \]

*1 Only CLK, *2 Except CLK.
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DC CHARACTERISTICS

(MSMB0C86A: Ve = 4.5V to 5.5V, Ta = —40° to +85°C)

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

m CPU-MSM8OC86ARS/GS/JS MSMB0OC86A-2RS/GS/JSm

Parameter Symbol MIN TYP MAX Unit Conditions
“L" Output Voltage VoL 04 \% 1oL =2.5mA
3.0 I0H = -2.5 mA
““H’" Output Voltage VOH \Y
Vce-0.4 10H = - 100 uA
Input Leak Current [TN] -1.0 +1.0 KA 0<V|<Vce
Output Leak Current Lo -10 +10 uA Vo= Vccor GND
:gztsntHIjZkigivt;:urrent IBHL 50 400 LA V|N:3 0.8V
oo | | VNZOY
Bus Hold Low Overdrive IBHLO 600 MA *5
Bus Hold High Overdrive IBHHO -600 HA *6
harms o O e o
gﬁt‘pﬁsycz‘r’;’;’:rt Ices 500 A Out\[/)ﬁss U:i;/ded
VIN = Vce or GND
Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
1/0 Capacitance Ci/o 20 pF *7

*3  Test condition is to lower Vi to GND and then raise VN tc 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 IgH| O to switch this node from LOW to HIGH.
*6  An external driver must sink at least IgHHOQ to switch this node from HIGH to LOW.

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

b) Ummeasured Pins at GND.
c) VN at5.0Vor GND.

74




A.C. CHARACTERISTICS

{(MSMBOC86A: V(¢ = 4.5V 10 5.5V, Ta = —40°C to +85°C)
(MSMBOC86A-2: V¢ = 4.75V 10 5.25V, Ta=0°C to 70°C)

Minimum Mode System
Timing Requirements

s CPU-MSM8OCB86ARS/GS/JS M&MB80C86A-2RS/GS/JSw

Parameter Symbeol MSM80C86A MSM80C86A-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
:’\'slz:’\lS:tt::Ji;e into MSM 82C84A TRIVCL 35 a5 ns
Ttslz;/Nl-:)c;:: ;Fw;;e into MSM 82C84A TCLR1X 0 o ns
READY Setup Time into MSM80C86A | TRYHCH 118 68 ns
READY Hold Time into MSM80C86A-2 | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:g;R,\]ONtQA;) TEST Setup Time TINVCH 30 15 ns
vttt LR s 5|
T oL s 5|
Timing Responses
Parameter Symbol MSM80C86A MSM80C86A-2 Unit
Min. Max. Min. Max.
Address Valid Delay TCLAV 10 110 10 60 ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 ns
ALE Width TLHLL TCLCH-20 TCLCH-10 ns
ALE Active Delay TCLLH 80 50 ns
ALE Inactive Delay TCHLL 85 55 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 TCHCL-10 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
Data Hold Time after WR TWHDX TCLCH-30 TCLCH-30 ns
Control Active Delay 1 TCVCTV 10 110 10 70 ns
Control Active Delay 2 TCHCTV 10 110 10 60 ns
Control Inactive Delay TCVCTX 10 110 10 70 ns
Address Float to RD Active TAZRL 0 0 ns
RD Active Delay TCLRL 10 165 10 100 ns
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CPU-MSM80C86ARS/GS/JS MSM80OC86A-2RS/GS/JS =

Parameter Symbol MSM80C86A MSMB80C86A-2 Unit
Min. Max. Min. Max.
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
HLDA Valid Delay TCLHAV 10 160 10 100 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH |2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.0V) | TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns

Notes: 1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
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Maximum Mode System (Using MSM 82C88 Bus Controller)

Timing Requirements

m CPU-MSM80OC86ARS/GS/JS MSM80OC86A-2RS/GS/JSm

Parameter Symbol MSMB80C86A MSMB80C86A-2 Unit
Min. Max. Min. Max.

LK Cycle Period TCLCL 200 DC 128 DC ns
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 69 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
:?SIZ:'\?::::‘ITizn;e into MSM 82C84A TRIVCL 35 35 ns
:?SE:NI-:::: ':':r;)e into MSM 82C84A TCLR1X 0 o ris
READY Setup Time into MSM 80C86A | TRYHCH 118 68 ns
READY Hold Time into MSM 80C86A | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
e T T | awen |3 s .
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C86A TCHGX 40 30 ns
From 08V to20v1 TILIH i B
o ol o e L1 s 5 | n

Timing Responses
Parameter Symbol MSM80C86A MSMB80C86A-2 Unit
Min. Max. Min. Max.
Command Active Delay (See Note 1) TCLML 5 45 5 35 ns
Command Inactive Delay (See Note 1) TCLMH 5 45 5 45 ns
:’-?SI;AEZt::;ive to Status Passive TRYHSH 110 65 ns
Status Active Delay TCHSV 10 110 10 60 ns
Status Inactive Delay TCLSH 10 130 1.0 70 ns
Address Valid Delay TCLAV 10 110 10 60 ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 ns
Status Valid to ALE High (See Note 1) TSVLH 35 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 35 25 ns
CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 25 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
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a CPU-MSM8OC86ARS/GS/JS MSM80OC86A-2RS/GS/JSw

Parameter Symbol MSM80C86A MSMB80C86A-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
(Dsier:c&ig;(i?ntrol Active Delay TCHDTL 50 50 ns
(Dsi;:c'tlig;(_;c)mtrol Inactive Delay TCHDTH 35 30 ns
GT Active Delay TCLGL 0 85 0 50 ns
GT Inactive Delay TCLGH 0 85 0 50 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
Output Rise Time (From 0.8V to 2.0V) TOLOH 15 15 ns
QOutput 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 recagnition 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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s CPU-MSM80CB86ARS/GS/JS MSM80C86A-2RS/GS/JS=
TIMING CHART

Input/Output A.C. Testing Load Circuit
2.4 \ / DEVICE
1.6 «—— TEST POINTS —= 1.5 UNDER
TEST
0.45 - CL =
I 100pF
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC L
1" AND 0.45V FOR A LOGIC 0" TIMING MEASUREMENTS
ARE 1.5V FOR BOTH A LOGIC “1"" AND "'0" CL INCLUDES JIG CAPACITANCE
Minimum Mode
T T2 T3 Ta
TCH1CH2 TCL2CL1
Vin TCLCL— CF%C Tw
CLK (MSM 82C84A Output) 4 % 1 J: }f“'\ /_\_—
ViL“TchHeTv { k —
— TCHCL TCLCH
M/10 X
— ™ TCLDV —
TCLAV  CLAX TCHDX
BHE/S7,A19/S6-A16/S3 BHE, A19-A1 $7-S3
TCLLH—=] pcHEl TLLAX
———
ALE TAVAL\ I /
TC;EL-J ~l L TR1VCL
IH ;
RDY (MSM 82C84A Input) m\ \\\\\\ \\\\\\\\\\\\
SEE NOTE 5 ViL o
TRYLCL~{ o [~ TCLRTX
READY (MSM 80C86A Input) -] TCHRYX
READ CYCLE TCLAV | TCLDX
'
AD15-ADO
| FLOAT
TAZRL~| |+ TCLRH—» TRHAV
RD
(NOTE 1) J
___INOT - TCHCTV |
WRINTA=VoH) 3 T TRLRH I TCHCTV
DT/R
TCVCTV — TCVCTX —+
( DEN
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@ CPU-MSM80CB86ARS/GS/JS MSM8B80OC86A-2RS/GS/JSm—

Minimum Mode (Continued)

T T2 T3 Ta
‘ || TCLCL TCHICH2 TcL2cLt  TW
VIH 1@' /
CLK (MSM 82C84A Outp\l;lt)LJ ;/_\ /_“_\L }[—\_
“lrcHeTy TCHEL TCLCH
s T TX X
TCLAV~ TSRy TCHDX —+]
BHE/S7,A19/S6 ~ A16/S3 $7-S3
TCLLH—~ TLLAX

ALE

| .

/
l--—
TCHLL™] - TCLDV
WRITE CYCLE i TCLAV TCLAX TCHDX |  |o
T
AD15-ADO Xpr-'Aqo DATAOUT | )—-C
TAVAL TWHDX
TeveTv -l ﬁ [ - TCVCTX
__ _(NOTE 1) TLLAX
(RD, INTA, j DEN
DT/R =VOH) Teverv—] |-
- \ TWLWH /
- WR 4
: - TCVCTX+
INTACYCLE J’TC'—AZ TOVCL [y TCLDX
_ADO POINTER ——C
AD15 P, FLOAT 2\ FLOAT
—=] Ll roucry TCHCTV
DT/R \
(NOTES 183)
(RD,WR = VOH TCVCTV
BHE = VOL)
INTA
TevCTV— |+  TCVCTX
L DEN
AD15 ~ ADO INVALID ADDRESS SOFTWARE HALT

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

m T2 T3 T4
TCH1CH2 —fj-TCL2CL1
l—TCLCL—+ ™
ViH
CLK (MSM 82C84A output) \ ii ) 3 1!_‘ - £\
ViL
TCLAV — la— TCHCL TCLCH
Qs0,Qs1 ) X x X x
TCHSV —{ }~— TCLSH
¥ (SEENOTEB) \
$2,51,50 (EXCEPT HALT) R = oV /-[//// // | _ [ G
— N TCHDX
[TceAY, TCLAX D ~
— A
BHE/S7,A19/S6 ~ A16/S3 * BHE A19-/:-\16}{ S7-S3 ,(
TSVLHTHT o TCHLL
ALE (MSM TCLLH™ [= ~ —
82C88 OUTPUT) 4 !K /
J.
SEE NOTE 5 I TRIVCL
RDY (MSM 82C84A ViH '
INPUT) S\\N\\\\\\\
ViL
TRYLCL je—3) TCLR1X
READY (MSM 80C86A - b~ TCHRYX
INPUT) TRYHSH—{j==
TCLAX« y
TRYHCH™ —
READ CYCLE TCLAV = TCLAZ~| TDVCL TCLDX
AD15-ADO AD15-ADO } DATA IN
it FLOAT, FLOAT
TAZRL —»| l— TRHAV
_ TCLRH |—}
RD
TCHDTL — TRLRH L TCHDTH
oT/R TCLRL ]r_
MSM 82C88
OUTPUTS MRDC OR TCLML—* |~— TCLMH —
SEE NOTES 5, 6 ORCE ,K
TCVNV — \-—
DEN }
TCVNX ]

= CPU-MSMB80OCB86ARS/GS/JS MSM80OC86A-2RS/GS/JSm
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m CPU-MSM80C86ARS/GS/JS MSM80OC86A-2RS/GS/JS m—

Maximum Mode (Continued)

. +| |TCLSH
52, 51,50 (EXCEPT HALT) . " P
L ////// (See note 8) \\_--
WRITE CYCLE TCLAV] < TELRY TCHDX ~f
AD15 ~ ADO { DATA J:—C
TCVNV+ TCVNX -]
DEN )F ,I
MSM 8288 =] {TCLML TCLMH ~|
QUTPUTS. AMWC OR ATOWC

SEE NOTES 5,6

INTA CYCLE

SOFTWARE HALT —
(DEN=V(_; RD, MRDC, IORC, MWTC,
AMWC, IOWC, AIOWC, INTA,=Voy)

Tw
ViH
CLK (MSM 82C84A output) PK 4(—\& £ &R /'“'\K
Vi
- TCHSV

™ T2 T3 T4

4

| TCLM L+ TCLMH
MWTC OR IOWC _

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

j \Y
SEE NOTE 3,4 — TCLAZ ID CI:’* TCLDX
g—- POINTER _-C
( FLOAT N
TCVNX-
TSVMCH i —
(MCE/ /

PDEN A
TCLMCH = - TCHDTL TCHDTH

DT/R
MSMm 82Ceg T
OUTPUTS TCLML — |
SEE NOTES 5,6 INTA \

— TCVNV e TCLMH
DEN
~

TCVNX-+

TCLAV

—————
52,5150 ___ / AN

AD15 ~ ADO { INVALID ADDRESS

Notes:

82
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(2K

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

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

. 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.
. Status inactive in state just prior to T4.



Asynchronous Signal Recognition

s CPU-MSM8BOC86ARS/GS/JS MSM80C86A-2RS/GS/JSm

CLK \ t \
— TINVCH (SEE NOTE 1)

NMI
INTR SIGNAL

TEST d
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK
Bus Lock Signal Timing (Maximum Mode Only) Resst Timing
ANY CLK CYCLE v
£ ANY CLK CYCLE }o—250 useC —]
- Vce _/—
CLK
oL -
TCLAV TCLAV TCLDX
_ TDVCL
LOCK RESET ! \L

>4 CLK CYCLES

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle
Y > 0 CLK Cycle

CLK
TCLGH TGven t oL
— TCLGH
RQ/GT { PULSE 2 RELEASE
RQ/GT 80C86AGT
Ny

AD15 ~ ADO COPROCESSOR ] "
A19/S6~A16/S3 a4 TCLAZ
52 5—1—ﬁ ' MSM 80C86 A o - OR
RD, LOCK 80C8 » COPROCESS
BHE/ST ' i (SEE NOTE 1)

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

80C86A

Hold/Hold Acknowledge Timing (Minimum Mode Only)

DT/R, WR, DEN

21CLK CYCLE 10r2CYCLES
CLK »/__\ /{ \
THVCH 1
HOLD
. TCLHAV ] Toinav d
HLDA
e
. —] TCLAZ -
v W F 4
AD15~ ADO,
’ MSM 80C86A R
A19/S6~ A16/S3, . COPROCESSO )——( MSM 80CB6 A
RD, = { 4 f—
BHE/S7, M/I10,
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® CPU-MSM80C86ARS/GS/JS MSM80OC86A-2RS/GS/JS®

PIN DESCRIPTION

ADO — AD15
ADDRESS DATA BUS: Input/Output

These lines are the multiplexed address and data
bus.

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

At the T1 cycle, ADO low indicates Data Bus Low
(DO — 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
Thoen limas aea ct&fus 3:..,-_ ~a T T T\AI

. 11E5€ 1iN€s aie o inésat 1<, 19, 1vv

and T4 cycles. S3 and S4 are encoded as shown.

S3 S4 Characteristics
o 0 Alternate Data
1 0 Stack
(0] 1 Code or None
1 1 Data

These lines
acknowledge.

are high impedance during hold

BHE/S7
BUS HIGH ENABLE/STATUS: Output

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

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

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

RD
READ: Output

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

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

This line is active low.

This line is high impedance during hold acknow-
ledge.

READY
READY : Input

This line indicates to the CPU that the addressed
memory or 1/0O 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.

84

INTR
INTERRUPT REQUEST: Input

This line is the level triggered interrupt request
signal which is sampled during the last clock cycle of
instruction and string manipulation.

It can be internally masked by software.

This signal is active high and internally synchro-
nized.

TEST
TEST: Input
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

internal circuit.

provides the basic timing for the

MN/MX
MINIMUM/MAXIMUM: Input
This signal selects the CPU’s operating mode.
. When VCC is connected, the CPU operates in
Minimum mode.
Whin GND s
Maximum mode.

connected, the CPU orerates

Vee
VCC: +3 — +6V supplied.

GND
GROUND

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

$0,51,52
STATUS: Output

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

These lines are high impedance during hold
acknowledge.

These status lines are encoded as shown.



WRITE : Output

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

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

This line is active low.

This line is high impedance during hold acknow-

INTERRUPT ACKNOWLEDGE: Output

This iine is a read strobe signai for the interrupt
acknowledge cycle.

This line is active low.

s2 S1|so Characteristics WR
0 (LOW) 0 Interrupt acknowledge
0 0 1 Read 1/0 Port
0 1 0 | Write 1/O Port
(¢} 1 1 Halt
1 (HIGH) 0 | 0O | Code Access
ledge.
1 0 Read Memory
1 1 0 | Write Memory INTA
1 1 1 Passive
‘RQ/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.

Qso/as1
QUEUE STATUS: Output
These lines are Queue Status, and indicate internal

instrucion queue status.

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

The following pin function descriptions are mini--

mum mode only. Other pin functions are already
described.

M/10
STATUS: Output

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

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

This line is high impedance during hold acknow-
ledge.

ALE
ADDRESS LATCH ENABLE: Output

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

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

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

This line is high impedance during hold acknow-
ledge.

DEN
DATA ENABLE: Output

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

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

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

HLDA

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

STATIC OPERATION

All MSMB80C86A 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 MSM80CB86A can
operate from DC to the appropriate upper frequency
limit. The processor clock may be stopped in either
state (high/low) and held there indefinitely. This type of
operation is especially useful for system debug or power
critical applications.

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

Static design also allows very low frequency opera-
tion (down to DC). in a power critical situation, this
can provide extremely low power operation since
MSMB80C86A power dissipation is directly related to
operating frequency. As the system frequency is re-
duced, so is the operating power until, ultimately, at a
DC input frequency, MSM80CB86A power requirement is
the standby current (500 uA maximum).

GENERAL OPERATION

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

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

Memory Organization

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

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

MEMORY ORGANIZATION

The 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 AQ
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

—— FFFFFH
64 KB DE
SEGMENT
p T XXXXOH
7 STACK
+OFFSET SEGMENT
SEGMENT . 3 1
REGISTER FILE
cs DATA
SS }— SEGMENT
DS §
ES — [
EXTRA DATA
SEGMENT
1T 0000H

FH
RESET BOOTSTRAP FRFF
PROGRAM JUMP
FFFFOH
T T
- 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
.
- .
- “
.
7H
INTERRUPT POINTER
FORTYPE1 4H
INTERRUPT POINTER | 3H
FORTYPEO oH
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Memory Segment Register Segment
Reference Need Used Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

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

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

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

MINIMUM AND MAXIMUM MODES

The MSMB80C86A has two system modes: mini-
mum and maximum. When using maximum mode, it is
easy to organize 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 MSM80CS86A has a time multiplexed address
and data bus. If a non-multiplexed bus is desired for a
system, it is only to add the address latch.

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

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

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

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

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

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

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

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

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

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

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

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

'km + N*WAIT) = TCY
it | T2 | T3 ITWAITI T4

(4 + N*WAIT) = TCY
T | T2 | T3 (TWAIT] T4

CLK
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JUST PRIOR TO T4
ALE J l ‘ l —\

w
N
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(=]
/
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—
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WAIT
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ADDR/
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RD, INTA
READY READY
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WAIT

DEN
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EXTERNAL INTERFACE

RESET

CPU Initalization is executed by the RESET pin.
The MSM80C86A's RESET High signal is required for
greater than 4 clock cycles.

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

INTERRUPT OPERATIONS

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

An interrupt causes a new program location de-
fined on the interrupt pointer table, according to the in-
terrupt type. Absolute locations O0OOOH through
003FFH are reserved for the interrupt pointer table.
The interrupt pointer table consists of 256-elements.
Each element is 4 bytes in size and corresponds to an

Interrupt Acknowledge Sequence

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

NON-MASKABLE iNTERRUPT (NMi}

The MSM80C86A has a Non-maskable Interrupt
(NMI1) which is of higher priority than the maskable
interrupt request (INTR).

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

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

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

| 71| T2 | T3 |TafT T

| T2 | T3 | T4 |

I

L, -

\ FLOAT

ADO—AD15 )

TYPE
VECTOR

INTERRUPT ACKNOWLEDGE

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

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

HALT

When a Halt instruction is executed, the CPU
enters the Halt state. An interrupt request or RESET
will force the MSM80OC86A out of the Halt state.

SYSTEM TIMING — MINIMUM MODE

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

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

SYSTEM TIMING — MAXIMUM MODE

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

= CPU-MSM8OC86ARS/GS/JS MSM8OC86A-2RS/GS/JSm
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by float-
ing inputs to CMOS devices and to eliminate the need
for pull-up/down resistors, ‘‘bus-hold’’ circuitry has been
used on MSMBOC86A pins 2—16, 26—32, and 34—
39 (Figures 6a, 6b). These circuits will maintain the
last valid logic state if no driving source is present
(i.e. an unconnected pin or a driving source which
goes to a high impedance state). To overdrive the

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

ouk

“PULL-UP/PULL-DOWN""

DRIVER

P -y
| SR ——

INPUT
BUFFER

BOND EXTERNAL
¢ PAD [ pIN
INPUT
PROTECTION =
CIRCUITRY

Input Buffer exists only on /O pins

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

OUTPUT

“PULL-UP”

BOND jf_ EXTERNAL

DRIVER

-

<
(@]
O

P ————--

INPUT
BUFFER

PAD PIN

breweeee

INPUT J
| PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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dsip L0111 L L Lo |enbs 10 Ja1ealb/ssa| 10u uo dwnp = IOF/INC
dsip L 0oL 0ol L L O 048z J0u/jenba 1ou uo dwnr = ZNF/3NF
dsip 000 1L 1L L L O ubis uo dwinp = gr
dsip 0O0O0O01 1 L O MO|j JaA0 uo dwinf = Of
dsip 0oL O 1L L 1L L O uana Ailied/Aried uo dwnr = 3dr/dr
dsip 0L L O 1L 1L L O anoqe 10u/|enba 10 mojaq uo dwinf = YNr/38r
dsip oOLOO1l1 1l 1l oO |enba 10 aAnoqe 1ou/mojaq uo dwnr = 3YNr/gar
dsip oL L L Litlo 1918046 10U/ )ENbS 10 Ssaj uo dwnp = ONF/3M
dsip o011 1L 11 1O |enba 10 Ja1easb 1ou/ssa) uo dwnpf = JONF/21
dsip 0Oo01L 01l 1Ll L O oJaz/|enbs uo dwnr = Zr/3r

dINF |euonipuo) = dNFO
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ybry-resyjo

ybry-dsip
2T e Vv s 9 L0

w/i

w4

wy/J

wy/d

L

MO|-elep

Mo|-e1ep

L 0 L pow
mo|-bas
MO|-185}40

0 0 L pouw

dsip
Mo|-dsip

L L 0 pouw
mo|-bas
MO|-185}}0

0 L 0 pow
Mo|-dsip
¢ € v S 9 ¢
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-
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(el o) o ooo
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dS 01 s1eipawwi Buippe 1uawbasiaiu|
1uawbasiaiu|

dS 01 a1eipawwi 6uippe “6as uiyiipy
juawbas ulyiipg

VYO wodp uuniay = |1 3Y
1uswbBasiaiul 10a11pu|

1uswbasiaiul 10811Q
1uawbas ulylm 10811pu|
110ys-1usawbas ulyiim 10a11Q
1uawbas uryim 10a11Qg

:dwnr jeuoilipuodun = 4Nl
1uswbasialul 10811pU|

1uawbasiaiul 108110
1uswbas ulyim 10a11pu|
1uawbas ulyiim 10811Q
111D = 11v0

d34SNVHL TO0HLNOD
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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

tf 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) + (S1) + DISP

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

I1f r/m =100 then EA = (SI) + DISP

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

I1f r/m =110 then EA = (BP) + DISP*

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

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

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

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

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

x = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

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

16-Bit  (w=1) 8-Bit (w=0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011  BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 S 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):(1F) :(TF):(SF):(ZF): X: (AF): X: (PF):X:(CF)
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OKI ;emiconductor

MSMB80C86A-10RS/GS/US

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C86A-10 are complete 16-bit CPUs implemented in Silicon Gate CMOS technology.
They are designed with same processing speed as the NMOS 8086-1 but have considerably less power

consumption. They are directly compatible with MSMB80C88A-10 software and MSMS80CS85A/
MSMB80C85A-2 hardware and peripherals.

FEATURES

® 1 Mbyte Direct Addressable Memory Space
® Internal 14 Word by 16-bit Register Set

® 24 Operand Addressing Modes

® Bit, Byte, Word and String Operations

CIRCUIT CONFIGURATION

® 8 and 16-bit Signed and Unsigned Arithmetic Operation
® From DC to 10 MHz Clock Rate

® Low Power Dissipation 10 mA/MHz

® Bus Hold Circuitry Eliminates Pull-Up Resistors

TEST
INTR

NMI
RG/GTO, 1
HOLD
HLDA

EXECUTION UNIT  BUS INTERFACE UNIT
I 1 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8WORDS) POINTER
(5 WORDS)
| ——» BHE/S7
A19/56
168I1T ALU D‘, :
8US A16/53
inTerrace K 16 ) AD15 - ADO
FLAGS uNIT B
E iINTA, RD, WR, M/iO
3 ) DT/R, DEN.ALE
| | esvre
INSTRUCTION
] aueue
5
F— LOCK
—
—> CONTROL & :2 050,081
2 TIMING
g | 3 ) 525150
-]

]

CLK RESET READY MN/MX GND

[ 11

Vee
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PIN CONFIGURATION

—a CPU-MSMB80C86A-10RS /GS/JS

NS
ono O 40 (Ve
MSMS80C86A-10RS (Top View) 4p1l}2 39 [Ja015
40 Lead Plastic DIP Ao13Q3 38 Qavers3
ap12[} 4 37 [J At7is4
aonys 36 ] A18/S5
apio[] 6 35 [J A19/S6
apo 7 34 ] BHE/S7
aos s 33 [ MN/MX
ao7 Qo 32 [JRD
AD6 [ 10 31 g RQ/GTO (HOLD)
ADs [ 1 30 [JRQ/GT1 (HLDA)
AD4a [ 12 29 [ TOCK WR)
AD3 [ 13 28 [152 m/10)
Ap2 [ 14 27 151 (OT/R)
ap1 [ 1s 26 [} 50 (DEN
aoo [ 16 25 [ QS0 (ALE)
e 7 24 [JQs1 (NTA)
INTR[] 18 23 [JTEST
_ . ctk 19 22 [JREADY
g9 g GND [ 20 21 [JRESET
o J
: fEpe s Fig. 22 MSMB80C86A-10RS
gk B h s B
oo WS \Ooo-\ovgv
z;(hl@@zzﬁlsﬂme
Qoonooonnannna
A18/S5 [ 43 42 41 40 39 38 37 36 3534 33 32 31 30 29 g ] QSO (ALE) MSM80086A-1OGS (Top View)
A17/s4 [] 44 27 as1 ((NTA) 56 Lead Plastic Flat Package
A16/S3 445 26 [ TEST
ADis []46 25 ) READY
N.C. a7 24 [ RESET
vee [as 23 /N
Vee 349 22 [IN.C.
NC.  [Js0 21 Vee
GND [I51 20 [JGND
NeCc. [Cs2 19 NC
AD14 [C]s3 18 [ N.C.
aD13 []54 O 17 cLk
Ap12 55 16 1 INTR
AD11T CJ56 1 2 3 4°5 6 7 8 9 10 11 12 13 14 15 [ 1NMI
goouuuuuuuuuut
6538580928883 33
Z <4< < z22z2I< T ® 3w
Fig. 2b MSM80C86A-10GS 552fo,8888%
<< IO 2>
6 54 3 2
AD10 1IN}
AD9 N A19/S6
ADS8 D BHE/S7
MSMB80C86A-10JS (Top View) apy b MN/MX
44-pin Plastic Leaded Chip Carrier AD6 D RD
AD5 P RQ/GTO (HOLD)
AD4 1’ RQ/GT1 (HLDA)
AD3 ) LOCK (WR)
AD2 0 s2 (w/io)
AD1 151 (DT/F)
ADO 1 S0 (DEN)
18 19 20 21 22 23 24 25 26 27 28
o O OO T O OO
2EE58252[88
2zoo " gpEas
c g F u
z <
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CPU-MSMBOCS86A-10RS /GS/JS

ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol MéMSOCSGA— MSMS80CS86A- | MSMS80OCS6A- Unit Conditions
10RS 10GS 10JS
Power Supply Voltage Vee -0.5 ~+7 \
o B With respect

Input Voltage VIN -0.5 ~ V¢g +0.5 \% t0 GND

Output Voltage VouT -0.5 ~ Ve +0.5 \4

Storage Temperature Tstg -65 ~ +150 °c -
Power Dissipation Pp 1.0 0.7 w Ta=25°C

OPERATING RANGE
Limits
Parameter Symbol Unit
MSM80C86A-10
Power Supply Voltage Vee 4.75 ~5.25 \
Operating Temperature Top 0~ +70 °C
RECOMMENDED OPERATING CONDITIONS
MSMB80C86A-10
Parameter Symbol Unit
MIN TYP MAX
Power Supply Voltage Vee 4.75 5.0 5.25 \%
Operating Temperature Top o] +25 +70 °C
“L" Input Voltage ViL -0.5 +0.8 \Y
(*1) | Vee-0.8 \% +0.5 \Y
“H" Input Voltage VIH | “cc ,0 Ci
(*2) 2.0 Vee+05 | v

*1 Only CLK, *2 Except CLK.

100




CPU-MSMBOCB6A-10RS /GS/JS

DC CHARACTERISTICS
(MSM80C86A-10: V¢ = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions
“L" Output Voltage VoL 0.4 \% oL = 2.5 mA
“’H" QOutput Voltage VOH 3.0 \Y IoH = -2.5mA
Vce-0.4 10H = -100 A
Input Leak Current [IR] -1.0 +1.0 LA 0<Vi<Vcec
Qutput Leak Current Lo -10 +10 KA Vo= Vccor GND
T =0 R
T e oo | | NP
Bus Hold Low Overdrive IBHLO 600 uA *5
Bus Hold High Overdrive IBHHO -600 HA *6
Shop oo 10 mane| b =50
gff:)"pcfsyczcr’:’;’i't lccs 500 uA Out\;/)ﬁtcs uiii;/ded
ViN = Vcc or GND
Input Capacitance Cin » 5 pF *7
Output Capacitance Cout 15 pF *7
1/O Capacitance Cy/o 20 pF *7

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

*4  Test condition is to raise VN to VcC and then lower VN to 3.0V on pins 2—16, 2632, 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.
b) Ummeasured Pins at GND.
c) VN at 5.0V or GND.
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A.C. CHARACTERISTICS

(MSMB0C86A-10: V¢ = 4.75V to 5.26V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

MSM80C86A-10

Parameter Symbol Unit
Min. Max.
CLK Cycle Period TCLCL 100 DC ns
CLK Low Time TCLCH 46 ns
CLK High Time TCHCL 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 ns
Data in Setup Time TDVCL 20 ns
Data in Hold Time TCLDX 10 ns
::KSIZ;/NS:tt:spIT";?e into MSM 82C84A TRIVCL 15 ns
?SI;):NI-:)?:: ;r:r;;e into MSM 82C84A TCLRIX o ns
READY Setup Time into MSM80C86A | TRYHCH 46 ns
READY Hold Time into MSM80C86A-2 | TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
HOLD Setup Time THVCH 20 ns
:SN;F{’\]cl)\tlzn;,)TEST Setup Time TINVCH 15 ns
(From 08Y 102001 TILH |
et e oL N
Timing Responses
Parameter Symbol MSME0CE6A10 Unit
Min. Max.
Address Valid Delay TCLAV 10 60 ns
Address Hold Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
ALE Width TLHLL TCLCH-10 ns
ALE Active Delay TCLLH 40 ns
ALE Inactive Delay TCHLL 45 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 ns
Data Valid Delay TCLDV 10 60 ns
Data Hold Time TCHDX 10 ns
Data Hold Time after WR TWHDX | TCLCH-25 ns
Control Active Delay 1 TCVCTV 10 55 ns
Control Active Delay 2 TCHCTV 10 50 ns
Control Inactive Delay TCVCTX 10 55 ns
Address Float to RD Active TAZRL o] ns
RD Active Delay TCLRL 10 70 ns
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& CPU-MSM80C86A-10RS /GS/JS =

Parameter Symbol MSMB0C86A-10 Unit
Min. Max.
RD Inactive Delay TCLRH 10 60 ns
RD Inactive to Next Address Active TRHAV TCLCL-35 ns
HLDA Valid Delay TCLHAV 10 60 ns
RD Width TRLRH |2TCLCL-40 ns
WR Width TWLWH |2TCLCL-35 ns
Address Valid to ALE Low TAVAL TCLCH-35 ns
Output Rise Time (From 0.8V to 2.0V) TOLOH 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 ns

Notes: ‘1. Signal at MSM 82C84A or MSM 82C88 are shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3)
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8 CPU-MSMB80OCB6A-10RS/GS/JS

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

MSM80C86A-10

Parameter Symbol Unit
Min. Max.
CLK Cycle Period TCLCL 100 DC ns
CLK Low Time TCLCH 46 ns
CLK High Time TCHCL 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCcL2CcL 10 ns
Data in Setup Time : TDVCL 15 ns
Data in Hold Time TCLDX 10 ns

RDY Setup Time into MSM 82C84A

R1V
(See Notes 1, 2) TRIVCL 35 ns
R S

DY Hold Time into MSM 82C84A TCLRIX o ns
(See Notes 1, 2)
READY Setup Time into MSM 80C86A | TRYHCH 46 ns
READY Hold Time into MSM 80C86A TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
Set up Time for Recognition (NMI,
INTR, TEST) (See Note 2) TINVEH 15 ns
RQ/GT Setup Time TGVCH 15 ns
RQ Hold Time into MSM 80C86A TCHGX 20 ns
Input Rise Time (Except CLK)
(From 0.8V to 2.0V) TILIH s ns

F .

Input Fall Time (Except CLK) TIHIL 5 ns

(From 2.0 to 0.8V)

Timing Responses

Parameter Symbol MSMBOCEEA10 Unit
Min. Max.
Command Active Delay (See Note 1) TCLML 5 35 ns
Command Inactive Deiay (See Note 1) TCLMH 5 45 ns
:RSieA,EI):t;\;:;ive to Status Passive TRYHSH 45 ns
Status Active Delay TCHSV 10 a5 ns
Status Inactive Delay TCLSH 10 60 ns
Address Valid Delay TCLAV 10 60 ns
Address Hold Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
Status Valid to ALE High (See Note 1) | TSVLH ' 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 25 ns
CLK Low to MCE High (See Note 1) TCLMCH 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 25 ns
Data Valid Delay TCLDV 10 60 ns
Data Hold Time TCHDX 10 ns
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MSM80C86A-10

Parameter Symbol Unit
Min. Max.
Control Active Delay (See Note 1) TCVNV 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 10 45 ns
Address Float to RD Active TAZRL 0 ns
RD Active Delay TCLRL 10 70 ns
RD Inactive Delay TCLRH 10 60 ns
RD Inactive to Next Address Active TRHAV | TCLCL-35 ns
I(Z;i;—:c'tliz:e('ic;ntrol Active Delay TCHDTL 50 ns
I()Si;:clili:))tne(i())ntrol Inactive Delay TCHDTH 30 ns
GT Active Delay TCLGL 0 45 ns
GT Inactive Delay TCLGH 0 45 ns
RD Width TRLRH |2TCLCL-40 ns
Output Rise Time (From 0.8V to 2.0V) TOLOH 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 ns
Notes: Signal at MSM 82C84A or MSM 82C88 are shown for reference only.

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

4. Applies only to T3 and wait states.
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TIMING CHART

106

Input/Output A.C. Testing Load Circuit
2.4 DEVICE
1.5 <—— TEST POINTS — 1.5 UNDER
TEST
0.45 - CL =
I 100pF
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC L
‘1" AND 0.45V FOR A LOGIC 0" TIMING MEASUREMENTS
ARE 1.5V FOR BOTH A LOGIC 1" AND 0" CL INCLUDES JIG CAPACITANCE
Minimum Mode
T1 T2 T3 T4
TCH1CH2 TCL2CL1
TCLCL —dl Tw
VIH ;_\
CLK (MSM 82C84A Output) }F 5& 7 V—\_
VIL'TcHeTv f /)
— TCHCL TCLCH
M/10 X
™ TCLDV ]
TCLAV —+ T CLAX TCHDX
BHE/S7,A19/S6-A16/S3 BHE, A19—A1 $7-S3
TCLLH—| poitHtL TLLAX
P
ALE TAVAL | /
TC;T_'L-’I e le TRIVCL
ViH } \
RDY (MSM 82C84A Input) g \\\ \\ \\\\\\ \\\\\\\\\\\\
SEE NOTE 5 ViL e il ey
TRYLCL +"e [ TCLRIX
READY (MSM 80C86A Input) - TCHRYX
TAVAL
READ CYCLE TCLAv-—l TLLAX TCLDX
AD15.ADO AD15-ADO N
+ FLOAT
TAZRL
RD
(NOTE 1) J
hbacd! - TCHCTV |
WR,INTA=Vop) - — TRLRH TCHCTV
DT/R
TCVCTV — TCVCTX
_ DEN




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

Minimum Mode (Continued)
T T2 T3 T4
TCLCL TCH1CH2 TtcL2cLt W
Vit ~ - /
CLK (MSM 82C84A Output) /N /-‘*'\
ViL \_ N/
rcHeTy TCHCL TCLCH
M/10 X x
TCLAV~ Terax TCHDX —]
BHE/S7,A19/S6 ~ A16/S3 $7-S3
TCLLH— LLAX
r—
ALE Y,
TCHLL™] TCLDV i ===
WRITE CYCLE _ TCLAV TCLAX TCHDX o] o
T
AD15-ADO AD15-ADO DATA OUT —-C
TAVAL W
chcw-—l for HDX[F] TCVCTX
__ _(NOTE 1) TLLAX
(RD, INTA, j DEN
DT/R =VOH) Toverv—| e
\ TWLWH /
C WR )
TCVCTX+ b
INTA CYCLE ] \I‘TC"AZ TDVCLP CcLDX
AD15-ADO D, POINTE —<
FLOAT FLOAT
! —TCHCTV TCHCTV
DT/R /
(NOTES 1&3)
(RD,WR = VOH TCVCTV
BHE = VOL)
INTA
TCVCTV—= L TcveTx
L DEN
AD15 ~ ADO
SOFTWARE HALT- INVALID ADDRESS SOFTWARE HALT
RD,WR, INTA = VOH TCLAV — -—
DT/R = INDETERMINATE
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Maximum Mode

T1 T2 T3 T4
TCH1CH2 —fle=TCL2CL1
v TCLCL—] W
IH
CLK (MSM 82C84A output) ‘ i’ \ ; )F_”_\ ;Z \
ViL
TCLAV —| TCHCL TCLCH
Qs0,a51 X X
L
TCHSV ~| |*— TCLSH
5 (SEENOTE )V
$2.51,50 (EXCEPT HALT) - — ~CTov /l/// // | | RPN
] TCL TCHDX —
— 4 TCLAX
_ ——
BHE/S7,A19/86 ~ A16/S3 BHE A19-A16 §7-s3 |
TSVLHH [ _] FCHLL '
ALE (MSM  TCLLH® [= 1 —
82C88 OUTPUT) 4 Tk /
V)
SEE NOTE 5 __1 I
D A v
RDY mﬁmﬁz,cszs IH EM | \\\\ TITTTTTTITY \n\n\n\\}\
ViL AL

TRYLCL e—3] [~ TCLR1X

READY (MSM 80C86A — k—TCHRY X
INPUT) TRYHSH
T|CLAx«~ ). %
TRYHCH fo—
READ CYCLE TCLAV —f TCLAZ u TDVCL TCLDX
T
AD15-ADO AD15-ADO \"‘4 DATA IN ——_-Jr
d + FLOAyI FLOAT
TAZRL — B— el TRHAV
_ | TCLRH |t
RD {
TCHDTL ——f b TRLRH TCHDTH
DT/R L

MSM 82C88
OUTPUTS MRDC OR TCLML— [«— TCLMH —
SEE NOTES 5, 6 ORC k
TCVNV — h——
DEN §
TCVNX —=|
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Maximum Mode (Continued)

DEN

-

SOFTWAREiALT —
(DEN=VQ: RD, MRDC, IORC, MWTC,

AMWC, IOWC, AIOWC, INTA,=VoH)

T T2 T3 T4
Tw
ViH d
CLK (MSM 82C84A output) % ﬂ £ X /-“'\
ViL
4 TCHSV ~  lTCLSH |
§2, 51,50 (EXCEPT HALT) s /1] Visee note 81 \
L
WRITE CYCLE TCLAV R TCLOY TCHDX
AD15 ~ ADO % DATA {—(
TCVNV+ TCVNX -~
DEN 3‘
MSM 82C88 = {TCLML TCLMH =
OUTPUTS. RS o TN
oLE NoTES 5.6 §AMWC OR ATOWC
— TCLML+ TCLMH
MWTC OR IOWC '
INTA CYCLE
FLOAT|| / \ e
AD15 ~ ADO OAT FLOAT \—
veL
SEE NOTE 3,4 JOVCL TCLDX
POINTER ——C
(MCE/ ;T
PDEN .
TCLMCH ] L 1 TCHDTH
DT/R
MSM 82C88
OUTPUTS
SEE NOTES 5,6 INTA
— :FTCVNV he TCLMH
TCVNX -

AD15 ~ ADO

TCLAV ™

{INVALID ADDRESS

A)
$2,51,50 U AN

Notes:

HPwnN=

All signals switch between Vi and V[ unless otherwise specified.

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

Cascade address is valid between first and second INTA cycle.

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

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

o

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

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

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

. All timing measurements are made at 1.5V unless otherwise noted.
. Status inactive in state just prior to T4.
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® CPU-MSM80C86A-10RS /GS/JS =

Asynchronous Signal Recognition

CLK \ t \
NMI — TINVCH (SEE NOTE 1)

INTR P SIGNAL
TEST s
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO-

NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK

Bus Lock Signal Timing (Maximum Mode Only) Reset Timing

J—250 usec —

ANY CLK CYCLE ANY CLK CYCLE
I._ Vv
a—_, -——- cc /
CLK /_
cLx N\

N reLav rovei - [

Lock RESET —
~
24 CLK CYCLES

1

Request/Grant Seq Timing (Maximum Mode Only)

Any CLK Cycle
> 0 CLK Cycle

\__‘Z TCLC'L_\_/_\_/,_\-_‘
TCLGH TGVCH TCLGL PULSE 3
e COPROCESSOR
PULSE 2 L
RQ/GT — RELEASE
§0C86AGT
ADi5 ~ ADO COPROCESSOR .
A‘IQ/SG A16/S3
' i MSM
0, LOCK MSM 80C86A COPROCESSOR 80C86A
BHE/S7 ' ) (SEE NOTE 1)
Note : 1. The coprocessor may not drive the buses outside the region shown without risking contention.
Hold/Hold Acknowledge Timing (Minimum Mode Only)
21CLK CYCLE 10or2CYCLES
CLK
THVCH
HOLD
—] TCLHAV ] T(’ZLHAV 1
HLDA .
. ; ] | TCLAZ ’
AD15~ ADO, T —
MSM 80C86A
A19/S6~ A16/S3, COPROCESSOR MSM 80C86 A
RD., = N —
BHE/S7, M/IO,

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
4 0 Alternate Data
1 0 Stack
0 1 Code or None
1 Data

These lines are high impedance during hold
acknowledge.

BHE/S7
BUS HIGH ENABLE/STATUS: Output

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

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

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

RD
READ: Output

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

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

This line is active low.

This line is high impedance during hold acknow-
ledge.

READY
READY : Input

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

This line is active high.

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

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

INTR
INTERRUPT REQUEST: Input

This line is the level triggered interrupt request
signal which is sampled during the last clock cycle of
instruction and string manipulation.

It can be internally masked by software.

This signal is active high and internally synchro-
nized.

TEST

TEST: Input
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
Maximum mode.

connected, the CPU orerates

Vee
Vee: +5V supplied.

GND
GROUND

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

$0,51,52
STATUS: Output

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

These lines are high impedance during hold
acknowledge.

These status lines are encoded as shown.
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52 HREY Characteristics
0 (LOW) 0 Interrupt acknowledge
0 0 1 Read 1/0 Port
0 1 0 | Write I/O Port
(0] 1 1 Halt
1 (HIGH) 0 | 0 | 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.

Qso/as1
QUEUE STATUS: Output
These lines are Queue Status, and indicate internal

instrucion queue status.

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

The following pin function descriptions are mini--

mum mode only. Other pin functions are already
described.

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/O
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/O device.

This line is active low. .

This line is high impedance during hold acknow-
ledge.

INTA
INTERRUPT ACKNOWLEDGE: Output

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

This line is active low.

ALE
ADDRESS LATCH ENABLE: Output

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

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

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

This line is high impedance during hold acknow-
ledge.

DEN
DATA ENABLE: Output

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

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

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

HLDA

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



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 MSM8O0CS86A can be single stepped using only
the CPU clock. This state can be maintained as long as
is necessary. Sigle step clock operation allows simple
interface circuitry to provice critical information for
bringing up your system.

Static design also allows very low frequency opera-
tion (down to DC). In a power critical situation, this
can provide extremely low power operation since
MSM80C86A power dissipation is directly related to
operating frequency. As the system frequency is re-
duced, so is the operating power until, ultimately, at a
DC input frequency, MSM80C86A power requirement is
the standby current (500 pA 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
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while waiting for decording and execution of instruc-
tions. Thus, the CPU’s performance is increased. Up to
6-bytes of instruction stream can be queued.

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

MEMORY ORGANIZATION .

The MSM80C86A has a 20-bit address to memory.
Each address has an 8-bit data width. Memory is
organized 00000H to FFFFFH and is logicaly divided
into four segments: code, data, extra data and stack
segment. Each segment contains up to 64 Kbytes and
locates on a 16-byte boundary. (Fig. 3a)

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

The BIU automatically performs the proper num-
ber of memory accesses. Memory consists of an even
address and an odd address. Byte data of even address
is transfered on the DO — D7 and byte data of odd ad-
dress is transfered on the D8 — D15.

The CPU prevides two enable signals BHE and 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 as an
interrupt pointer, where there are 256 types of inter-
rupt pointers.

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

Reserved Memory Locations

) FFFFFH
64 KB CODE
SEGMENT
B T XXXXO0H
STACK
+OFFSET SEGMENT
)
SEGMENT [ 9
REGISTER FILE
cS DATA
ss SEGMENT
DS |
ES ]
EXTRA DATA
SEGMENT
T——7 0000H

RESET BOOTSTRAP | (T 11
PROGRAM JUMP
FFFFOH
] T
. 3FFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
.
J . J
y : N
7H
INTERRUPT POINTER
FOR TYPE 1 4H
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 MSM80C86A has two system modes: mini-
mum and maximum. When using maximum mode, it is
easy to organize a multi-CPU system with a 82C88 Bus
Controller which generate the bus control signal.

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

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

BUS OPERATION

The MSMB0CB86A 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 S1 [so Characteristics
0 (LOW) 0 | 0 | Interrupt acknowledge
0 0 1 Read I/O
0 1 0 | Write I/O
0 1 1 Halt
1 (HIGH) 0 | O | Instruction Fetch
1 o] 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.

S4 S3 Characteristics
0 (LOW) 0 Alternate Data (Extra segment)
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data

S5 indicates interrupt enable Flag.

1/0 ADDRESSING

The MSMB8OCB86A has 64 Kbyte of 1/0 or as 32
Kwords I/0. When the CPU accesses an 1/0 device, ad-
dresses AQ ~ A15 are in the same format as a memory
address, and A16 ~ A19 are low.

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



Basic System Timing
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(4 + N*WAIT) = TCY
T1 ! T2 I T3 !TWAIT! T4

(4 + N*WAIT) = TCY
T ! T2 ! T3 !TWAIT! T4 I

CLK
GOES INACTIVE IN THE STATE
JUST PRIOR TO T4
ALE / /\\ ‘ \
mss I | Ji L
BHE, A19—-A16 BHE, A19-A16
ADDR/ X &
STATUS $7-S3 §7-S3 J
BUS RESERVED D15—-DO
A15—A0  FOR DATA IN VALID
ADDR/DATA

- DATA OUT
(D15-D0)

HX

4

READY

READY
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WAIT
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WAIT

J

DEN
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MEMORY. ACCESS TIME
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EXTERNAL INTERFACE

RESET

CPU Initalization is executed by the RESET pin.
The MSM80C86A‘s RESET High signal is required for
greater than 4 clock cycles.

The Rising edge of RESET terminates present
operation immediately. The Falling edge of RESET
triggers an internal reset sequence for approximately 10
clock cycles. Afer the internal reset sequence is finished
location

normal operation occurs from absolute
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 MSMB80C86A 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 | 2] T3 |TafTy| T

| T2 | 13 | T4 |

/L
N\

ALE

LOCK

—

—?
INTA ~ ’

TYPE

T\ FLOAT
ADO-AD15
-/

e VECTOR

INTERRUPT ACKNOWLEDGE

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

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

HALT

When a Halt instruction is executed, the CPU
enters the Halt state. An interrupt request or RESET
will force the MSM80CB86A out of the Halt state.
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SYSTEM TIMING — MINIMUM MODE

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

The read (RD), write (WR) and interrupt ac-
knowledge (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 CIRCUITRY

To avoid high current conditions caused by float-
ing inputs to CMOS devices and to eliminate the need
for pull-up/down resistors, ‘‘bus-hold’’ circuitry has been
used on MSM80C86A pins 2—16, 26—32, and 34—
39 (Figures 6a, 6b). These circuits will maintain the
last valid logic state if no driving source is present
(i.e. an unconnected pin or a driving source which
goes to a high impedance state). To overdrive the

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

“PULL-UP/PULL-DOWN"

BOND | EXTERNAL

PAD PIN

OUTPUT

DRIVER = g

| |

] ]

] ]

! |}

[} [}

] ]

] [}

INPUT o G
BUFFER

INPUT
PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

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

OUTPUT

“PULL-UP”

BOND f. EXTERNAL

DRIVER

INPUT
BUFFER

PAD PIN

broc oo oo

INPUT .
PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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Lot oL L L1 Aised yuswa|dwo) = JND
000 L L L L A1ied 1e3|) = DD

TOHLNOD HOSS3IJO0Hd
L L L 1L o0 1L I uimal 3dnuislul = J 34|
0OL L L o0 L 1 MO|}43A0 U0 1dnuIdIU| = OLNI
001l L 0O L L gadA)
adAy L 0L L OO0 L 1 paiy1oads adA )
:adnuisiul = I NI
dsip L1000 L L L 018z XD uo dwnr = ZXor
dsip 00O0O0OTL L 1 |enba/04az 10u 3j1ym dooT = INdOOT/ZNdOO1
dsip L 0O0OO0OO0O L L 1 |enba/04az ajiym doo = 340071/240071
dsip 0LOO0OO L L L sawn X9 dooT = 40O
dsip L 001l 1l L L oO ubis 30u uo dwnr = SN
dsip L 00O 1l 1Ll L O MO|413A0 10U Uo dwnp = ONF
dsip L 101 L L L O ppo Ailied/Ariied Jou uo dwnp = Odr/dNF
dsip L L 1ot 1L Lo anoqge/|enba 10 mojaqg 10u uo dwnp = Yr/3gNI
dsip L Loo 1L 1L L O |enba 1o anoge/mo|aq 10u uo dwnr = 3y r/gGNr
dsip L1111 L Lo 191ealbf|enba 1o ssa| 10U uo dwnr = Or/3INT
dsip L o1tv 1 L 1L L O |enba 10 1a81e8.16/ss8| 10U UO dwnf = IOF/TINC
dsip L6t oLt L Lo 043z 10u/|enba J0u U0 dwnf = ZNF/INF
dsip 0001 L 1L 1LO ubis uo dwnp = gr
dsip 00001 L L O Moy} J8n0 uo dwnp = Of
dsip oL O 11 1L 10 uana Ailied/Aviied uo dwnp = 34r/dr
dsip 0oL LO Ll L LoO anoqe 10u/|enba 40 mojaq uo dwinf = YNr/38r
dsip 0LO0OO 1Ll L L O |enba Jo anoqe jou/mojaq uo dwnr = 3YNF/8r
dsip 0L L L L i 1o ia1ea.b 10u/|enba Jo ssaj uo dwnp = ONIF/IC
dsip 001 L 1L L L O |enba 10 Ja1e8.46 10U/ssa| U dwnf = IONF/ZM
dsip 00 L O Ll L L O 01az/jenba uo dwnr = Zr/3r

dWr |euoilipuo) = dNrD
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Footnotes:

AL = 8-bit accumulator

AX = 18-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value

Greater = more positive

Less = less positive (more negative) signed value

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

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

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

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

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

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

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

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

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

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 immiediate data form the operand

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

x = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

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

16-Bit (w=1) 8-Bit (w =0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 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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OKI semiconductor

MSM80C88ARS/GS/JS
MSMB80C88A-2RS/GSUS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C88A/MSMB8O0C88A-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/MSM80CS86A-2 software and MSM80C85A/MSM8B0C85A-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 MSM80C86A ® From DC to 5 MHz Clock Rate (MSM80C88A)

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

® 24 Operand Addressing Modes ® | ow Power Dissipation (10 mA/MHz)

e Bus Hold Circuitry Eliminates Pull-Up Resistors

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT BUS INTERFACE UNIT
[ 1 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS!
— 550
A19:56
16BIT ALU D” R
BUS A8
INTERF ACE AD7- ADO
FLAGS UNIT
2 >J|NTA,_D WA, 10'm
3 )DT R.DEN.ALE
— 4BY
INSTRUCTION
F Queue
)
TEST ——] oeR
inTR ——
T CONTROL & z> 050 081
7a/56T0 v@ TIMING
HoLD  —— 3 ) 525150
HLDA <*—i| T T T T
CLK RESET READY MN MX GND
Vi
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PIN CONFIGURATION

Fig. 20 MSM80C88AGS/MSMB0C88A-2GS

A10
A9
A8

AD7

AD6

AD5

AD4

AD3

AD2

AD1

ADO

MSM80C88AJS (Top View)
MSMS80C88A-2JS
44 Pin Plastic Leaded Chip Carrier

S
GND [ 40 gvcc
) . Aa14 2 39 [ ats
MSM80C88ARS (Top View) a13 s 38 [ at6/s3
MSM80C88A-2RS a12 e 37 [ a17/58
40 Lead Plastic DIP a1 s 36 [ a18/s5
A10 [Je 35 [ A19/S6
A9 O 34 (1550 (HIGH)
A8 [Os 33 [ MN/MX
AD7 09 32 [JRD
aD6 ] 10 31 3 HOLD (RQ/GTO)
AaDs [ 1 30 [J HLDA (RQ/GTT)
AD4 [ 12 29 (AWR (LOCK)
AD3 [] 13 28 [} 10/M (52)
Ap2 14 27 A oT/R (S1)
ap1 [0 s 26 [] DEN (30)
ADO [ 16 25 [] ALE (QS0)
Nt 7 24 P} INTA (QS1)
INTR ] 18 23 B TEST.
S = cLk o 22 [[] READY
_ |5 ’E _ GND [ 20 21 [} RESET
I o g X q = N
s 2 2 ‘8 @ B3 Fis.2a MSMBOC88AGS/MSMBOCSSA-2GS
8 = f§ o < 13 T =
OEOEDJOOODL\:IESZ
Z<($§|u:gzzzi‘|§900
A18/S5 []43 42 41 40 39 38 37 36 3534 33 32 31 30 29 ,g :ALE (QS0) MSMS80C88AGS (Top VieW)
A17/s4 [ 44 27 3 INTA (@s1)  MSMS80C88A-2GS
A16/S3 L] 45 26 [ TEST 56-Lead Plastic Flat Package
A15  []46 25 [JREADY
NC. a7 24 ) RESET
Vee [4s 23 [NC.
Vee [J49 22 [ N.C
NC. [so0 21 [ vee
GND 51 20 —j GND
NC. [s2 19 NG
A1a [s3 18 IN.C
A13 [s4 O 17 ck
A2 {ss 16 3 INTR
A1l 86 1 2 3 4 5 6 7 8 9 10 11 12 1314 15 INMI
DUUOU00U000000 .
Oemwgguuggggag -~ o< 8 Qw & R D
zZ <L <1< zzq I Iad Tz x<6283T33X
6 5 4 3 2

D NC

N A19/56

N HIGH FIX (S50)
] MN/MX

] RD

) RQ/GTO (HOLD)
[l RQ/GT1 (HLDA)

[ LOCK (WR)

D52 (/10

157 (DT/R)

[1 50 (DEN)

18 19 20 21 22 23 24 25 26 27 28 )
oo T oo oo OOow
O =D x ¥ 0Ok >|k =9
= R w0 @
25832252288
- c W < w
[+

- =
Ez
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m CPU -MSMB80C88ARS/GS/JS MSM80OC88A-2RS/GS/JSH

ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | MSMB0C88ARS [MSMBOC88AGS |MSM80C88AJS | Unit | Conditions
MSMB0C88A-2RS[MSM80C88A-2GS|MSMB0C88A-2JS
Power Supply Voltage Vece -0.5 ~+7 \%
With respect
Input Voltage VIN -0.5 ~ Ve +0.5 \% to GND
Output Voltage VouT -0.5 ~ Vcc +0.5 \
Storage Temperature Tstg -65 ~ +150 °C -
Power Dissipation PD 1.0 0.7 w Ta=25°C
OPERATING RANGE
Limits
Parameter Symbol Unit
MSM80C88A MSMB80C88A-2
Power Supply Voltage Vece 3~6 4.75 ~ 5.25 \%
Operating Temperature Tor -40 ~ +85 0~ +70 °C
RECOMMENDED OPERATING CONDITIONS
MSM80C88A MSMB80C88A-2
Parameter Symbol Unit
MIN TYP MAX MIN TYP MAX
Power Supply Voltage Vee 4.5 5.0 5.5 4.75 5.0 5.25 \%
Operating Temperature Top -40 +25 +85 0 +25 +70 °c
“L" Input Voltage ViL -0.5 +0.8 -0.5 +0.8 \%
(*1) | Vcc-0.8 Vcet0.5 | Vec-0.8 Ve +0.5 \%
““H” Input Voltage ViH cc cc ce ce
(*2) 2.0 Vce+0.5- 2.0 Vce 0.5 \Y

*1 Only CLK, *2 Except CLK,
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b

DC CHARACTERISTICS

(MSM80C86A: Vi = 4.5V to 5.5V, Ta = —40° to +85°C)
(MSM80C88A-2: V¢ = 4.75 t0 5.25V, Ta = 0°C to +70°C)

m CPU-MSM8OC88ARS/GS/JS MSMBOCB88A-2RS/GS/JS®

Parameter Symbol MIN TYP MAX Unit Conditions
“L" Output Voltage VoL 0.4 \ oL =2.5mA
““H" Output Voltage VOH 30 \ loH = ~2.5mA
vcc-0.4 10H =-100pA
Input Leak Current [N -1.0 +1.0 MA 0<V|<Vce
Output Leak Current Lo -10 +10 uA  [Vo=Vccor GND|
e s w0 | wa | VNI
oo | a | VSOV
Bus Hold Low Overdrive IBHLO 600 HA *5
Bus Hold High Overdrive IBHHO -600 KA *6
oo ot R i s
VIN=Vce or GND
ztaNdeSUpply Ices 500 LA o(l:JIiT:sGllilnI;o:?ed
urrent
Vee
Input Capacitance Cin 5 pF' *7
Output Capacitance Cout 15 pF *7
1/O Capacitance Ci/o 20 pF *7

*3. Test conditions is to lower VN to GND and then raise V[N to 0.8V on pins 2—16 and 35—39.

*4. Test condition is to raise V| to V¢ 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 IgHHOQ 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

(MSMBOC88A: V(¢ = 4.5V to 5.5V, Ta=-40°C to +85°C)
{MSMB0C88A-2: V¢ = 4.75V 10 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 206 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
r?slzzr\lS:tt:sin;;e into MSM 82C84A TRIVCL 35 35 ns
::;S:N:i: jlr’w;;e into MSM 82C84A TCLR1X 0 0 ns
READY Setup Time into MSM 80C88A | TRYHCH 118 68 ns
READY Hold Time into MSM 80C88A | TCHRYX 30 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:IS\J;RNONtzA;) TEST Setup Time TINVCH 30 15 ns
(From 08 10 20v1 TILIH s | s
ey e oL s N
Timing Responses
Parameter Symbol MSMBOCEBA MSMBOCEBA-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 1 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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MSM80C88A MSMB80C88A-2
Parameter Symbol Unit
Min. Max. Min. Max.
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
HLDA Valid Delay TCLHAV 10 160 10 100 ns
RD Width TRLRH |2TCLCL-75 2TCLCL-50 ns
WR Width TWLWH |2TCLCL-60 2TCLCL-40 ns
Address Valid to ALE Low TAVAL TCLCH-60 TCLCH-40 ns
Output Rise Time (From 0.8V to 2.0) TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns

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

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

MSM80C88A MSM80C88A-2
Parameter Symbol Py Max Py Py Unit
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;):;:::::ig;e into MSM 82C84A TRIVCL 35 35 ns
:(SI:INI-(I;:: '1I"|n21;e into MSM 82C84A TCLR1X o 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
o T e | o s
RQ/GT Setup Time TGVCH 30 15 ns
RQ Hold Time into MSM 80C88A | TCHGX 40 30 ns
o e e s 5
ek I IR " K
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Timing Responses

Parameter Symbol MSM80C88A MSM80C88A-2 Unit
Min. Max. Min. Max.
Command Active Delay (See Note 1) TCLML 5 45 5 35 ns
Command Inactive Deiay (See Note 1) TCLMH 5 45 5 45 ns
f;i:ﬁ;ft::;ive to Status Passive TRYHSH 110 65 ns
Status Active Delay TCHSV 10 110 10 60 ns
Status Inactive Delay TCLSH 10 130 10 70 ns
Address Valid Delay TCLAV 10 110 10 60 ns
Address Hold Time' TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 ns
Status Valid to ALE High (See Note 1) TSVLH 35 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 35 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 35 25 ns
CLK Low to MCE High (See Note 1) TCLMCH 35 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 35 4 25 ns
Data Valid Delay TCLDV 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ns
Control Active Delay (See Note 1) TCVNV 5 45 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 5 45 ns
Address Float to RD Active TAZRL 0 0 ns
RD Active Delay TCLRL 10 165 10 100 ns
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL-45 TCLCL-40 ns
:)Si;:c'tlig:e(i())ntrol Active Delay TCHDTL 50 50 ns
I(Z)Sierzc;:;);(;‘())ntrol inactive Delay TCHDTH a5 30 ns
GT Active Delay TCLGL 0 85 0 50 ns
GT Inactive Delay TCLGH 0 85 0 50 ns
RD Width TRLRH [2TCLCL-75 | 2TCLCL-50 ns
Output Rise Time (From 0.8V to 2.0V) | TOLOH 15 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 15 ns
Notes: Signals at MSM 82C84A or MSM 82C88 are shown for reference only.

1.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 nsinto 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 R
165 a— > "7 o5 TEST
0.45 CL = 100pF

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V
FOR A LOGIC “1"” AND 0.45V FOR A LOGIC

0" TIMING MEASUREMENTS ARE 1.5V FOR CL INCLUDES JIG CAPACITANCE
BOTH A LOGIC "1 AND "0

]

TIMING CHART

Minimum Mode

T T2 3Ty T4
TCLCL TCHICH2-= |f=— =—TCcL2ct /

ViH / \ / \

CLK (MSM 82C84A Output) _/ X 7 \ / K 7
VL A
—={ TCHCTV | }o— TCHCL f~— TCLCH —f
10/M, §50 ( X
A15-A8 )( A15-A8 (Float during INTA)
TCLAV—~ — —TjTetov TCHOX —»
TCLAX |
A19/56-A16/S3 A19-A16 56--53

TCLLH e TEHLL

TLLAX
‘\ L r---
’
ALE ’

—= TAVAL |=—0o
TCHLL" — le—TRIVCL

ViH
RDY {(MSM82C84A Input)
SEE NOTE 4 &
Vie

— I‘—TCLFHX
e

TRYLCL
READY (MSM80C88AInput) ) TCHRYX
TAVAL | TRYHCH —
TLLAX
TCLAV LLax—=l | TCLAZ ToveL ‘-TCLDX-’1
— TCLAX
AD7_ADO AD7-ADO DATA IN ot
TAZRL H TCLRH —~ TRHAV
RD
READ CYCLE
(NOTE 1) — TCHCTV . TCHCTV
WR. INTA - Vo) - TCLRL = TRLRH {
DT/R ]
TCVCTV — . TCVCTX —
DEN
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Minimum Mode (Continued)

T2 T 1w Ta
le——TCLCL ——={ —| TcL2cLr
TCHICH2
ViH —\ /—\
CLK (MSM 82C84A Output) p .
Vie - TCHCL TcLon
—={TCHCTV
10/M, $50 X
—TCLDY]
TCLAV~ TCLAX<] TCHDX -
A19/S6-A16/53 A19-A16 $6-53
TCLLH T
G- TLLAX .
-
/
ALE /
Jemam
TCHLL —]
TCLDV~
TCLAV TCLAX -] TCHDX -
1
AD7-ADO AD7-ADO DATA OUT
1 1
TAVAL le TWHDX
revery TLLAX —f TCVCTX
WRITE CYCLE
INOTE 1) 5EN
(RD, INTA,
DT/R = VoR)
TCVCTV —f r.f
TWLWH —
WR \
TCVCTX — e
! \]"TC'—AZ TDVCL —| le—TCLDX
AD7-ADO POINTER
/ FLOAT FLOAT
— t—TCHCTV TCHCTV
DT/R
INTACYCLE
INOTES 1 & 3)
(RD, WR - Vopy TCVCTV—~|  |=—
BHE - V(! !
iINTA
TCVCTV —+ TCVCTX —=f
DEN
SOF TWARE HALT. INVALID ADDRESS SOF TWARE HALT TCLAV
RD, WR, INTA = Vo
DT/R = INDETERMINATE TCLAV —
NOTES:

1. All signals switch between Vg and Vg 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 shvown for second INTA cycle.

Signals at MSM 82C84A shown for reference only.

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

»

133



Maximum Mode

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

CLK (MSM82C84A OUTPUT)

Qso, as1

$2, 57,30 (EXCEPT HALT)

A15-A8

A19/S6—-A16/S3

ALE (MSM82C88
OUTPUT)
SEE NOTE 5

READY (MSM 80C88A INPUT)

AD7-ADO

DTR

MSM 82C88
OUTPUTS
SEE NOTE 5,6

ViH

ViL

RDY (MSM B2C84A INPUT)

T T2 T3 T4
TCH1CH2—] — |f~TeL2cL
L—TCLCL—. ™w
\ f L ]
TCLAV—] { l-TcHC L~ e TCLCH |
TCHSV — f—TCLSH
N m e
\ ////// //#(see NOTE 8) \
| SR ppp———
A15-A8 )
o TCLAV : TeLov TCHDX —f f—
|TCLAX —=f g
T
A19-A16 $6-53
|
p—

TSVLH—P !
TCLLH*F TCHLL

—=TCLAX|

IR

THVHSH..I '_~—-> ‘-—TCHRVX

TRYHCH z

TCLDX

DATA IN

CLRH

FLOAT

TRLRH

TRHAV——={

TCHDTH

TCLAV | —=TCLAZ
- AD7—-ADO
|
T
TAZRL
| TCLRL
TCHDTL—]
TCLML—

1
\ TCLMH —»f

TCVNX—ﬂ
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Maximum Mode (Continued)

m T2 . T3 T4
™w
' Vin —\ —\ o——\
CLK (MSM82C84A OUTPUTS) K 1 K 1 #
ViL
} TCHSV — le—TCLSH
A——mm e
52,51, 50 (EXCEPT HALT) N / //// (See note 8) \
[
TCLAV — — TCLDV TCHDX—=
WRITE CYCLE TCLAX ] .
AD7-ADO AD7-ADO DATA
TCUNV —= TCUNX —=
1 DEN .
—~ TeLmL TCLMH—]
MSM 82C88 OUTPUTS
SEE NOTES 5,6
— ML —= TCLMH
.
INTACYCLE
A15-A8 RESERVED FOR \ /
(SEE NOTES 3 & 4 CASCADE ADDR TLOAT FLOAT \
— TCLAZ j~—TDVCL— TCLDX
POINTER ———C
G A\
AD7-ADO ( / FLOAT /\___ > FLOAT
TCVNX =
TSVMCH -+ ~
/
MCE/_ _
poeN —mm | | N T "

TCLMCH —= — TCHDTL .l TCHDTH
DT/R

TCLMLJ

MSM 82C88 OUTPUTS
SEE NOTES 5.6 | TNTA

e TCVNV - TCLMH
DEN
SOF TWARE HALT . _ TCVNX—* -
(DEN V(L. RD, MRDC, IORC, MWTC, AMWC,
JOWC, ATOWC, INTA,  Vop!
AD7 ADO, AlS5 A8 INVALID ADDRESS

TCLAV =+

N
$2. 51,50 U N
| V.

NOTES:

1. All signals switch between Vi and Vg uniess otherwise specified

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

3 Cascade address is valid between first and second INTA cycle

4 Two INTA cycles run back-to-back. The MSM 80C88A 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.

6 The issuance of the MSM 82C88 command and control signals (MRDC, MWTC, AMWC, 1ORC, IOWC, AIOWC, INTA
and DEN) lags the active high MSM 82C88 CEN

All tming measurements are made at 1.5V unless otherwise noted

8 Status inactive in state just prior to T4

5

~
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Asynchronous Signal Recognition

~TINVCH (SEE NOTE 1)

NMmI
INTR SIGNAL
TEST

NOTE: 1

AT NEXT CLK

SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION

Bus Lock Signal Timing (Maximum Mode Only)

Reset Timing

ANY CLK CVCLE->|

ANY CLK CVCLE"—

LocK

2 50 usec —s|

TCLDX  n—

TDVCL
]( ‘_!\

Z 4 CLK CYCLES

RESET

Request/Grant Sequence Timing (Maximum Mode Only)

Any CLK Cycle

Previous grant
AD7-ADO, A15-A8 .

TCLGL

PULSE2 | __
MSM 80C88 GT

> TCcLe
TCILGH
PULSE 3

— TCLAZ

A19/56—A16/S3
52,51

) MSM 80C88 A
RD, COCK

THE COPROCESSOR MAY NOT DRIVE THE BUSSES QUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION

NOTE: 1

COPROCESSOR
RELEASE’
COPROCESSOR MSM 80C88A

(SEE NOTE 1)

Hold/Hold Acknowledge Timing (Minimum Mode Only)

[ —
DT/R, WR, DEN

1 CLK CYCLE 1'0R 2 CYCLES
cLK
THVCH
HOLD
— TCLHAV —] TCLHAV
HLDA
' — e
— TCLAZ
AD7-ADO, A15.-A8
A19/S6-A16/S3, MSM 80C88 A COPROCESSOR MSM 80C88 A
RD
- -
10/1 -
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PIN DESCRIPTION

ADO-AD7

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

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 Alternate Data

1 0 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 1/0 read cycle. .
This line is the read strobe signal when the CPU
reads data from a memory or 1/O device.
This line is active low.
This line is high impedance during hold 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.
|F the setup and hold time are outof specification,
an illegal operation will occur.

m CPU-MSM8OC88ARS/GS/JS MSM80OC88A-2RS/GS/JSw

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 Ve 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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§0,51,52

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 are encoded as shown.

S2 S1 | SO Characteristics
o(Low) | o 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 Read Memory
1 1 0 Write Memory
1 1 Passive
RQ/ETO
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/Qas1
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) 0 Empty the Queue
1 1 Subsequent Byte from Queue

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

10/m

STATUS: Output
This line selects memory address space or |/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 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 MSM80OCS8S8A 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 MSMBOCB88A can
operate from DC to the appropriate upper frequency
limit. The processor clock may be stopped in either
state (high/low) and held there indefinitely. This type of
operation is especially useful for system debug or power
critical applications.

The MSM80C88A can be signal stepped using only
the CPU clock. This state can be maintained as long as is
necessary. Single step clock operation allows simple
interface circuitry to provide critical information for
bringing up your system.

Static design also allows very low frequency opera-
tion (down to DC). In a power critical situation, this
can provide extremely low power operation since
80C88A power dissipation isdirectly related to operating
frequency. As the system frequency is reduced, so is the
operating power until, ultimately, at a DC input fre-
quency, the MSM80C88A power requirement is the
standby current (500 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-MSM8OC88ARS/GS/JS MSM80C88A-2RS/GS/JSw

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 MSM8O0C88A 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

£——1 FFFFFH
T FEFFFH
RESET BOOTSTRAP
64 KB CODE SEGMENT PROGRAM JUMP
| FFFFOH
T L XXX XOH 1 1
T 3
1 3FFH
+OFFSET STACK SEGMENT INTERRUPT POINTER
FOR TYPE 255
SEGMENT 1 3FCH
REGISTER FILE T 3 .
I I I
cs DATA SEGMENT .
ss 7H
oS | ] INTERRUPT POINTER
= = - FOR TYPE 1 aH
INTERRUPT POINTER]| 3H
EXTRA DATA FORTYPEO | .4
SEGMENT
T— 00000H
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Memory Reference Need Segment Register Used Segment Selection Rule
" Instructions CODE (CS) Automatic with all instruction prefetch.
All stack pushes and pops. Memory references
Stack STACK (SS) . P ¢ pop M
relative to BP base register except data references.
Data references when relative to stack, destination
Local Data DATA (DS) . ) . )
of string operation, or explicitly overridden.
Destination of string operations: Explicitly selected
External (Global) Data EXTRA (ES) . 9 op phettly
using a segment override.

MINIMUM AND MAXIMUM MODES

The MSMB80C88A 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 ocecurs during T1, and data
transfer occurs during T3 and T4. T2 is used for chang-
ing the direction of the bus during read operation. When
the device which is accessed by the CPU is not ready
to data transfer and send to the CPU “NOT READY" is
indicated TW cycles are inserted between T3 and T4.

When a bus cycle is not needed, T1 cycles are
inserted between the bus cycles for internal execution.
At the T1 cycle an ALE signal is output from the CPU
or the MSM82C88 depending in MN/MX. at the trail-
ing edge of an ALE, a valid address may be latched.
Status bits SO, S1 and S2 are uased, in maximum mode,
by the bus controller to recognize the type of bus
operation according to the following table.

s2 S1| S0 Characteristics
o(LOW) | 0 Interrupt acknowledge
0 0] 1 Read 1/0
0 1 0 Write 1/0O
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,

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

S5 indicates interrupt enable Flag.

1/0 ADDRESSING
The 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 |
l

|
‘ T | T2 ‘ T3 lTWAIT' ‘T4 l T | T2 I T3 ‘TWA!TI T4 ‘

CLK
- GOES INACTIVE IN THE
j——\ /—\ STATE JUST PRIOR TO T4 l'_\_
ALE —\

|
1 —

A19-A16 A19—-A16

ADDR/
STATUS ,X S6—-S3 ;X S6—-S3

2\

ADDR A15—A8 A15—A8

BUS RESERVED
D7-DO
A7—-A0 FOR DATA IN VALID

___' DATA OUT (D7-DO) >--

READY

WAIT 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 MSMB0C88A 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 2 Halt instruction is executed, the CPU enter
Halt state. An interrupt request or RESET will force the
MSMB8O0CB88A out of the Halt state.

SYSTEM TIMING —MINIMUM MODE

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

The read (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.

IT_1fT2]T3]T4|T||T1[T2'T3IT4]

ALEﬂ ‘_/—L

LOCK ~

—

«
T

INTA ~ ’

"\ FLOAT
ADO—AD7? f
—4

TYPE VECTOR
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BUS HOLD CIRCUITRY

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

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

“PULL-UP/PULL-DOWN"

ouTPUT BOND EXTERNAL
DRIVER r - PAD p— PIN
| '
] |
] 1
[} |
[} ]
! [}
] [}
~ g |
uT - INPUT
lB'\l|JP!'-'FER PROTECTION
CIRCUITRY
Input Buffer exists only on 1/0 pins
Figure 6a. Bus hold circuitry pin 2-16, 35-39.
“PULL-UP"
EXTERNAL

OUTPUT

DRIVER

BUFFER

BOND
? paD [ PIN

becacee=

INPUT
PROTECTION =~
CIRCUITRY

Input Buffer exists only on 1/0 pins

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

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

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

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

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

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

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

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

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

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

I1f siw = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v =0 then “count”’ = 1: If v=1 then ""count’’ in (CL)

x =don't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

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

16-Bit (w=1) 8-Bit (w =0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011  BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 Sl 110 DH
111 D1 111 BH

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

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

8.BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSM80C88A-10 are internal 16-bit CPUs with 8-bit interface implemented in Silicon Gate
CMOS technology. They are designed with the same processing speed as the NMOS8088-1, but with

considerably less power consumption.
The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with

MSM80C86A-10 software and MSMB80C85A/MSM80C85A-2 hardware and peripherals.

FEATURES

. 8-Bl!. 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 MSM80C86A e From DC to 10 MHz Clock Rate

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

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

FUNCTIONAL BLOCK DIAGRAM

EXECUTION UNIT  BUS INTERFACE UNIT
1 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA REGISTERS
POINTER AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
15 WORDS)
—® 550
A19:56
16817 ALU 2 :
8US A8
INTERFACE AD7~ADO
FLAGS uNiT
2 MiNTA. RD. WR,10 M
3 OT R DENALE
4BYTE
INSTRUCTION
H auede
'\l
TEST —» {OCK
INTR
v ——] CONTROL & z> P
maeo () TIMING
HoLo  — E} 525150
HLDA @

T 11

CLK  RESET READY MN MX GND
Ve
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PIN CONFIGURATION

[\
GND [ a0 :Vcc
A14 2 39 [ a5
. A13 [3 38 [ A16/s3
MSMB0C88A-10RS (Top View) a2 ge 37 a17rsa
40 Lead Plastic DIP IS = I 36 [J A18/s5
A10 s 35 [ A19/56
A9 O~ 34 Jﬁ)ﬁam
A8 [Os 33 [J MN/MX
AD7 9 32 FJRD
AD6 [0 31 O] HOLD (RQ/GTO)
ADs [ 30 [ HLDA (RG/GTT)
AD4 [ 12 29 O WR (LOCK)
AD3 [ 13 28 I 10/M (52)
Aap2 Q14 27 L oT/R (51)
Ab1 [ 15 26 [] GEN (S0)
apo [ 6 25 [J ALE (QS0)
‘Nvi O 24 [ INTA (QS1)
INTR ] 18 23 [ TEST
= = ck 0o 22 [} READY
I 5 GnD [ 20 21 [J RESET
z ] § Si™ = =
g 2 & g tlge 12 13 Fig. 22 MSMB80C88A-10GS
@ = ) S T 2
099 > 3JcuS8 s (B
L H T T
A18/S5 143 42 41 40 3938 37 36 3534 33 32 31 30 29 28 ALE (QS0)
A17/54 []44 27LINTA (@s1)  MSM80C88A-10GS (Top View)
A16/53 [ a5 26 [ TEST 56-Lead Plastic Flat Package
A15  []46 25 [JREADY
N.C. 147 24 [J RESET
Vee [Jas 2B NC
Vee [Jae 2[nNc
N.C. [Jso 213 vee
GND [s1 20 3 GND
NeC. [s2 19 [JINC
Al4  [Js3 18[INC
A13 []s4 O 173 cLk
A12 {55 16 1 INTR
A1 6. 1 2 3 45 6 7 8 91011 121314 15[ INMI
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0901008801‘48388'—0 - o o e O O wd RN
z << <3 czz<a2298% Txx2628x323x%
6 54 3 2
Fig. 2b MSMB80C88A-10GS NC
A19/S6
HIGH FIX (580
MN/MX
MSM80C88A-10JS (Top View) RD
- . . . RQ/GTO (HOLD)
44 Pin Plastic Leaded Chip Carrier RQ/GTO (Ho
RQ/GT1 (HLDA)
LOCK (WR)
52 (m/10)
51T (DT/R)
S0 (DEN)
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ABSOLUTE MAXIMUM RATINGS

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

Limits
Parameter Symbol | MSMB0C88A- | MSMBOC88A- | MSMB0C8BA- | - Unit | Conditions
10RS 10GS 10JS
Power Supply Voltage Ve -0.5 ~ +7 V.
N With respect
Input Voltage VIN -0.5 ~ Vcc +0.5 \% t0 GND
Output Voltage VouT -0.5 ~ Vgc +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-10
Power Supply Voltage Vee 4.75 ~ 5.25 \%
Operating Temperature Tor 0~ +70 °
RECOMMENDED OPERATING CONDITIONS
MSM80C88A-10
Parameter Symbol Unit
MIN TYP MAX
Power Supply Voltage Vee 4.75 5.0 5.25 v
Operating Temperature Top 0 +25 +70 °C
L' Input Voltage ViL -0.5 +0.8 \Y
(*1) | Vcc-0.8 Vv +0.5 \%
““H" Input Voltage ViH ce ce
*2) 20 | |vcc+0s | v

*1 Only CLK,

*2 Except CLK
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DC CHARACTERISTICS

(MSMBOC88A-10: Ve = 4.75 to 5.25V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYP MAX Unit Conditions
“L" Output Voltage VoL 0.4 \Y oL =2.5mA
"H’" Output Voltage VoH 3.0 \% loH = ~2.5 mA

vVcc-0.4 10H =-100uA
Input Leak Current [IN] -1.0 +1.0 MA o<vVv|<vce
Output Leak Current ILo -10 +10 uA  [Vo =Vccor GND
e [ o 50 wo | wa | Vmgoey
:;zlsthIj:k:?:h(;.urrent IBHH -850 _400 uA VIN*=43.0V
Bus Hold Low Overdrive IBHLO 600 MA *5
Bus Hold High Overdrive IBHHO -600 uA *g
Seopn S I iy RS
VIN=Vce or GND
o | un s tnerss
urrent
Vcce

Input Capacitance Cin 5 pF *7
Output Capacitance Cout 15 pF *7
/O Capacitance Cijo 20 pF *7

*3. Test conditions is to lower V| to GND and then raise VIN to 0.8V on pins 2—16 and 3539,

*4. Test condition is to raise Vj to Ve and then lower VIN to 3.0V on pins 2—16, 26—32, and 34—39.
*5. An external driver must source at least Igy LO to switch this node from LOW to HIGH.
*6. An external driver must sink at least IgHQ 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.

154



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

A.C. CHARACTERISTICS
(MSM80C88A-10: Vg = 4.75V 10 5.25V, Ta = 0°C to 70°C)

Minimum Mode System
Timing Requirements

MSM80C88A-10

Parameter Symbol Unit
Min. Max.
CLK Cycle Period : TCLCL 100 DC ns
CLK Low Time ' TCLCH 46 ns
CLK High Time TCHCL 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 ns
Data in Setup Time TDVCL 20 ns
Data in Hold Time TCLDX 10 ns

RDY Setup Time into MSM 82C84A

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

(See Notes 1, 2) TCLRIX 0 ns
READY Setup Time into MSM 80C88A | TRYHCH 46 ns
READY Hold Time into MSM 80C88A TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
HOLD Setup Time THVCH 20 ns
INTR, NMI, TEST Setup Time

(See Note 2) TINVCH 15 ns
Input Rise Time (Except CLK)

{From 0.8V to 2.0V) TILIH 15 ns
Input Fall Time (Except CLK) TIHIL 15 ns

(From 2.0V to 0.8V)

Timing Responses

Parameter Symbol MSMBOC8EA-10 Unit
Min. Max.
Address Valid Delay TCLAV 10 60 ns
Address Hold Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
ALE Width TLHLL TCLCH-10 ns
ALE Active Delay TCLLH 40 ns
ALE Inactive Delay TCHLL 45 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 ns
Data Valid Delay TCLDV 10 60 ns
| Data Hold Time TCHDX 10 ns
Data Hold Time after WR TWHDX | TCLCH-25 ns
Control Active Delay 1 TCVCTV 10 55 ns
Control Active Delay 2 TCHCTV 10 i 50 ns
Control Inactive Delay TCVCTX 10 ‘ 55 ns
Address Float to RD Active TAZRL 0 ns
RD Acrive Delay TCLRL 10 70 ns
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MSM80C88A-10
Parameter Symbol Vin Py Unit
RD Inactive Delay TCLRH 10 60 ns
RD Inactive to Next Address Active TRHAV TCLCL-35 ns
HLDA Valid Delay TCLHAV 10 60 ns
RD Width TRLRH |2TCLCL-40 ns
WR Width TWLWH |2TCLCL-35 ns
Address Valid to ALE Low TAVAL TCLCH-35 ns
Output Rise Time (From 0.8V to 2.0) TOLOH 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 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

. Appiies oniy to T2 state. {8 ns into T3}

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

MSM80C88A-10

Parameter Symbol Unit
Min. Max.

CLK Cycle Period TCLCL 100 DC ns
CLK Low Time TCLCH 46 ns
CLK High Time TCHCL 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 ns
CLK Fall Time (From 3.5V to 1.0V) TCL2CL1 10 ns
Data in Setup Time TDVCL 15 ns
Data in Hold Time TCLDX 10 ns
RDY Setup Time into MSM 82C84A TR1VCL 35 ns
(See Notes 1, 2)

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

READY Setup Time into MSM 80C88A | TRYHCH 46 ns
READY Hold Time into MSM 80C88A | TCHRYX 20 ns
READY inactive to CLK (See Note 3) TRYLCL -8 ns
Set up Time for Recognition (NMI,

INTR, TEST) (See Note 2) TINVCH 15 ns
RQ/GT Setup Time TGVCH 15 ns
RQ Hold Time into MSM 80C88A TCHGX 20 ns
Input Rise Time (Except CLK)

(From 0.8V 10 2.0V) TILH 15 ns
| Fall Ti E

nput Fall Time (Except CLK) TIHIL 15 ns

(From 2.0V to 0.8V)
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Timing Responses

Parameter Symbol MSMB0C88A-10 Unit
Min. Max.
Command Active Delay (See Note 1) TCLML 5 35 ns
Command Inactive Delay (See Note 1) TCLMH 5 45 ns
:Rslijz:t ::;we to Status Passive TRYHSH a5 ns
Status Active Delay TCHSV 10 45 ns
Status Inactive Delay TCLSH 10 60 ns
Address Valid Delay TCLAV 10 60 ns
Address Hold Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
Status Valid to ALE High (See Note 1) TSVLH 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 30 ns
CLK low to ALE Valid (See Note 1) TCLLH 25 ns
CLK Low to MCE High (See Note 1) TCLMCH 25 ns
ALE Inactive Delay (See Note 1) TCHLL 4 25 ns
Data Valid Delay TCLDV 10 60 ns
Data Hold Time TCHDX 10 ns
Control Active Delay (See Note 1) TCVNV 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 ns
Address Float to RD Active TAZRL 0 ns
RD Active Delay TCLRL 10 70 ns
RD Inactive Delay TCLRH 10 60 ns
RD Inactive to Next Address Active TRHAV TCLCL-35 ns
I()Si;:c’tlig;ﬁ?ntrol Active Delay TCHDTL 50 ns
I(:;i:c’i‘is;?))ntrol Inactive Delay TCHDTH 30 ns
GT Active Delay TCLGL 0 45 ns
GT Inactive Delay TCLGH 0 45 ns
RD Width TRLRH |2TCLCL-40 ns
Output Rise Time (From 0.8V to 2.0V) | TOLOH 15 ns
Output Fall Time (From 2.0V to 0.8V) TOHOL 15 ns

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.

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

24 DEVICE

TEST POINTS T 7
% — 15 TEST
= 100pF
045 0p
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V

I
FOR A LOGIC "1 AND 0.45V FOR A LOGIC
0 TIMING MEASUREMENTS ARE 1.5V FOR Cy INCLUDES JIG CAPACITANCE
BOTH A LOGIC 1" AND *0" *

TIMING CHART

Minimum Mode

! 2 LEREE . Ta
TCLCL TCHICH2 TeLzcutr )
ViH \
CLK (MSM 82C84A Output) __/ 3 7 & Y/
Vie d
— TCHCTV TCHCL le—TCLCH —]
10/M, §50 X
A15-A8 >K A15-A8 (Float during INTA)
TCLAV—] l— T TeLov TCHDX —f
TCLAX =]
A19/36-A16/S3 A19-A16 $6--53
TLHLL —=f
TCLLH—~| | TLLAX
o
\ /
ALE N /
Jemmee o
—= TAVAL |e—o

TCHLL" — l—TRIVCL

ViH
RDY (MSM82C84A Input)
SEE NOTE 4
Viu

—= I'— TCLR1X
le—

READY (MSM80C88AInput —ef TCHRYX

TAVAL  |e— TRYHCH [
TLLAX
TcLav LeaX= | Ercu\z TOVeL —==TcLox

T TCLAX

AD7-ADO AD7-ADO DATA IN TonT
TAZRL TRHAV
RD

READ CYCLE
(NOTE 1) — TCHCTV - TCHCTV
WA, BA - Vo - TCLRL »t TRLRH -

DT/R I

TCVCTV —=| TCVCTX
DEN
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Minimum Mode (Continued)

T2 T3 w T4
fe——TCLCL ——nf | TcLcLr
TCH1CH2
ViIH
CLK (MSM 82C84A Output) _)‘ y j‘ ) * }
Vi TCHCL
—={TCHCTV TcLeH
10/M, $S0 x
—{TCLDV]
TCLAV~ - CLAXS] TCHDX | -
A19/S6-A16/S3 A19-A1 $6-53
TCLLH -~ TLHLL
TLLAX
ALE TAVAL
TCHLL—] —
TCLOV=
TCLAV TCLAX+| TCHDX |
AD7-ADO AD7-ADQ DATA OUT
|
_” TAVAL leTWHD X
Teverv TLLAX - TCVCTX
WRITE CYCLE
(NOTE 1) BEN
(RD,INTA, o
DT/R = Vou!
TCVCTV —f I-—
TWLWH e
WA \{\ /
TCVCTX —f fe—
—= \l« TCLAZ TOVCL —=| le—TCLDX
AD7-ADO POINTER {
/ FLOAT FLOAT \__
— —TCHCTV TCHCTV
DT/R
INTA CYCLE
(NOTES 1 & 3)
(RD, WR = Vou TCVCTV— |-
BHE = Vo)
INTA
TCVeTV —= TCVCTX—=
DEN
SOF TWARE HALT- INVALID ADDRESS SOFTWARE HALT TCLAV
RD,WR, INTA = Vo
DT/R = INDETERMINATE ~ TCLAV —

NOTES:

1. Ali signals switch between Vo and Vo 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 sh}own for second INTA cycle.

Signals at MSM 82C84A shown for reference only.

All timing measurements are made at 1.5V unless otherwise noted.
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= CPU-MSMB80C88A-10RS/GS/JS =

Maximum Mode

ALE (MSM82C88

OUTPUT)

SEE NOTE 5

READY (MSM 80C88A INPUT)

READ CYCLE

ViH

CLK (MSM82C84A OUTPUT)

Vio

Qso, as1

§2, 57,50 (EXCEPT HALT)

A15-A8

A19/S6—-A16/S3

AD7—ADO
RD
DT/IR
gj???)zfga MRDC OR IORC
SEE NOTE 5,6
DEN

TéH1CH2—. —
FTCLCL——

T2 T3

TCL2CLY
™

T4

TCLAV—~] l=TCHCL I+ TCLCH «f
TCHSV —= |—TCLSH
A)
‘ ////// ///%SEE NOTE 8) \
| S ——
A15-A8 (
— TCLAV = eV TCHDX -~ o
|TC